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"Cost  Plus"  Contracts,  Accounting  (50)  228 

Cost-FIus    Contracts,    Advantages    (96)  467 

Cost-plus  Contracts (79)  2S3,   (S5)  373 

Cost-Plus  Contracts  with  Minimum  Fee 

Guarantee     (95)  465 

Cost  Plus  Contracts,  New  Type.. (128)  622 
Cost-Plus-Fixed-Fee        Contracts        for 

Building   Construction    (67)  355 

Cost-Plus-Fixed-Fee     Contracts,       Cost 

Keeping   Under    (107)  447 

County       Highway      Engineer-Manager 

Duties    (69)  273 

Count.v   Engineers   and    Ream    Act    (30)  182 
Covered   Wood    Bridge,   Cost   of    ...(79)  367 
Cracks,     Significance,    Reinforced    Con- 
crete          (109)  479 

Creosoted     Piles.     Life     of (9)  90 

Crop   Values,    U.   S.    Irrigation   Project 

(82)  314 

Crossings,  Highway,  Bituminous  Pav- 
ing     (157)  703 

Crossings,   Railroad,    Paved (161)  655 

Crushed    Stone.    Commercial    Sizes    (16)  72 

Crushers,    Rock    Repairing (155)  701 

Cubic  Yard.  Conversion  to  Ton.... (37)  161 
Culvert    Pipe.    Table    of   Actual    Length 

(82)  286 

Cummins  Bill  for  Railway  Control   (86)  425 

Cummins  Bill.  Weaknesses  of (85)  425 

(Currency,     Replacing     of     (29)  181 

Curvature  of  Diamond  Drill  Holes   (88)  428 

Curved   Rails,    Manganese   Steel (46)  224 

Curves,  Additional  Widths.  Laying  Out 

(110)  398 

Curves  for  Design  of  Wooden   Conduit 

(36)  774 

Curves,       Superelevated       Construction 

(74)  278 

Cutting     Weeds     with     Farm     Mowing 

Machine     (98)  438 

D 

Daily    Press,       Erroneous      Economical 

Articles     (58)   346 

Dam.   Gilboa    (90)   406 

Dam,  <^rand  River  Roller  Crest,  Con- 
struction   Features    (17)   289 

Dam,  Oroutine:  Foundations   (116)   566 

Dam,  Hydraulic  Filled.  Measurement  of 

Pressure     (121)   585 

Dam     &     Tunnel     Construction.     Marin 

Water    District    (70)   302 

Damp  Proofing.  Concrete  Building  (18)  756 
Day  I^bor  and   Highway  Construction. 

New   York    (29)   153 

Day  Labor  and  Piece  Work (61)   319 

Davton.   Ohio.  Concrete  Reservoir   (117)  657 

Death    Rates    and    Sanitation (46)   198 

Debt    That    Employers      Owe      .Society 

(112)   606 

Deductive  Reasoning  and  Its  Limita- 
tions      (114)   608 

Defects    of    Representing    Systems    of 

Government     (113)   577 

Definition    of    Engineering (84)   400 

Definition    of    Terms.    Valuation    Work 

(fi3)   s-'l 

Delegates.   Canital-Labor  Congress   (84)   372 

Democracy.    Effect   on    Wages (86)   426 

Derrick  Portable  for  Raisine-  Poles  (74)   332 
Des    Moines    Water    Co.,    Gallarv    Col- 
lecting    Svstem      (4)     S-l 

Desien     of    Highway,     Problems..  .-(131)   541 
Designs.    Reinforced    Concrete    Retain- 
ing Walls    (10)     94 

Desrumaux  S\'stem  of  Water  Filtra- 
tion      (36)   516 

Diamond  Drill  Holes,  Controlling  Curv- 
ature       (88)    4''8 

Diamond  Drill  Holes.  Surveying. .  (133)  597 
Dips.  Concrete.  Method  of  Making  (14)  14 
Direct    Method    of    Training    Architect 

(153)   727, 
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Direct     Oxidation,     Sewage     Treatment 

Plant    -(34)   1S(! 

Discliarge      Coefficients,      Head     Gates 

(112)   552 

Ditching    with    Dynamite (8)     36 

IJitches.  Drainage  Effect  on  Flood  (125>   565 

Ditches,    Railway.    Cost (151)   697 

Ditches.  Road.   Cost  of   Digging (77)   281 

Douglas    Fir    Timbers,    Old    and    New, 

Comparative    Strength    (77)  365 

Draftsman  Union,  English (26)   138 

Drag-Line     Car     for     Handling    Track. 

Material     ; (99)   439 

Dragline,    Cost    of      Digging      Drainage 

Ditch    with     (162)708 

Drag  Line  Excavation,  Miami  Conserv- 
ancy   Project     (5)     61 

Dragline    Stiffleg    Derrick,    for    Railway 

Grading     (145)  691 

Drag   Scraper    for   Loading   Cars. .  (102)   442 
Drain,    Tile   Constructed   Through   Sand 

(14)     42 

Drain    for    Tunnel    Roof (66)   324 

Drainage    Channels    Scour,    Board   Mat- 
tress for  Preventing    (67)   299 

Drainage   Ditch,    Cost   of   Digging  with 

Dragline     (162)   70S 

Drainage  Ditches,  Effect  on  Flood  Flows 

(125)   565 

Drainage  Work  Financing (161)  6S5 

Drainage,  Effect  on  Community  Health 

(142)   666 

Drainage    Problem,    Investment    Stand- 
point      (161)   685 

Drainage    Road    (106)394 

Dredge  Pipe  Lubricating  by  Clay   (119)   583 
Drifting    Sand    Filtration    System,    To- 
ronto      (86)   40S 

Drill  Holes.  Diamond,  Controlling  Curv- 
ature      (88)   428 

Drill    Holes.    Diamond.    Surveying    (133)   597 
Drilling  and   Blasting  Metbod   for   1.830 

Ft.    Mining  Shaft    (101)   441 

Drv   Dock.   Can-on.    England (17)   129 

du  Pont  Co..  Stock  Bonus  Plan (160)   706 

Dutch      Indies.       Reinforced      Concrete 

Quay    Walls     (38)776 

Dynamic     Load     Diagram    for    Electric 

Railway    Cars    (102)   444 

Dynamite.  Breaking  Up  Concrete  Pcive- 

ment      (45)   169 

Dynamite  for  Demolishing  Stone  Build- 
ing      (89)   459 

Dynamite    for    Ditching (8)     36 


Earth  Excavation.  New  Method  for  Ad- 
justment      (120)   530 

Earth  Excavation.  Reducing  Risks  (11)  67 
Earth      Excavation.       Stiffleg      Derrick 

Dragline     (145)   691 

Earth    Hydraulicking    (10)  748 

Earth   Road   Building.    Nebraska   Coun- 
ty        (162)   656 

Earth  Road  Maintenance,  Cost   (33)   157 

Earthwork  Computation  Table....  (8)  S 
Earthwork.  Reducing  Risks  in.... (11)  67 
Easton,  Pa..  Sewerage  Treatment  Plant 

(34)   186 

Economic  Articles,   Erroneous  in  Daily 

Press    (58)   346 

Economic     Blunder,     Greatest     of     All 

Times     (139)   633 

Economic     Congress     of    Workers    and 

Capitalists     (30)    208 

Economic  Limits  of  Motor  Truck  Waste 

(142)   636 

Economic       Limit       of      Motor      Truck 

AVeights     (86)   374 

"Economic      Limits     of     Motor      Truck 

Weights"     (113)  523 

Economic      Problems      and      Engineers 

(115)  579 

Economics.  Public  Works  Common  Er- 
rors      (2)       2 

Economics  of  Steel  Arch  Bridges    (119)   613 

Editors.    Licensed     (23)740 

Education,     College.     Object    of (11)   605 

Education     and     Engineering (135)   545 

Efficient    Government.    Engineers.    Re- 
sponsibility    for     (129)   623 

Efficiency,     Industrial     Application     of 

_ (79)   311 

Electric    Horn    for    "Paging"    Employes 

(90)   430 

Electric    Railway    Cars,    Dynamic    Load 

Diagram      (104)   444 

Electric   Railway    Fares (39)   217 

Electric  Light   Plant,   Construction  Op- 
erations  (112)   452 

Electric     Thawing     of    Water     .Service, 

Cost     (46)  198 

Electrical     Efiuinment     for     Detonation 

of    Explosives     (43)220 

Electrical    Method    of    Blasting (39)   217 

Electrolysis    of    Concrete (117)   611 

Employment  Relation  in  Industry   (102)   472 

Employers,  Debt  to  Society (112)   606 

Equation    for   Indeterminate   Structures 

(113)   607 

Energy,    New    Source (37)   775 

Engineer,    Business    Training    for 

(42)    248,    (102)   472 

Engineer  and  the  Library (141)  635 

Engineer,    Making    of (13)  751 

Engineer    and    Public    Affairs (76)   364 


Engineer,    Recognition    and    Remunera- 
tion   of     (155)729 

Engineer  and  Trade  Union (142)  716 

Engineer,  Training  of (13)   751 

Engineering    Council,    Classiftcation    of 

Engineering    Positions     (74)   278 

Engineering   Education    (135)   545 

Engineering     Education,     Liberal     Ele- 
ment      (159)  733 

Engineering,     Human     (164)   658 

Engineering,     Important    Definition     of 

(84)   400 

Engineering    Organizations,    Morale    of 

• (105)   445 

Engineering  Positions,   Classification  of 

(74)   278 

Engineering       Profession,       Newspaper 

Publicity    (81)   369 

Engineering  Records,  Irrigation  Project 

(102)   418 

Engineering,    Sense   of  Art  in (34)  146 

Engineering     Society,     Combination     of 

National    (33)211 

Engineering   Society,   Local  and    Public 

Service     (73)  277 

Engineering    Work,     Age-Long     China 

(38)   776 

Engineering      Work      of      Construction 

Division     of     the     Army (21)     77 

Engineering      AVork,      Cost,      Irrigation 

Project     Maintenance     (102)   418 

Engineers,      Arizona      State      Highway 

Instructions    (67)   271 

Engineers,     British    Municipal,     Recon- 
struction      (32)   512 

Engineers,    Compensation    of (105)   445 

Engineers,  Co-Operation  Among.. (158)  732 
Engineers  and  Economic  Problems(115)  579 
Engineers  and  Inventors.  Lives  of  (79)  367 
Engineers.      Metallurgical      Information 

(38)   150 

Engineers'    Modesty    (31)237 

Engineers    More    Judicial    Than    I^aw- 

yers     (56)   344 

Engineers.    Political    (140)  714 

Engineers.     Practicing,     Study (2)   740 

Engineers.     Present    Day    Problems    of 

(4)   742 

Engineers.     Public     Service (157)  703 

Engineers'    ResponsibiIit.v    for    Efficient 

Government     (129)   623 

Engineers'   Salary.   Canadian   Civil   Ser- 
vice     (132)  542 

Engineers.    Salaries   English (19)   131 

Engineers'    Salary    (155)   729 

Engineers.  State  Highway,  Salary  (108)  396 
Engineers    and    Systematic    Readers    of 

Literature     (Ill)   521 

Engineers,    Training   of (8)  746 

Engineers.    What    War    Has    Done    for 

Them     (37)  517 

English     Highway     Construction    Notes 

(18)  498 

English  Military  Camp,   Sewage  Treat- 
ment      (68)   300 

Erroneous     Economic    Articles    in     the 

Daily   Press    (58)   346 

Errosion    Causes.    River   Banks (11)   123 

Estimating    Building    Contracts (14)     98 

Experience    Long,    Art    of    Quickly    Ac- 
quiring  (1)     29 

Excavating  Machinery.  British. ...  (12)  492 
Excavation  Earth  Reducing  Risks  (11)  67 
Excavation,       Method      of      Computing 

Overhaul     (96)  386 

Excavation  Methods  on  the  Miami  Con- 
servancy   Project     (5)     61 

Excavation,  Piece  Work,  Day  Labor(61)  319 
Explosives,    Detonation    by    Electricity 

(42)   220 

Explosives,    The    Process    in    Handling 

(78)   336 

Express,    Rural    Motor (47)  171 

Extensometer,       Recording       Measured 

Stresses    in    Concrete    Hull    . .  (72)  360 

F 

Factory   Roof  Treatment.   Timbers   (19)   103 

Falsework.    Safe    Loads    for (68)356 

Fares.     Electric    Railway (39)   217 

Fatigue.     Industrial-Fatigue (27)  765 

Fatigue    Phenomena    in    Metals (69)   357 

Federal    Aid    Roads,    Cost    of    Surveys 

(61)   265 

Federal   Department   of    Public   Works 

(17)     45 

Federal     Railway     Valuation,      Present 

Status     (144)   690 

Fence   Posts,    Concrete,    Am.    Elec.   Ry. 

Ass'n    Report    (165)711 

Field    Blondin     Ropeway      for      Bridge 

Erection    (17)   497 

Field    Inspection.    Road    Materials. .  (16)     16 
Field    Parties.    Supplied    with    Informa- 
tion   with    Small    Sketch    Sheets 

(159)  705 

Field    Sheets.    Plane    Tables (16)  754 

Field    Testing    Outfit (92)380 

Filters,    Slow   Sand   Operation,   Toronto 

(98)   414 

Filtration  Plant,  Whiting,  Indiana  (60)  292 
Filtration    Plant    Operation,    St.    Louis 

(94)   410 

Filtration   Recommendation   for  Detroit 

(6)     34 

Filtration    System.    Drifting   Sand,   To- 
ronto      (86)   402 


Filtration    Works.    Point    St.    Charles, 

Operating   Results    (71)  303 

Finance,  Municipal,  Common  Errors  in 

(75)  363 

Fineness   Modulus   Method  of   Concrete 

I^oportioning    (161)   735 

Fire    Hydrants.    Repairing    by    Welding 

(37)   189 

Fire    Hydrants,    Thawing    with    Truck 

Exhaust    (116)  556 

Fire     Protection     Service     (16)     44 

Fire    Resistive.    Concrete     (21)   103 

Fire    Service    Motors,    Installation,    Re- 
sistance   of    (105)   421 

Flanges    for    Pipe    Standardization    (10)     38 

Flat    Rates    vs.    Meter    Rates (62)   294 

Flat    Slab    Roof,     Concrete    Reservoir. 

Dayton     (117)  557 

Flood  Flows,  Effect  of  Drainage'Ditches 

on     (125)   565 

Floors,  Wood  Planking  for  Bridges  (96)   466 
Flow  of  Water  Through  Pipe,  Measur- 
ing      (150)  674 

Flue  Gas  Analysis    (126)   566 

Food    Costs,    Reduction    by   Civil   Engi- 
neers      (30)   182 

Ford's,    Henry,    "Secret"    (106)   446 

Foreman,     Road     (25)     25 

Foreman,     Road     Hints (25)     25 

Foremen,  Instruction  for  Accident  Pre- 
vention      (146)   692 

Forms,    Report    for   Water   Purifteation 

(104)   420 

Formula   for   River   Discharge (13)   493 

Formula,    Column    (28)   112 

Formula,  for  Temperature  in  Wells  (7)  119 

Foundation    Road    (106)   394 

France,    State    Operation    of    Railways 

(7)     63 

"Freedom."    Meaning   of  Word (112)  522 

Freezing  a  Nation  Into  Submission  (85)   454 
Freight  Rate  and  General  Taxation(29)  207 

Freight    Rate.    Two    Theories (2)     58 

Friction    Tests    for   Cement   Pipe....  (9)     37 

Frost    Penetration     (138)662 

Frost  Penetration  in  New  England(116)  556 
Fuel,    Powdered    Colloidal    (3)    115.    (4S)   200 
Fuel    Oil    Tank.    Concrete    Design    (48)   254 
Fuel    Oil    Tanks.    New    York   City   Reg- 
ulations      (131)   625 


Gallery  Collecting  System,  Des  Moines. 

Iowa     (4)     32 

Gang   Patrol    System.      Lucas     County 

(130)  540 

Garbage  Disposal   by  Feeding  to  Swine 

(148)   672 

Garbage  Disposal  by  Feeding  to  Swine, 

Recent  Practice   (148)  672 

Garbage  Disposal  in  Newark  by  Feed- 
ing to   Swine    (81)   313 

Garbage,    Disposal    in    Rural    Districts 

(147)  671 

Garbage,   Wrapping  in  Paper (141)   665 

Gary,    .ludge.'   Closed    Shop (84)  400 

"Gassing"    Ground    Squirrels (146)  692 

Gasoline   Tax    for   Road    Fund (31)   155 

(Senerai   Contractor  and    Subcontractor. 

Code   of   Practice    (38)   216 

General    Principles,    Relative    Value    of 

(56)  228 

General  Principles,  Road  Administra- 
tion     (128)   538 

Geolo.gv     of    Concrete    Aggregate 

(4)     484.      (14)    494 

Germany.    State  Railway  Operation   (1)  113 

Gompcrs'     Mistake     (113)523 

Good    Roads    (46)  170 

(Jovernment  Contracts,  Bond  Premiums 

(18)     74 

Government.       Contracts,       Contractors 

(133)  597 

Government  Control,  Transportation   in 

England    (71)  329 

Government,    Engineers'    Responsibility 

(129)  623 

Government    Housing,    Observations  on 

(62)- 350 

Grade    Crossings,    Accident    Prevention 

(3)     59 

Grades,  Ruling,  Highway  Transporta- 
tion     (143)  637 

Grading  Highway,   Awarding  Contracts 

for     (101)  389 

Grading.     New    Method    for    Adjusting 

(120)   530 

Grading   Raihvav    with    StifBeg  Derrick 

Dragline    (145)691 

Grand  River,  Roller  Crest  Dam,  Con- 
struction    Features     (57)   289 

Granite  Block  Pavement,  How  to  Se- 
cure  Best  Results    (94)   382 

Granite  Blocks,  Proposed  Speciflcations 

for     ....- (38)   162 

Graphic    Scales    (151)   675 

Gravel    Hauling    with    Tractor-Trailers 

(33)  157 

Gravel.    Maintenance    of (76)280 

Gravel.   Outfit  for  Testing (52)  380 

Gravel    Plant.    Municipal    (81)285 

Gravel.  Pit  Run  Sand.  Method  of  Pro- 
portioning      (18)     18 

Gravel  Voids.  In   Pail  Test,   for (73)   277 

Gravel  Washing  Plant.  Cost  of  Oper- 
ation       (146)  640 

Gravel.   Winter  Storage.   Old  Pit    (150)  696 
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Graveling.        Spreading        Device        I'or 

Trucks     (56)   180 

Grease.     Extraction    from    Dried    Acti- 
vated   Sludge    (44)   19B 

Grease,  Extraction  from  Sewage  Sludge 

(21)  13:) 

Greater    Production   and    Socialist. .  (83)   39!l 

(3reen    Stump    Blasting    (11)     B7 

Ground     Squirrels,     Exterminating    by 

■■Gassing"     (146)   662 

Guard    Rail,    Wire   Cables (81)   285 

Guniting  Piling  with  Cement  Gun  (128)   622 

Gypson,     Reinforced    Beams (53)   259 

Gvp.=ium    Root    Deck,    Applying    Roofing 

(87)   457 

H 

Hand  Excavation  by  Piece  Work  (61)  31li 
Hauling   Heavy    Loads,    Hints   on    (148)   491 

Hauling,     Steam     Shovels (47)   22.'> 

Head     Gates,     Canal,     Discharge,     Co- 
efficients      (112)   552 

Health     Experiences     of    U.     S.     Army 

(160)   684 

Heartwood    and     Sapwood (57)  345 

Heat     Treatment     of     Track     Materials 

(81)   339 

Heater    for    Bituminous    Material    (137)   547 

Hetch     Hetchv     R.     R.     Costs (27)     83 

High    Price    Level   at   World (13)     69 

High    Prices,    Causes    of (30)   236 

High    Prices,    Wilson's    Remedies. .  (30)   208 

Highway     Bond     Issue (137)547 

Highway     Bonds,     Gilt     Edge     Security 

(54)   178 

Highway     Concrete.     Recent     Develop- 
ments          (150)   644 

Highway    Construction   and   Day   Labor 

'       ..' (29)   153 

Highway  Construction,  English.  ...  (18)  498 
Highway  Crossings.  Bituminous  Paving 

.  ; (157)   703 

Highway    Curves.    Methods    of    Striking 

Off    (51)   175 

Highway     Details.     Standard;     Indiana 

..: (115)   525 

Highway  Engineers.  Construction  (67)  271 
Highway  Engineers.  Salaries  of.. (164)  738 
Highway  Grading,   Awarding  Contracts 

for     (101)   389 

Highway  Grading,   New  Method  of  Art- 
justing     (120)   530 

Highway  Maintenance,   Cost,   Washing- 

to'n    (99)   387 

Highway.     Narrow,    Reconstruction    for 

Motor  Truck  Traffic (153)   647 

Highway.     Old     Railroad    Grade (66)   270 

Highway    Salaries    and    State    Legisla- 

tu're      (141)   635 

Highway   .Signs.   Uniform (146)   640 

Highway.     Snow     Removal (14Si   642 

Highway  Standard  Details  for  Pennsyl- 
vania     (60)   264 

Highway.   Standard,  Indiana    (115)  o25 

Highway        Transportation.        Capacit.r 

Load  and  Ruling  Grade (143)   637 

Highways.    Concrete,    Recent    Develop- 
ment        (150)   644 

Highways.    Paved,    Japan (30)   1:>  1 

Highways,    Problems  Affecting  Designs 

(131)   541 

Highways.       Surveys,       Self-Computing 

Level  Rod   (124)   534 

Highways.  Who  Should  Pay  for  Them? 

(58)   262 

Hoist    as    Aid    in    Tearing    Down    Old 

Building     (157)   731 

Hoisting.    Safety   Measures    for....  (150)  724 

Hoisting.    Use   of  Wire    Rope (151)   697 

Hoists.    Hints    for    Care    of (134)   59S 

Holding   Power.    Railroad    Spikes.  .  (129)   593 

Home    Gardener,    Books    for (40)   192 

"Home    Rule"    and    Municipal    Owner- 
ship     (139)   713 

Hoover.     Herbert.    Engineer (63)   351 

Hoover    for    President (85)401 

Hose    on    Suction    Dredge,    Lengthening 

Life     (92)   432 

House     Inspections     for    Water    Waste 

Control     (71)   303 

Housing   Situation    (38)   244 

How    to    Keep    in    Working    Order..  (73)   331 

Human   Engineering    (164)   658 

Human     Machine.     How     to     Keep     in 

Working     Order     (73)331 

Huxley's  Conception  of  a  Liberal  Edu- 
cation      (140)   634 

Hydraulic    Fill    Dam,    Measurement    of 

Pressure   in    (121)   585 

Hydraulic    Fill.   Dams.    Miami   Conserv- 
ancy   District     (92)   432 

Hydraulic      Fill.      Miami      Conservancy 

District     (92>  432 

Hydraulic  Layout  for  Power  Plant   (30)   768 

Hydraulic    Rock    Blasting (25)   505 

Hydraulicing.     Design     of     Sluices    and 

Pine  Dines    (126)   590 

Hydraulicing     Earth,     British     Practice 

(10)  748 

Hydraulicing    Factors    for    Sluices    and 

Pine    Lines     (126)590 

Hydro    Electric    Plant    Cost    Estimates 

(28)     56 

Hydro-electric     Projects.     Development 

and    Storage    of    Water (30)  768 

Hysteresis       in       Reinforced       Concrete 

Structures      (7)   119 


Icing   Drinking  Fountain,    Cost (139)   663 

Ignorance.      Due      to      Self-Satisfaction 

(109)   549 

Imhoff    Tank.      Birmingham.      England 

(14)   126 

Impact     for     Concrete     Aggregate. .  (24)     24 
Impact  Tests  of  Auto  Trucks  on  Roads 

(102)   390 

Impact    Tests    for    Concrete    Aggregate 

(24)     24 

Impact   Tests.    U.    S.    Bureau   of   Public 

Roads     (157)   651 

Income    Data.    Municipal  Expenses   (84)   454 

Indeterminate  Structure    (60)   348 

Indeterminate    Structure.    Equation    for 

(113)   607 

Indeterminate     Structures.     Notes 

(fiOi    34.S,    (141)   71.-) 

Indeterminate  Structures  Statically. 
Slope  Deflection  Method  of  An- 
alyzing       (146)   720 

Indiana  Highwa.y  Commission.  Concrete 

Road  Specifications   (116)   526 

Inductive    Sciences    and  '  Whewell. . .  (4)   742 
Industrial         Development.         Concrete 

Houses.    Cost     (151)725 

Industrial      Efficiency.       Application    of 

(79)   311 

Industrial    Executives,     Training     (104)   420 
Industrial    Fatigue — Theory    and    Prac- 
tice        (27)  765 

Industrial     Research     (5)  743 

Industrial  Research  Organization  Lab- 
oratory      (77)   365 

Industrial  Training  and  Labor  Turn- 
over          (53)   205 

Industrial      Union.      Railway      Freedom 

(32)   210 

Industry.       Employment       Relation       in 

(102)   472 

Inflation   of  Currency.  Cause  of  LTnrest 

(139)   633 

Ingenuity.     Passing     of (5)  117 

Inspection.    Field.    Road    Material.  .  (16)     16 
Inspection    of   Railway   Bridges. ...  (133)   627 

Inspection    of    Steel    Bridge (SO)   368 

Inspection.  Steel  Rail  Manufacture   (99)   439 
Institution   of  Civil   Engineers   and   En- 
gineering   Registration     (32)   77n 

Instruction  foi'  Field  Inspection  of  Road 

Materials     (16)     16 

Intake    Deposits    Removal    by    Dragline 

(45)   197 

Internal  Strength   ill  Old  Rails (158)   704 

Invention,     Mother     of (9)   489 

Inventions    and    Civil    Engineers. ..  .(3)     S7 
Investment      and      Drainage      Problem 

(161)   685 

Investigation  for  Hauling  Over  Sub- 
grade     (45)   169 

Iron  Bridges.  Strengthening  with  Rein- 
forced   Concrete     (6)   118 

Iron   Rule   vs.   the  CJoIden  Rule (162)   708 

Ii'on    'V^'ater    Tank,     Faint    for    Intt  rior 

(100)    416 

Insulation     Resistance     of     High    Pres- 
sure Fire  Service   Pumps.  ...  (105)   421 
Irrigated    Land.    Yields   and    Return(72)   304 
Irrigation    Canal.    Removal    of   Sand    by 

Sluicing     (119)   559 

Irrigation   Project,   Cost  of  Engineering 

Work   for    (102)  418 

li-rigation    Requirements    for  Wild    Hay 

Meadows    and    Tule    Lands..  (141)   665 
Irrigation    Water,    Reducing    Waste    of 

- (123)   563 

Italian     State       Railways.       Reinforced 

Concrete    Ties    (39)   519 


Jack.    Poles    (112)   452 

Jitney.    Los    Angeles (35)   213 

Job.    How    to    Apply    for (20)    104 

Joints.    Steel    Floor.    Concentration.  (96)   466 
Joplin    Zinc    District.    Blasting   P'ractice 

(19)     75 

Jordan    Spreader  Attachment    for  Rail- 
way   Ditching     (139)603 

K 

Kentucky    Practice.    Water   Bound   Ma- 
cadam        (133)   543 


Labor    Charges.    Form    for    Comparison 

(84)   3J2 

Labor   as    a    Commodity (141)   687 

Labor,      Concrete      Road      Construction 

Gangs     (4)       4 

Labor     Conditions.     Maintenance   Way 

Field   (110)  450 

Labor.     Convict     Rations     (1,1)     11 

Labor    Efficiency    in    Railroad    Mainte- 
nance          (24)   180 

Labor    Remunerating    by    "Lieu-Rates" 

(7)   487 

Labor     Saving     Tools.     Street     Railway 

Work   (144)   690 

Labor,  Track,  Increasing  Efficiency  (96)   436 
Labor    Turnover   and    Industrial    Train- 
ing         (53)   205 

Labor    Suppl.y,    Railroad (91)   431 

Labor    Unrest,  and    Remedies (79)   337 

Laboratory,     Industrial     Research     Or- 
ganization      (77)   365 


Laboratory,    Social    Science   Forty-eight 

..•. (1)       1 

Land     Clearing     with     Road     Machines 

(141)  665 

Land    Dredges,    Walking   Device.  ..  (138)   602 

Land    Platting    in    Michigan (72)   276 

Landreth    Sewerage    Treatment    Plant, 

Easton.    Pa (34)   186 

Leadage,   Watershed    (160)   684 

Leakage  in  Pipe,  Method  of  Finding  (59)   301 
Leakage  Prevention  for  Street  Railway 

Road    Beds     (149)695 

Legislation     and     Britisih     Waterworks 

Engineers     (4)   116 

Level     Rod.     Self -Computing (124)   534 

Liberal     Education.     Huxley's (140)634 

Liberal    Element    in    Engineering    Edu- 
cation  (159)   733 

Librar.y.     Professional     (27)     55 

Licensed    Editors    (2)   740 

"Lieu-Rates"    Systems    of    Remunerat- 
ing   Labor    (7)     487 

Lime    and    Soda   Softening    Plant,    New 

Type     (29)   509 

Local    Association     and    Institution     of 

Civil    Engineers     (32)  770 

Local    Engineering    Society,    Service    to 

Public     (73)  277 

Logical     Contractor     (163)   657 

London    Water    Supply,    Algal    Growths 

(6)   486 

Long    Experience,    Art    of   Quickly   Ac- 
quiring      (1)     29 

Lot   B:ock   Units    for   Moderate    Houses 

(125)   535 

Lots,   Factors  Controlling  Widths    (125)   535 
Lots.    Residence,    and    Street    Improve- 
ments      ■.  .  .  (119)   529 

Load     Concentrations     on     Steel     Floor 
Joints  of  Wood  Highway  Bridges 

(96)   466 

Loading   Cars  with  Drag  Scraper   (102)   442 

Loading    with    Drag    Scraper (102)   442 

Loading    Plant,    Central    Street    Paving 

(117)   527 

Loading    Rail.    Time    Test (160)   706 

Logic.    Series  of  Articles  on (1)   739 

Lumber.    Durability  of  Green  and   Sea- 
soned      (153)   647 

M 

Macadam     Asphaltic,     British     Experi- 
ences     (25)   763 

Macadam,    Construction    Methods,   Que- 

'^     bee     (154)   648 

Macadam,       Bituminous,       Construction 

Methods    (5)       5 

Macadam.     Maintenance     of     (76)   270 

Macadam.    Old.    Methods    of    Resurfac- 
ing        (71)   275 

Macadam.      W'ater      Bound,      Kentucky 

Practice     (133)   543 

Machinery,"  Effective    Use    in    Concrete 

Ruud    CoMstraction    (127)   537 

Machinery.     Excavating.     British. ..  (12)   492 

Magnetic     Analysis     of     Steel (9)     90 

Maintenance     Cost     (21)     21 

iVlaintenance  Cost  of  Bituminous  Pave- 
ment      (150)   644 

Maintenance    of    Earth    Road (40)    164 

Maintenance.     Highway     Cost     (99)   387 

Maintenance.     Irrigation     Project.     En- 
gineering  Work    for    (102)   418 

Maintenance,     Patrol.     Wisconsin.  .  (34)   158 
M'aintenance,     Street     Railway     Work, 

Labor    Saving    Tools     (144)   690 

Maintenance  Way   Field,    Labor  Condi- 
tions      (110)  450 

Malaria    Mosquito    Survey,    North    Cal- 
ifornia        (112)   552 

Management,     Scientific    Iron    Foundry 

(8)  746 

Manager    County    Highway     Engineers 

(69)   273 

Manganese    Steel     Curved     Rails...  (46)   224 
Managerial   Law    of  Inspection. ...  (101)   417 
Manhole  and  Sand  Trap  for  Tile  Drain- 
ing.    Combination     (54)  206 

Map.     National     Topographic     Progre.ss 

(127)   591 

Maps.    Sectional   Filing    (132)   572 

Marin   Water  District.   Dam   &  Tunnel 

(70)   302 

Masonry  Bridges,    Methods  of  Rebuild- 
ing      (33)   145 

Material    Plant,     Concrete    Roads..  (48)   172 

Men    Who    Made    the    World (52)   176 

Mental     "Coaches."     Need     for (111)   521 

Metal    Structure,    Protection    by    Paint- 
ing      (127)   621 

Metals,    Fatigue    Phenomena (69)   357 

Metals.     X-Eay     Examination (19)131 

Metallurgical      Information     for     Engi- 
neers        (38)  150 

Meter      Department,      Improving      Effi- 
ciency      (13)     41 

Meter     Reading     (2)     30 

Meterage    in    Kansas   Cities (124)  564 

JMeterage,    Results,    Middletown,    Conn. 

(118)   558 

Jleters.     Boiler    Room (49)201 

Miami   Conservancy  District,   Hydraulic 

Fill     Dams     (92)   432 

Miami     Conservancy    District,     Records 

of    Construction    Equipment     (35)  213 
Miami    Conservancy    Project (5)     61 
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Miami  River  Revetment  witli  Concrete 

Blocks.     (36)  214 

Military  Bridges,  British  Portable  (21)  759 
Milwaukee    Sewerage    Testing-    Station, 

Results     (145)   669 

Mining    Shafts.    Drilling    and    Blasting 

Methods     (101)    441 

Mississippi  Valley  State  Highway  De- 
partment. Practice  with  Con- 
crete      (42)   166 

Moisture,    Effect    on    Sand do)     99 

Moisture     Resistance     Tests (135)   629 

Money  Supply,  Relation  to  Prices  (2)  710 
Montreal    Filtration    Works.    Operating 

Results     (71)   303 

Morley,  England.  Sewage  Sludge  (21)  133 
Mormon       Scraper.       Finishing       Back 

Slopes     (163)   657 

Mortar.  Cement,  Bonding  to  Old  Con- 
crete      (22)   106 

ilosquito  and  Malaria,  North  Califor- 
nia      (112)   552 

Mothe.-    of    Invention    (9)   489 

Motion  Picture  Machine  as  Kngineering 

Instrument     (59)   317 

Motor  Driven  Pump,  Savannah (162)  686 

^Lotor     Driven     Centrifugal     Efficiency 

Test     (73)   305 

Motor    Truck    Haulage.     Nebraska.  (87)   427 
Motor  Truck  Jlounted   Water  Purifica- 
tion I'nit    (38)   190 

Motor  Truck  Traftic.  Narrow  High- 
ways     (153)   647 

Motor  Truck.  Operating  CostdDll.  149)  173 
Motor    Truck    Operator.     Bonus     Plans 

(53)   231 

ilotor    Truck    Operations    by    American 

R.    R.    Express     (82)  340 

Motor  Truck  Refuse  Collection. ..  (11)  11 
Motor     Truck,     10-Speed     Transmission 

(131)   541 

Motor  Truck  Operation,  Effect  of  Road 

Conditions    on      (19)  757 

Motor  Truck  Wastes,  Economic  Lim- 
its     (142)   676 

Motor  Truck  Weights,   Economic  Limit 

(86)    374 

Motor  Trucks  and  Road,  British  Re- 
port      (2)   114 

Motor   Trucks,   Impact   Tests (102)   390 

Motor    Trucks,    Tire    Remover (82)   286 

Motor  Trucks,   Stresses,   Concrete  Road 

Slabs    (41)   165 

Motor  Vehicles.  Compressed  Gas...  (8)  488 
ilountain  Highway  Reconnaissance  (13)  13 
ilunicipal    Asphalt    Plant.    Los    Angeles 

(27)     27 

Municipal  Engineers,  British.  Recon- 
struction   Problems    (32)   512 

Municipal    Expenses    and    Income    Data 

(84)   454 

Municipal   Finance,    Common   Errors   in 

(75)   363 

Municipal  Improvements  and  Accelera- 
tion   of     (59)263 

^Municipal  Ownership,  Fallacious  Ar- 
guments    for      (2)     86 

Jlunicipal    Ownership    and    Home    Rule 

(139)  713 

Municipal    Railway,    Seattle    (58)  316 

JIunicipal  Railways,  San  Francisco  (1)  57 
aiunicipal     Railways,      San      Fiancisco, 

Adequate    Results    13)     59 

Muzak   System,   Concrete   Railway  Ties 

(18)   496 

N 

National  Engineering  Society  Combina- 
tion      (33)   211 

National  Topographic,  Progress  on(127)  591 
Nelson    ilethod    of    Paving   (Contractors 

for     Bidding     (3)     87 

Newport   News,    Shipways    (92)   462 

Newspaper    Editor   and    Superintendent 

of    Public    Works    (84)   372 

Newspaper  Publicity,  Engineering  Pro- 
fession      (81)   369 

New    Sooke    Lake    Water    Supply,    and 

Cost      (39)   191 

New  York  Highway,    Cost   of   Life    (54)   178 
N.  T.   State  Department  of  Health.  Su- 
pervision   of    Public    Water    Sup- 
plies       (97)  413 

New    York    State    Government.    Bridge 

Construction    .-i,. (107)   477 

New  Zealand.    Concrete   Pavement    (29)   767 

Nickel    Steel    Fatigue    Tests (13)     97 

Nightsoil,    Disposal    in    Rural    Districts 

(147)  67.1 

O 

Odors.     Offensive    from     Sewers. ...  (31)   511 
Ohio   Methods   of   Snow  Remove!. .  (148)   642 
Oiled     Roadways,     Concrete     Construc- 
tion,    Los    Angeles     (15)      15 

Oil      Lands.      Sub-dividing.      .Purveying 

Methods    (110)   450 

Oil  Storage  Tanks,  New  York  City  Reg- 
ulations         (131)  625 

Oils     and     Oiling     Pointers (23)     51 

Old   Bridges,    Strengthening    (104)   474 

Old  Bridges,  Strengthening  bv  Doubling 

Up   Trusses    (104)   474 

Old  Building,  Demolishing  with  Dyna- 
mite          (89)   459 

Omaha  and  Sewer  Construction. ,  (85)  401 
Operation,    Labor    Costs (11)     39 


Optimism     in    Business (133)  599 

Oritice  for  Measuring  the  Flow  of  Wa- 
ter    Through     Pipes (150)671 

Out-Door    Swimming    Pool,     Baltimore, 

Md (140)  664 

Overhaul,  Simple  Method  of  Computing 

(69)    73,    (9S1   3s', 

(Overhead   Charges,   Contractors'    Salary 

(50)   256 

Overhead,    Contractors  (93)  463 


Pail  Test  for  V'oids  in  Gravel.  ..  .(73) 
Painting  Practice.  Railwa.v  Field  (89) 
Painting  Protection  of  Metal  .Structures 

(127) 

Painting    Railway    Structures (38) 

Paints.    Tests    for    Standpipe    Painting 

(100) 

Paraffin   Methods  of  Making  .Silo  Walls 

Air  Tight    (11(J) 

Patrol   System,    Road  Maintenance    (34) 

Paved    Railroad    Crossing (161) 

Pavement.      Bituminous,      Maintenance 

Cost    (150) 

Pavement,     Bituminous,     Present    Day 

Construction     (104) 

Pavement,       Concrete      Cold      Weather 

Construction    (139) 

Pavement,  Concrete,  New  Zealand  (27) 
Pavements,     Concrete     Protecting. .  (62) 

Pavenrent.    Granite    Blocks (94) 

Pavements.     Sections,     Standard,     Indi- 
ana      (115) 

Pavements,    Sub-Grade    for    (141) 

Paving   Streets.   Central   Loading  Plant 

for    (117) 

Paving.     Vitrified    Brick    for (160) 

Payment    by     Results,     Collective    Sys- 
tem      (39) 

Percentages  by   Chart (24) 

Percentages  Checked  by  Chart.. (24) 
Percolation  of  Water,  and  Stream  Flow 

(19) 

Piece  Work,   vs.   Day  Labor,  Hand  Ex- 
cavation      (61) 

Pig  Feeding  for  Garbage  Disposal   (148) 

Piledriver,     Portable     (71) 

Pile  Driving,  Under  Water  Method  (93) 

Piles,    Calculating    Volume    (61) 

Piles    Creosoted.    Life    of (9) 

Piles,    Driving   in    Clay (32) 

Piling    Guniting     (128) 

Piling,    Untreated    Durability    (31) 

Pipe,    Cement    Capacity    Table (9) 

Pipe    Culvert,    Actual    Length (82) 

Pipe-Lines.    Discharge   Relation   to  Age 

(40) 

Pipe     Standardization     (10) 

Pipe    Lines,    Designs    for    Hvdraulicing 

(126) 

Pipe  Lines,   Undergroimd.  New  Method 

for    Installing    (125) 

Pipe,    Water    Unloading (19) 

Pipe.    Wood    Stave,    13iA-Foot    (99) 

Pitometer    Survey     (15) 

Pit   Run   Gravel,    Sand  Method   of  Pro- 
portioning      (18) 

Plane  Tables,  and  Field  Sheets. . .  (16) 
Plant     Material.     Concrete    Roads..  (48) 

Platting    Land    in    Michigan (72) 

Plumb    Plan    of    Railway    Democratiza- 
tion          (31) 

Point  St.  Charles  Filtration  Works  (71) 
Poles,    Reinforced    Concrete   for    Trans- 
mission   Lines     (30) 

Political  Economy  as  a  Science 

(1)  85.  (33) 

Po'itical    Economy    and    War (59) 

Political    Engineering     (140) 

Political    Legislatures.    Errors    of     (83) 

Politicians     in     Street     Railway (2) 

Pneumatic     Riveting    Hammers.     Hand 

Grip    for    (52) 

Pontoon    Bridge.    Railroad     (81) 

Popularity    and    Progress     (6) 

Portable    Tie-Treating   Plant    (76) 

Portioning    Theories    of    Concrete,    An- 
alysis  of    (161) 

Powdered    F^iel     (3) 

Power,    Development   from  Tides.... (8) 

Power.    Tidal    Water    (27) 

Power    Plant,    Development    of    Storage 

Water    (30) 

Power  Plant  E^iuipment,   Selection  and 

Operation    (153) 

Power  Plant  Operators,  Educating(128) 
Power  Plant  Operation,   Oils   &   Oilings 

(23) 

Power    Plant,    Reconstruction    of. . .  (64) 

Practicing    Engineers    and    Study 

(1)    481.    (2) 

Precast    Tile.    Gypsum     (87) 

Precautions.    Concrete    Pavement    Con- 
struction     (139) 

Pressure.  Intensity  of.  On  Rails  (164) 
Pi-essure.       MeasurementSt       Hydraulic 

Filled     Dam     (121) 

Prices,    Relation    to   Money    Supply    (2) 
Private    Fire    Pl-otection    Ser%-ice,    Con- 
clusion    of    Am.     W.     W.     Assn. 

(Tommittee     (16) 

Private    Well    and    Typhoid (47) 

Production  and  the  Bonus  System  (154) 
Progressive    Expansion    of    Stone,    Iron 

and  Soil   (138) 

Public  Affairs  and  Engineer (76) 
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115 
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139 

768 
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51 
296 

740 
457 

539 
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44 
199 
678 

662 
364 


Public  Is  a  Poor  Employer (140)  711 

Public   Drinking   Fountain,  Cost  of 

,,  ^,.  I<^'f>S (139)  663 

I'ubhc    Service      Companies,      Theories 

and    Valuation     .■ (117)  581 

Public     Utility     Commission     Decisions, 

Influence    of  War    Period (7)     35 

I'ubhc    Utility    Commissioner    Decision; 

Present    Tendencies     (7)     35 

Public    Water    Supply,    Supervision,    N. 

Y (97)   413 

Public  Works,   Bonds  and  the  Average 

Man     (112)  522 

imblic    Works,     Contract,    Swiss    Plan 

Public  Works  Economics,  Common  Er- 
rors           (2)       2 

Public  Works,  Finances  by  Bond  Issues 

„   .  ,.  •. • (56)  288 

Publicity.  Newspaper,  Engineering  Pro- 
fession        (81)  359 

Pulverized     Coal    Plant,    Puget    Sound 

Traction   Co. (75)   307 

lump    Corrosion.    Beeswax    Preventive 

Pump.    .Motor  Driven?  Centrifugal   Effi- 
ciency  Test    (73,  305 

Pumping     Engine,     •■Unaflow" (20)     48 

Pumping  Installation  of  Savannah,  New 

Motor    Driven     (162)686 

Pumping    Plant,    Sewerage    (121)  561 

Pumping  Water.  New  Principles. .  (25)  763 
Pumps,    Building    Up    Worn    with    Oxy- 

Acetylene    Process     (62)  320 

I'umps,  Fire  Service.  Insulation  Resist- 
ance        (105)   421 

Pumps    for    Road    Work (27)     27 

Purification    Plants,    Water.    Operating 

Results,    New  Orleans    (139)   663 

Q 

Quantity  Surveys,    How  Quantities  Are 

Used     in     Bidding     (126)   620 

Quarrying,  Use  of   Explosives  in.. (122)  586 

Quay    Wails.     Reinforced    Concrete,     in 

Dutch    Indies    (38)   77$ 

Quebec    Stream    Commission.    Work    of 

(135)   575 

R 

Rail     Failures     (128)  592 

Rail     F'astenings.     Roundhouse (127)  591 

Rail.    Magnetic    Surveys    of (64)  322 

Railing    Hub    Guard.    Highway    Bridges 

Rails.       Old.       Testing   "  for  ' '  Internal 

Strength    ..    (158)   704 

Rails,    Pressure    On,    Intensity (164)   710 

Rails.   Shimmed,  New  Method  of  Brac- 

„    .,     'le     • (Ill)  451 

Rails,    Sorbitic    Treatment    (47)  225 

Railroad      Blacksmith      Shop,      Modern 

Requirements     (I31)   595 

Railroad    Brotherhood    and    Threatened 

„    .,     Strike     (83)371 

Railroad    Control.    Warfleld    Plan. .  (77)  335 

Railroad    Crossings    Paved (161)  655 

Railroad    Expansion,    Need    for (163)   709 

Railroad    Grade.    Converting    to    High- 
way      (66)  270 

Railroad    Labor    Supply    (91)   431 

Railroad       Maintenance.       Labor      Effi- 
ciency          (24)     80 

Railro.id,     Pontoon     Bridge (81)  369 

Raijioad     Spikes.     Tests     for     Holding 

Power      (129)   593 

Railway  Bridges,  Inspecting  (l.'iS)  627 

Railway       Chief       Engineers,     as     Vice 

Presidents     (142)   688 

Railway  Control.  Cummins  Bill... (85)  425 
Railway   Democratization,    Plumb   Plan 

(31)  209 

Railway   Ditches.    Cost    of (151)   697 

Railway  Ditching  with   Jordan  Spread- 
er Attachment    (139)   603 

Railway    Employees.    Technical.    Class- 
ification          (66)   324 

Railway   Grading   with    Stiffleg   Derrick 

Draglines     (14'5)  .691 

Railway    Problem     (.37)   217 

Railway    Relaying.    Pine    Tests (119)   583 

Railway    Sign    Boards.    Labor   and    Ma- 
terial    Requirements     (162)  70S 

Railway     Standards     (42)   220 

Railway.  State  Operation  in  France(7)  63 
Railway.     State    Owned.    Germany..  (1)   113 

Railway    Structures.    Painting    (38)  216 

Railway    Switches.    Cost    Unit (154)   700 

Railway   Ties.    Concrete    (16)   496 

Railway  Track  Support.  Concrete  (9)  65 
Railway  I'nion.  Industrial  Freedom(32)  210 
Railway     Valuation.     Federal.     Present 

Status    (144)  690 

Railway    Valuation.      Two      Conflicting 

Theories-    (116)  580 

Railways,  Municipal,  San  Francisco  (1)  57 
Railways,    Reinforced   Concrete   Ties   in 

Italy  (39)   519 

Rainfall   Intensity   Curves,    Buffalo    (19)     47 

Ramp     Bridge    Approach (114)   524 

Rapid  Method  of  Adjusting  Earth   Ex- 
cavation      (120)   530 

Rate    Cases.    .Street    Railwa\ ,    Prepara- 
tion   of    Data    (132)  596 

Rate.    Motor    Truck    Haulage (87)   427 

Rates.  Freight.  Two  Theories (2)     58 
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Rates,    Meter    and    Flat (62 

Rates.    Water.    Increasing (2 

Rations  for  Convict  Labor  Camp..  (11 
Reading  Meters.  Daily  Amount  for  One 

Man    (2 

Real  Estate  Valuation,   Davenport   (51 

Ream  County.  Engineer  Act (30 

Recognition   and   Remuneration  of  En 

gineer     (155 

Reconstruction    Problems,    British    Mu 

nicipal   Engineers   (32 

Record     Shaft     Sinking,     South    Africa 

(34 

Recorder   Co (49 

Recording  Extensometer  and  Measured 

Stresses  in   Concrete  Hull (72 

Records.  Boiler  Room  Haphazards  (129 
Records     of     Construction     Equipment 

Miami   Conservancy   District    (35 
Red     Water     Plague.     Prevention     and 

Cure    (149 

Reforms   Needed   to   Government   Con 

tracts    (133 

Refuse      Collection,      Cost      for     Motor 

Trucks    (11 

Refuse,  Collection  and  Disposal. ...  (35 
Registration  of  British  Civil  Engineer; 

(9 

Registration    of    Engineers,    and    Insti 

tutions    of    Civil    Engineers. .  (32 
Regulations,    New   York   City,   for   Fue: 

Oil  Storage  Tanks   (131 

Reinforced     Concrete     (25 

Reinforced  Concrete,  Algiers   (20 

Reinforced    Concrete    Arch    Bridge    fo 

Strengthening    Old    Ribs    (6 

Reinforced    Concrete    Beams.    Criticisn 

of   Ordinary   Methods    of   Design- 
ing          (122 

Reinforced     Concrete     Caissons (28 

Reinforced  Concrete.  Computation  Dia 

gram    (27 

Reinforced     Concrete     Construction     ii 

Theater    in    Toronto (132 

Reinforced    Concrete    Poles    for    Trans 

mission     Lines     (30 

Reinforced    Concrete    Retaining    Walls 

Stability    (10" 

Reinforced     Concrete     Roads,     British 

Experiences     (14 

Reinforced     Concrete.     Significance     o 

Cracks     (109 

Reinforced   Concrete  Ties.  Italy (39 

Reinforced    Brickwork    in   India.. ..(40 
Reinforced     Concrete.     Effect     of     Sea 

Water    on     (3 

Reinforcing   Concrete   with   Wood..  (25 

Relaying  Rails.  Time  Tests (119 

Rental    Charges,    Construction    Equip 

ment      (9 

Rental     Charges.     Contractor's    Equip 

ment    tl56 

Remunerating   Labor   by    "Time    and   : 

Bit"    Systems    (7 

Replacing    of    Currency (29 

Report    Form     for    Water    Purification 

(104 

Research    Outlook    in    America (39 

Research.    Industrial.    Laboratory    (77 
Research.    Scientific   and   Industrial    (5 

Research    Works.    U.    S (24 

Residence  Lots.   Size  on  Cost  of  Stree; 

Improvements     (119' 

Reservoirs.    Algal    Growths    in (6 

Reservoir.    Concrete    Flat    Slab    Roads, 

Dayton.    Ohio    (117 

Reservoirs.    Silting   t7p    (62 

Resurfacing    Old    Macadam    (71 

Retaining  Walls.    Designs    (10 

Revetment    Bank,    Boulder    and    Fence 

Wire   (161 

Revetment,   River,  Concrete  Blocks   for 

(•36' 

Rigid   Pavements.    Sub-Grade   for    (141 
Ritchie     System       of     Concrete       Ship 

building     (31 

River    Banks.    Causes    of    Erosion    (11 

River  Banks.    Protection    (13 

River    Discharge     (13 

River    Flow    Regulation    Work.    Quebei 

(135 

Road     Administration.     General     Prin 

ciples    (128 

Road  Building.  Earth,  Nebraska  Coun 

ty    (162 

Road    Building    Equipment,    Deprecia 

tion    Charges    (81 

Road  Building  Proeram  1920 (147 

Road     Building.     Twenty-Four     Hours 

Per    Day     (44 

Road     Conditions.     Effect      on       Moto 

Truck    Operations     (19 

Road   Construction,   Brick    (145 

Road    Construction,    Concrete.    Branch 

County.  Mich.    (100 

Road     Construction.     Concrete     Canvas 

Covering     (161 

Road     Construction,       Concrete,       Ma 

chinery    (127 

Road,    Concrete    Construction,    Method 

(9 

Road,    Concrete.    Early,    Great    Britain 

V (17 

Road    Construction,    Concrete,    Sugges 

tions   to    Contractors    (37 

Road    Construction,    Half   Section    Plan 

(3i: 
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Road  Curves,  Additional  Widths,  Lay- 
ing Out (110)   398 

Road   Ditches,    Cost   of  Digging (77)  281 

Road    Drainage    and    Foundation. .  (106)   394 

Road  Foreman  Hints   (25)     25 

Road  Funds.  Provided  bv  Tax  on  Gaso- 
line      (31)   155 

Road  Grader.  New  Leaning  Wheel (110)   398 
Road  Improvement,   Progressive   Meth- 
ods      (63)   267 

Road    Improvement    Program,    $17,000,- 

000.000 (57)261 

Road,   Maintenance    (40)   164 

Road   Maintenance,    Earth   Cost (33)   157 

Road  Maintenance,  Lucas  County,  Ohio 

(130)   540 

Road   Materials,    Ordering   Early..  (165)  659 
Road      Maintenance.      Patrol      Svstem. 

Wisconsin (34)   158 

Road    Maintenance.    "User's    Tax"    for 

(85)  373 

Road  'Materials,   Field  Inspection,    New 

Jersey     (16)     16 

Road  Oil.   Cost  of  Heating  and  Spread- 
ing          (117)   527 

Road  Oil.   Storage  Tanks  for (118)  528 

Road  Roller  Wheels.  Renewal  of  Worn 

(28)   508 

Road    Scarifier,    New     (40)   152 

Road    Surfaces    for    Bridge    Floors..  (4)     88 
Road     Surfacing.     Bituminous,     Double 

and    Single    Coat    (34)   772 

Road    Surveys.    Cost    of (61)265 

Roads,   Concrete.   Indiana   Specification 

(116)   526 

Roads,    Good    (46)   170 

Roads,    Light    Medium    Traffic    Surfac- 

^  ing    (156)   650 

Roads,  Light  Trafiic  for  Sandy  District 

(2)       2 

Roads    &    Motor    Trucks,    British    Re- 
port  (2)   114 

Roads.     Reinforced     Concrete,     British 

Experiences (14)   752 

Rods,    Sounding,    for    Canal    Measure- 
ments     (98)  414 

Roadway   Surfaces,  Impact  Tests   (157)   651 

Roads.    Winter.    Maintenance (15)     15 

Rock   Crushers.  Repairing,   Suggestions 

(155)   701 

Rock    Crushing    Plant,    Electric    Power 

Requirements    (39)   217 

Rock    Excavation.     Use    of    Explosives 

(122)  586 

Rock  Tunneling   Machine,   New....  (17)   755 
Rockford     Waterworks.     Original     Cost 

(10)     38 

Roller  Crest  Dam.  Grand  River (57)  289 

Roof     Deck.     Application     on     Gypsum 

Roof   (87)  457 

Roof    timbers.    Treatment    (19)   103 

Roofed.    Wooden:     Design,    in    Accord- 
ance   with    Special    Loading.  (23)   761 
Roofing.    ^Vpplication    on    Gypsum    Roof 

Deck    (87)  457 

Roofs.    Arched.    Wind    Pressure (47)   253 

Root    from    Water    Main (81)   313 

Ropeway.     Steel     Blondin     for     Bridge 

Erection     (17)  497 

Rope  Wire.  Sate  P'ractice.  Use  of  (151)   697 

Rope.    Wire    Strength     (49)   255 

Rules    for    Establishment      of       Street 

Widths     (126)   536 

"Rules  Are  Made  to  Be  Broken".  .(113)   578 
Ruling   Grade  in   Highway  Transporta- 
tion       (143)   637 

Rural     Districts.     Road     Improvements 

(53)   267 

Rural  Motor  Express,  Development  (47)   171 

Rural    Sanitation    (147)671 

Rustic     Construction.     Retaining    Bark 

on     I>ogs     (127)   621 


Safe    Loads    for    Scaffolds (68)  356 

Safety  Factors  in  Quarrying (122)  586 

Safet.v    Measures    for    Hoisting. ...  (150)  724 
Safety    Measures   for   Preventing   Acci- 
dent     (90)  460 

Safety    Methods.    Designs    of    Wooden 

Roofs     (23)  761 

Salaries.    Engineers,    Canada (132)  542 

Salaries,     English     Engineers (19)  131 

.Salaries.     Highway     Engineers,     State 

Legislature     (141)  635 

Salary  oi"  Engineers,  Canada (132)  542 

Salvage      Material,       Building      Walls, 

Construction    (33)  771 

Sand   Blast,    Salvaging   Track   Materia 

(46)  224 

Sand,   Bulking  Effect  of  Moisture. .  (15)  9!) 
Sand  Clearing  with  Road  Machinedll)  665 
Sand    Filtration    System,    Drifting,    To- 
ronto      (86)  402 

Sand,     Method     of     Proportioning     Pi 

Run    Gravel    for    Concrete (18)  18 

Sand,   Portable   Outfit   for   Testing    (92)  380 
Sand.    Removal    from    Irrigation    Cana 

by   Sluicing    (118)  559 

Sand   Trap   and   Manhole,    Combination 

(54)  206 

Sandv  District,    Light  Traffic  Road    (2)  2 

San    Delmazzo    Spillway    (28)140 

San    Francisco    Mimicipal    Railways.... 

(1)   57.    (3)    59 

Sanitation  and  Municipal  Death  Rates 

(46)  198 


Sanitation.  Rural   (147)  671 

Sanitary    Utilities.    Installation,    Effect 

on  Public  Health   (142)  666 

Scaffolds,    Safe    Loads   for (68)   356 

"Scared    of    Everything"    (113)   577 

Scarifier,    New    (  40)   152 

Science,  Political  Economy  (1)  S5,  (33)  211 
Scientific  and  Industrial  Research  (5)  743 
Scientific    Management,    Iron    Foundry 

■•• (8)   716 

Sea  Water,  Effect  on  Reinforced  Con- 
crete          (3)   741 

Seattle    Municipal    Railway,    Operating 

Results    (58;   316 

Sectional  Maps,  Filing (132)   572 

Self-Computing    Level    Rod,     Highway 

Surveys    (124)  534 

Self-Pi-opelled    Street    Car (17)     73 

S'elf-Satisl'action,  Cause  of  Ignor- 
ance     (109)   549 

Selling    Operations    Co-ordinated    with 

Collection  System   (131)  571 

Service    at    Cost,    Principles (48)  226 

Service  Pipe,    Repairing  Leaks. ...  (101)  417 

Sessler.    Grip    Spike.   Test   of (129)   593 

Settling    by    Puddling    (33)   157 

Sewage     Clarification     Tank.     Augusto 

Victoria  Colliery   (30)   510 

Sewage  Sludge.  Grease  Extraction   (21)   133  - 
Sewage     Sludge.    Handled    bv    Cobwell 

Process    (122)   562 

Sewage     Treatment,     English     Military 

Camp   (68)  300 

Sewage    and    Waste,    Disposal,    U.    S. 

Army   (41)   193 

Sewer  Cleaning  Machines.  Healey  (28)  56 
Sewer  Pipe  Concrete,  Specifications  (40)  192 
Sewer    Construction,    Cost    of    Machine 

(16)     44 

Sewer   Construction.   Detroit    (72)   304 

Sew'er    Ojnstruction,     Cost.     Montreal 

South      (99)  415 

Sewer  Construction  and  Omaha.. (85)  401 
Sewer    and    Treatment    Plant,    Detroit. 

Mich (3)     31 

Sewer  EJxcavation,  Tunneling  Machines 

in     (100)  440 

Sewer  Separation.  Storm  Water  (19)  499 
Sewer   Trench    Cableway.    British. .  (12)   492 

Sewers,  Offensive  Odors  from (31)  511 

Sewers.     Small     Diameter.     Excavation 

with   Steam   Shovel    (143)  667 

Sewerage    Disposal    in    Rural    Districts 

(147)   671 

Sewerage     Disposal    Tests.     University 

of  Illinois   (13)     41 

Sewerage.  Effect  on  Community  Health 

(142)  666 

Sewerage  Pumping  Plant,  Under- 
ground      (121)   561 

Sewerage     Testing    Station.     Operating 

Results,    Milwaukee    (145)   666 

Sewerage  Treatment.  "Direct  Oxida- 
tion"       (24)  186 

Sewerage  Treatment,  Milwaukee  Ex- 
periment      (145)   669 

Sewerage  Treatment  Plant,  Monte- 
zuma, la (136)  576 

Sewerage  Treatment  Works.  Birming- 
ham.  Eng (14)  126 

Shaft.  Mining.  Methods  of  Sinking  (101)  441 
Shaft,    Sinking  Mines    in    South    Africa 

(34)   514 

Shale.    Bearing    Power    of (27)   111 

Shandaken  Tunnel   (134)   574 

Shandaken    Tunnel    (92)   408 

Schoharie  Development.  Catskill  ^Vater 

Supply <90)  406 

Shimmed  Rails.  New  Method  of  Brac- 
ing     (111)  451 

Shipbuilding,  Concrete,  Ritchie  Sys- 
tem      (31)  143 

Shipwavs,    New.    Newport    News...  (92)   462 

Should  "  Architects    Advertise? (141)   715 

Shoring    Beams.    Dangers (108)   478 

Silo  Walls,  Coating  with  Paraffin   (110)   480 

Silting  Up  of  Reservoirs (62)   294 

Simplon  Tunnel  Ventilation  Plant  (7)  122 
Single    and    Double    Coat.    Bituminous 

Road    Surfacing    (31)772 

Single     Deaf    Bascule     Bridge,     Illinois 

Central     (143)  717 

Sign   Boards.  Painting  Railway.  ..  (162)   70S 

Signs.    Highway,    Uniform (146)  640 

Sketch     Sheets.     Small,     for     Supplying 

Information  to  Field  Parties  (159)  705 
Skyscrapers,  Disadvantages  of  ..(131)  628 
Slag  Concrete.  Causes  of  Failure  (37)  149 
Slid  Walking  Device  for  Land  Dredges 

•   (138)   602 

Slope  Deflection  Method  of  Analyzing 
Statically  Indeterminate  Struc- 
tures     (149)  723 

Slope  Deflection  of  Analyzing  Statica'ly 

Indeterminate    Structures    ..(146)  720 
Slow     Sand     Operations,     FMlters,     To- 
ronto      (98)   414 

Sluicing.    The    Removal    of    Sand    from 

Canal    ..(119)   559 

Sluices.  Designs  for  Hvdraulicing  (126)  590 
Sludge.     Sewage    Handled    by    Cobwell 

Process    (122)   562 

Sludge.   Utilization,   Birmingham,   Eng. 

(14)   126 

Small    Waterworks    (106)  422 

Snow  Removal  from  Highways.  .(148)  642 
Socialist    and    Greater    Production    (83)  399 
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Social   Science   Laboratory    Forty-eiglit 

(1)       1 

Softening  Plant,  New  Type.  Lime  and 

Soda    (29)   500 

Softeniner    Point.    Bituminous    Material 

(.'SO)   174 

Softening   Water.   Economies (129)  569 

Sounding  Rod  for  Canal  Jieasurements 

(9S)  414 

Special    Tract    Work,    Welding (12)     68 

Specific    Gravity      as      a      Measure    of 

Strength    of    Wood     (33)   239 

Specific       Gravity.        Relationship       to 

Strength    of    Wood     (33)   239 

Specialization     (6)  744 

Specifications,    Indiana,    Concrete    (116)   .526 
Specification.    Suggestions   for   Improv- 
ing      (26)     54 

Spikes.    Railroad,    Test      for      Holding 

Power    (129)   593 

Spillway,    New   Tyve   with    Long   Crest 

. (28)   140 

Standard    Details.    Indiana (115)525 

Standard   Details.    New   Jersey (39)   163 

Standard     Details.     Pennsylvania. .  (60)  264 

Standard    Railway     : (42)220 

Standards    in     Construction (36)   242 

Standardized  "Water   Fittings   in   Brass 

Trade     (40)   77? 

Standardization  in  Construction  ..(156)  720 
Standardization    of    Flanges    for    Light 

Cast  Iron   Pipe    (10)     38 

Standai-dization      of      Structural    Steel 

Work     (34)   514 

Standardization     of     Vitrified     Paving 

Brick    (160)   654 

Stainless  Steel  for  the  Engineer. . .  (34)   772 

Standpipes.    Painting    (100)416 

State   Highway  Engineer.    Salary    (108)   296 
State    Highway,    Penn.,    Standard    Sec- 
tion     (32)   156 

State    Highways,    Cost    and   Life,    New 

York    (54)   178 

State    Legislatures   and   Highway   Sal- 
aries      (141)   635 

State  Operation  of  Railways    (7)     63 

State    Railway    Operation    of    Germany 

(1)   113 

Statically      Indeterminate       Structures. 
Analysis  hv   the    Slope  Deflection 

Method     (149)  723 

.Statically      Indeterminate       Structures. 

Analysis    and    Tests     (7)     91 

Statistics.  Adequate.  Errors  of  Political 

Legislatures     (83)   453 

Steam  Boilers.  Practical  Operation  (21)  49 
Steam-Jetted  Concrete  for  Tunnels  (34)  212 
Steam    Pine    Lines,    Underground.    New 

Method  for  Installing  ...(125)   619 

Steam    Plants.      Stationary.      Economic 

Performance      (115)  555 

Steam  Shovel  Excavation.  Small  Diam- 
eter Sewers   (143)   667 

Steam  Shovel.  Operating  Machine  (75)  333 
.Steam     Shovel.     "Wagons     Required     for 

(47)   225 

Steam    Shovels.    British    (12)   492 

Steam  Shovels    Methods  of  Moving  (60)   318 

Steel  Arches.  Economies  of (119)   613 

Steel  Bridges.  Inspection  of (80)   368 

SteeS     Erection.     Accident     Prevention 

(90)   460 

Steel,   Magnetic   Ana'ysis (9)     90 

Steel.    Nickel,    Fatigue    Tests (13)     97 

Steel   Rail    Manufacture,   Improved   In- 
spection      (98)  439 

Steel  Stack.  Overcoating  with  Concrete 

(125)   565 

Steel  Ties.  Experience  of  C.  &  A.  R.  R. 

(76)   334 

.Steel  Tower  and  Tank.  Erection  Meth- 
ods      (134)  574 

Steelwork,    Structural,    Standardization 

•....     (34)   514 

Steepina-    Process    for    Timber    Preser- 
vation          (59)  347 

Steeping    Process    with    Zinc    Chloride 

(59)  347 

Stemming.  Advantages  of  Blasting  ("49)   227 

Sto'^k  Boni'=  Plan  dn  Pont  Co (160)  706 

Stokesav    Bridge,    England.     Strength- 
ening      ''6)   118 

Stone,    Iron    and    Soil.    Progressive   Ex- 
pansion    of     ^. (138)662 

Stone.    The    Progressive    Expansion    of 

■ (138)  662 

Storm    "Water    and    Sewerage    Separa- 
tion       n9)   499 

Stream  Flow  and  Percolation  of  Wat'^r 

C19)   499 

Street    Car.    Trackless    (17)     73 

Street  r'leaning  Cost,  ("'incinnati  (27)  27 
s-'treet  C'eaning  Costs.  St.  Paul  ...C35>  159 
Street    Cleaning.    Hand      Patrol.      T.os 

Aneeles   niO)-39S 

Street    Construction    with    Brick    (145)   639 
Street  Improvements  and  Size  of  Resi- 
dence   Lots    (119)   529 

Street    I-ots.    Factors    (125)   535 

Street    Paving,    Central    Loadina   P'ant 

for     (117)  527 

Street  Railway  Construction  Costs  (58)   316 

Street  Railway.    Future   of (70)  328 

Street    Railway    and    Politicians (2)     58 

Street   Railway,   Rate   Cases,    Prepara- 
tion  of  Data    (132)   596 

Street  Railway  Valuations    (57)   315 


Street    Railway    Road    Beds,    leakage 

Resistance      (149)   695 

.Street    Railway    Work.    Labor    Saving 

Tools     (144)  690 

Street   Railways,   Municipal.  San  Fran- 

ci.sco     (1)     57 

Street  Repairs.  Cost.  Los  Angeles  (118)  528 
Street   Widths,    Rules   for   Establishing 

(126)  536 

Stress  Measurements  in  Bridges  (26)  506 
Stresses    Measured    by    Recording    Ex- 

tensometer    (72)   3GC 

Strikes.   Cuve   for    (1 36)-  600 

Structurtil  Features.  Concrete  .Apart- 
ment  Buildings    (109)   479 

.Structural     Steelwork.     Standardization 

(34)   514 

.^trucluresk     Indeterminate,     Notes    on 

(60)  34S 

Structures,       Staticall.v      Indetermined, 

Analysis   and    Test    (7)     91 

Stucco.     Application     of (23)    107 

Stucco.  Standard  Recommended  Prac- 
tice         (45)  251 

.Study  and  Practicing  Engineers. .  (1)  481 
Subcontractor.  Code  of  Practice. .  (38)  216 
Sub-Surface    Structures.    Deep    Water. 

Expectancy    in     (33)185 

Subgrade.    Hauling    Over    Illinois. .  (45)   169 

Subgrade  for  Pavement (141)   635 

Subgrade.   Supporting  Power  of....  (22)     22 

Subgrade.     Water    and (22)     22 

.Suction  Dredge  Hose.  Lengthening- 
Life     (95)  435 

Surface  Area.  Method  of  Concrete  Pro- 
portioning     (161)   735 

Surfacing.     Types     for    Light     Medium 

Trafliic  Road  (156)   650 

.Super-elevated      Curves.      Constructing 

(74)  278 

.Supply  Department,  Economic  Admin- 
istration     (132)  572 

Survey  of  Fields   (16)   754 

Survey.    Malaria    Mosquito (112)   552 

Survey   Pitometer.    Buffalo.    N.    Y. .  (15)     43 

Surveying  Diamond  Drill  Holes (133)   597 

Surveying  and  Mapping  from  Airplanes 

■ (67)  325 

Surveying     Methods.     Subdividing     Oil 

Lands     (110)   450 

Survevs,  Highway  with  Self-Computing 

Level    Rod    (124)   584 

Survevs.    Magnetic,    of   Rail (64)   322 

Survevs.    Roads.    Cost   of (61 )  265 

Surveys.   Quantity    (126)   620 

.Surveys.  Water  Waste.  Prevention(159)  683 
Swimming  Pool  Management. ...  (147)  671 
i-iwimming    Pool,     Outdoor.     Baltimore. 

Md (140)   664 

Swimming  Pools,  California  Regula- 
tions     (120)   5(;o 

Swiss    Plan    of    Letting    Public    Works 

Contracts    (120)   5S4 

Switches.   Railway.   Cost  LTnit (154)   700 

T 

Tables     for     Highway     Engineer (8)       8 

Tank  Car  Shipments  for  Asphalt.  Ad- 
vantages   of    (36)  160 

Tanks.    Fuel    Oil    Storage.    New    York 

City    (131)  625 

Tanks,    Storage.    Road   Oil (118)   528 

Teams,  City  Owned,  Maintenance  Cost 

(21)     21 

Technical    Knowledge."  Legacy    of   War 

(7)745 

Technical  Man  and  Civic  Process  (134)   628 

Technical    Men,    Unionization (68)   300 

Testing  Aggregates,  Portable  Outfit  for 

(92)  380 

Testing  Old  Rails  for  Internal  .Strength 

(158)   704 

Tests.    Impact.    Motor    Trucks (102)390 

Tests.    Impact    on    Roadway    Surfaces 

(157)   651 

Tests.   Steel   Tests   for  Aggregates   (92)   380 

Think   .\bout  Thinking    (Ill)   551 

Tidal   Water.    Power    (27)  139 

Tie   Plate.    New    (153)699 

Tie     Tamping     Outfits.     Various     Uses 

(41)   219 

Tie-Treating    Plant.    Portable     (76)   334 

Ties,     Reinforced     Concrete,     of     Italy 

(39)  519 

Ties,  Steel.  Experience  of  C.  &  A.  R.  R. 

(76)  334 

Ties.    Wood    Substitutes    for (59)  317 

Tile.    Drain.    Construction    (14)     42 

T'le   Drainaire   Manhole (54)  206 

Tile.     Pre-caSt      (87)457 

Timber  Bridges.   Methods  of  Renewing 

(123)   617 

Timber     Steeping     Process     with     Zinc 

Chloride     (59)  347 

Timbers.   Comparative   Strength   of  Old 

and    New    Douglas    Fir (77)  365 

Timbers.  Factory  Roof  Treatment   (19)   103 

Time    Statement    for    laborers (84)   342 

Time    Study  Methods.   Improvement   in 

(161)  707 

Time  Studies,  How  to  Make  and  Annly 

(138)   602 

Time    Tests    for   Loading    Rail (160)   706 

Time    Tests    in    Relaying    105-Ib.    Rails 

(119)  583 

Tire   Remover.   Motor  Trucks (82)  286 

TNT    Blasting    Explosi  .  (47)  22o 


Ton-Mile.     Absolute     and     Comtnercial 

(58)  262 

Tons,   Conversion   pel^  Cubic   Yard   (37)   161 
Tools,    Charge    for    in    Building    Trade 

(26)  110 

Track    Construction.    Concrete (9)     65 

Track    Curves,    Greasing     (127)  591 

Track   Ditching  Machine    (64)  321 

Tr.ack  Labor,  Increasing  Efficiency  (96)   436 

Track    Lifting,    i^ost    (1311595 

Ti-ack    Material,     Handling    for    Drag- 
Line    Car    (99)   4.39 

Track    Material    Salvaging    (46)   224 

Track    Support.    Concrete    (9)     65 

Tiack   Work.    Present   Practices. .  .(105)  445 

Traction   Companies.   Future   of (70)  328 

Tractor.    Three-Wheel     (28)     28 

Tractor  Drawn  Steel  Scrapers  for.  Dirt 

Movers     (77)  335 

Tractor,  Light  Weight,  for  Road  Work 

(165)  659 

Tractor-Trailer  for  Hauling  Gravel  (33)   157 

Tractor    Truck,    Allis-Chalmers (26)     26 

Trade    Unionist    and    Work (39)777 

Train   Resistance.    Passenger (120)   584 

Train    Wind    Resistance    (24)  136 

Training    Architect    by    Direct    Method 

(153)  727 

TransDortation.     Governntent     Control, 

England    (71)  329 

Transverse  Fissures  in  Old  Rails  (158)  704 
Treatment     Results,       London       Water 

Supply     (8)  120 

Trenching    Machine    Costs    (16)     44 

Trestle  and  Tipple  for  Loading  Broken 

Stone    (138)   548 

Trolley   Pole.    Erection    Method    (7)     63 

Trucks,  Auto.  Impact  Tests  of. .  (102)  390 
Tule     Lands,    Irrigation    Requirements 

(141)   665 

Tunnel     Construction,       Marin      Water 

District     (70)   302 

Tunnel  Driving  Cost (183)   689 

Tunnfel,   Driving  by  Station  Men,  Cost 

(143)   689 

Tunnel,    Sandaken    (92)408 

Tunnel.     Sandaken     (134)574 

Tunnel   Lining.   Steam-Jetted  Concrete 

(34)   212 

Tunnel    Roof.    Water  Drain    for (66)  324 

Tunneling    Excavators.    British    ...(12)  492 

Tunneling     Machine.     New (17)  755 

Tunnels.    Simplom      Ventilation      Plant 

: (10)   122 

Tunnels,    Temperature    in (7)  119 

Tunnels.    Water  Expectancy    (33)   185 

Tvphoid  Death  Rates,   1918 (100)  416 

Tvphoid    and    Private    Well (47)   199 

Turbine.    New    Water    (32)  512 

U 

Underground  Sewerage  Pumping  Plant 

(121)  561 

I'nderground    Steam    Pine    Lines,    New 

Method  for  Installing    (125)  619 

Under   Water   Method    of   Driving    Pile 

(95)  465 

Underwater  Storage  Method  for  Gravel 

(150)   696 

"Unatlow"    Pumping   Engine    (20)     48 

I'niform  Highway  .Signs   (146)  640 

Union.   Draftsmen.  English   (26)   138 

Union.    English    Architects    (27)  139 

TTnion.    Technical    Men,    Germany ..  (33)   513 

Unicniism    and    Engineer    (142)  716 

ITnionization    of  Technical    Men (68)  300 

U.   S.   Irrigation   Project  Cost (82)  314 

University    of    Texas.    Course    for   Wa- 
terworks   Operators    (137)  661 

University  of  Texas.  Special  Course  for 

Waterworks    Operators     (137)661 

Unloading    (19)     47 

"I'ser's    Tax"    for    Road    Maintenance 

(85)   373 

V 

N'acuum    Cleaners    (26)     26 

Vacuum    Cleaners   for   Street   Cleaning 

(26)     26 

Valuation.    Railway,      Federal,      Status 

(144)  690 

Valuation  of  Railways.  Theories  (116)  580 
Valuation  of  Real  Estate.  Methods  (51)  175 
Valuation   Work,    Definition    of   Terms 

(63)  321 

Values.    Street    Railway     (57)315 

Vehicle    Owners    and    Highway (58)  262 

Ventilation  Piant.  Simolon  Tunnel   (10)   122 

Ventilation    with    Outside   Flues (28)   112 

Vertical    Fiber.    Brick    Pavement,    As- 
phalt Filler    (166)  660 

Vibration.  Effect  in  Structures  ..(153)  727 
Vibration.  Jigging  and  Pressure  Effect 

on    Concrete- (64)  o.o2 

ViiriOed     Paving    Brick.     Standardiza- 
tion      (160)   654 

W 

Wage  Scale  Building  Trades,  Manitoba 

(91)   461 

Wage  Scale,  St.  Louis  Building  Trades 

(101)  471 

Wage  Scale,  New  York  Building  Trades 

(154)  728 

Wages,  Effect  of  Democracy  of.. (86)  426 
IVagon  Camps,  Construction  Crews(91)  431 
Wagon    Hauling,    Heavy    Loads.. (148)  694 


ENGINEERING    AND    CONTRACTING 


Wall.  Building  Salvage  Material  Con- 
struction     (33)   7V1 

Walls.    Reinforced    Concrete    (10)     94 

War   and    the    Engineers    (37)   517 

War.    Political    Economy     (59)263 

War     Time     Construction     in     England 

and    Engineers     (33)239 

"Warfleld"    Plan    for    Railroad    Control 

('j'jj   335 

Waste. '  Disposai.' '  U.'  S.'  '  Army.'.'.  .  (41 )   193 

Water.    Bacteriology    of (29)   141 

Water  Bills,  Returning  Receipted  (6)  34 
Water        Consumption,         Metropolitan 

Water     District     (96)    412 

Water  Expectancy  in  Tunnels  ....(33)  1S5 
Water    Filtration.    Desrumaux    System 

(36)   516 

Water  Fittings,  Standardized  in  Eng- 
land     (40)   75S 

Water,      Irrigation.      Reducing      Waste 

(123)   563 

Water   Mains.    Cement   Joints (IS)     46 

Water  Main  Construction.  Cost..  (143)  667 
Water  Mains  Located  in  Alleys.. (43)  195 
Water  Main,  Root  Taken  from.  .  (SI)  .313 
Water   Meterage,    Results,    Middletown. 

Conn (US)   558 

Water    Power     Plant.       Reconstruction 

(64)   296 

Waterproofing.  Suggested  Improvement 

in    (155)   701 

Water  Purification.  Cost.  St.  Louis  (96)  412 
Water     Purification.     Effect     on     Com- 

munitv  Health    (142)   666 

AA'ater  Purification.  New  Type  of  Lime 

and  Soda  Softening  Plant  ..(29)  509 
Water     Purification     Plant.     Operating 

Results.     New    Orleans     (139)   663 

Water    Purification.    Report    Form    for 

(104)   420 

Water  Purification.  Toronto  ....(86)  402 
Water  Purification  Units.  Motor  Truck 

Mounted     (38)   190 

M'ater    Purification.    Whiting,     Indiana 

(60)   292 

Water    Rates.    Harrisburg.     Pa (96)   412 

Water    Rates,    Increase    of (2)     30 

Water  Rates  in  Kansas'  Cities. .  (124)  564 
Water     Services.       Cost       of       Electric 

Thawing    (46)   197 

Water  Services.  Electrical  Thawing(96)  412 
Water    Shed      Leakage,      Investigating 

(160)   684 


Water    Softening.    EconoiTiies    ....(129)   569 

Water.     Subgrade.     Drainage     (22)     22 

Water  Supply,  Chlorination  Treatment, 

London    (8)   120 

Water    Supply.     Des    Moines     (4)     32 

AVater   Supply.    London.   Agal  Growtiis 

(6)   486 

Water  Supply.  Sooke  Lake.  Cost  (39)  191 
Water  Supply  for  Troops  in  Field  (12)  750 
Water   Supplies,    Public   Supervision   by 

State   Department   of  Health    (97)  413 

Watering    Trough.    Concrete    (81)   285 

Water     Turbine     Design,     Progress     in 

(88)    404 

Water    Turbine.     New     (32)   512 

Water    Waste.    Control    by    House    In- 
spections        (71)   303 

Water  Waste  Prevention  Surveys  (159)   683 

Water   Waste    Survey.    Buffalo (15)     43 

Waterway    Area.    Table     (8)       8 

Waterworks       Accounting,        Classified 

Cash  Book   (51)   203 

Waterworks.  Cost  of  Labor  and  Mate- 
rials        (11)     39 

Waterworks   Engineers,   British,    Legis- 
lation       (4)   116 

Waterworks    Field,    Present    Conditions 

(144)   668 

Waterworks         Improvements.  Fort 

Wayne     (107)  423 

Waterworks       Improvements.       Future 

Prices   for    (19)     47 

Waterworks      Improvements,       Present 

Needs    (19)     47 

Waterworks.   Labor  Costs (11)     39 

Waterworks   and   Legislation (4)   116 

Waterworks    and    Managerial    Liiw    of 

Inspection     (101)   417 

Waterworks    Material    Prices (2)     30 

Waterworks    Operation.     Economies    in 

■ (89)   405 

Waterworks  Operation,  Omaha   ....  (89)   405 
Waterworks  Operators,  Course  for  Uni- 
versity of  Texas    (137)    661 

Waterworks,     Rockford,     111.,     Original 

Cost    (10)     38 

Waterworks,  Small  Pumping  Plants  for 

(106)   422 

Weed  Cutting  on  Railway  Right  of  Way 

(98)   438 

Weight    of    Various    Species    of    Wood 

(116)   610 

Welding,    Electric    Arc     (12)     68 


^^'elding    for    Repairing    Fire    Hydrants 

(37)   189 

Well.    Private   and    Typhoid    (47)   199 

Well    Supply,    Minot,    N.    Dak (69)   301 

Wells.    ,\rtesian.    Baton    Rouge.  ...  (12)     40 

Wells,  Deep,  Temperature   .-....(7)   119 

Wheelbarrow  Traffic  on  Road   Surfaces 

(28)   140 

Wheeled    Scrapers    Drawn    by    Tractor 

(77)   335 

Wheels,  Chilled  Iron,  Limiting  Features 

(154)  700 

Whewell  and  Inductive  Sciences. ...  (4)  742 
Wild     Ha.\'     Meadows.     Irrigation       Re- 

quirenients      (141)   665 

Wilson's  Remedies  for  High  Piices  (30)  208 
Wind    Pressure    on    Arched    Roofs    (47)   253 

Wind    Resistance    on    Train    (24)    136 

Winter     Roads,     Maintenance.     Quebec 

(15)      15 

Winter  Storage  of  Giavel.  Old  Pit  (150)   696 

Wire    Rope.     Strength     (49)255 

lA^ire    Rope    in    Hoisting.    Safe    Practice 

(151)   697 

Wood,   .\verage  Weight    (116)   610 

Wood  Inserts  in  Wet  Concrete.  ...  (30)  142 
Wood,     Mea.sure     Strength     of     Specific 

Gravity   (33)   239 

Wood    Moisture    Contents.    Determining 

(46)   252 

Wood    Reinforced    for    Concrete (25)   505 

Wooden     Water    Conduits.    Economical 

Design    of     (36)   774 

Wood    Stave    Pipe.    Ontario    Power    Co. 

(99)  415 

Wood  Ties.  Congressional  Hearing  (59)  317 
Wooden    Roofed;      Design,      Accordance 

with     Special     Loading (23)   761 

Work   and    Trade    Unionists (39)   777 

Worker— Not    Wizard     (152)   676 

World    on    Higher   Price    Level (13)     69 

X 

X-Ray    Examination    of    Metals.  ...  (19)   131 

Y 
Yard   Tracks.    Cost   of   (^leaning.  ...  (S:?)   341 

Z 

Zinc   Chloride  Process,   Timber   Preser- 
vation     (59)  347 

Zuni    Reservoir.    Silting    (62)   294 


AUTHORS 


I  N   D 


Abrams.  Duff  A.  (64)  352;  Ackermann,  Al- 
fred S.  E.  (32)  144;  Allen.  V.  D.  (134)  628; 
Andrews.  George  C.  (15)  43;  Andrews. 
H.  B.  (48)  254;  Arneson.  Edwin  P.  (110) 
450. 

B 

Ball,  J.  W.  (120)  530;  Barnard.  H.  B.  (47) 
199;  Barmes.  Alfred  Atkinson  (40)  152; 
Barnes.  William  P.  (117)  557:  Harnett. 
Robert  C.  (86)  374;  Barnett,  R.  C.  (143) 
637;  Beahan.  Willard  (157)  703;  Beall, 
John  S.  (109)  397;  Bedaux.  Charles  E. 
(79)  311;  Bedford.  T.  .\.  (13)  13;  Bitting, 
Clarence  R.  (132)  596;  Blair.  Will  P.  (145) 
639;  Boslem.  W^illiam  M.  (71)  275;  Bos- 
well.  P.  G.  G.  (14)  491;  Bowen.  Walter  A. 
(159)  705;  Bower.  Edward  (161)  685; 
Brightman,  Harrv  L.  (72)  276;  Brook- 
man,  F.  W.  (35)  515;  Brown.  R.  T.  (124) 
534;  Brush,  Wm.  W.  (105)  421;  Bryan. 
Everett  N.  (61)  319;  Burns.  B.  F.  (67) 
299;  Burns,  Walter  P.  (41)  219;  Bush. 
Walter  E.  (29)  767;  Butavand,  F.  (7)  119. 
C 

Garret.  E.  (20)  132;  Carey,  Dan  (93)  463; 
Case,  E.  D.  (71)  303;  Cauchon.  Noulan 
(159)  653;  Chadwick.  H.  M.  (102)  418; 
Chatlev.  Herbert  (13)  493;  Chubberly,  A. 
H.  (161)  707;  Clark.  Harlow  C.  (48)  226; 
Clarkes.  Ernest  Wilder  (79)  283;  Clifford, 
Walter  W.  (lOS)  478;  Collins,  A.  E.  (12) 
492;  Columbia.  Curtis  F.  (87)  457;  Comp- 
ton,  R.  Keith  (104)  392;  Comey.  Arthur 
Coleman  (25)  535;  Cotterill,  E.  G.  (99) 
387;  Crompton,  R.  E.  B.  (37)  517;  Crum. 
R.  W.    (18)    18. 

D 

Darlington.   Thomas   (73)    331;  Davis,   A.  T 
(6)    118;    De    Crow,    D.    E.    (20)    48;    Ding - 
man.    Charles   F.    (163)    709;    Donahey.    J. 
T.    (34)    158;   Dore.   Frederick   L,    (24)   504; 
Doten,    Leonard   S.    (41)    193;    Dresser,    V. 
J.    C.     (105)     475;    Duchastel,    J.    A.    (40) 
164;    Duren.   George  A.    (14)    14. 
E 
East,  W.  B.    (128)   568;  Edwards.  Llewellyn 
(15)   99;  Edford.  E.  J.    (32)    512. 
F 

H. 
25; 


Fenn.    S.    W.     (47)    171;    Frankland.    F. 
(119)     613:     Eraser.     Alexander     (25) 
Fraser,    George    (131)    595. 


Gehrig,  Arthur  G.  (13)  97;  Gibbs,  E.  A. 
(90)  460;  Gillette.  Halbert  P.  (4)  4, 
(3)  59.  (11)  07.  (5S)  346.  (101)  417, 
(106)  446.  (116)  5S0.  (114)  608:  Glass,  E. 
Earl  (161)  6S5;  Goldbeck,  A.  T.  (157)  651; 
Goodale.  P.  A.  (120)  590;  Gould,  Harold  P. 
(53)  231;  Greene,  Arthur  M..  Jr.,   (24)  lOS; 


Grodskv.    M.    (1461    720;    tliruenberg,    Fred- 
erick P.    (129)    623. 

H 

Haikev,  <».  H.  (69)'  327;  Haldeman.  B.  A. 
(126)  536;  Hall.  Samuel  (19)  499;  Harris. 
B.  S.  (54)  178;  Harrison.  J.  L.  (22)  22; 
Havford.  John  F.  (135)  545;  Heath.  R.  C. 
(76)  280;  Hebenstreit.  A.  R.  (75)  363; 
Hendrv.  John  C.  A.  (10)  748;  Henry, 
Gabriel  (63)  267;  Hinds.  Julian  (112)  552; 
Hinkle.  A.  H.  (148)  642;  Ho<'.  Col.  (11) 
123;  Hodge.  L.  P.  (10)  490;  Hogarth.  Geo. 
(106)  394:  Holden.  T.  S.  (13)  69:  Holland. 
R.  K.  (64)  296;  Holsman.  Henry  K.  (134) 
628;  Hopkin.  Nevil  Monroe  (3!>i  245; 
Home,  Ralph  W.  (50)  228;  Horton.  Rob- 
ert B.  (23)  185;  Horton.  Theodore  (97) 
413;  Howe.  H.  E.  (77)  365;  Howson.  L. 
R.  (12)  40;  Hunt.  George  M.  (19)  103; 
Hui-lbutt,  F.  L.  (102)  442. 
1 

Irwin.   A.   C.    (9)    65. 

J 

Jackson,  F.  H.  (16)  72;  Jackson.  F.  H.  (92) 
380;  Jacobus,  D.  S.  (74)  306;  Jenkin,  C. 
F.  (38)  150;  Johnson.  A.  N.  (101)  389; 
Johnson.  A.  N.  (150)  644:  Jones.  E.  Les- 
ter  (67)    325. 

K 

Keelev.  P.  J.  (70)  32S;  Kilbouine.  Col. 
Janies  (55)  233;  Knickeibocker.  John  (10) 
38:  Knouse.  Homer  V.  (89)  405:  Knowles, 
Morris  (119)  529;  Krause.  Louise  B.  (27) 
55. 

L 

Lalonde.  A.  (15)  15;  Lanham.  Paul.  (159) 
683:  Learned.  Clyde  E.  (37)  161;  Learned, 
Clyde  E.  (9)  9;  Lewis.  H.  L.  (23)  761; 
Li'dral,  J.  F.  (50)  256:  Little.  A.  D.  (77) 
365;  Locke,  W.  J.  (17)  73;  .lones,  W.  Mat- 
thews (14)  752;  Longwell.  J.  S.  (112) 
552;  Losh.  A.  R.  (48)  172;  Lovett.  Ribert 
S.  (37)  215;  Luce,  A.  T.  (4)  32;  Lutton. 
M.    M.    (33)    145. 

M 

Mandigo.  Clark  R.  (166)  660;  Mai'.shall,  C. 
F.  Dendy  (24)  136;  Marshall.  R.  C,  Jr. 
(97)  467:'  Matteson.  A.  F.  (92)  462;  Mc- 
Curdv.  H.  S.  R.  '92)  432;  McDaniel.  A. 
B.  (21)  27;  McMillan.  Fianklin  R.  (72) 
360:  Meares.  J.  W.  (30)  768;  Metcalf, 
Leonard  (11)  39;  Metcalf.  Leonard  (7) 
35;  Metcalf.  Leonard  (117)  557;  Mitman. 
C  W.  (16)  72;  Morre,  H.  F.  (13)  97: 
Morse.  C.  A.  (96)  436;  Murphy.  Charles 
E.  (36)  160;  Murphy,  Charles  W.  (118) 
528'. 

N 
Newell,  F.   H.   (158)   732: 


Orchard.  Willi;ini  .1,    (3S)   1,90;   (Jrd.   William 
(441    168. 

P 
Parker.  Cvrus  J.  (Ill  98:  Parmelee.  How- 
ard C.  (76)  364:  Paul.  George  F.  (71)  329; 
Pauls.  '.  T.  (102)  390:  Payrow.  Har'-y  G. 
(26)  54;  P'fearl.  Jaines  W.  (122)  616;  Pells. 
W.  A.  (27)  765;  Piez,  Charles  (79)  337: 
Pilisbury.  F.  C.  (5)  5:  Pinkerton.  P.  W. 
(52)  230;   Price.  Theodore  H.   (135)  599. 

R 
Rankin.  Renville  S.  (60)  292:  Reid,  R.  B. 
(34)  514:  Rhodes.  Albert  T.  (94)  382;  Rich- 
ards. Frank  i44)  222;  Robinson.  N.  F. 
(62)  294:  Ro.ss.  M.  D.  (133)  543;  Routh. 
Jarnes  W.   (11)   11:   Howell.  L.  D.   (42)   220. 

S 
Saunders,  William  L.  (63)  351;  Savage.  Ed- 
ward B.  (31)  511;  Sawyer,  Albert  L.  (51) 
203-  Schlachs.  Henry  J.  (109)  479; 
Schilling.  H.  M.  (119)  559;  Scott.  Walter 
Dill  (164)  658:  Segul.  A.  B.  (36)  242:  Shel- 
rni-e.  Robert  W.  (1G2)  70S':  Shepard.  E. 
R  (149)  695;  Sherman.  J.  R.  (60)  31R: 
Shore,  C.  R.  (120)  5311;  Simson,  I.  (17) 
497-  Slater.  E.  A.  (33)  771;  Smith.  E.  R. 
(102)  390;  Smith.  G.  E  P.  (9)  37:  Smith. 
G  E  P.  (123)  ,563;  Smith.  Middleton  (3S) 
776-  Smith  J.  Waldo  (90i  406 ;  Snelling. 
Walter  O.  (122)  586;  Snyder.  W.  E.  (21) 
49-  Soper.  George  A.  (46)  198:  Sours.  E. 
E  (69)  273;  Steele.  Edward  H.  (98)  386; 
Summer.  R.  H.  (19)  75;  Swain.  George  F. 
(159)  733;  Swan.  John  J.  (130)  570; 
Svmonds.  Henry  A.   (106)   422. 

T 

Tavlor.    Thomas    t27)    111:    Taylor.    W.    T, 

(36)   774;  Teeple.  T.  L.  (5)  61;  Thompson, 

'   W    G.    (131)    541:    Trigg.    Ernest    T.    (156) 

730:  Turner.  F.   (21)   133;  Twelvetrees,  W. 

Noble  (31)   143. 

W 
Waddell.  J.  A.  (5)  S9;  Wagner,  A.  J.  (101) 
441-  Wakelam.  H.  T.  (25)  763;  Wasson. 
L.  C.  (133)  597;  Watson.  John  D.  (141 
126;  Watt,  James,  and  His  Inmiortal 
"Patent"  (3)  483;  Wells.  A.  E  (101)  471; 
Wells.  A.  E.  (67)  355;  Wells,  F.  A.  (107) 
447-  Wells.  Raymond.  (122)  562;  Wilev. 
Roadman  (46)  170;  Williamson.  W.  D. 
(19)  757;  wnnterbotham,  H.  St.  J.  L.  (16) 
754;  Wood,  Denis  B.  (29)  141;  Wood. 
Francis  (34  i  772:  Wollner.  William  S.  (73) 
277. 

Y 
Young.  Roderick  B.  (161)  735. 

Z 
Zimmerman.  F.    (lOi   94. 


Road  and  Street  Monthly  Issue 

ENGINEERING  ^^-  CONTRAaiNG 

Published   by   Engineering  &  Contracting  Publishing   Co^   608   South   Dearborn   St,   Chicago. 

Halbert  p.  Gillette,  President  and  Editor  Lewis  S.  Louer,   Vice-President  and  General  Manager 

New  York  OflSce:  50  Church  St.,  Richard  E.  Brown,  Eastern  Manager 
Cleveland   Office:   Room   413   Engineers'  Bldg.,  Leo  Ehlbert,  Manager 

The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.(52  in  all)  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the  four 
special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year  (or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."  The  articles  ip  the  first  two  issues  of  each  month  (1st  and  2nd 
Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  articlss  in  the  third  and  last  issues  of  each  month  (3rd  and 
4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
the  "mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract  news. 


Roads  and  Streets — 1st  Wednesday 

(a)   Roads  (c)   Street   Cleaning 

<b)   Streets  (d)   Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2Dd  Wednesday 

(a)  Waterworks  (c)    Irrigation    and    Drainage 

(b)  Sewers  and   SanI-        (d)    Power   and   Pumping 

tatlon 

(e)    Management  and  Offlc« 
System 
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(a)  Excavation  and  (c)   Quarries  and   Pits 

Dredging  (d)   Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)   Management  and  Office 
.System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)    Harbor  Structures 

(b)  Bridges  (d)   Miscellaneous    Structures 

(e)    Properties   of   Materials 
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Forty-eight  Laboratories  of  Social 
Science 

The  4S  states  of  the  Union,  are  48  experimental  labora- 
tories of  social  science.  No  other  nation  has  ever  had  more 
than  a  few  such  laboratories.  Certainly  no  other  nation  has 
made  as  many  experiments  in  government  as  have  been 
made  In  the  United  States  during  the  past  century. 

It  is  not  easy  to  estimate  the  economic  advantage  of  ex- 
perimenting on  a  small  scale,  for  making  sweeping  changes 
on  a  large  scale,  whether  in  political  or  in  industrial  affairs. 
But  anyone  familiar  with  the  history  of  even  a  fraction  of 
the  experiments  made  by  our  states  knows  that  for  every 
successful  experiment  there  have  been  fully  a  score  of  fail- 
ures. Had  these  experiments  been  conducted  by  the  entire 
nation,  we  might  long  ago  have  sickened  of  experimenting, 
because  of  the  excessive  cost  of  trying  out  new  schemes  on 
so  large  a  scale. 

Prohibition  was  first  _^^^^^^_^^^^^^^^^^^^___ 
tried  in  Maine,  if  we  re- 
member rightly,  and  then 
in  other  states.  The  grow- 
ing number  of  seemingly 
successful  experiments 
in  state  prohibition  has 
finally  led  to  national 
prohibition.  Protest  as 
some  of  us  may  against 
this  resti'iction  of  liberty, 
at  least  we  can  not  pro- 
test that  It  lacks  evi- 
dence in  its  favor.  Few 
states  have  ever  gone 
"wet"  after  once  going 
"dry." . 

Similarly  state  experi- 
ments In  "suffrage"  have 
served  as  object  lessons 
which  will  soon  result  In 


28  Pages  =  40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


national  suffrage  for  women. 

Every  state  In  the  Union,  except  Delaware,  now  has  a 
public  service  commission  that  regulates  the  rates  of  rail- 
ways, and  in  most  cases  the  rates  of  public  utilities.  Wis- 
consin was  the  first  to  experiment  with  a  public  service  com- 
mission having  broad  regulatory  powers  over  all  public  util- 
ities, but  Wisconsin  simply  "went  Massachusetts  one  better." 
Other  states  followed  these  two. 

North  Dakota  is  now  experimenting  in  state  ownership  of 
grain  elevators,  and  in  state  marketing  of  farm  products. 
Six  years  ago  the  state  constitution  was  amended  to  permit 
state  ownership  of  elevators.  Recently  an  attempt  was  made 
to  stop  these  socialistic  experiments  in  North  Dakota.  A 
suit  was  brought  to  enjoin  the  public  ownership  program  on 
the  ground  of  unconstitutionality,  but  It  has  been  dismissed 
by  Judge  Charles  F.  Amldou  of  the  U.  S.  District  Court,  who 
said: 

"The     present     move- 
^^__^^^^_^^_^^^^^_^^^^      ment   began   at   least   as 

far  back  as  1911.  In  that 
year  an  amendment  to 
the  state  constitution 
was  initiated  authorizing 
the  state  to  acquire  one 
or  more  terminal  grain 
elevators  and  maintain 
and  operate  the  same  in 
such  manner  as  the  leg- 
islative assembly  should 
prescribe.  That  amend- 
ment was  adopted  in 
1913. 

"From  that  time  for- 
ward the  discussion  of 
the  subject  of  marketing 
the  products  of  the  state 
has  been  the  main  theme 
of  public  thought.  The 
movement       has       gone 
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straight  forward,  the  constitution  has  been  repeatedly  amend- 
ed, including  the  amendments  here  assailed,  all  having  for 
their  object  the  correction  of  the  existing  system  of  market- 
ing the  state's  products.  Year  by  year  the  conviction  has 
deepened,  in  steadily  increasing  majorities,  that  public  own- 
ership of  terminal  elevators,  mills  and  packing  houses  is  the 
only  effective  remedy  to  correct  the  evils  from  which  they 
believe  themselves  to  be  suffering. 

"Their  decision  is  not  a  popular  whim,  but  a  deliberate  con- 
viction, arrived  at  as  a  result  of  full  discussion  and  repeated 
presentations  of  the  subject  at  the  polls.  The  acts  which  the 
court  is  asked  to  restrain  are  not  those  of  public  officials  who 
are  pursuing  enterprises  of  their  own  devising.  Those  acts 
express  not  simply  the  judgment  of  the  state  legislature.  To 
authorize  their  enactment  the  people  of  the  state  have  re- 
drawn their  constitution.  That  is  the  highest  and  most  de- 
liberate act  of  a  tree  people." 

Although  we  seriously  question  the  economic  wisdom  of 
state  marketing  of  farm  products,  it  is  certainly  desirable  to 
make  the  experiment  on  a  moderate  scale.  North  Dakota  is 
a  farming  state.  Seventy  per  cent  of  its  state  legislators  are 
farmers.  They  are  determined  to  try  state  marketing  of 
farm  products.  If  careful  cost  and  profit  records  are  kept 
over  a  term  of  years  they  may  be  able  to  persuade  other 
states  to  try  the  same  experiment.  In  this  manner  the 
theory  should  receive  a  thorough  test  on  a  progressively 
larger  scale,  if  it  shows  real  merit. 

Idealists  are  generally  inexperienced  in  economics.  Hav- 
ing conceived  what  seem  to  them  to  be  ideal  social  states, 
they  wish  to  bring  their  ideals  into  immediate  universal  exist- 
ence. They  grow  impatient  when  asked  to  experiment  on  a 
small  scale  first.  Practical  men  who  have  managed  business 
affairs  know  that  few  innovations  "pan  out"  as  well  as  antici- 
pated. Hence  their  insistence  on  orderly  progress  based  on 
small  scale  experiments.  They  believe  in  evolution  rather 
than  revolution  in  economic  affairs.  Since  government  is 
mainly  business,  they  ask  that  successful  business  methods 
be  applied  in  government.  Of  these  methods  none  has  been 
more  .successful  than  experimenting  on  a  moderate  scale. 
Hence  the  wisdom  of  the  demand  that  social  experiments  in 
America  begin  with  the  smaller  political  units. 


Some  Common  Errors  Relative  to 
Public  Works'  Economics 

Most  associations  of  farmers  were  formerly  opposed  to 
bond  issues  for  road  improvement,  and  some  of  those  asso- 
ciations— notably  the  State  Grange  of  Pennsylvania — still 
voice  an  opposition.  Perhaps  this  was  to  be  expected  from 
men  whose  experiences  with  "bonded  debt"  had  been  only 
with  mortgages  on  their  own  land.  But  whatever  the  rea- 
son tor  their  opposition  to  bond  issues,  it  is  noteworthy 
that  it  would  have  been  strong  enough  a  few  years  ago  to 
have  defeated  any  issue  of  state  road  bonds  had  it  not 
been  for  the  votes  of  city  residents.  Now,  however,  farm- 
ers are  rapidly  becoming  convinced  that  public  bonds  are 
good  economic  instruments. 

Much  of  the  opposition  to  issuing  public  works  bonds  is 
traceable  to  lack  of  knowledge  of  the  principles  of  eco- 
nomics. It  is  a  common  mistake,  for  example,  to  argue  that 
money  paid  out  by  direct  taxation  for  a  road  is  capital 
upon  which  no  interest  charge  should  be  made.  If  this 
were  so,  it  would  follow  that  a  road  built  with  capital 
raised  by  a  bond  issue  is  more  costly  than  a  road  built  by 
direct  taxation,  for  in  the  former  case  the  interest  on  the 
bonds  during  their  life  must  be  added  to  the  first  cost  of 
the  road,  whereas  only  the  first  cost  exists  if  the  road  is 
built  by  direct  taxation. 

The  fallacy  in  this  reasoning  arises  from  failure  to  per- 
ceive that  the  money  paid  as  direct  taxes  could  have  been 
invested  by  the  people  from  whom  it  was  taken;  and  that, 
therefore,  the  taxpayers  are  annually  losing  interest  which 
they   otherwise   might   have   received. 

Every  investment  in  public  works  should  be  charged 
with  annual  interest,  if  it  is  desired  to  ascertain  the  full 
annual  cost  of  the  investment  to  the  taxpayers.  The  fact 
that  there  is  no  interest  to  be  paid  out  on  a  public  works 
investment  should  not  be  allowed  to  obscure  the  nature 
of  the  economic  problem;  for  the  Investment  is  not  eco- 
nomic unless  the  profits  resulting  from  it  suffice  to  pay 
operating  and  upkeep  costs  plus  interest  on  the  investment 
throughout  the  life  of  the  given  public  works. 


Not  only  many  farmers  but  many  business  and  profes- 
sional men,  inci'uding  a  surprisingly  large  number  of  engi- 
neers, have  erroneous  ideas  on  economic  matters  of  this 
sort.  It  should  be  one  of  the  functions  of  engineering  asso- 
ciations to  point  out  errors  such  as  we  have  here  indicated, 
for  a  persisting  error  may  lead  the  public  to  foolish  oppo- 
sition to  issuing  bonds  for  needed  public  works,  or  to  an 
equally  foolish  belief  that  a  given  public  plant  is  profitable 
although  it  fails  to  earn  5  per  cent  interest,  directly  or  in- 
directly,  on    the    investment. 


Will  Nevada  Experiment   With  a 
State   Owned   Cement  Plant? 

About  eight  years  ago  the  governor  of  New  York  recom- 
mended that  the  state  manufacture  paving  brick.  Recently 
a  committee  of  the  Illinois  Legislature  reported  in  favor 
of  having  the  state  make  Portland  cement.  But  it  has 
remained  for  Nevada  to  be  the  first  actually  to  make  an  ap- 
propriation  for   a   cement   plant. 

The  Nevada  law  puts  $100,000  at  the  disposal  of  a  com- 
mission, with  which  to  build  a  cement  plant,  to  supplj 
cement  for  state  roads,  if  the  commission  deems  it  wise 
Whether  this  bill  was  passed  to  be  used  as  a  club  over  thfe 
cement   manufacturers  we   do  not  know. 

Nevada  should  buy  the  idle  cement  plant  that  the  city 
of  Los  Angeles  owns  and  move  it  to  what  might  prove  to  be 
a   more   healthful   economic   climate. 

If  Nevada  becomes  a  pioneer  in  state  manufacturing  of 
cement,  it  is  to  be  hoped  that  a  detail  record  of  all  costs 
will  be  kept  and  published.  We  predict  fully  as  striking  a 
fiasco  as  occurred  with  the  cement  plant  that  Los  Angeles 
operated  a  few  years  ago  and  now  wishes   to  unload. 


E.  &  C.  Index  Furnished  Only   on 
Request 

Previous  to  last  year  it  had  been  our  custom  to  send 
the  index  of  our  articles  to  all  subscribers.  In  common  with 
many  other  publishers  we  now  have  adopted  the  practice 
of  sending  the  index  to  only  such  subscribers  as  request  it. 
Therefore,  if  you  want  the  index  for  the  6  months  ending 
June  30  you  should  notify  us  at  once.  Those  who  requested 
the  index  for  the  previous  volume  have  been  listed  and  need 
not  notify  us  again. 


Light  Traffic  Roads  for  Sandy 
Districts 

To  the  Editor:  In  an  article  in  your  issue  of  June  4,  1919, 
entitled  "Methods  of  Constructing  Roads  Through  Sand- 
hill Regions,"  a  statement  is  made  that  the  material  cost 
of  timber  track  at  $5  per  10-ft.  section  would  be  about  $2G5 
per  mile  and  that  a  labor  and  material  cost  of  $S  per  10-ft. 
section  would  total  about  $425  per  mile.  Evidently,  the 
cost  per  mile  would  be  about  $2,6-50  and  .|4,250  instead  of 
the   figures  given. 

Where  sagebrush  is  available  a  fairly  satisfactory  road 
for  light  travel  can  be  built  by  spreading  a  layer  of  brush 
over  the  road  and  allowing  the  travel  to  flatten  out  the 
branches.  Two  years  would  probably  represent  the  life  of 
such  a  road.  The  cost  for  an  8-ft.  strip  would  be  about  $400 
per  mile. 

Where  gravel  is  obtainable  at  a  reasonable  cost,  by  lay- 
ing a  foundation  of  coarse  material  (between  2  in.  and  6  in. 
in  diameter)  of  about  6  in.  and  placing  top  course  of  finer 
gravel,   a    satisfactory  road   for  light   traffic   is  obtained. 

Observation  of  the  above  roads  in  this  state,  in  areas 
of  windblown  sand,  where  the  annual  rainfall  averages  about 
7  in.,  would  indicate  that  the  above  types  would  be  useful 
in   many   arid,   sandy   areas. 

Ephrata,   Wash.  NORVAL    ENGER. 


Southeastern  Good  Roads  Show.— A  good  roads  show  and 
agricultural  im.plement  and  tractor  exposition  will  be  held 
at  Greenville.  S.  C.  July  14-19.  F.  M.  Burnett,  Greenville, 
is   general   manager  of  the  exposition. 
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Standard  Sections  of  Highways  of  New  Jersey  State  Highway 

Department 
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The  Organization  of  Efficient  Con- 
crete Road  Construction 
Gangs* 

By   HALBERT   P.  GILLETTE, 

Editor,    Engineering  and   Contracting,    Chicago. 

This  question  is  often  asked  of  the  man  who  has  made  an 
enviable  financial  record:  "What  is  the  secret  of  your  suc- 
cess?" If  he  is  not  a  man  given  to  analyzing  his  methods,  he 
is  apt  to  reply  with  some  generalization  that  is  too  broad  to 
be  serviceable  to  others,  such  as  "Hard  work  is  the  secret," 
or  "Strict  honesty,"  or  "'Attention  to  details,"  and  the  like. 

The  fact  is  that  there  is  no  single  "secret"  of  success, 
whether  it  be  winning  battles  or  building  roads.  Success  is 
usually  a  simple  result,  but  it  is  never  attained  by  a  single 
"open  sesame."  It  is  the  outcome  of  the  judicious  applica- 
tion of  many  separate  factors.  So,  in  discussing  how  to  or- 
ganize construction  gangs  with  which  to  build  roads  eco- 
nomically, we  must  dismiss  at  once  the  idea  that  there  is  any 
one  way  that  is  invariably  successful  in  accomplishing  the 
desired  minimum  cost. 

On  the  other  hand,  although  different  organizations  are 
needed  for  different  conditions,  there  are  a  few  general  prin- 
ciples of  organization  applicable  under  any  condition;  and 
there  are  many  subsidiary  principles  of  organizaton  ap- 
plicable under  more  specific  conditions.  In  addition  to  such 
principles,  there  is  an  almost  limitless  number  of  "tricks  of 
the  trade"  that  can  be  profitably  applied  only  under  very  spe- 
cific conditions. 

To  illustrate,  it  is  a  good  general  rule  of  organization  that 
each  construction  gang  should  be  composed  of  men  of  the 
same  nationality.  This  broad  rule  may  be  broadened  to 
read:  Other  factors  being  equal,  the  best  construction  gang 
is  one  composed  of  individuals  having  similar  temperament 
and  habits.  Experience  has  taught  us  that  this  is  a  sound 
rule  of  very  broad  application.  It  holds  as  true  of  sewer 
■work  as  of  road  work,  of  military  units  as  of  a  squad  of  re- 
ligious revivalists. 

There  are,  however,  "secrets"  of  organization  success  that 
are  of  somewhat  narrower  application.  Thus  it  is  a  good 
rule  to  make  one  of  a  gang  of  shovelers  the  leader  or  pace 
maker,  that  is,  a  sort  of  "working  foreman."  Such  a  man 
should  be  more  ambitious  than  the  rest,  and  close  mouthed 
enough  not  to  state  his  weekly  bonus  to  his  fellows.  If  paid 
a  bonus  of  $5  to  $10  a  week  above  the  average  wage,  a  good 
"working  foreman"  will  set  a  pace  that  will  decidedly  in- 
crease the  output  of  a  shoveling  gang.  This  principle  of  em- 
ploying "working  foremen"  is  one  that  was  formerly  more 
commonly  applied  than  at  present.  It  has  lost  none  of  its 
efficacy. 

As  an  example  of  a  minor  "trick  of  the  trade,"  or  economic 
method  of  limited  application,  the  following  is  offered.  Let 
it  be  the  duty  of  one  man  to  "spot"  every  load  of  stone  (or 
gravel)  and  sand,  instructing  the  driver  exactly  where  to 
dump  it.  This  man  may  also  have  other  functions  to  per- 
form, such  as  setting  the  side-boards  or  "rules  "  trimming 
subgrade,  or  what  not.  But  even  if  he  were  to  do  nothing 
else  than  place  the  aggregate  properly  he  would  save  more 
than  his  wages.  It  is  not  uncommon  to  see  piles  of  stone  or 
gravel  shoveled  off  the  roadbed  onto  the  shoulders,  because 
loads  of  aggregate  were  dumped  too  close  together.  It  is 
equally  common  to  see  loads  too  far  apart,  resulting  in  long 
hauls  for  wheelbarrows  and  the  subsequent  bringing  in  of 
extra  wagon  loads  of  materials  under  adverse  hauling  condi- 
tions. 

Closely  allied  to  this  "trick"  of  having  a  man  "spot"  each 
load  is  having  a  man  regulate  the  size  of  loads  at  the  point 
of  loading.  The  size  of  wagon  or  truck  loads  may  vary  5 
to  10  per  cent  unless  it  is  some  one's  duty  to  watch  the  load- 
ing. Standard  loading  is  highly  desirable,  as  a  little  con- 
sideration will  show.  But  by  standard  loading,  I  do  not  mean 
an  unvarying  size  of  load  throughout  an  entire  job.  I  mean 
a  standard  size  for  giving  hauling  conditions.  If  the  earth 
over  which  the  load  is  hauled  is  hard,  and  if  the  grades  are 
easy,  the  standard  load  should  be  large.  Under  more  diffi- 
cult hauling  conditions,  it  should  be  smaller.  But  in  every 
case,  the  standard  load  for  given  conditions  should  be  ad- 
hered to  rigorously.     This  can  be  accomplished  only  by  mak- 
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ing  it  the  special  duty  of  some  one  to  watch  the  loading  ot 
wagons  or  trucks. 

Reviewing  the  three  examples  just  given,  we  have  (1)  the 
broad  principle  of  selecting  similar  individuals  for  each  gang. 
(2)  the  narrower  principle  of  having  a  "working  foreman" 
for  shoveling  gangs,  and  (3)  the  still  narrower  construction 
methods  of  "spotting  wagons"  and  of  "standard  sizing  of 
loads." 

In  this  connection  it  may  be  well  to  point  out  that  men  ot 
college  education  are  apt  to  be  unduly  impressed  by  what  are 
called  "general  principles."  Let  a  "law  of  nature"  he  an- 
nounced and  most  college  men  are  prepared  to  kowtow; 
but  let  a  "trick  ot  the  trade/'  or  a  "construction  method"  be 
announced  and  they  may  not  deign  to  lift  an  eyebrow.  I 
am  convinced  that  this  false  attitude  toward  the  humble 
"tricks  of  the  trade"  accounts  largely  for  the  failure  of  many 
a  college  engineer  to  make  a  good  superintendent  of  con- 
struction. However,  engineering  colleges  are  rapidly  im- 
proving and  fewer  students  are  being  graduated  under  the 
false  impression  that  a  knowledge  of  "tricks  of  the  trade" 
is  less  important  than  a  knowledge  of  broad  principles. 

The  only  difference  between  the  worth  of  a  broad  principle 
and  of  a  special  economic  method,  or  "trick,"  lies  in  the 
number  of  cases  to  which  each  is  applicable.  Hence  it  may 
happen  that  it  is  worth  more  to  a  road-builder  to  know  that 
it  pays  to  "spot"  wagon  loads  than  to  know  Newton's  laws 
of  gravitation. 

A  manager  of  concrete  road  gangs  should  be  acquainted 
not  only  with  the  general  principles  of  scientific  manage- 
ment but  with  a  great  many  specific  methods  of  transport- 
ing, mixing,  placing  and  surfacing  concrete.  The  larger  his 
store  of  knowledge  of  methods,  the  more  likely  it  is  that  he 
will  select  an  economic  combination  of  methods  for  any  given 
job.  Hence  the  importance  of  storing  the  mind  with  pub- 
lished methods  and  bints  relating  to  road  work.  This  seems 
perfectly  self-evident,  yet  it  is  a  fact  that  the  majority  of 
construction  managers  add  very  little  to  their  knowledge  ex- 
cept through  personal  observation. 

It  also  seems  self-evident  that  gangs  should  be  so  organ- 
ized that  all  the  wo;'kmen  will  be  kept  uniformly  busy.  Yet 
is  it  very  common  to  see  a  large  percentage  of  time  wasted 
because  of  poor  co-ordination.  This  is  attributable  to  the  fact 
that  the  manager  does  not  know  what  constitutes  a  fair 
day's  work  for  a  man  engaged  in  each  of  the  separate  proc- 
esses or  duties.  Thus,  if  the  manager  does  not  know  how 
many  cubic  yards  ot  sand  a  workman  should  load  per  hour 
into  barrows,  and  how  many  cubic  yards  he  should  be  able 
to  wheel  a  distance  of  100  ft.  per  hour,  he  cannot  accurately 
assign  the  right  number  of  sand  loaders  and  wheelers  to  a 
mixer  having  a  given  hourly  capacity  of  concrete. 

For  the  most  accurate  studies  of  gang  organization,  it  may 
be  desirable  to  time  every  single  process  and  every  minute 
delay,  using  a  stop  watch  for  the  purpose.  Su«h  great  refine- 
ment is  not  ordinarily  needed  on  construction  work.  But 
it  is  desirable  to  know  the  average  hourly  output  of  good 
workmen  on  each  class  of  work  under  any  given  conditions. 
To  do  this,  any  given  class  of  work  should  be  analyzed  into 
tAvn  general  parts,  namely  (1)  the  parts  that  do  not  vary 
materially  on  different  jobs,  and  (2)  the  parts  that  vary  on 
different  jobs.  Thus,  in  hauling  sand  with  wagons,  the  team 
time  lost  in  loading  and  dumping  each  load  is  quite  uniform, 
but  the  time  spent  in  hauling  depends  on  the  length  of  the 
haul.  Hence  the  time  can  be  expressed  as  a  constant  num- 
ber of  minutes  (say  10  minutes)  per  load  plus  a  minute  per 
100  ft.  of  distance  between  the  loading  and  the  dumping 
points.  With  such  a  rule  in  his  head,  a  manager  is  able  to 
assign  the  proper  number  of  teams  to  the  hauling  of  sand. 
Similarly  for  wheelbarrow  work,  or  for  any  other  kind  of 
hauling. 

Having  thus  scientifically  selected  the  proper  number  of 
men  and  teams  for  each  duty,  the  manager  should  watch 
them  carefully  to  ascertain  whether  there  is  any  "soldiering" 
or  unnecessarily  lost  time,  either  because  too  many  or  too 
few  men  have  been  assigned  to  a  given  task.  If  too  many 
men  have  been  assigned,  say,  to  loading  sand,  the  manager 
can  usually  ascertain  the  fact  by  watching  them  for  half  an 
hour.  If  too  tew  men  have  been  assigned  to  sand  handling, 
the  other  men  will  be  delayed,  and  this  can  be  readily  ascer- 
tained by  observing  the  other  man.  So  an  experienced  man- 
ager need  not  necessarily  know  the  average  time  required  to 
perform  each  operation,  but,  by  a  "cut  and  try"  method,  he 
can  distribute  his  men  with  considerable  accuracy.  Never- 
theless, even  an  experienced  manager  will  effect  a  better  or- 
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ganization  of  his  forces  if  he  knows  what  to  expect  of  a  man 
■on  each  'kind  of  work  under  given  conditions. 

1  have  found,  as  have  other  road  builders,  that  the  timing 
of  each  separate  operation  and  each  cause  of  "lost  time"  is 
one  of  the  most  effective  means  of  improving  the  organiza- 
tion of  men.  Lost  time  is  the  greatest  source  of  lost  proHts 
on  road  work.  On  most  concrete  road  jobs  the  average  daily 
progress  of  a  mixer  gang  for  a  month  is  about  half  what  it 
is  during  a  day  when  everything  runs  smoothly.  Extra  parts 
and  duplicate  machines  would  do  away  with  most  of  this  lost 
time.  But  managers  usually  do  not  keep  a  detail  record  of 
all  lost  time  and  the  causes.  Hence  they  usually  fail  to  real- 
ize the  true  economy  of  having  spare  parts,  spare  pumps, 
duplicate  pipe  lines,  etc.  For  the  same  reason,  they  usually 
fail  to  realize  that  it  pays  to  have  spare  men — men  able  to 
fill  a  gap  or  ready  to  attend  to  a  breakdown  or  to  shift  a 
plant  with  expedition.  A  small  emergency  gang  of  "Jacks 
of  all  trades"  will  usually  earn  their  wages  many  times  over 
by  reducing  delays  from  breakdowns,  plant  shifting,  short- 
handed  crews,  etc. 

The  average  workmen  likes  to  do  only  one  class  of  work. 
If  his  job  is  to  finish  a  concrete  surface,  he  resents  being  re- 
quired to  load  a  wheelbarrow.  This  is  easy  to  understand 
where  a  skilled  man  is  required  to  do  unskilled  work.  Why 
a  common  laborer  should  resent  being  shifted  from  one  class 
of  unskilled  work  to  another  class  is  not  so  clear,  but  it  is  a 
fact.  A  wheelbarrow  man  dislikes  turning  his  hand  to  pick 
and  shovel  work,  for  example.  But  there  are  a  few  men  who 
seem  to  enjoy  frequent  changes,  and  will  gladly  do  anything 
from  grubbing  roots  to  shoeing  a  horse,  provided  they  are 
not  kept  at  one  thing  very  long.  This  is  the  type  of  man  for 
an  emergency  gang.  Every  large  road  job  should  have  such 
a  gang. 

In  a  brief  article  on  a  big  subject  it  is  impracticable  to  do 
more  than  throw  out  a  few  suggestions.  Of  the^  few  here 
offered,  there  is  one,  however,  that  will  prove  profitable  to 
every  manager  of  road  gangs.  It  is  this:  Keep  a  note  book 
in  which  you  enter  a  memorandum  of  every  "trick  of  the 
trade"  that  you  see,  hear,  or  read.  Number  each  of  these 
"hints"  serially.  Read  them  over  at  intervals.  You  will 
ultimately  have  nearly  every  one  of  several  hundred  "hints" 
committed  to  memory.  And  as  your  stock  of  memorized 
"hints"  grows,  you  will  find  it  progressively  easier  to  re- 
member new  "hints."  Most  men  make  the  mistake  of  regard- 
ing the  brain  as  a  store  house  of  limited  capacity  for  mem- 
orized facts.  Its  capacity  is  practically  limitless;  and,  curi- 
ously enough,  the  gi-eater  the  number  of  facts  of  a  given 
class  a  man  memorizes,  Jhe  stronger  does  his  memory  grow 
for  facts  of  that  class.  College  trained  engineers  are  par- 
ticularly prone  to  avoid  memorizing  details.  They  argue 
that  they  need  remember  only  general  principles  and  that 
they  can  look  up  published  details  when  necessary.  In  prac- 
tice, however,  they  seldom  look  up  published  details  in  a 
thorough  going  manner,  partly  because  they  haven't  the 
sources  of  reference  at  iand,  and  partly  because  published 
indexes  are  wholly  unsatisfactory  tor  the  purpose  of  finding 
such  details. 

In  reading  biographies  and  sketches  of  famous  men,  it  is 
worth  noting  that  such  men  are  so  frequently  credited  with 
having  an  astonishing  command  of  memorized  data  relating 
to  their  specialty.  James  J.  Hill,  "the  empire  builder,"  had 
a  memory  for  details  of  railway  operating  and  construction 
costs  that  was  amazing.  He  was  a  genius  as  an  organizer 
and  promoter.  Certainly,  his  feats  of  memory  were  not 
merely  incidental  to  his  sviccess,  but.  in  large  measure,  ac- 
counted for  it.  If  we  cannot  all  be  prodigies  like  Jim  Hill, 
at  least  we  can  profit  by  using  his  methods. 


North  Carolina  State  College  Will  Have  Highway  Engi- 
neering Course. — To  meet  the  demand  for  competent  highway 
engineers  in  North  Carolina,  the  State  College  has  created  a 
new  department  of  highway  engineering.  The  present  de- 
mand for  such  a  course  is  emphasized  by  the  fact  that  all  of 
this  year's  graduates  in  civil  engineering  are  going  into  state 
"highway  work.  Captain  Harry  Tucker,  105th  Engineers,  who 
recently  returned  from  France,  will  head  the  new-  depart- 
ment, as  associate  professor  of  highway  engineering.  This 
department  will  he  a  subdivision  of  the  civil  engineering  de- 
partment. The  first  three  years  of  the  course  will  be  prac- 
tically identical  with  that  of  civil  engineering,  but  in  the 
senior  year  the  subjects  of  least  importance  will  be  omitted 
or  abridged  and  the  resulting  time  devoted  to  specialized 
courses  in  highway  engineering. 


How   to   Obtain    Best    Results    in 
Constructing  1 -Course  Bit- 
uminous  Macadam 

Bituminous  inacailam  possesses  ihe  advantages  of  being 
comparatively  simple  of  construction,  low  in  first  cost,  and 
simple  in  maintenance.  There  are  several  varieties  of 
this  type  of  pavement,  but  all  are  very  nearly  the  same  in 
essentials.  In  all,  broken  stone  is  laid,  rolled  more  or  less, 
and  the  voids  filled  or  impregnated  with  bitumen  and  the 
surface  finally  covered  with  smaller  particles  of  mineral 
and  finished  off  with  or  without  a  seal  coat.  Of  the.  several 
varieties  the  1-course  type  is  the  simplest  to  specify  and 
lay.  and  presents  the  least  opportunity  for  difficulties.  A  con- 
siderable mileage  of  this  type  has  been  laid  by  the  Massa- 
chusetts Highway  Commission.  In  a  recent  issue  of  Public 
Roads,  Mr.  F.  C.  Pillsbury,  Division  Engineer  of  the  Com- 
mission, describes  the  methods  that  have  proved  most  suc- 
cessful in  that  state.  The  matter  following  is  taken  from 
his  paper. 

The  actual  construction  of  the  pavement  may  be  described 
as  follows: 

On  a  suitable  foundation  is  laid  a  base  or  bottom  course  of 
broken  stone  partially  bound  like  waterbound  macadam,  on 
which  is  laid  the  top  course  or  bituminous  macadam. 

The  foundation  must,  of  course,  be  such  that  it  will  be 
suitable  at  all  times  of  the  year.  The  base  course  must  be 
sufficiently  strong  to  reduce  to  a  minimum,  or  practically 
prevent,  vertical  movement  of  the  stones  in  the  bituminous 
macadam,  and  the  bituminous  macadam  itself  should  be  so 
laid  that  the  bitumen  will  surround  all  the  particles  of  the 
stone,  practically  filling  the  voids  and  sealing  the  surface. 

The  bituminous  macadam  to  attain  this  success  must  be 
laid  according  to  approved  methods.  Bituminous  macadam 
does  not  give  good  results  when  it  is  not  so  laid:  that  is, 
good  results  may  not  be  expected  from  bituminous  macadam 
when  the  materials  or  methods  employed  are  not  what  they 
should  be.  There  is  frequently  a  complaint  of  the  waviness 
nf  this  type  of  pavement,  but  it  need  not  be  built  so  as  to 
be  wavy;  sometimes  it  becomes  rutted  or  depressions  or 
holes  develop,  but  this  can  be  avoided  if  the  work  is  done 
properly. 

Drainage  and  Foundation. — It  is  a  common  error  to  lay  the 
foundation  of  large  cobblestones  or  broken  fragments  of  rock 
in  climaies  subject  to  frost  action  directly  on  soft  clay  quick- 
sand or  loamy  soils,  because  these  stones  work  up  and  down 
under  traffic  and  frost  action,  the  voids  between  them  be- 
come filled  with  the  fine  earth  beneath,  and  ultimately,  fre- 
quently in  only  a  short  time — sometimes  less  than  the  win- 
ter season — the  mud  thus  reaches  right  up  to  the  bottom  of 
the  macadam.  Of  course,  moisture  accompanies  mud,  and 
there  is  a  very  unstable  foundation  which  is  more  or  less 
constantly  in  motion  except  when  frozen  solid  or  when  thor- 
oughly dried  out.  Finally,  the  bituminous  macadam  crust 
separates  as  it  bends  under  traffic,  and  as  it  breaks  apart 
in  this  way  moisture  from  beneath  works  into  the  cracks 
or  interstices  at  the  bottom  and  from  the  top.  Then  destruc- 
tion, more  or  less  extensive,  is  only  a  question  of  time. 

What  should  have  been  done  is  to  lay  a  foundation  of  clean 
gravel  or  even  clean  sand  or  fine  broken  stone  in  prefer- 
ence to  the  large  stone  fragments,  or  if  such  stone  frag- 
ments must  be  used  because  there  is  a  scarcity  of  other 
material,  they  should  be  broken  up  much  smaller,  say,  about 
."J  in.  and  less.  Of  course,  when  necessary  the  ground  water 
should  be  removed  with  adequate  drainage.  These  results 
obtain  whenever  the  base  is  laid  on  material  that  will  be  af- 
fected by  moisture  or  frost  sufficiently  to  cause  much  move- 
ment. Moisture  working  up  from  beneath  always  shortens 
the  life  of  any  surface,  and,  strange  to  say,  partly  because 
the  bituminous  surface  is  such  a  simple  one  to  lay  ordi- 
narily, there  seems  to  be  an  idea  that  it  is  not  w-orth  while 
to  lay  a  proper  base  and  foundation.  It  Is  probable  that 
more  than  half  the  failures  are  due  to  this  reason.  Success 
is  impossible  unless  the  foundation  is  correct. 

Construction  of  the  Bottom  Course  or  Base. — The  bottom 
course  should  be  of  sufficient  strength  to  hold  up  the  top 
course;  that  is,  to  support  it  so  that  it  will  not  rut  under 
traffic  and  will  not  be  affected  by  any  movement  of  the  foun- 
dation or  soil  beneath  the  base.  This  is  essential.  The  size 
of  the  stones  in  the  base  may  vary  from  ^2  to  3  in.  or  even 
4  in.,  provided  there  is  a  reasonable  proportion  of  the  larger 
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with  the  smaller  size.  It  would  not  be  good  practice  to 
use  over  50  per  cent  under  IV4  in.  in  size,  but  would  do  no 
harm  if  they  were  all  3  in.  large.  Then  this  bottom  course 
must  be  very  carefully  spread  and  rolled  so  as  to  be  uni- 
formly parallel  with  the  finished  surface.  This  provides  for 
a  uniform  thickness  of  the  bituminous  macadam.  In  the 
base  it  is  well  to  partially  bind  it  with  sand,  fine  screened 
gravel,  or  stone  screenings,  using  the  steam  road  roller,  and, 
if  necessary,  sprinkling  occasionally  with  water.  But  this 
bottom  course  should  not  be  so  rolled  as  to  be  absolutely 
firm;  it  is  better  for  it  to  be  slightly  loose  because  this  loose- 
ness will  permit  the  taking  up  of  the  very  slight  unevenness 
unavoidable  in  spreading  the  broken  stone  of  the  top  course, 
and  thus  resulting  in  a  smoother  surface.  In  other  words, 
this  bottom  course  should  not  be  too  rigidly  bound,  as  is 
sometimes  done,  with  the  usually  accompanying  result  of  a 
slightly  uneven  finished  surface  in  the  road. 

The  Top  or  Bituminous  Course. — This  brings  us  to  the 
bituminous  macadam  itself,  the  materials  of  which  are  the 
stone  and  the  bitumen. 

The  broken  stone  should  not  be  so  soft  as  to  crush  under 
the  roller  so  as  to  fill  the  voids  before  the  bitumen  is  ap- 
plied. When  this  occurs  the  bitumen  does  not  fill  the  voids, 
and  from  such  spots  slack  of  bitumen  there  may  arise  two 
bad  results.  There  may  be  a  wave,  due  to  the  surplus  of 
bitumen  on  top  because  it  could  not  penetrate  down  into 
the  stones,  or  there  may  be  a  breaking  up  of  the  surface 
because  the  stones  have  nothing  to  bind  them  together.  The 
best  results  are  obtained  when  hard  rocks  are  used,  such  as 
trap  rocks.  There  are  many  localities  where  it  is  impossible 
to  get  trap  rock  or  stone  with  a  coefficient  of  wear  sufficiently 
high  to  obtain,  results  required.  In  such  cases  bituminous 
macadam  should  not  be  laid.  For  ordinary  traffic  such  as 
exists  on  most  of  the  main  through  state  roads  bituminous 
macadam  can  be  laid  economically,  provided  broken  stone 
has  a  coefficient  of  not  less  than  about  15,  and  provided 
the  bitumen  is  of  suitable  quality.  The  size  ol  the  broken 
stone  should  be  1^4  to  21/0  or  3  in.,  according  to  the  thick- 
ness of  the  course.  A  top  course  2  in.  thick  may  be  obtained 
with  the  2%-in.  stone,  while  a  3-in.  course  may  be  obtained 
with  the  larger  size.  It  the  traffic  is  very  heavy  it  is  better 
to  lay  the  thicker  course  with  the  larger  stones. 

The  quantities  of  the  bitumen  for  the  2-in.  road  are  1% 
gal.  for  the  first  application  and  %  gal.  for  the  second,  or  seal 
coat,  and  should  be  very  closely  followed.  For  a  3-in.  road 
these  quantities  will  be  increased  about  %  gal.  In 
the  first  application,  although  this  depends  somewhat 
upon  the  hardness  of  the  stone  and  the  weight  of 
the  traffic.  If  the  stone  is  very  hard  it  would  be  better 
to  use  a  little  more  bitumen,  as  the  voids  will  be  greater 
with  the  harder  stone.  For  the  same  reason,  if  the  traffic  is 
light,  there  may  be  a  little  more  bitumen  used  than  when 
the  traffic  is  heavy.  The  quantity  should  not  vary  more  than 
%  gal.  per  square  yard  on  a  3-in.  road  and  %  gal.  per  square 
yard  on  a  2-in.  road. 

Workmanship. — The  general  process  of  laying  a  bituminous 
macadam  is  such  a  simple  one  in  theory  that  nearly  every- 
one considers  it  unnecessary  to  go  into  the  details  of  con- 
struction carefully  and  does  not  realize  the  many  little 
things  that  have  to  be  done  with  the  greatest  care  to  get 
good  results.  This  is  a  matter  of  good  workmanship.  Care- 
lessness in  any  respect  at  any  time  is  sure  to  lead  to  imper- 
fect results.  It  may  be  that  specifications  are  not  sufficiently 
complete  to  cover  all  these  details. 

The  work  of  laying  of  the  top  course  of  the  bituminous  mac- 
adam consists  of  the  following  operations,  in  the  order  in 
which  they  occur: 

(1)  Spreading  the  large  broken   stone. 

(2)  Rolling  of  this   stone. 

(3)  Correction  of  imperfections  in  spreading  or  any  un- 
evenness developing  while  rolling. 

(4)  The  first  application  of  the  bitumen. 

(51  The  first  light  spreading  of  the  peastone,  brooming 
around  of  the  first  spreading  of  the  peastone  so  as  to  have 
it  absolutely  uniformly  distributed  that  there  may  not  be  an 
accumulation  in  any  depression  which  may  have  occurred 
under  the  distributor  or  for  any  other  reason,  so  that  there 
will  be  absolutely  .iust  a  very  thin  sprinkling  for  the  first 
spreading  over  the  entire  surface  to  be  rolled. 

(6)  The  second  rolling. 

(7)  Sweeping  off  of  the  surplus  peastone.  dust,  etc.,  in 
preparation  for  the  second  application  of  bitumen  or  seal 
coat. 


(8)   The  second  application  of  bitumen  or  seal  coat. 

1,9)  The  final  covering  of  peastone,  to  be  very  uniform  and 
broomed  about  after  being  spread  by  the  shovels  to  Insure 
uniformity  in  thickness. 

(10)  The  final  or  third  rolling — and  here  it  should  be  stated 
that  the  second  rolling  is  the  most  important. 

Each  one  of  these  operations  in  itself  is  of  sufficient  im- 
portance to  warrant  some  further  mention,  and  they  are 
taken   up  in  detail   as  follows; 

Spreading  the  Large  Broken  Stone. — Broken  stone  will  be 
brought  in  either  on  cars  or  trucks,  and  if  possible  should 
be  dumped  on  dumping  boards  and  spread  with  shovels,  or 
if  the  stone  should  contain  much  dirt  or  dust,  with  forks,  not 
with  the  large  rakes  sometimes  used  for  this  purpose;  or 
stone  may  be  spread  from  piles  where  it  has  been  previously 
dumped  on  the  roadside,  but  this  is  not  the  best  practice. 
Greatest  care  must  be  taken  to  spread  the  stone  with  abso- 
lute uniformity.  If  dumping  boards  are  not  used,  the  entire 
pile  of  stone  which  has  been  dumped  should  be  rehandled 
to  provide  for  the  removal  of  any  accumulation  of  dust  or 
particles  of  stone  too  fine,  and  prevent  unevenness  which  is 
almost   sure  to   follow   if  the   stone  is   not  rehandled. 

Rolling  of  This  Stone. — This  should,  of  course,  be  done 
carefully  and  with  more  or  less  intensity,  according  to  the 
hardness  of  the  stone.  It  should  not  be  sufficient  to  crush 
the  stone  and  need  be  only  enough  to  lay  it  with  sufficient 
firmness  to  prevent  material  tracking  or  rutting  when  the 
spraying  machine  passes  over  it  in  the  first  application  of  the 
bitumen.  Slight  tracking  by  wheels  of  the  spraying  machine 
will  roll  out. 

Corrections  of  Imperfections  in  Spreading  or  Rolling. — Any 
depressions  or  bunches  which  develop  during  this  first  rolling 
should  be  very  carefully  eliminated  by  adding  more  stone  to 
flu  the  depressions  or  by  the  pulling  off  into  the  depressions 
stone  from  spots  where  there  is  too  much.  It  is  at  this  time, 
while  rolling,  that  any  unevenness  in  the  surface  should  be 
corrected,  as  it  is  extremely  difficult  to  correct  it  after  the 
bitumen  has  been  applied.  It  is  frequently  necessary  to  cor- 
rect the  slight  depressions  by  placing  only  a  few  pieces  of 
broken  stone  in  them.  The  man  having  charge  of  this  spread- 
ing should,  if  necessary,  get  down  on  his  hands  and  knees 
and  search  for  the  inequalities  in  correcting  them. 

The  First  Application  of  the  Bitumen. — This  is  sometimes 
done  successfully  by  hand  pouring,  but  never  as  well  as 
when  properly  applied  by  a  suitable  pressure  distributor. 
When  poured  by  hand  it  should  always  be  done  longitudinally 
with  the  direction  of  the  traffic,  never  across  the  road,  for 
there  will  always  be,  when  hand  poured,  more  bitumen 
where  one  pouring  meets  another,  particularly  w-hen  asphalt 
is  used.  Under  wear  of  traffic  slight  projections  on  the  sur- 
face occur  where  there  is  more  bitumen.  For  the  same  rea- 
son it  is  much  better  not  to  apply  from  a  single  nozzle  from 
the  pressure  distributor  but  from  a  single  or  double  row  of 
nozzles.  The  applications  from  the  pressure  distributor  may 
be  of  any  width  desired,  usually  from  7  to  10  ft.,  so  that  on 
the  ordinary  road  two  applications  will  cover  the  entire 
width,  but  on  wider  surfaces  there  may  be  additional  appli- 
cations. Where,  how-ever,  there  are  irregularities  in  the 
widths,  the  areas  outside  of  the  regular  width  may  be  pene- 
trated with  a  single  nozzle  or  by  hand  pouring. 

In  some  cases  bitumen  may  be  heated  at  a  single  plant  and 
sent  out  in  motor-drawn  distributors,  sometimes  as  far  as 
30  or  40  miles,  and  successfully  applied.  In  the  absence  of 
such  central  heating  plants  the  bitumen  usually  is  delivered 
on  the  work  in  barrels  and  heated  in  kettles.  It  is  much 
better  to  have  kettles  with  a  heating  capacity  of  about  400 
gal.  Two  or  three  such  kettles  will  provide  for  the  applica- 
tion of  from  1,500  to  2,500  gal.  per  day,  and  one  spraying 
machine  will  distribute  this  quantity  of  bitumen.  Care  should 
be  taken  In  heating  not  to  burn.  Bitumen  should  be  strained 
when  passing  from  th«  kettles  into  the  distributor  as  well 
as  when  being  taken  into  the  distributor  at  the  cen- 
tral plant,  otherwise  there  will  be  particles  of  foreign 
substances  getting  into  the  distributors  and  clogging  the 
nozzles.  This  causes  imperfect  application.  Asphalt  always 
should  be  heated  to  not  less  than  300"  F.  not  more  than  400° 
P.,  and  tar  to  not  less  than  225°  F. 

Just  before  the  bitumen  is  applied  from  the  distributor  the 
outlets  from  the  distributor  and  the  nozzles  should  be  tested 
out  carefully  to  see  that  they  are  all  free.  There  always 
should  be  a  trough  on  hand  in  which  any  drippings  from 
the  nozzles  may  be  caught  instead  of  being  allowed  to  fall 
on  the  road,  as  these  drippings  would  form  bunches   in  the 
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surface.  Care  should  be  taken  not  to  lap  over  a  previous 
application.  This  may  be  done  by  laying  rough  paper  cov- 
ered with  sand  or  stone  dust,  for  5  or  6  ft.  back  from  the 
end  of  the  previous  application;  or  even  sand  alone,  if  paper 
is  not  available.  Then  a  flying  start  may  be  made  and  the 
distributor  opened  just  before  reaching  the  end  of  the  pre- 
vious application.  The  overlapping  bitumen  then  can  be 
removed  by  taking  off  the  paper  and  sand. 

When  the  load  of  bitumen  has  been  distributed  the  dis- 
tributor should  not  be  allowed  to  go  on  with  the  valves  open, 
thus  tracking  bitumen  along  over  the  road,  but  as  soon  as 
the  full  spray  ceases  the  operator  should  close  the  valves 
instantly  and  men  should  be  on  hand  w'ith  the  trough  to 
catch  the  drippings.  After  each  load  has  been  distributed 
the  pipes  of  the  distributor  should  be  blown  out  and  cleaned 
out  before  it  is  refilled. 

The  actual  operation  of  the  application  of  a  tank  load  from 
the  distributor  occupies  only  a  few  minutes,  provided  there 
is  no  stoppage  of  the  nozzles  or  difficulty  in  the  operation, 
so  that  there  should  be  no  hesitation  about  taking  all  the 
time  necessary  to  insure  the  free  working  of  the  nozzles  be- 
fore commencing  the  application,  and  taking  every  precau- 
tion between  applications  to  obtain  the  same  result.  Some 
one  skilled  always  should  be  on  hand  to  see  to  it  that  the 
application  of  the  bitumen  is  perfectly  done  because  if  not 
perfectly  done  the  results  are  going  to  be  imperfect  and  to 
that  extent  a  failure. 

The  First  Light  Spreading  of  the  Peastone. — The  first  light 
spreading  of  the  peastone  after  the  first  application  of  bitu- 
men is  for  the  purpose  of  filling  the  surface  voids  and  pro- 
viding a  sufficient  covering  to  permit  the  roller  to  pass  over 
without  sticking  to  the  bitumen.  The  least  quality  of  pea- 
stone that  will  accomplish  this  purpose  is  best.  Any  more 
than  enough  is  superfluous  and  a  waste,  as  it  interferes 
somew-hat  with  the  compression  of  the  stone  and  all  sur- 
plus has  to  be  sw^ept  off  before  the  seal  coat  is  applied.  This 
spreading  probably  will  consist  of  about  5  lb.  to  the  square 
yard.  It  never  should  be  allowed  to  be  any  thicker  in  one 
lilace  than  another,  and  should  be  so  thin  that  the  bituminous 
surface  below  shows  through  it  everywhere. 

The  Second  Rolling.— The  roller  may  be  the  usual  10-ton 
steam  road  roller  or  heavier,  much  better  heavier,  and  when 
asphalt  is  used  with  trap  rock  should  weigh  not  less  than 
1.')  tons,  as  the  asphalt  cools  quickly  and  the  stone  then  com- 
presses with  difficulty.  It  is  economy  to  use  a  heavy  roller 
because  the  results  are  accomplished  in  much  less  time  and 
the  expense  of  operating  the  heavy  roller  is  very  little 
greater.  Best  results  with  asphalt  can  be  obtained  only 
with  a  heavy  roller.  This  second  rolling  can  not  be  over- 
done unless  the  ground  beneath  develops  a  softness  and  de- 
pressions begin  to  occur.  Sometimes  after  heavy  rain  the 
ground  beneath  does  become  soft  and  then  rolling  has  to 
be  done  with  care,  if  not  postponed  altogether  until  after 
the  ground  is  dried  out.  Should  any  distinct  unevenness 
occur  which  can  not  be  rolled  out  during  this  second  roll- 
ing, it  should  be  corrected  by  removing  such  imperfect  area 
altogether  and  replacing  neatly  with  new  broken  stone  and 
new   bitumen  by   the  methods   already   outlined. 

Sweeping  Off  of  the  Surplus  Peastone,  Dust,  Etc. — After 
the  second  rolling  and  before  the  seal  coat  is  applied  all 
loose  particles  of  dust,  stone  and  dirt  should  be  carefully  and 
completely  swept  off.  If  allowed  to  remain  they  will  cause  a 
separation  between  the  second  application  of  bitumen  and 
that  in  the  bottom  course,  so  that  the  second  application 
may  peel  off.  ~ 

The  Second  Application  of  Bitumen.— The  second  applica- 
tion of  the  bitumen,  forming  the  seal  coat,  should  be  made 
with  great  care,  in  the  same  way  as  to  method  as  the  first 
application,  the  same  precautions  being  taken  in  heating, 
loading  the  spraying  machine,  and  applying.  When  the  seal 
coat  is  hand  poured  it  should  be  done  with  even  greater 
care  than  the  first  pouring,  and  a  sufficient  number  of  men 
should  be  on  hand  with  rubber  squeegees  or  rattan  push 
brooms  to  spread  the  surplus  bitumen  around  immediately 
after  pouring,  so  as  to  carry  a  uniform  quantity  everywhere. 
The  Final  Covering  of  Peastone. — Immediately  after  the 
second  application  of  asphalt  it  should  be  covered  with  a 
final  coating  of  peastone,  the  quantity  of  which  will  be  about 
20  lb.  to  the  square  yard  or  more,  sufficient  to  take  up  the 
asphalt  of  the  seal  coat  and  prevent  it  from  sticking  to  the 
roller  or  wheels  of  vehicles.  This  is  frequently  spread  care- 
lessly. It  should  never  be  dumped  on  the  road  surface  be- 
fore spreading,  but  should  be  either  spread  from  a  dumping 


board    or   from    carts   or   piles    at   one   side,    and    should    be 
broomed  after  spreading  before  it  is  rolled. 

The  rolling  of  the  final  covering  of  peastone  should  ordi- 
narily be  as  intense  as  the  rolling  after  the  first  application 
of  bitumen,  but  if  lor  any  reason  it  has  been  impossible  to 
secure  the  desired  results  with  the  first  rolling,  the  second 
rolling  should  be  done  so  as  to  remedy  any  defects. 

If  all  the  conditions  are  carefully  studied  and  met  by 
proper  treatment,  the  bituminous  macadam  will  be  success- 
ful. The  chief  objection,  if  it  may  be  so  called,  in  the  per- 
fect bituminous  macadam,  lies  in  its  slipperyness  for  horses, 
but  nearly  all  first-class  bituminous  pavements  are  slippery 
in  this  respect  and  when  seriously  so  there  should  be  a  slight 
covering  of  sand  spread  occasionally,  the  cost  of  which  is 
very  little. 

Causes  of  Waviness. — Waviness  may  be  due  to  using  a 
small  size  of  stone  in  the  bituminous  surface.  This  is  quite 
sure  to  follow-  the  use  of  stone  which  does  not  exceed  1%  in. 
in  largest  dimensions,  which  some  of  us  know  as  No  2 
stone:  in  other  words,  this  size  of  stone  when  used  will  al- 
most invariably  wave  sooner  or  later  under  heavy  or  medium 
traffic.  Under  very  light  traffic  the  stone  will  stay  in  place 
and  not  wave  unless  there  is  a  surplus  of  bitumen.  Where 
the  smaller  stones  are  used  the  voids  will  be  smaller  and  a 
smaller  quantity  of  bitumen  should  be  used.  There  should 
be  fully  %  gal.  less  than  when  stone  of  the  larger  size  is 
used. 

With  the  large-sized  stone,  even  if  there  is  a  surplus  of 
bitumen,  there  will  be  no  movement  of  the  stone  nor  wav- 
ing of  the  surface  unless  there  may  be  such  a  surplus  of 
bitumen  on  top  of  the  stone  that  it  has  the  appearance  of 
waving.  But  this  surplus  can  be  removed  with  grub  hoes 
or  hot  shovels  and  should  be  taken  off  immediately  after 
it  has  been  put  on  during  construction.  If  the  weather  at 
that  time  should  be  too  cool  it  will  not  be  very  serious  if 
left  on  the  road  until  warm  weather  comes  again. 

Best  Time  for  Laying. — There  is  no  reason  why  this  type 
of  bituminous  macadam  will  not  give  good  resi\Us  in  any  cli- 
mate, but  it  should  not  be  laid  in  the  late  fall  in  the  north- 
ern states,  as  the  bitumen  cools  in  place  so  quickly  that  it 
prevents  proper  compacting  of  the  stone.  There  have  been 
instances  where  the  work  was  done  late  and  it  was  necessary 
to  apply  a  second  seal  coat  on  account  of  the  openness  of  the 
surface,  leading  to  considerable  additional  expense 

In  spite  of  every  precaution,  as  in  the  case  of  any  pave- 
ment, some  imperfections  may  sometimes  develop.  Fre- 
quently miles  of  road  are  built  without  any  of  these  imper- 
fections developing:  at  other  times  when  the  men 
are  not  fully  experienced  or  will  not  take  proper 
care  after  the  road  has  been  open  to  traffic,  small  spots  will 
appear  where  there  does  not  seem  to  have  been  sufficient 
bitumen  and  the  stone  starts  to  ravel.  Examination  has  shown 
that  this  frequently  is  due  to  the  presence  of  a  foreign  sub- 
stance on  the  surface  when  the  bitumen  was  applied.  Care 
should  be  taken  to  see  that  before  bitumen  is  applied  there 
is  nothing  in  the  stone  which  would  prevent  it  from  pene- 
trating the  voids.  In  the  fall  of  the  year,  when  leaves  are 
dropping  from  the  trees,  it  is  sometimes  necessary  t-o  have 
a  gang  of  10  men  or  more  taking  the  leaves  off  the  surface 
of  the  road  immediately  before  the  application  of  the  bitumen. 
Usually  imperfections  of  workmanship  will  develop  within 
about  12  months  of  the  time  the  work  is  done,  and  they  may 
be  corrected  by  patching,  which  should  be  done  just  as  the 
work  was  done  in  the  first  place,  except  that  bitumen  may 
be  hand  poured,  but  stone  and  bitumen  of  the  same  kind, 
and  the  sream  roller  should  be  used. 


General  Conclusions  Regarding  Convict  Labor. — Arizona 
has  been  employing  convicts  since  1909  on  the  construction 
of  state  roads  and  bridges.  The  general  conclusions  regard- 
ing the  class  of  labor  are  summarized  as  follows  by  Mr.  B. 
M.  Attwood,  State  Engineer:  Such  labor  is  capable  of  pro- 
ducing work  of  good  quality,  both  in  highway  work  and  in 
the  construction  of  reinforced  concrete  bridges,  and  costs 
are  low  and  escapes  few.  ■  It  appears,  however,  that  such 
convict  labor  is  more  dependent  on  the  quality  of  its  leader- 
ship than  is  free  labor,  and  that  a  convict  camp  under  poor 
management  may  easily  become  a  source  of  great  annoy- 
ance, of  danger  to  the  public,  of  loss  in  money,  and  may 
fail  to  produce  any  work  of  value  to  the  State.  The  cost  of 
work  done  by  convict  labor  under  the  Arizona  laws  has  been 
approximately  two-thirds  the  cost  of  similar  work  done  under 
the  day  labor  system. 
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A  Page  of  Useful  Tables  for  the  Highway  Engineer 

(These    tables    are    used   by    the    eng-ineers    of  the    State    Highway    Department   of   Connecticut.) 

TONS    OF    STONE    (LOOSE    MEASURE)    PER    100    LIN.    FT.    OF  AREA     OF     WATERWAY,     MYER'S       FORMULA:    ■  AREA       OF 

ROAD.  -W-'ATERWAY  IN    SQ.    FT.  = 

Weight,  2,300  lb.  per  cubic  yard.  C  X  VDRAINAGE  AREA  IN  ACRES. 

Width  of  ^Drainage  area.->            Flat.  Rolling'.  Hilly.       MountainoUb. 

metal              , Depth— n  Sq.  miles.     Acres.            C  =  1.  C  =  2.  C  =  3.  C  =  4. 

course.              2"          3"          4"          5"          6"          7"          S"          9"         10"  i                     640              25.30  50.60  75.89  101.19 

8- 5.67!)     S.519  11.358  14.197   17.037  19.876   22.716  25.555  28.39.T  2                   1.280              35.78  71.55  107.33  143.11 

10' 7.099  10.648   14.197   17.747  21.296  24.846  28.395   31.944   35.494  3                    102O                43.82  87.64  131.45  175.27 

12' 8.519  12.778  17.037  21.296  25.555   29.815  34.074   38.333  42.593  4                    2,560                50.60  101.19  161.79  202.38 

14' 9.938   14.907   19. S76  24.846  29.815   34.784   39.753   44.722   49.691  5                    3  2OO                56.57  113.14  169.70  .    226.2T 

16' 11.358  17.037  22.716  28.395  34.074  39.753  45.432  51.11156.790  6                   3,840              61.97  123.94  185.90  247.87 

18'           ..  .12.778  19.167  25.555  31.944  38.333  44.722  51.111  57.600  63.8S9  7                   4,4so               66.93  133.87  200.80  267.73 

20'...'.'...  .14.197   21.296   28.395  35.494   42.593   49.691   56.790   63.889  70.988  s                    5,120                71.55  143.11  214.66  286.22 

Weight,    2,400  lb.    per  cubic  yard.  9                   5,760              75.90  151.79  227.69  303.58 

Width  ot  10                   6,400               80.00  160.00  240.00  320.00 

metal             , ■ Depth ■ ,  15                   9,600               97.98  195.96  293.94  391.92 

course.              2"          3"          4"          5"          6"          7"          8"          9"         10"  20                12,800             113.14  226.27  339.41  452.55 

S' 5.926     8.889   11.852   14.815  17.778   20.741   23.704   26.667   29.630  25                  16,000              126.49  252.98  379.47  505.96 

10' 7.407  11.111  14.815   18.519   22.221   25.926  29.630  33.333  37.037  30                 19,200            138.56  277.13  415.69  554.26 

12'              ..   8  889  13.333   17.778   22.222   26.667   31.111   35.556   40.000  44.444  35                  22,400             149.67  299.33  449.00  598.66 

14'    10.370   15.555   20.741  25.926   31.111   36.296   41.481   46.667   51.852  40                  25,600              160.00  320.00  480.00  640.00 

16' 11.852   17.778   23.704   29.630   35.556   41.48147.407   53.333   59.259  45                  28,800              169.71  339.41  509.12  678.82 

IS' 13.333  20.000   26.667   33.333  40.000   46.667   53.333   60.000   66.667  50                  32,000              178.89  357.77  536.66  715.61 

20' 14.815  22.222  29.630  37.037  44.444  61.852  59.259  66.667  74.074  50                 38,400             195.96  391.92  587.88  783.84 

Weight,   2,500   lb.   per  cubic  yard.  70                 44,800            211.66  423.32  634.98  846.64 

Width  of  SO                 51.200            226.27  452.55  678.82  905.10 

metal             r Depth v  90                 67,600             240.00  480.00  720.00  960.00 

course.              2"          3"          4"          5"          6"          7"          8"          9"         10"  loo                 64.000            252.98  506.96  768.95  1,011.93 

8'..: 6.173     9.269  12.346   15.432  18.518  21.604  24.69127.778   30.864  no                 70,400             265.33  530.66  795.99  1,061.32 

10'         ,...   7.716  11.574  15.432  19.290  23.148   27.006  30.864  34.722   38.580  120                 76,800            277.13  554.26  831.38  1,108.51 

12' 9.259   13.889   18.518  23.148  27.778  32.407  37.037  41.667   46.296  130                 83,200             288.44  576.89  865.33  1,153.78 

14' 10.802   16.204  21.605  27.006  32.407   37.809  43.210  48,611  54.012  140                 89,600             299.33  598.67  898.00  1.197.33 

16' 12.346  18.518   24.691  30.864   37.037  43.210  49.382   55.565   61.728  150                 96.000             309.84  619.68  929.52  1,239.36 

18' 13.889  20.833  27.778  34.722   41.667  48.61155.555  62.500  69.444  jgo               102,400             320.00  640.00  960.00  1,280.00 

20' 15.432  23.148  30.864  38.580  46.296  54.012  61.728  69.444   77.160  170               108.800             329.85  659.70  989.54  1,319.39 

Weight,   2,600  lb.   per  cubic  yard.  180               115,200             339.41  678.82  1,018.23  1,357.64 

Width  ot  190              121.600             348.71  697.42            1,046.14  1,394,85 

metal             , ; ; Depth — — ;; ;; -^  200               128,000             357.77  715.54             1,073.31  1,431.08 

'^S'"'.^.'!'. . . .   6.420     9.630  12.839  16.049   19.259   22.469   25.679   28.889  32.099  WEIGHTS  AND  AREAS  OF  SQUARE  AND  ROUND  BARS  AND 

10' 8  025  12.037  16.049  20.062   24.074   28.086  32.099.36.111   40.123  CIRCUMPERENCESi  OP     ROUND     BARS. 

12' 9.630  14.444  19.259  24.074   28.889   33.704   38.518' 43.332  48.148  1  Cu.  Ft.  of  Steel  weighs  489.6  lb. 

14'     ..      .   11.236  16  862  22.469   28.086  33.704  39.321  44.938  50.555   56.173  Circum- 

16' 12.839  19.259   25.679  32.099   38.518   44.938   51.358  57.778   64.197  Weight         Weight  Area  Area  ference 

IS' 14.444   21.667  28.889  36.111   43.333   50.556   57.778   65.000  72.222  Thickness     of  square      ot  round        of  square  of  round      ot  round 

20' 16,049  24.074  32.099   40.123   48.148   56.173   64.197  72.222  80.247  or  diameter          bar                bar  bar  bar  bar 

Weight,   2,700   lb.   per  cubic  yard.  in  inches      1  ft.  long.     1  ft.  long.        in  sq.  in.  in  sq.  in.         in  in. 

Width  ot  1/16                .013                 .010  .0039  .0031  .1963 

metal             . Depth v  i/„                  .053                 .042  .0156  .0123  .3927 

ccurse               2"          3"          4"          5"          6"          7"          8"          9"         10"  3/I6                .119                 .094  .0352  .0276  .5890 

8' 6  667  10.000  13.333   16.667   20.000  23.333  26.667  30.000  33.333  u                  .212                 .167  .0625  .0491  .7854 

10' 8.333   12.500   16.667   20.833   25.000   29.167   33.333   37.500   41.667  5/I6                 .333     ~             .261  .0977  .0767  .9817 

12'      10.000   15.000  20.000   25.000  30.000  36.000   40.000   45.000  60.000  k                    .478                  .375  .1406  .1104  1.1781 

14'   .. 11.667   17.500  23.333  29.167   35.000   40.833  46.667  52.500  58.333  7/16                .651                 .511  .1914  .1503  1.3744 

16' 13.333   20.000  26.667   33.333   40,000  46.667   53.333   60.000  66.667  1^                    .850                  .667  .2500  .1963  1.5708 

18'      15  000   22.500  30.000  37.500   45.000   52.500   60.000   67.500   75.000  ^,16               1076                  .845  .3164  .2485  1.7671 

20' 16.667  25.000  33.333  41.667  50.000  58.333   66.667   75.000  83.333  ,",4                1.32S               1.043  .3906  .3068  1.9635 

Weight,   2,800  lb.   per  cubic  yard.  11/16             1.6O8               1.262  .4727  .3712  2.1598 

Width  of  3^                1.913              1.502  .6625  .4418  2.3562 

metai             , '■ Depth v  13/I6            2.245                1.763  .6602  .5185  2.5525 

wnirsG.              2"          3"          4"          5"          6"          7"          8"          9"         10"  7/.               2.603                 2.044  .7656  .6013  2.7489 

8' 6.914  10.370  13.827  17.284  20.741   24.198   27.654  31.111  34.668  15/16             2.989               2.347  .8789  .6903  2.9452 

10' 8.642  12.963  17.284  21.605  25.926  30.247  34.568  38.889   43.210  1                 3  400               2.670  1.0000  .7854  3.1416 

12' 10.370  15.556  20.74125.926  31.11136.296  41.48146.667   51.852  1/16             3  838                 3.014  1.1289  .8866  3.3379 

14' 12.099   18.148  _24. 198   30.247   36.296   42.346   48.395   54.444   60.494  y.                 4.303                3.379  1.2656  .9940  3.6343 

16' 13.827  20.741  27.654  34.568  41.481  48.395   55.309   62.222   69.136  3/16              4.795               3.766  1.4102  1.1075  3.7306 

18' 15.556   23.333   31.111   38.889   46.66?  54.444    62.222  70.000   77.778  y                  5.312                4.173  1.5626  1.2272  3.9270 

20' 17.284  25.926  34.568  43.210  51.852   60.494  69.136  77.778   86.420  5/I6              5.857               4.600  1.7227  1.3530  4.1233 

3/8                6.428               5.049  1.8906  1.4849  4.3197 

GALLONS   OF  OIL  PER  100  LIN.   FT.   OF  ROAD.  7/16               7.026               5.518  2.0664  1.6230  4.5160 

Width            , Number  of  gallons  per  square  yard ^  %                 '-CSO               S.OOS  2.2600  1. /b  a  4. /iz^ 

in  feet.          ^5         lo       .667         .75       1.00       1.25       1.50       1.75       2.00  9/16              8.301              6.520  2.4414  1.91,5  4.908, 

8 22.22     44.44     59.26     66.66     88.89  111.11133.33  155.55  177.78  %                 S.978                7.051  2.6406  2.0739  5.1051 

10 27.77     55.56     74.08     83.33  111.11138.88  166.67  194.44  222.22  11/16             9.682               7.604  2.84,7  2.2365  5.3014 

12 33.33     66.67     88.89  100.00  133.33  166.66  200.00  333.33  266.66  %               10.41                 8.178  Msi^  Icono  ccoii 

14 38.89     77.78  103.71116.67  155.56  194.46  233.33  272.23  311.12  13/16           11.17                 8.773  3.2.852  2.5802  5.6941 

16 44.44     88.89  118.52  133.33  177.78  222.22  266.67  311.11355.56  %              11.95                 9.388  3.515b  2.7bl2  &.S»U5 

18 50.00  100.00  133.33  150.00  200.00  250.00  300.00  350.00  400.00  15/16           12.76               10.02  3., 539  2.9483  b.usbs 

20 65.66  111.11  148.15  166.67  222.22  277.78  333.33  388.88  444.45 2 13.60 10-68 4.0000  3.1416  fa.283Z 

TABLE 'FOR    COMPUTATION    OF    EARTHWORK— VOLUME    OF    50    FT.    SECTIONS    IN    CU.    YD.  FOR    SUM  OF    END    AREAS 
Sum  of  Volume  Sum  ofVolume  Sum  of  Volume  Sum  ofVolume 

E.  A.                      E.  A.                       E.  A.                        E.  A.  „               „               <  c               c  7  «               9 

Sq.ft.    Cu.  yd.    So.  ft.    Cu.  yd.    Sq.ft.    Cu.  yd.    Sq.ft.    Cu.  yd.  .0             .1             .2             .3             .4  .6             .b  .1  ..^             .. 

r,                0             27              '"1              54              50             SI              75  000           093          .185          .278          .370  .463         .556  .648  .im         -Jja 

1  .0             28           '2k             55           4o              8'            *75  '926       1  MS       1111       1.204       1.296  1.389       1.481  1.574  1.667       1.759 

2  •?            I'           .11             U          .1?             k          .76  '.si2       ';944       1.037       1.130       1.222  1.315       1.407  1.500  1.503       1.6  5 

3  '2            30           *27             57           '52             84           '77  .778         .870         .963       1.056       1.148  1.241       1.333  1.426  1.518       1.611 
A               *•!               •>■,             .oc               r;s            »5'!               S5            *78  704            796          .889          .981        1.074  I.I61        1.259  1.352  1.444        1.537 

5  .4            39           .29             59           .54             86           .79  "630          '722          815         .907       1.000  1.093       1.185  1.278  1.370       1.403 

6  .5            is           .fo             60           .Is             8-           .80  .'556         :64S         .741         ._833         .926  1.019       1.111  1.204  1.296       1.3S? 

7  6             34            31            61             56             88             81  .481         .574         .667         .,59         .852  .944       1.03,  1.130  1.222       1.31o 

8  7            35            .32            62             57             89             82  .407         .500         .593         .6S5         .778  .8,0         .963  1.055  1.148       1.241 

9  8             36             33             63             58             90             S3  .333         .426         .5  9         .611         .704  .,96         .889  .981  1.0,4       1.167 

10  9              37              34              64              59              91              84  .259         .352          .444          .537          .630  .722         .Slo  .907  1.000       l.OjS 

11  10             38             35             65             60             92             85  .185         .278         .370         .463         .066  .648         .741  .8,33  .9-6       l.Ol.t 

12  11             39             36             66             61             93             86  .111         .205         .296         .389         .481  .574         .667  .7^9  .852         .944 

13  12             40             37             67             62             94             87  .0.37         .130          222         .315         .407  .500         .o92  .685  .7,8         .870 

14  *12            41           *37             68           '62             95           .87  .963       1.055       1.148       1.241       1.333  1.426       1.518  1.611  1.703       l.,96 

15  *13         .   42           .38             69           .63             96           .88  .889         .981       1.074       1.167       1.259  1.352       1.444  1.537  1.6.30       l.,2„ 

16  .14             43            .39              70            .64              97            '89  .S14         .907       l.OOO       1.093       1.185  1.278       1.370  1.463  1.556       1.648 

17  .15  44  .40  71  .65  98  '90  .740  .833  .926  1.018  1.111  1.204  1.296  1.389  1.481  1.574 
TQ  «ifi  4tr  *4i  79  *RR  QQ  ♦01  66  7  i9  .852  .944  1.0..7  l.l.iu  l.zz.^  i  .ilD  l.tu,  i-'ijy' 
10           .{-             46           .49             79           .B7           ion           .09  '592         '685          778          870         .963  1.056       1.148  1.241  1..333       1,426 

19  1'                4b              "42                7.-!              .67             100             '92  .o.'^           .bJJ           -j.'''           •    '              ■       .  „„.,         .  ^74  1  -icn  i  "jrq        i  ogo 

20  .18             47           »43             74           *68           101           '93  .518         .611         .,04         .796         .889  .981       1.0,4  1.167  l.-bJ       i.„s- 

21  19           •  48              44              75              69            102              94  .444          .537         .630         .,22         .815  .907       1.000  1.093  1.185       1.278. 

22  20              49              .15              76              70           103              95  .370          .463          .556          .648         .741  .833         .926  I.OIS  1.111       l.j04 

23  21              50              46              77              71            104              96  .296         .3S9          .481          .5,4         .66,  .759         .852  .944  1.03,        1.130 

24  22              51              47             78              72            105              97  .222         .315          .407         .500         .593  .685         .,78  .870  .963       1.056 

25  23             52             48             79             73           106             98  .148         .241         .333         .426         .ol9  .611         .704  .,86  .889         .981 

26  24              53              49              SO              74            107              99  .074         .167         .259          .352         .444  .53,          .630  .722  .815         .907 

"When  working  to  the  nearest  cubic  yard  use  only  left  hand   side  of  table,  adding  one  yard   to  ™IV?^'''^,^.y!''^'"Jl!,'l,.H2- a,  ,,„rt  .   T>rot«r 
Kote.-For  sum  of  E.  A.   larger  than   those  given  vise  taljle  values,   movinc:  docim.nl  point  to  right  and  add  propoi  tonal  part.^  Prot»r^^ 

tional   Parts:    0— .000.    .1— .093,    .2— .185,    .3— .278.    .4—370.    .5— .463.    .6—556.     .7— .648.     .8— ;,. '0.     ■0--.S.;.3.  Example— Sum    ot  h-.  A.  _  73.8, 

volume  =  67  +  1.333  =  68.333  cu.  yd.     Sum  of  E.  A.  =738.8:  volume  =  683.333  +  P- P-    .,40  =  684.0,    cu.  ya. 

(8) 
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Suggestions  for  the   Construction 
of  Concrete  Pavements 

Useful  suggestions  on  ihe  inspection  and  construction  of 
concrete  roads,  based  on  experiences  witli  this  kind  of  worlv 
in  the  southwest,  have  been  prepared  by  Clyde  E.  Learned, 
Highway  Engineer  of  the  U.  S.  Bureau  of  Public  Roads.  The 
suggestions  are  printed  in  Public  Roads,  the  official  publica- 
tion of  the  Bureau,  from  which  the  matter  that  follows  is  ab- 
stracted. 

Concrete  Mixing. — Hold  the  materials  in  the  drum  of  the 
mixer  for  at  least  1  minute.    Do  not  use  an  excess  of  water  in 
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Joint    Installing    Board,    Bridge    and    Strike    Board. 

mixing,  30  to  35  gal.  per  cubic  yard  of  1-2-4  concrete  Is  sufli- 
cient.  When  concrete  has  not  been  mixed  enough  and  when 
too  much  water  is  used  it  will  be  noted  that,  as  the  batch 
comes  out  of  the  mixer,  it  lacks  in  uniformity. 

Concrete  should  stay  in  the  mixer  at  least  1  minute.  This 
is  done  so  that  the  water  will  be  thoroughly  worked  through 
the  mass.  If  a  mixer  having  a  chute  for  distributing  the  mix 
is  used,  a  fairly  steep  slope  will  be  required.  Otherwise  there 
will  be  a  tendency  to  use  too  much  water  to  make  the  con- 
crete flow.  It  is  better  to  increase  the  pitch  of  the  chute 
than  to  increase  the  amount  of  water  in  the  concrete.  If  a 
bottom  dump  bucket  of  the  boom  type  is  used  watch  it  to  see 
that  it  does  not  leak  too  freely  and  allow  the  mortar  to  es- 
cape. 

Placing  Concrete. — Keep  the  strike  board,  .ipint  installing 
board,  roller,  and  finishing  belt  clean. 

Break  in  the  strike-board  men  to  use  care  in  screeding  at 
the  joints,  having  them  make  sure  all  excess  concrete  is  re- 
moved, and  that  no  low  places  are  left  at  the  joints.  It  may 
be  necessary  to  try  a  number  of  men  on  the  strike  board 
in  order  to  get  those  who  are  reliable  and  will  take  a  little 
pride  in  their  work. 

A  smooth  riding  surace  depends  more  upon  proper  strik- 
ing off  than  upon  any  other  operation.  The  smoothness  of  a 
concrete  pavement  is  very  important,  as  imperfections  in- 
crease the  impact  generated  by  the  loads  passing  over  it. 

Work  the  concrete  mixer  uphill  when  feasible,  as  smoother 
results  at   the  joints  are  thereby  obtained. 

Use  a  notched  straightedge  straddling  the  joints  to  deter- 
mine if  there  are  any  raises  or  depressions  on   either  side. 


When  a  sidewalk  edging  tool  is  used  at  the  expansion  joint, 
make  sure  that  it  is  not  used  until  the  concrete  has  taken  a 
slight  set;  also  that  the  work  resulting  from  its  use  shows 
a  good,  clean  rounded   edge. 

Have  the  asphalt  joint  strips  kept  flat  before  installing, 
as  strips  scattered  all  over  the  ground  get  kinks  in  them 
which  are  hard  to  remove  and  which  may  appear  later  in  the 
concrete. 

Installing  Asphalt  Strips. — Use  care  in  installing  asphalt 
strips,  as  crooked  points  in  a  pavement  are  very  unsightly. 

The  following  method  tor  installing  asphalt  strips  produces 
very  satisfactory  results:  A  joint  board  is  made  of  a  2-in. 
surfaced  plank  about  2  in.  wider  than  the  thickness,  and  1 
in.  shorter  than  the  width  of  the  pavement,  and  is -provided 
with  handles  at  both  ends.  The  board  is  held  in  place  on 
the  subgrade  by  two  or  three  iron  pins  driven  behind  it,  and 
the  asphalt  strips  are  placed  flat  against  the  board.  A  few 
shovels  full  of  concrete  are  placed  against  the  strips  to  hola 
them  in  place  until  the  pavement  has  been  advanced  to  that 
point.  As  soon  as  enough  concrete  is  dumped  in  front  of 
the  joint  board  to  fill  the  block,  work  is  started  on  a  new 
block  by  dumping  concrete  on  the  other  side  of  the  joint 
board. 

The  strike  board  having  finished  on  the  first  block,  and 
a  part  of  the  next  block  is  ready  fos  the  strike  board,  the 
iron  pins  are  removed  and  the  joint  board  slowly  withdrawn, 
leaving  the  asphalt  strips  in  place  in  the  pavement.  In  with- 
drawing the  joint  board  have  a  man  take  hold  of  each  of 
the  handles  and  first  tip  the  top  of  the  board  away  from  the 
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Side   Forms,   Grading   Template   and   Finishing    Belt. 

strips.  This  results  in  freeing  the  strips  and  keeps  them 
from  adhering  to  the  board.  The  joint  board  is  then  worked 
slowly  up  and  down.  This  action  results  in  pumping  enough 
concrete  against  the  strips  to  hold  J;hem  in  place.  The  joint 
board  is  then  lifted  clear  of  the  concrete  at  one  end  and  this 
end  raised  slowly  till  the  whole  of  the  board  is  freed.  As 
the  board  is  lifted  one  of  the  spreaders  follows  along  be- 
hind the  board,  pushing  concrete  into  the  opening  left  by 
the  board.  When  the  joint  board  is  removed  entirely,  the 
strike  board  is  placed  against  the  projecting  part  of  the 
strip  on  the  mixer  side,  enough  concrete  added  in  front  of 
it  to  make  up  the  deficiency  caused  by  the  removal  of  the 
joint  board,  and  the  striking  off  of  the  next  slab  begun. 
In  place  of  the  wooden  joint   board,   metal   strips  can  be 
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used,  these  having  the  advantage  of  leaving  a  smaller  space 
behind  the  tiller  as  they  are  withdrawn.  However,  this  ad- 
vantage is  more  than  offset  by  the  tact  that  they  are  con- 
stantly being  bent  by  rough  handling. 

After  the  pavement  is  cleaned  the  Joint  filler  should  be 
cut  to  a  uniform  height  by  means  of  a  square  pointed  shovel 
shod  with  two  steel  runners  riveted  to  the  under  side  of  the 
blade,  which  is  notched  and  provided  with  a  sharp  cutting 
edge. 

Joints. — Have  the  joints  cut  off  high  enough  to  provide 
for  the  extra  volume  needed  to  fill  the  space  resulting  from 
the  use  of  edging  tool.  After  the  joints  are  cut,  a  ueavy 
asphalt  smoothing  iron  is  heated  and  the  joints  are  ironed 
out.  By  doing  this  the  joints  are  sealed  and  protected  by 
a  mat  of  asphalt. 

Split  Float. — Use  a  large  size  split  float  on  all  joints,  so 
that  the  pavement  on  both  sides  of  the  joint  will  be  in  the 
same  plane.  Many  finishers  get  the  impression  that  after 
a  while  they  are  experts  and  do  not  need  a  split  float.  How- 
ever, under  no  circumstances  should  they  be  allowed  to  dis- 
continue the  use  of  this  tool. 

It  is  well  to  round  off  the  edges  of  the  pavement  with  a 
sidewalk  edging  tool. 

Do  not  allow  the  finishers  to  use  metal  floats  for  finishing, 
as  they  produce   too  smooth  a  surface. 

Testing  Surface.— The  finished  surface  should  be  tested 
-with  a   10-ft.  straightedge  laid  parallel  to  the  center  line  of 


Miscellaneous  Tools   Used    in   Concrete    Pavement   Construction. 

the  road,  and  lliert  should  not  be  a  variation  of  over  Hs,  in. 
in  the  surface  over  this  length,  and  where  variations  do  oc- 
cur they  should  be  gradual. 

Striking  Off. — The  strike  board  or  screed  is  built  from  3 
to  4  in.  wide  and  about  12  in.  high.  Its  length  should  be 
about  2  ft.  greater  than  the  width  of  the  pavement,  and  it 
should  be  shod  on  the  finishing  edge  with  an  iron  strap  from 
Va,  to  1/2  in.  in  thickness.  It  should  have  a  crown  about  % 
of  an  inch  greater  than  the  crown  of  the  pavement,  to  al- 
low for  deflections  when  it  is  used  as  a  tamper.  Substan- 
tial handles  should  be  attached  at  each  end. 

The  following  method  is  used  for  striking  off  and  tamp- 
ing the  pavement  surface.  Have  the  spreaders  keep  a  small 
wave  about  1  in.  high  in  front  of  the  strike  board  the  first 
time  over,  making  sure  that  no  daylight  appears  between  the 
concrete  and  the  board.  The  first  time  over  advance  the 
strike  board  with  a  combined  longitudinal  and  crosswise  mo- 
tion, this  first  passage  leaving  the  surface  a  series  of  small 
transverse  waves  with  a  slight  excess  of  concrete.  Some- 
times when  too  much  concrete  is  deposited  in  front  of  the 
board  It  is  necessary  to  first  pull  the  concrete  down  to  an 
approximate  surface  by  means  of  the  strike  board,  this  being 
performed  by  a  straight  pull  ahead  on  the  board.  On  the 
second  or  retui-B  passage  the  board  is  used  as  a  tamper  to 
compact  the  surface,  this  being  performed  as  follows: 

One  of  the  strike-board  men  holds  his  end  of  the  board 
on  the  side  form,  while  the  other  tamps  the  concrete  by  a 
succession  of  short,  quick  up  and  down  strokes,  at  the  same 
time  advancing  his  end  about  2  or  3  in.  each  stroke,  the  total 
advance  being  3  or  4  ft.  This  operation  is  then  repeated  by 
the  other  strike-board  man  moving  his  end  ahead,  while  the 
first  man  pivots  his  end  on  the  side  form.  In  this  manner 
the  entire  surface  is  tamped,  each  man  covering  a  series  of 
fan-shaped    sections.      This    tamping    fills     all     pockets    and 


pushes  down  all  protruding  stones.  The  strike  board  is  then 
passed  over  the  surface  using  the  same  motion  of  the  strike 
board  as  in  the  first  passage  over  the  slab,  and  making  sure 
that,  during  this  passage,  it  rests  on  the  side  forms  at  all 
times. 

It  is  sometimes  necessary  to  pass  the  strike  board  over 
the  surface  four  or  five  times  in  order  to  get  the  desired  re- 
sults, but  ordinarily  the  three  passages  above  described,  are 
sufficient. 

Rolling. — After  striking  oft  the  pavement  it  should  be 
rolled.  This  is  done  with  a  roller  10  to  12  in.  in  diameter, 
about  G  ft.  long,  and  weighing  about  1  lb.  for  each  inch  in 
length.  The  roller  is  provided  with  a  long  handle  which  en- 
ables the  operator  to  reach  across  the  pavement.  In  rolling, 
roller  is  advanced  about  2  ft.  for  each  complete  passage. 
The  effect  is  that  of  a  rolling  squeegee.  It  consolidates  the 
top  layer  and  removes  practically  all  the  surplus  water,  be- 
sides removing  any  transverse  waves,  thereby  improving  the 
riding  qualities  of  the  road.  Do  not  use  the  roller  too  soon 
after  striking  off  the  pavement,  as  it  tends  to  flatten  the 
crown.  The  proper  time  varies  from  %  hour  to  2  hours, 
after  the  concrete  is  placed.  The  roller  facilitates  the  use 
of  the  finishing  belt,  especially  where  crushed  stone  is  used, 
as  it  pushes  down  the  sharp  projecting  edges  and  corners. 
It  is  possible  to  use  the  roller  much  quicker  where  crushed 
stone  is  used  than  where  gravel  is  used. 

The  roller  often  causes  longitudinal  waves  adjacent  to  the 
side  forms  at  the  end  of  each  crossing.  These  should  be 
eliminated  with  a  hand  float  before  the  application  of  the 
finishing  belt. 

Belt  Finishing. — For  finishing  the  pavement  a  10  or  12-in. 
canvas  or  rubber  belt  is  used.  This  should  be  about  %  in. 
thick,  at  least  2  ft.  longer  than  the  pavement  is  wide,  and 
have  wooden  handles  bolted  to  each  end.  The  following 
method  produces  very  satisfactory  results.  The  pavement 
is  first  gone  over  with  the  belt,  using  a  sweeping  stroke 
about  IS  in.  in  length  with  longitudinal  advance  at  each  stroke 
of  from  4  to  G  in.  On  the  return  trip  a  shorter,  quick  stroke 
about  S  in.  in  length  is  used,  the  advance  being  from  fi  to 
8  in.  for  each  stroke.  The  third  and  final  passage  of  the  belt 
is  performed  by  holding  the  belt  down  close  to  the  side 
forms  and  advancing  it  rapidly  over  the  surface  with  as  little 
side  movement  as  possible.  After  the  belt  finishing  the  pave- 
ment  should  present  a  smooth,  uniform  surface. 

Curing. — In  curing  concrete  two  methods  are  in  general 
use: 

First,  by  covering  the  pavement  with  a  layer  of  dirt  from 
the  shoulder  materials,  and  keeping  this  wet  down. 

Second,  by  checking  off  the  pavement  by  means  of  small 
earth  dams  and  covering  checks  with  small  ponds  of  water. 
The  second  method  of  curing  is  more  positive,  and  should 
be  used  when  sufficient  water  can  be  obtained.  It  has  its 
disadvantages  when  used  on  grades  and  banked  curves  but 
usually  these  can  be  overcome  by  building  smaller  size 
checks.  The  first  method,  i.  e.,  covering  with  dirt,  may  be 
cheaper  in  most  cases,  but  when  clay  or  other  adhesive  ma- 
terial is  used  for  covering,  trouble  is  apt  to  be  experienced 
in  its  removal,  especially  if  traffic  gets  onto  the  pavement 
while  the  covering  is  still  in  place.  Furthermore,  most  con- 
tractors wish  to  remove  an  earth  cover  with  blade  machines, 
by  which  method  the  asphalt  strips  at  the  joints  are  likely 
to  be  damaged. 

Curing  by  ponding  shows  up  the  irregularities  in  the  sur- 
face and  in  the  setting  of  the  side  forms,  w^hich,  while  of  no 
value  in  correcting  completed  work,  helps  to  determine  what 
improvements  should  be  made  on  work  still  to  be  done. 

Canvas  covers  should  be  provided  for  at  least  a  third  of 
a  maximum  day's  r.un  in  order  to  eliminate  sun  and  wind 
checks:  also  as  a  provision  against  rain-washed  surfaces. 
If  a  surface  does  become  washed  by  rain,  sprinkle  it  over 
with  neat  cement  and  pass  the  finishing  belt  over  it  two  or 
three  times. 

When  the  average  temperature  is  below  50°  it  is  better 
to  omit  covering  and  ponding,  and  sprinkle  the  surface  with 
water  whenever  it  appears  to  be  drying  out. 

Side  Forms. — Look  over  the  side  forrns  every  few  days  and 
note  whether  there  are  any  with  warps  or  deflections  which 
should  cause  them  to  be  thrown  out.  If  there  are,  be  sure 
to.  disfigure  them  enough  so  that  they  will  not  appear  in  the 
next  day's  run. 

See  that  the  contractor  uses  care  in  setting  the  side  forms 
and  that  they  are  held  firmly  to  line  and  grade.  Tanipini? 
with  the  strike  board  often  results  in  settling  them.    Check 
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the  forms  with  a  level  every  once  in  a  while,  as  it  has  a  very 
beneficial  effect  on  the  work  of  the  form  setter  to  know  that 
his  work  is  being  checked. 

Do  not  let  the  form  setters  use  stones  to  hold  the  forms 
up  to  grade,  but  have  the  contractor  provide  them  with  blocks. 
A  still  more  satisfactory  method  for  setting  forms  is  to  drive 
stakes  about  every  8  ft.  and  set  the  forms  on  them. 

Cement  Sacks — Count  the  cement  sacks  at  the  end  of  each 
block.  This  keeps  every  one  informed  as  to  the  cement  con- 
tent  of  the   pavement. 

Have  the  contractor  remove  all  cement  sacks  every  night. 
If  sacks  are  left  on  the  work  they  are  apt  to  be  mixed  with 
those  from  the  next  day's  run. 

In  piling  cement  ahead  of  the  mixer,  have  boards  placed 
under  any  that    will  remain   out   over  night. 


Rations  for  Arizona  Convict  Labor  Camp 

The  following  table  shows  the  amount   of  food   allotted  to 

each    convict   per   month   at    the   Clifton    camp    of   the    State 

of  Arizona: 

Lb.  ,  Lb. 

Flour,    wheat    12    JFYesh   beef,    pork   or   mutton  23.5 

Flour,  milo  maize l.G  Flour,   barley    2 


Rolled   oats    1 

Sugar   3 

FYunes    1.5 

Canned    peas    2.4 

Dried  peaches    1 

Canned    tomatoes     4.4 

Cottolene    4 

Beans    1.6 

Onions    3.7 

Velva  sirup   o.O 

Coffee    2.6 

Rice    1.7 

Cheese   1.0 


Corn  meal    22 

Macaroni     S 

Vermicelli     ,2 

Dried  apples  2.0 

Dried  apricots    4.0 

Canned  corn   6 

Bacon    5.2 

Ham    l.ij 

Lard    l.;i 

Condensed  milk   3.9 

Potatoes    17.0 

Egg's     17 


A  force  varying  from  90  to  100  men  from  the  state  prison 
is  worked  at  this  camp. 

For  breakfast  the  men  are  served  corn,  bacoti.  mush,  sirup, 
bread  and  coffee.    Twice  a  week  hot  cakes  are  added. 

For  dinner  there  are  potatoes,  beef  stew,  beans,  bread, 
dried  fruits,  and  coffee. 

Supper  consists  of  either  steak  or  stewed  beef,  potatoes, 
rice,  macaroni,  canned  sweet  corn,  peas,  or  tomatoes  alter- 
natively, bread  and  coffee. 

For  Sunday  breakfast  they  get  ham  and  eggs.  Twice  each 
week  either  pie  or  cake  is  served  with  the  dinner,  and  three 
times  each  week  they  are  furnished  with  smoking  or  chew- 
ing tobacco. 

Complaint  about  the  food  is  seldom  heard  and  the  men 
are  found  to  be  gaining  in  physical  condition  from  the  time 
they  reach  the  work  until  they  leave  it. 


Status  of  State  Highway  Work  in  Nebraska. — The  Ne- 
braska State  Highway  Department,  according  to  Its  June 
report,  has  been  handicapped  during  the  present  year  by 
a  shortage  of  engineers,  for  making  preliminary  surveys. 
This  condition  has  been  caused  by  the  great  number  of  en- 
gineers who  are  still  In  the  army  service,  and  partly  by  the 
universal  demand  caused  by  the  necessary  expansion  in 
the  Department  necessitated  by  recent  road  legislation.  It 
Is  expected  this  condition  will  be  relieved  by  men  return- 
ing from  the  army,  whose  discharge  has  been  asked  for, 
and  their  early  return  promised  by  the  War  Department. 
As  soon  as  these  men  are  returned  surveys  will  be  made  in 
every  county  in  the  state,  preparatory  to  letting  contracts. 
In  several  counties  through  which  the  Lincoln  Highway 
passes,  work  has  been  delayed  by  the  "right  of  way  ques- 
tion," the  desirable  road  being  on  land  claimed  by  and 
leased  from  the  railroad  ^company,  and  in  view  of  the  fact 
that  Federal  money  cannot  be  spent  on  leased  right  of 
way,  the  preparatory  work  of  construction  Is  being  held 
up  until  the  right  of  way  can  be  secured.  At  the  present 
time  there  are  15  parties  out  on  preliminary  survey  work 
and  it  is  the  hope  and  expectation  of  the  department  to 
have  25  more  parties  In  the  field  by  the  first  of  Jifly.  Con- 
trary to  early  expectation  there  have  been  enough  contrac- 
tors bidding  on  work  to  take  it  as  it  has  been  advertised, 
this  with  the  exception  of  the  concrete  paving  work,  bids 
for  which  have  been  asked  In  two  counties  where  the  coun- 
ties or  communities  have  provided  a  part  of  the  funds.  Con- 
tracts that  have  been  awarded  are  being  carried  out  In  an 
expeditious  manner,  in  spite  of  adverse  weather  conditions. 
While  the  bids  on  Federal  state  work  have  been  very  high 
as  compared  with  pre-war  prices,  yet,  they  are  somewhat 
lower  than  those  received  in  many  other  states  as  shown 
by   reports   from   highway  departments. 

( 


Cost  of    Motor   Truck   Operation 
for    Refuse    Collection 

in  connection  with  a  study  of  retuse  collection  at  Koches- 
ter,  N.  Y.,  the  Rochester  Bureau  of  Municipal  Research,  Inc., 
of  which  James  W.  Routh  is  Director,  collected  a  con'slder- 
aable  amount  of  data  on  the  use  of  motor  trucks  in  municipal 
service.  These  data  are  given  in  a  report  issued  recently  by 
the  Bureau,  from  which  the  matter  following  is  abstracted. 

In  1914  a  5-ton  truck  equipped  with  a  specially  designed 
10-yd.  collection  body  was  given  a  trial  in  house  to  house 
collection  of  garbage  and  ashes  on  a  ii-niile  haul  in  the 
Borough  of  the  Brcmx,  New  York  City.  It  was  given  a  further 
trial  in  hauling  garbage  from  relay  stations  In  the  outlying 
sections  of  the  Borough.  On  the  3-mile  haul  in  making  house- 
to-house  collections  the  truck  did  not  prove  as  economical 
as  the  1-horse  carts  generally  used.  But  in  hauling  from  re- 
lay .stations  on  the  longer  haul  the  truck  showed  a  consid- 
erable saving  over  horse-drawn  carts.  The  haul  for  this 
work  was  approximately  7  miles.  The  truck  made  four  round 
trips  for  a  total  of  54.2  miles  and  hauled  27.C  tons  of  garbage 
as  against  about  1%  trips  made  in  the  same  length  of  time 
by  a  1-horse  cart  hauling  approximately  1%  tons  (9/10  tons 
per  load).  On  the  shorter  haul  the  cart  made  three  round 
trips  per  day  for  a  total  distance  of  IS  miles,  including  house- 
to-house  collections  and  hauled  5.4  tons;  the  truck  made 
five  round  trips  for  a  total  distance  of  32.7  miles  and  hauled 
23.85  tons. 

The  poorer  showing  of  the  truck  on  house-to-house  collec- 
tions was  attributed  to  the  time  spent  in  loading.  Although 
four  helpers  were  provided  the  time  so  spent  represented 
more  than  one-half  the  total  time.  The  time  spent  in  travel- 
ing to  and  from  the  dump  was  only  one-fifth  the  total  time. 
On  relay  work,  however,  the  loading  time  was  only  35  per 
cent  of  the  total  time. 

The  1-horse  cart  outfit  cost  $4.32  per  day.  The  total  daily 
cost  of  operating  the  truck  was  $13.70,  distributed  as  follows: 

,,  Total  Per  cent 

,,„"^ni-  cost,  of  total. 

■asolme    j2.41  17.6 

uii    "jg  g  _j 

Truck   depreciation    (cost   $5,000.    lite  5   years)!!!!.'!  278  203 

Interest  on  investment  at  6  per  cent 83  s'l 

Repairs,   labor,   materials,   tires,  grease  and  miscel- 

laneous    4  07  39  7 

Garaging    39  2.2 

Driver  s  pay   0.06  18.7 

To'al    $13.70       lOO.P 

The  New  York  Department  of  Street  Cleaning  has  used 
large  tractor-trailer  motor  propelled  collection  units  to  some 
extent.  These  are  giant  outfits  hauling  25  cu.  yd.  of  refuse 
per  load.  Collections  of  ashes,  rubbish  and  garbage  are  made 
simultaneously,  but  in  separate  compartments.  The  average 
haul  is  about  1%  miles.  Special  equipment  is  provided  for 
unloading  the  refuse  onto  scows.  The  principal  factor  tend- 
ing to  produce  economy  from  the  collection  standpoint  Is 
the  fact  that  all  refuse  is  dumped  at  a  common  point  of  dis- 
posal. For  this  reason  all  refuse  may  be  collected  at  one 
time  by  providing  separate  refuse  compartments  on  the  col- 
lection vehicles. 

In  Philadelphia  a  part  of  the  collection  equipment  has  been 
motorized.  Five-ton  trucks  equipped  with  12-yd.  bodies  have 
proven  economical  in  the  collection  of  ashes  and  rubbish 
from  sections  where  the  haul  to  the  dump  averages  6  miles. 

In  a  report  by  the  Efficiency  Division  of  the  Chicago  Civil 
Service  Commission  made  public  in  July,  1915,  it  is  stated 
that  after  a  thorough  study  of  the  question  of  motorizing 
Chicago's  collection  equipment  the  continued  use  of  horses 
in  garbage  collection  was  found  to  be  justified.  The  report 
states  that  the  data  assembled  for  gas  and  electric  trucks 
warrant  their  adoption  only  for  hauling  after  hcrse-drawn 
carts  have  made  the  house-to-house  collection.  These  figures 
are  based  on  a  $5.50  daily  wage  "per  team.  If  the  cost  of 
teaming  were  increased  to  $6  per  day,  it  is  stated  that  there 
would  be  a  slight  saving  by  using  motor  equipment,  but  this 
would  not  be  sufficient  to  warrant  the  change  at  least  for 
some  time  to  come.  The  report  states  that  the  haul  in  Chi- 
cago varies  from  I14  to  5  miles.  As  between  the  g.^sollne 
and  electric  trucks,  the  latter  were  found  to  be  the  more 
economical.  The  haul  below  which  a  3-ton  electric  truck 
would  not  be  economical  when  measured  against  a  $5.50  team 
was  found  to  be  1.8  miles.  Against  a  $6  team  it  was  0.8  mile. 
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Three-ton  gasoline  trucks  were  found  to   be  not  as  econom- 
ical as  either  a  $5.50  or  $6  team. 

The   fixed   and   mileage   charges   for   gasoline   and    electric 
trucks   were  as   follows: 

, Total  cost — ;-x 

Gaso.ine.  Electric. 


.  $4,UiJO.OII 


IBO.OO 

300.00 

190.00 

4.00 


Item. 

First  cost  of  3-ton  truck  or  tractor 

Fixed  ctiargres: 

Fixed  cliarges  on  investment  per  year  at   4 

per  cent    

Garage     

Insurance  (tire  and  liability) 

State   license    -^ 

Driver    SBO.OO 

Obsolescence.  5  per  cent 200.00 

Conting'encies  (interest  on  operating  stores, 
general  superintendence,  etc.),  2  per  cent        800.00 

Total   fixed   charges   per  year $l,8a4.00 

Total  fixed  charges  per  day  (1/300  year)  6.31 

Variable  expenses  per  mile: 

Depreciation     $0.0573 

Tires    0600 

Maintenance  and  repairs 0300 

Lubrication   (oil  and  grease) 0050 

Energy  (gasoline  13%  ct.  per  gal.,  electricity 

V<.  ct.  per  kw.  hour) 034 1 


M.OOU 


160. ')0 
300.00 
1S3.0O 
4.00 
960.00 
200.00 

80.00 

$1,887.00 
6.29 

$0.0340 
.OGOO 
.0300 
.0050 

.0050 

$0.1340 


Total    variable    expense    per    mile $0.1767 

The  cost  for  hauling  with  horses  was  given  as  follows: 

f Teams  costing 

Item.  $5.50  per  day.  $6.00  per  day 

Fixed    charges    tor    equipment $0,021  $0,021 

Horses    and    driver 5.500  6.000 


Wagon  depreciation,  life  22.000  miles. . 
Maintenance  and  repairs  at  5  per  cent 


0.084 
0.021 

$5,626 


0.084 
0.021 

$6,126 


Total    daily    expense 

In  Los  Angeles  motor  trucks  are  used  in  the  collection  of 
all  non-combustible  refuse.  Two  2iA-ton  trucks  are  used  to 
haul  garbage  from  the  outlying  districts  where  the  haul 
averages  S  miles  or  more.  One  driver  and  two  helpers  com- 
pose the  crew  and  two  loads  are  collected  daily.  For  the 
remainder  of  the  city  on  the  shorter  hauls  teams  are  still 
used.  The  cost  of  garbage  collection  with  motor  trucks  on 
the  long  hauls  is  given  as  $2.7o  per  ton.  On  the  shorter 
hauls  the  cost  is  $2  per  ton  using  teams. 

A  certain  firm  in  Rochester  employing  both  horses  and 
motor  trucks  in  lumber  and  building  material  deliveries  states 
that  the  economical  low  limit  of  haul  for  motor  trucks  is 
found  to  be  2M  miles. 

The  average  cost  of  truck  operation  by  this  firm  for  the 
last  three  years  has  been  $11.20  to  $12.30  per  day.  (This 
includes  the  cost  of  two  3-ton  and  two  2-ton  trucks.)  Items 
included  are  fuel,  lubricants,  tires,  repairs,  license  fee,  lia- 
bility insurance,  garaging,  drivers'  wages  and  depreciation. 
Drivers  were  paid  $17  to  $19  per  week.  Twenty  per  cent 
was  allowed  for  depreciation. 

Mr.  C.  V.  Montgomery,  who  has  charge  of  a  large  fleet  of 
motor  trucks  on  paving  work  in  Philadelphia,  in  a  statement 
appearing  in  the  Engineering  News  of  Jan.  11,  1917,  places 
the  cost  of  operating  a  5-ton  truck  50  miles  per  day  at  $17.91. 
Fixed  charges  amount  to  .$5.39  per  day  or  30  per  cent  of 
the  total.  This  cost  evidently  applies  to  1916  conditions.  The 
distribution  is  as  follows: 


Per  cent 
of  total 
cost  per  day. 

2.6 
3.2 


Fixed    charges.  Per  day. 

Depreciation*     ($4,100    first    cost — $400    scrap 

value/1,200   days)    $0.46 

Insurance    (liability,    fire,    collision) 58 

License  fee   -10 

Truck   foreman    (supervising   3   trucks) 1.25 

Driver    3.00 

Total  fixed  charges   $5.39 

Per  day 

Per  at  50- 

Variable     charges.                            mile.  truck-miles. 
Depreciation*  ($4,100  first  cost— $400 

scrap  value/15,000  miles) $0.0629  $3.14 

Gasoline  at  25  ct.   (3  miles  per  gal.)     .0833  4.17 

Lubricating  oil  (64  miles  per  gal.)..     .0055  .27 

Tires    03.86  1.94 

Repairs     0600  3.00 

Total  variable  char.eres $0.2503  $12.52 

Fixed   charges    (at   50  miles  per 
day)     1078  5.39  

Total  cost  per  mile $0.3581  .... 

Total  cost  per  day $17.91  180.0 

♦About  15  per  cent  of  first  cost  depreciates  with  passage  of 
time,  while  about  85  per  cent  is  proportional  directly  to  mileage 
run. 

The  cost  of  operating  a  5-ton  truck  used  in  the  delivery  of 
sand  and  gravel  on  the  Pacific  Coast  during  a  5-months' 
period  in  1917  was  approximately  $13.40  per  day.  This  in- 
cludes all  charges.  Capacity  loads  were  hauled  an  average 
distance  of  6.1  miles  over  roads  of  various  kinds,  equally 
divided   between  gravel  and   dirt,  with   many  hills,   some  of 


7.0 

16.7 

30.1 

Per  cent 

total  cost 

per  day. 

17.6 
23.3 
1.5 
10.  S 
16.7 

69.9 


them  steep.     The  average  distance  traveled  daily  was  about 

till   miles.     The  costs   were  distributed  as   follows: 

Per  cent 

Item.                                                                              Total  cost.  of  total. 

Fuel    $    a03.25  18.1 

(_)il  and  grease    69.79'  4.2 

Tires    154.93  9.S 

Repairs   ana    pans 21.06  1.3 

Wages    508.75  30.4 

Inierest  at    ..   per  ceni 218.78  13.1 

l>£precia.»on  at  10  per  cent 394.66  23.6 


Total 


$1,671.22 


100.0 


The  cost  ct  hauling  paving  materials  in  Detroit  with  a 
0-ton  truck  during  1917  was  $14.85  per  day,  including  all 
costs.  The  truck  hauled  an  aggregate  of  35  tons  in  seven 
trips,  the  average  haul  being  4%   miles. 

The  cost  of  operating  a  3%-ton  truck  under  average  serv- 
ice conditions  on  the  roads  of  Southern  California  over  a 
considerable  period  of  time  was  found  to  be  $9  per  day.  This 
includes  all  cost  of  upkeep,  supplies,  depreciation,  wages  of 
drivers,  etc.  The  first  cost  of  the  truck  was  placed  at  $3,500 
and  its  life  at  10  years,  assuming  that  the  truck  traveled  25 
miles  per  day.  Gasoline  was  purchased  at  16  ct.  per  gallon 
and  the  driver's  salary  was  $960  per  year.  Roads  were  good 
and  operating  conditions  generally  very  favorable.  Item- 
ized costs   (for  the  estimated  life  of  10  years)   follow: 

Total  Cost        Per  cent 

Item.  cost.  per  day.  of  total. 

Insurance    $1,350  $0.45  5.0 

License    and    taxes 380  .13  1.4 

Interest  at  6  per  cent 2,100  .70  7.8 

Depreciation    3,500  1.17  12.9 

Administration     415  .14  1.5 

Storage     960  .32  3.5 

Gasoline  at   16  ct.   per  gallon 2,400  .SO  8.9 

Oil.   grease,   waste    750  .25  2.8 

Tires   (less  first  cost) 2,345  .78  8.7 

Driver's  salary  9,600  3.20  35.5 

Maintenance    3,250  1.08  12.0 


Total  for  life  of  truck $27,050 


$9.02 


100.0 


The  first  cost  of  a  truck  with  a  coVJection  body  would  be 
somewhat  higher  than  is  here  given.  As  a  matter  of  fact, 
the  city  of  Rochester  awarded  a  contract  to  the  Selden  Motor 
Vehicle  Co.  in  December,  1917,  for  two  3%-ton  trucks  each 
equipped  with  a  special  6-yd.  collection  body  at  $5,031  each. 
Other  costs  also  have  increased  proportionately  since  the 
above  estimate  was  made.  It  is  believed,  however,  that  a 
competent  driver  could  be  employed  at  less  than  $960.  It 
should  be  possible  to  employ  a  truck  driver  at  $900  annually 
if  he  were  given  permanent  employment.  Also  interest  rates 
on  the  investment  should  not  amount  to  more  than  5  per 
cent.  The  life  of  a  truck  used  in  house-to-house  collection 
work  would  probably  not  be  as  long  as  in  other  work,  due  to 
frequent  starting,  stopping  and  generally  hard  usage.  A  life 
of  5  years  with  a  daily  average  mileage  of  25  miles  would 
seem  to  be  a  fair  estimate  for  the  useful  service  derived 
from  the  truck.  At  the  end  of  that  time  the  estimated  scrap 
value  would  be  $500.  With  these  data  the  following  esti- 
mate is  made  of  the  daily  cost  of  operating  a  truck  in  ash 
collection: 

E.STIMATED     D.AILY     COST     OF    OPERATION     OF     .V  3>A-TON 
MOTOR  TRUCK  IN  RETFUSB  COLLECTION. 

Total  daily  Per  cent 

Fixed    charges:                                                                  cost.  of  total. 
Depreciation:  First  cost,  $5,031.35,  life  5  years. 

scrap  value  $500    $0.45  3.5 

Insurance  (liability  $120.  Are  $45  per  year)...         .55  4.3 

Storage    30  2  4 

Driver    ($900  per  year) 3.00  23.6 

Interest   (5  per  cent  annually) 84  6.6 

Overhead    supervision    (same   organization   as 

for  city  stables) 40  3.2 

Total  fixed  charges $5.54 

Per  Per  day 

Variable   charges: 
Depreciation;     First    cost    $5,031.35, 

life  5  years,  scrap  value  $500 

Gasoline  at  22  ct.   gal:    (3  miles  per 

gallon)    

Lubricants   (oil,  grease,  waste) 

Tires    

Repairs'and  i^undries 


mile,      at  25  miles. 


$0.1027 


$2.57 


.0733 
.0100 
.0500 
.0500 


1.83 

.25 

1.25 

1.25 


Total  variable  charges $0.2860 

Total  fixed  charges  at  25  mile  per 

day 2216 


$7.15 
5.54 


43.6 
Per  cent 
of  total. 

20.2 

14.4 
2.0 
9.9 
9.9 

56.4 

43.6 


Total    daily   cost   of    operation....     $0..''i076  $12.69  100.0 

It  is  assumed  that  a  certain  small  amount  of  depreciation 
is  due  directly  to  the  passage  of  time.  In  the  estimate, 
therefore,  15  per  cent  of  the  total  depreciation  is  included  as 
a  fixed  charge  and  distributed  over  1.500  days,  the  estimated 
useful  life  of  the  truck.  The  remaining  85  per  cent  de- 
preciation is  assumed  as  being  directly  proportional  to  the 
mileage  run.    Operated  25  miles  per  day  with  a  lite  of  1,500 
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days'  service,  the  total  distance  that  the  truck  would  travel  at  nominal  cost  to  local  officials  and  private  individuals  who 
would  be  37,500  miles.  The  estimated  depreciation  tor  the  will  set  it  out  at  intervals  of  20  to  40  ft.  along  the  roads.  In- 
life  of  the  truck  on  this  basis  is  23.7  per  cent  of  the  total  juring  trees  along  the  highways  or  affixing  notices  of  any 
daily  cost  of  operation.  This  is  rather  a  big  allowance  for  kind  to  them  is  made  a  misdemeanor  punishable  by  a  fine  of 
depreciation,    but    when    the    nature    of  the    work  is  consid-  $1  to  $2,")  or  imprisonment  for  not  more  than  30  days. 

ered   it  is  not  high  in  comparison  to  depreciation  of  trucks  

used   in   straight   commercial    hauling   work.     A   truck   used  ..^                    .           fx-      • 

in  house-to-house  collection  work  must  be  started  and  stopped  JMOUntain       rll^nWay      XVCCOIl- 
many  times  in  the  course  of  each  loading.    The  motor  must 

be   kept   in   constant   motion   because   each   stop   is   of  short  I131SSanCc 

duration.     On  account  of  the  many  starts  and  stops  also  the  The   selection   of  highway   routes   in  a   mountainous  region 

truck  must  of  necessity  cover  a   considerable  distance  each  requires  the  exercise  of  certain   well-developed    faculties  al- 

day  at   a   speed   much   slower  than   its   economical   speed  of  most   as    rare   as    what    is    sometimes   called    "horse   sense." 

operation.      Combined    with    all    of    these    factors    the    truck  writes    T.    A.    Bedford,    Division    Engineer,    California    State 

must   be  operated  continuously  in  the   presence   of  grit  and  Highway  Department,  in  Public  Roads.     The  reconnaissance 

cinders    from    ashes   and    dust   from   street    dirt.     For   these  engineer  must  have  a  keen  sense  of  proportion,  course,  dis- 

reasons    not   only   is    depreciation   sure   to   be   high,   but   the  tance,    and    locality;    something   almost    akin    to    animal    in- 

unit  cost  of  fuel,  lubrication,  tires  and  repairs  is  also  bound  stinct.     If  he  does  not  possess  this,  he  would  better  speciai- 

to  be  more  than  similar  costs  under  normal  commercial  op-  ize  on  something  else. 

erating  conditions.  Any  competent  engineer  may,  by  mechanical  means,  take 
accurate    topography   over   all    possible    routes    between    two 

A«nhfilt    A<s«snri!itinn  Fnrmpd  ''°"'®  ^""^  ^^'  '"^^  ^'"®^'  shifting  and  calculating,  find,  in 

ASpnait   Association  rormea  tjjg  ^^^^^^  ^^  ji^,g_  ^l^^  ^^^^j  economical  location  for  a  high- 

The  Asphalt  Association  has  been  organized  by  representa-  way  and  yet,  in  the  end,  get  it  in  the  wrong  place  and  have 

fives   of  several   asphalt   producing   companies,   for   the   pur-  no  money  left  with  which  to  build. 

pose  of  disseminating  information  on  the  uses  of  asphalt  par-  As  for  methods,  the  first  things  to  be  determined  are  the 

ticularly  in  road  and  street  paving  and  co-operating  with  pub-  points  which  are  to   be   connected  up   by  the  road;   next,  a 

lie   officials    and    scientific    bodies    and    colleges    in   bringing  thorough   knowledge    of   the    topography    of    the    interi-ening 

about  the  most  effective  use  of  this  material.     The  headquar-  country  should   be  obtained   by   walking  out  the  ridges   and 

ters  are  at  15  Maiden  Lane,  New  York  City.     Other  offices  climbing  the  highest  peaks  to  get  a  general  idea  of  topography 

will   be   established   soon   in   Chicago,   Atlanta   and   in   other  and  then  following  out  the  canyons  or  main  water  courses  to 

cities.     The   Association  bas   elected   the   following   officers:  get  a   more   accurate   knowledge   of  the   topography,   as   the 

President,  J.  R.  Draney,  general  sales  manager  U.  S.  Asphalt  road  will  most  likely  follow  the  watercourses.     A  simian  abil- 

Refining   Co.;    vice   president,   W.   W.   MacFarland,   assistant  ity-  to  climb  trees  is  a  useful   accomplishment  for  the  engi- 

secretary  Warner-Quinlan  Co.;   treasurer,  N.  G.  Luykx  of  the  neer  at  this  stage  of  the  reconnaissance. 

Preeport  <£:  Mexican  Fuel  Oil  Corp.;    secretary.  J.  E.  Penny-  Thus  with  a  mental  picture  of  thousands  of  square  miles 

backer,   formerly   of  U.   S.  Bureau   of  Public   Roads,   during  of   topography    standing   out   before    the    mind,   like   a   huge 

the  war  Secretary  of  the  U.  S.  Highways  Council  and  more  relief  map,  roads  must  be  "looked  into"  place  and  the  likely 

recently    director    of    roads    of    the    American    Automobile  routes    selected    for    further    examination.      The    controlling 

Association.     Mr.  Pennybacker  will  be   the  active  officer  in  points  and   influence  points  on  the  routes  should  be  picked 

charge  of  the  affairs  of  the  association.     There  will  be  a  Re-  out   next.     A  probable  selection  must  be  made  of  the  lines 

search   and   Technical  Department  of  the   association  which  connecting   these   points   and   afterwards   it   is   necessary   to 

will  be  managed  by  Prevost  Hubbard.  Chief  of  the  Research  determine   if  a   grade   line   run   from   one   to   the   other  will 

and  Testing  Division  of  the  United  States  Bureau  of  Public  fall  below  the  maximum  grade  adopted.     These  grade  lines 

Roads  prior  to  his  affiliation  with  the  association.    Field  engi-  should    be    developed    by    well-trained    assistants,    who    may 

neers  who  will  devote  their  attention  to  aiding  state,  county  work  singly  in  open  country  but  who  must  work  in  pairs  in 

and  municipal  authorities  in  the  working  out  of  their  high-  dense  undergrowth.     With  clinometers  and  flags,  trial  grade 

ways  problems,  inchide  Fred  W.  Sarr  who  was  Deputy  State  lines  are  run  between  controlling  points  and  bits  of  colored 

Highway  Commissioner  of  New  York  in  charge  of  the  main-  cloth  tied  on  the  branches  as  markers. 

tenance!   repair   and   reconstruction   of   all   state   and   county  After  the  final  route  is  selected,  it  is  gone  over  carefuly 

highways    comprised    in    New    York's    great    system.     A.    T.  and   strips   of  white  cloth  are  tied  on  branches  of  trees  to 

Rhodes   for  years   street   commissioner  of  Worcester,   Mass.  .  guide   the    chief   of   survey    party,    who    runs    a    preliminary 

and   later   secretary   of  the   Granite   Paving  Block   Manutac-  line  from   flag  to  flag.     If  the  reconnaissance   work  is   well 

turers  Association  and,  who  is  vice  president  of  the  Massa-  done,   the   final    location   will    fall   within   the    cross-sections 

chusetts  Highway  Association,  will  look  after  the  New  Eng-  taken  from  the  preliminery  line. 

land  territory  and  other  eastern  points.  In    a   large    percentage   of   mountain-road    problems,    snow 

At  the  Chicago  office  of  the  association,  J.  B.  Hittell,  for-  conditions  materially  influence  the  location  of  the  road.     A 

morly  chief  engineer,  Board  Local  Improvements  of  Chicago.  road  located  with  a  southern  exposure   and   exposed   to  the 

and   president  of  the   Illinois   Society   of  Engineers,   will   be  sun's  rays  and  the  warm  south  winds  will  be  clear  of  snow 

in  charge  of  the  work  of  the  association  in  the  middle  west-  much   longer  than   one   with   a   northern   exposure.    Further- 

ern  states.  more,  since  the  snow  lies  longer  on  the  northern  slope  and 

. the  sun  does  not  reach  it  to   dry  it   out,   the   vegetation   is 

Equipment   Owned   by   Connecticut   State    Highway    Depart-  heavier,    the    soil    m"ch   deeper   and    the    roadbed    harder   to 

ment. — On  Sept.   30.  191S.  the  State   Highway  Department  of  drain  and  slower  to  dry  out. 

Connecticut  owned  road  buUding  equipment  valued  at  $08,475.  There  are  a  thousand  and  one  other  conditions  which  may 

The   inventory   of  this   equipinent.   according   to   the   last   an-  affect   the   road   location.     In   one   instance,   a   mammoth   hy- 

nual  report  of  Charles   J.  Bennett,   State   Highway   Commis-  draulic  placer  mine  made  a  certain  location  possible  for  one 

sioner.  was  as  follows:  of   ^^^   California   state   highways,   while   a   similar   mine   in 

Automobile's   28                                                                    $16,200  another  part  of  the  state  made  the  desired   location  for  an- 

Trucks.  64  .'..7................ 69.'o25  other  road  impossible. 

Rollers.  4 6,000  ^  hillside  location  may  be  preferable  to  a  location  through 

Crushers,   3    .j.uuu  «                     .                                           .      . 

lx)aciers.  2  1.000  an    adobe    flat    carrying   an    excess    of    irrigation    water.     A 

StTarborr  loisVin-^: -engine  and- conirefe -mixer:        ^Ho  high   mountain    ridge    route,   open    and    cool,    with   plenty    of 

— —  desirable  camp   sites,   though   closed   a   portion   of  the   year 

•      Tree  Planting  Along  State  Trunk  Highways  in   Michigan. —  by   snow,   may   be   preferable   to   a   deep   canyon   route   open 

A  recent  act  of  the  Michigan  Legislature  places  tree  plant-  the  year  round,  if  the  principal  traffic  is  to  consist  of  sum- 

ing  along  state  trunk  highways  and  other  roads  built  under  mer  tourists   and  the   canyon   be   narrow   and   hot.   with   few 

the   state   reward    system    in   charge   of   the    State   Highway  places  to   turn  oft  the  road.     But   if  the  principal   traffic  is 

Commission  and   the  State  Board  of  Agriculture.    Under  the  to  be   freight,  which  will  be  continuous   through  the  winter, 

law   it   is   their   duty   to   set   out   ornamental,   nut-bearing   or  then  the  canyon  route  is  to  be  preferred.     Such   considera- 

other   food-producing   trees,    suitable    for    shade    trees.      The  tions,  however,  may  lead  the  engineers  into  prophecy.     'WTio 

Michigan    Agriculture    College    and    Public   Domain    Commis-  can  say  w'hat  the  future  may  bring  or  what  class  of  traffic 

sion  are  authorized  to  distribute  stock  for  the  same  purpose  should  be  favored? 

'         (13) 
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Method  of  Staking  Out   Concrete 
Fords  or  Dips 

Tn  recognition  of  the  many  desirable  features  of  the  con- 
crete ford  or  "dip,"  the  State  Highway  Department  of  Texas 
has  adopted  a  standard  of  design  and  in  many  cases  per- 
mits the  use  of  this  drainage  structure  on  its  state  high- 
ways. A  highway  should  be  improved,  where  the  available 
funds  permit,  so  that  the  service  it  will  render  may  be  un- 
interrupted. The  tlow  of  water  across  a  paved  road  sur- 
face is  an  obstruction  to  traffic  and  should  be  avoided 
where  possible;  therefore,  a  concrete  ford  or  dip  should 
be  used  only  when  economic  reasons  compel,  due  to  the 
great  additional  cost  of  the  bridge  necessary  to  take  its 
place.  Where  concrete  dips  are  used  they  should  be  de- 
signed so  as  to  provide  required  drainage  facilities  with 
least  possible  obstruction  to  trafBc,  either  by  reason  of 
abruptness  of  change  in  gradient  of  the  roadway  or  by 
reason  of  depth  of  water  on  the  submerged  portion  of  the 
pavement  and  the  frequency  of  this  occurrence.  The  con- 
crete dip  and  the  overflow  concrete  road  with  its  approaches 
are,    however,    in    the    nature    of    makeshifts,    used    because 


-section  at  tj  Sectlun  at  B 

Sketch   Showing    Positions   of   Stalled   Sections   to   Outline   Profile   of 
Concrete   Paved    Dip. 

available  funds  are  inadequate  to  build  the  necessary  cul- 
verts, approaches  ahd  trestles  that  would  be  required  in 
the  same  locality  to  provide  a  dry  roadway.  The  low-water 
bridge  falls  in  the  same  class.  An  interesting  description 
of  the  design  features  and  methods  of  staking  out  these 
concrete  dips  is  given  in  the  June  Concrete  Highway  Maga- 
zine by  Mr.  George  A.  Duren,  formerly  State  Highway 
Engineer  of  Texas. 

In  order  to  insure  the  safety  of  the  public  and  to  secure 
a  roadway  of  pleasing  appearance,  care  and  good  judgment 
must  be  applied  in  the  design  and  installation  of  these 
structures.  The  concrete  dip  must  so  provide  for  drain- 
age that  the  depth  of  water  and  its  velocity  across  the 
roadway  will  not  present  an  extreme  hazard  to  the  life  and 
property  of  persons  using  the  highway.  Where  the  depth 
and  velocity  of  water  occasionally  assume  dangerous  pro- 
portions, suitable  warning  signs   should   be  provided. 

The  structure  should  be  built  so  that  it  will  neither  be 
damaged  nor  undermined  by  the  erosion  of  overflow'ng 
water.  As  the  lowest  point  of  the  dip  should  allow  for  the 
ready  passage  of  water  and  drainage  of  the  upstream  side  of 
the  water  course,  the  transverse  surface  of  the  road  at  this 
point  should  be  a  straight  line  with  the  downstream  edge 
from  1  to  3  in.  lower  than  the  upstream  edge.  The  ends  of 
the  concrete  approaches  of  the  dip  should  extend 
to  a  point  above  the  flow  line  to  prevent  erosion 
of  abutting  road  surfacing;  and  to  provide  easy 
traveling,  it  should  be  extended  to  complete  the 
vertical  curve  at  the  ends  of  the  approach.  Unless  this  is 
done,  it  is  practically  impossible  to  maintain  the  necessary 
cross  section  and  profile  of  vertical  curves  to  provide  easy 
riding.  Approaches  should  be  reverse  parabolic  curves  in 
order  to  reduce  to  a  minimum  shock  to  the  springs  of  a 
rapidly   moving   vehicle. 

This  curve  is  somewhat  difficult  to  stake  out  properly  in 
such  a  way  as  to  warp  correct'Iy  the  cross  section  from  the 
crowned  surface  at  the  apex  to  the  straight  surface  at  the 
bottom  of  the  dip.  The  process  is  more  difficult  to  describe 
than  to  perform,  but  where  opposite  ends  of  approaches  are 
approximately  at  the  same  elevation,  and  the  approaches 
of  approximately  the  same  length,  the  following  description 
should   make   the  procedure   intelligible: 

First,  set  a  line  of  stakes  across  the  roadway  at  the 
points  A  shown  on  the  accompanying  diagram;  these  being 
at  the  apexes  or  ends  of  the  approaches.     The  top  of  these 


slakes  should  be  driven  flush  with  the  desired  crowned  sur- 
face of  the  pavement,  one  stake  being  set  on  the  center  line 
and  one  each  at  the  outer  edges  of  the  pavement,  and  other 
stakes  at  the  half  and  quarter  points  each  side  of  the  cen- 
ter line. 

Set  the  same  number  of  stakes  at  the  point  B,  this  being 
the  lowest  point  of  the  dip,  with  the  tops  of  these  stakes 
flush  with  grade  and  profile  of  the  flow  line.  It  will  be  re- 
membered thai  at  this  point  the  surface  of  the  pavement  is 
to  be  a  straight  line  with  the  downstream  edge  slightly 
lower  than  the  upstream  edge. 

At  the  points  C  half  way  between  A  and  B  set  correspond- 
ing stakes  with  the  top  driven  midway  between  elevations 
of  corresponding  stakes  at  the  top  and  bottom  of  the  ap- 
proaches. This  can  be  done  with  the  aid  of  three  equal 
length  tee-boards,  two  of  which  establish  a  parallel  line  of 
sight  to  the  tops  of  the  corresponding  stakes  at  A  and  B 
while  the  third  tee-board  is  used  to  "sight  in"  the  tops  of 
corresponding  stakes  for  the  mid-section  at  C.  The  result- 
ing stakes  at  the  points  C  will  have  their  tops  conforming 
to  a  section  having  halt  as  much  crown  as  is  given  to  the 
sections  at  A.  Then  sighting  over  equal  length  tee-boards 
held  on  corresponding  stakes  at  the  points  A  mark  the  line 
of  sight  on  a  board  held  vertically  on  the  corresponding 
stake  of  the  section  at  C.  Note  the  difference  in  length 
between  that  of  the  tee-boards  and  the  intercept  on  the 
board  held  at  C  from  its  lower  end  to  the  mark.  This  will 
be  the  difference  in  elevation  between  the  stakes  at  C  and 
the  line  between  the  points  A.  Then  set  rows  of  stakes  at 
the  points  E,  D  and  F,  these  being  the  half  and  quarter 
points  on  the  upper  halves  of  each  approach.  The  top  of  the 
stakes  at  sections  E,  D  and  F  should  be  respectively,  1/16, 
14  and  9/16  of  the  difference  in  elevation  between  corre- 
sponding stakes  at  A  and  C,  measured  down  from  the  line 
of  sight  established  between  the  points  A.  This  will  es- 
tablish points  for  the  pavement  surface  at  the  correct  grade 
and  warped  surface  for  the  upper  halves  of  the  approaches. 

Next,  set  the  stakes  for  the  lower  halves  of  the  approaches 
by  establishing  a  line  of  sight  parallel  to  the  tops  of  cor- 
responding stakes  at  the  points  C  by  means  of  the  equal  length 
tee-boards,  holding  board  on  the  stakes  at  the  point  B  and 
mark  the  line  of  sight  between  the  points  C.  Measure  the 
difference  between  the  Intercepted  length  on  this  board  be- 
tween the  line  of  sight  mark  and  the  lower  end,  subtracting 
from  this  distance  the  length  of  the  tee-board  used  at  the 
points  C.  Divide  this  difference  by  16  and  by  sighting  from 
the  tops  of  corresponding  stakes  in  the  cross  sections  a^ 
C,  set  the  tops  of  stakes  in  the  section  H,  G  and  I  respec- 
tively. 1/16,  1.4  and  9/16,  above  the  top  of  the  stake  at  B. 
This  will  complete  the  stakes  required  to  give  the  proper 
surface  elevation  for  the  lower  halves  of  the  approaches. 

From  this  description,  the  engineer  will  be  able  to  stake 
out  properly  almost  any  combination  of  approaches  regard- 
less of  the  fact  that  the  apexes  of  opposite  approaches  may 
not  be  at  the  same  elevation. 

In  the  above  discussion,  procedure  has  been  outlined  for 
setting  72  stakes  in  each  half  of  the  approach  and  the 
stakes  for  the  bottom  cross  section  at  B.  If  the  paved  way 
is  narrow,  the  cross  section  of  the  roadway  may  be  indi- 
cated by  fewer  stakes.  However,  to  secure  properly  the 
parabolic  form  of  curve  of  both  approaches.  9  stakes  should 
be  placed  parallel  to  the  center  line  of  roadway  for  each 
stake  necessary  to  outline  the  cross  section  of  the  apexes. 
In  general,  the  approaches  should  be  of  equal  length,  but 
this  is  not  necessary  if  it  is  desirable  to  confrom  more  nearly 
with  the  ground,  in  which  case  the  length  of  these  ap- 
proaches may  be  different;  but  the  above  rule  should  be 
used  in  order  to  secure  a  compound  parabola  which  more 
nearly  fits  the  law'  of  moving  and  falling  bodies  than  any 
other  curve. 

In  fixing  the  length  of  approach  and  the  amount  of  ver- 
tical drop  in  this  distance,  consideration  must  be  paid  to 
the  speed  of  traffic.  In  no  case  should  the  vertical  drop  be 
greater  than  the  curve  representing  the  trajectory  of  an 
object  moving  at  this  rate  of  speed,  since  such  conditions 
would  very  likely  cause  the  wreck  of  any  vehicle  moving 
at  the  same  velocity. 

Transitions  between  higher  and  lower  levels  secured  in 
this  manner  furnish  the  easiest  possible  riding  consistent 
with  rate  of  change  in  direction  and  elevation  of  travel,  and 
at  the  same  time  furnish  a  most  natural  and  pleasing  tran- 
sition of  the  warped  surface  of  the  roadway  from  one  cross 
section  to  another. 
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-  .        ,          ,              c      ««■     •      4-     •      •      -e       AX?  J  »-«•#-£»»"  tomobile  trallic  at  a  cost  of  |1, 5:^5. lit)  per  mile.     This  amount, 
MetnOdS      OI      Maintaining       W  inter  so   mucli    higher   than   for   the   .streets    mentioned   before,   is 
O      ^  J_     in      Ollfhfr'*  explained  by  the  fact  that  trafiic  is  considerably  heavier  on 
r\.OdU»     ill     V/UcUcC  account  of  their  greater   width    (45   to   58   ft.)    and   also   be- 
By  A.  LiA.l,ON"DE,  cause  the  snow  is  completely  removed  and  carted  to  vacant 
Assistani    Engineer,    Outremont.    Que.  lots    or   to    the    city    snow    dump. 
In  the  maintenance  of  winter  roads,  we  have  to  take  into  For  the  removal   of   snow,   vehicles   with   a   capacity   of  8 
account  two  kinds  of  traffic:     (1)    Sleigh  traffic;    (2)   mixed  cu.  yd.  are  employed.     Half  the  cost  is  paid  by  the  tramway 
traffic,  chiefly  automobiles.  company.     We   are   assisted   on   these   streets    by   the   tram- 
As  regards  sleigh  traffic  we  need  not  linger  at  any  length;  way   company,   whose   snow    plows   and   levelers   accomplish 
there  is   no   snow    to   be   removed   except   where   it   accuniu-  good  work.     The  city's  equipment  to  clear  its  streets  is  as 
lates    in   large   drifts.     The    system    of   spreauing    the    snow  follows: 

on   the  streets  or  on   the  I'oads,   to  be  rolled  and   hardened  Six  steel  snow  plows,  20th  century  type, 
with   a    snow    roller,    does    not   always    give    satisfaction    as  One  road   plow,  mounted  on  runners.     (This  is   very  use- 
regards    the    second    class   of   traffic.      It   is    plain    that    this  tul  and  can  also  be  used  in  summer.) 

method  of  caring  for  the  roads  should  only  be  used  at  the  One  double,  wooden  plow   drawn  by   six  or   eight   horses. 

beginning  of  the   season  to   prepare   the  foundations   at  the  This  plow  is  24  ft.  wide,  with  wings  on  either  side  to  level 

time  of  the  early   frost,  and   later  to   prevent  the  formation  the  sides  of  the  road.     It  is  used  particularly  after  a  snow 

Qf  ruts.  f"^'"  '•°  widen  the  road,  and  also  during  the  month  of  March 

Where   the  traffic   is   confined   exclusively   to  sleighs,   I   do  to  level  the  surface, 
not  know  of  any  machine  more  useful  than  the  snow  roller.  Tw-o   snow   plows   8   ft.   long   (two   sections  of  4   ft.),   6  ft. 

The  rolling  process  produces  a  surface  hard  enough  to  sup-  in  diameter,  and  drawn  by  two  horses.     These  are  used  at 

port  loads  of  considerable  weight.     The  snow  which  gathers  the  beginning  of  the  winter  and  after  storms,  when  the  sur- 

on  the  side  thus  disappears  and  the  road  is  kept  free  from  plus  snow  has  been  removed. 

snow,  which  decreases  the  cost  of  maintenance.  We  can  One  5-ton  motor  truck,  with  plow  of  the  "good  roads" 
thus  have  fairly  good  roads  over  6  or  7  ft.  of  snow;  every-  type  fitted  in  front.  This  truck  is  very  useful,  but  only 
thing  depends  upon  the  ability  of  the  man  in  charge  of  the  where  the  bottom  of  the  road  has  been  hardened, 
roller,  and  the  help  given  him  by  a  few  men  to  level  the  One  rotary  snow^  plow  of  the  "Stadig"  type,  invented  by 
surface  where  there  is  need  to  do  so.  W.  L.  Stadig  and  manufactured  by  the  Canadian  Fairbanks- 
It  is  in  the  case  of  automobile  traffic  that  difficulties  are  Morse  Co.  It  resembles  very  much  the  plows  used  by  rail- 
added  and  the  problem  becomes  very  difficult  and  costly  way  companies.  It  is  a  steel  structure,  measuring  20  ft. 
to  solve  First  of  all  there  must  not  be  more  than  6  in.  in  length  and  weighing  about  three  tons, 
of  snow  covering  the  roadbed.  The  organization  system  This  rotary  plow  can  hurl  the  snow  a  distance  of  40  ft., 
to  deal  with  the  snow  must  be  restricted.  A  foreman,  for  and  a  peculiar  fact  notable  in  this  operation  is  that  the 
instance  should  be  free  to  employ  all  the  men  he  requires  snow  is  powdered  so  fine  and  scattered  so  evenly  that  It 
in   urgent  cases:    the   number  of   hours   of  labor   should  not  seems    to   have    disappeared. 

be  limited.  The  different  gangs  should  begin  their  work  as  Drifts  of  5  or  6  ft.  may  be  cleared  with  this  machine.  It 
soon  as  the  snow  begins  to  fall  and  keep  up  with  the  storm,  is  equipped  with  an  apparatus  to  load  the  snow  into  ve- 
if  possible,  in  order  to  prevent  too  large  an  accumulation  hides  at  the  side  of  the  road.  A  vehicle  with  a  capacity 
of  snow.  Otherwise,  if  the  storm  is  given  headway,  if  too  of  8  cu.  yd.  can  be  loaded  in  3  minutes.  We  made  a  corn- 
much  snow  is  permitted  to  accumulate,  the  cost  of  removal  i)arison  last  winter  of  the  weight  of  snow  loaded  with  this 
will  be  greater,  the  snow-  having  become  more  compact.  machine  and  the  weight  of  snow  loaded  by  shoveling,  and 
Automobile  traffic  will,  be  interrupted  for  some  time,  and  found  that  the  former  was  about  double  the  latter.  The 
it  would  be  impossible  to  use  motor  trucks  with  a  snow  machine  is  ordinarily  drawn  by  four  horses, 
plow,  which  would  not  be  able  to  work  when  the  surface  At  the  beginning  of  the  winter,  2,400  ft.  of  snow  fences 
of  the  road  is  covered  with  6  or  7  In.  of  fresh  snow.  of  the  Montreal  Tramways  Co.  type,  were  made  at  a  cost 
When  a  storm  breaks  during  the  night,  the  gang  should  of  34  ct.  per  lineal  foot,  and  distributed  throughout  the  city, 
be  put  to  work  early  in  order  that  traffic  may  not  be  ob-  The  quantity  of  snow  which  fell  last  winter  in  Montreal, 
structed  in  the  morning.  The  space  of  road  cleared  should  according  to  the  reports  of  the  McGill  University  meteor- 
be  wide  enough  to  permit  two  vehicles  to  pass.  The  road  oiogical  bureau,  was  as  follows:  November,  3.25  in.;  De- 
should  be  carefully  watched  before  and  after  the  frosts  set  cember.  18.4  in.;  January,  16.8  in.;  February,  18. G  in.;  March. 
in.      A   little   neglect   during    these   periods,   which   are    ordi-  23.2  in.;   April,  4.4  in. 

narily  short,  can  undo  a  month's  good  work.  

Snow    fences    should    be    used    wherever    they    are    found  ^^^^  ^^  Reconstructing  Oiled   Roadways  at  Los  Angeles.— 
necessary.     They  are  very  effective  when  they  are  proper^  Reconstruction     of     graveled     or     oiled     roadways     at     Los 
placed.    Their  cost  is  relatively  low,  and   they  can  be  used  ^^^ggjgg     c^j     jg   carried    on   continuously,    11   rollers    being 
for  a  number  of  years  if  care  is  exercised  m  movmg  them  assigned    to    different    foremen    for    this    work.     Where    the 
and  they  are  properly  piled  after  the  winter  to  prevent  as  gyj.fj^pg  becomes   so   worn   that   minor  repairs   are   not   suit- 
much    as    possible    the    deterioration    of   the    wood.  ^^^^     ^^^    street    is    repaired    by    rooting,    discing,    grading, 
I   shall   now-   touch   briefly   upon    snow    removal   at   Outre-  ^.^uj^g  ^^^  oiling.     The  process  consists  of  rooting  with  a 
mont.     That  city  has  a  superficial  area  of  975  acres.     It   is  ^.^^^5,^^  machine  pulled  bv  a  steam  roller.    This  plowed  sur- 
divided  into  13  sections,  with  a  man  in  charge  of  each  sec-  ^^^^   .^  ^^^^^  disced  or  pulverized  by  a  discing  machine  op- 
tion     These   section  men.  -^vith  the  help  they  require,  look  ^^^^^^    ^^    the    same    power.      The    street    is    then    heavily 
after  the  sidewalks,  the  crossings  and  catch-basins.    Twenty-  gpj.ijj^jg^'    -^^^-^^    water,    graded,    rolled,    recgraded    and    re- 
eight    snow    plows   are   used.     We    also   use    four   scarihers.  ^^.^^^     ,^^^  surface  is  then  covered  bv  an  81  per  cent  road 
two  single  and  two  doubler  fitted  up  with  steel  teeth,  which  ^.^   ^^^   sanded.     Re-rolling   is   done   where   necessary.     The 
make  small  ridges  on  the  slippery  surface  of  the  sidewalks.  ^^^^  ^^  ^^^  ^^^^.^  according  to  the  1917-18  annual  report  of 
The   plow-   may   also  occasionally   be   used   as   a   scarifier  b>  ^    ^    Hansen,  Citv  Engineer,  was  as  follows: 
the   addition    of   a   small   steel   bar   -■^11   teeth      The   catch-  -  ■     ■       ^^^^.^^     -^^  ^.^^^    ^^  ^^^^^  ^^^  ^.^^ 
basins   are   thawed   by   means   of   a   steam    boiler,      iwenij-  Discing:,  171  miles,  at  sSL.ie  per  mile, 
eight   miles    of   sidewalk    (5    ft.    wide   on   an    average)    were  Rolling.  313  miles,  at  $4G.S9  per  mile, 
cleared,   maintained  and   sprinkled  with  sand  last  winter  at 

a  cost  of  $373.15  per  mile:    24  miles  of  drains  -nere  opened  4721   Miles  of  Surfaced  Roads  in. Florida. — The  total  mile- 

at   a   cost   of   $130.15   per   mile.    These   figures   include    (pro  ^gg  ^f  surfaced  roads  in  Florida  on  Sept.  30,  1918,  according 

rata)  the  cost  of  keeping  the  catch-basins  open.  to  the  last  annual  report  of  the  State  Road  Department,  was 

Special   gangs  were   employed  for  the   clearing   and   main-  4  721.     The  figures  were  compiled  from  county  sources.  The 

tenance  of  the  streets:   16  miles  of  streets  were  cleared  and  mileage  of  the  various  types  was: 
opened  to  automobile  traffic  throughout  the  winter  at  a  cost  Mile 

of  $165.81  per  mile.   The  snow  is  not  carted  from  these  Brjck^.^. ::;:::;;:::::::::::::::::::::::::::::;:::::;::::::    s 

streets       Throughout    the    winter    2.3    miles    of    street    with  ^sphaltic  concrete  or  shell  asphalt 444 

double  tramway  tracks  were   cleared   and  kept  open  for  au-  Pf-tratio^^or^surface  treated  macadam  37J 

~^om    a    paper    presented    May    22    before    the    Canadian    Good  |h^\\^-^na -fay  ^  :;:  1 .  i!  i!  l!  l!  i'.:  l!  1 .' ^  .■'.  ^  ^ .' 1  i -■.■  ii  j. •:;::;:  i  ^  ^^  i  2.236 
Roads  Congress. 
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Instructions  for  Field  Inspection  of 
Road   Materials 

The  New  Jersey  State  Highway  Department,  of  which  Mr. 
Wm.  G.  Thompson  is  State  Highway  Engineer,  has  issued  the 
following  instructions  for  the  guidance  of  its  inspectors  in 
sampling  and  inspecting  road  materials: 

Whenever  an  inspector  is  assigned  to  a  job,  he  will  notify 
the  laboratory  at  once,  giving  his  name,  official  title,  present 
address,  name,  location  and  type  of  pavement  or  road,  name 
of  contractor,  name  of  resident,  county  or  division  engineer 
under  whose  jurisdiction  the  work  is  to  be  performed.  The 
inspector  will  secure  as  soon  as  possible  from  the  contractor 
the  source  and  location  of  the  various  materials  that  will  be 
used.  He  will  notify  the  laboratory  at  once,  giving  the 
source  and  location  of  such  supplies.  When  the  materials 
are  purchased  from  a  producer,  give  name  and  a'ilress  of 
said  producer,  met'nod  of  shipment  and  source  of  supply; 
when  produced  by  the  contractor,  give  location  of  .pit  or 
quarry  and  method  of  shipment. 

Inspector's  Equipment. — Each  inspector  will  be  furnished 
with  report  blanks,  stationery,  sample  bags,  shipping  tags 
and  the  apparatus  needed  to  make  the  field  tests  required. 
The  inspector  shall  secure  this  equipment  before  Any  pave- 
ment has  been  constructed.  This  equipment  is  charged  to 
the  inspector,  who  is  responsible  for  its  proper  care  and  re- 
turn to  the  laboratory  when  the  work  is  completed.  Equip- 
ment that  is  lost,  injured  or  broken  will  have  to  be  replaced 
at  the  inspector's  expense,  unless  the  inspector  is  in  no  way 
responsible  for  said  loss  or  damage. 

Size  of  Samples  Required. — The  size  of  the  first  samples 
sent  of  each  material  shall  be  as  follows: 

Portland  cement — %  of  a  large  sample  bag  full. 

Sand — %  of  a  large  sample  bag  full. 

Stone  or  gravel — 1  large  sample  bag  full. 

Brick  or  asphalt  block — 15  bricks  or  blocks. 

Granite  block — 2  blocks. 

Fillers  for  bituminous  pavements — V2  small  sample  bag  full. 

Bituminous  cements — 1  quart  can  full. 

Liquefier — 1  sal.  can. 

The  size  of  all  subsequent  samples  of  these  materials  shall 
be  as  follows: 

Portland  cement — %  of  small  sample  bag  full. 

Sand — %  of  small  sample  bag  full. 

Stone  or  gravel — 1   small  sample  bag  full. 

Brick  or  asphalt  block — 1  block  of  each. 

Granite  block — 1  block  of  each  grade. 

Fillers  for  bituminotis  pavements — %  of  small  sample  bag 
full. 

Bituminous  cement — 1  pint  can. 

Bituminous  pavement  samples — 8  in.  to  10  in.  square. 

Note. — No  samples  need  be  forwarded  of  materials  used  in 
macadam  or  gravel  pavements  unless  the  inspector  is  in 
doubt  whether  these  materials  meet  the  requirements  of  the 
specifications,  in  which  case  samples  of  same  should  be  for- 
warded in  the  usual  manner. 

Samples  of  Raw  Materials  Required  Before  Constpuctlon 
Starts. — Samples  of  such  materials  as  the  inspector  has  to 
sample  shall  be  secured  before  shipmefit  if  possible,  other- 
wise sampled  at  once  when  the  material  arrives  at  its  ship- 
ping destination. 

Whether  a  material  has  been  previously  sampled  or  not, 
a  sample  shall  be  taken  from  the  first  shipment  of  all  Port- 
land cement,  sand,  stone,  gravel,  bituminous  cement,  fillers 
and  paving  blocks  and  forwarded  to  the  laboratory.  Dupli- 
cate samples  of  sand,  stone  or  gravel  shall  be  taken  at  the 
same  time  and  kept  by  the  inspector  for  reference  until  the 
work  is  completed. 

Samples    Required    During    Construction. 

Portland  Cement. — A  sample  shall  tye  taken  and  for- 
warded to  the  laboratory  of  each  car  received,  and  the 
cement  represented  by  the  sample  not  approved  for  use  until 
a  report  is  received  from  the  laboratory  permitting  its  use, 
unless  the  said  material  has  been  previously  sampled  at  the 
point  of  shipment  or  manufacture  by  the  laboratory  force. 
When  thus  sampled  by  the  laboratory,  the  inspector  shall 
examine  the  car  and  see  that  the  seal  is  intact,  but  no  ap- 
proval shall  be  given  by  him  for  the  use  of  this  material  until 
a  report  has  been  received  from  the  laboratory  permitting 
its  use.  He  will,  however,  report  to  the  laboratory  at  once 
the   arrival   of  all   cars    thus   sealed.     The   seal   used   on   all 


cars  thus  sampled  will  be  marked  with  a  lead  seal  bearing 
the  inscription  "N.  J.  S.  R.  Com."  The  entire  sample  should 
be  taken  from  one  bag  usually  near  one  end  of  the  car.  It 
is  well,  however,  to  occasionally  take  the  sample  near  the 
car  doors. 

Sard,  Stone  and  Gravel. — The  inspector  shall  compare  each 
consignement  of  sand,  stone  and  gravel  with  the  first  ap- 
proved sample.  In  case  any  of  these  materials  do  not  appear 
to  be  of  as  good  character  or  quality  as  the  first  sample  ap- 
proved, and  the  results  of  the  field  test  subsequently  made 
indicate  it  is  of  inferior  quality,  a  sample  shall  be  taken  and 
forwarded  to  the  laboratory  at  once.  A  regular  sample  shall 
be  taken  from  every  10  or  15  cars  of  sand  received  and  for- 
warded to  the  laboratory  regardless  of  its  quality  or  char- 
acter. 

If  the  consignment  to  be  sampled  is  of  uniform  appearance 
and  grading  throughout,  one  sample  may  be  taken  to  repre- 
sent the  entire  shipment.  This  sample  shall  be  taken  at 
various  points  and  mixed  by  rolling  on  newspapers  or  canvas. 
After  thorough  mixing  and  so  manipulating  the  paper  as  to 
bring  the  material  to  an  evenly  rounded  pile,  take  one-fourth 
of  the  sample  and  with  this  proceed  as  before  until  the  quar- 
ter last  taken  is  of  the  proper  size  for  tests.  If  the  consign- 
ment to  be  sampled  is  not  uniform  in  appearance,  then  a 
complete  sample  must  be  taken  and  tested  from  each  grade 
contained  in  the  shipment. 

Paving  Block. — Samples  of  paving  block  shall  be  taken  dur- 
ing construction  only  when  the  quality  does  not  appear  to  be 
as  good  as  that  of  the  approved  sample,  in  which  case  a 
single  block  will  be  mailed  to  the  laboratory  for  examination. 

Bituminous  Cement. — A  sample  shall  be  taken  from  each 
carload  received  and  forwarded  to  the  laboratory  at  once, 
and  the  material  represented  by  the  sample  not  approved  for 
use  until  a  report  is  received  from  the  laboratory  permitting 
its  use,  unless  the  material  has  been  previously  sampled  at 
the  point  of  shipment  or  manufacture  by  the  laboratory  force. 
When  thus  sampled  by  the  laboratory  the  inspector  shall 
examine  the  car  and  see  that  the  seal  is  Intact,  but  no  ap- 
proval shall  be  given  by  him  tor  the  use  of  this  material 
until  a  report  has  been  received  from  the  laboratory  per- 
mitting its  use.  He  will,  however,  report  to  the  laboratory 
at  once  the  arrival  of  all  cars  thus  sealed.  The  sea!  used  on 
all  cars  thus  sampled  will  be  marked  with  a  lead  seal  bearing 
the  inscription  "N.  J.  S.  R.  Com." 

When  shipment  is  made  in  tank  cars,  the  sample  should 
not  be  taken  until  the  material  in  the  car  lias  been  heated 
and  agitated  sufficient  to  make  it  uniform  in  composition.  If 
shipment  is  made  in  box  cars,  a  sample  must  be  taken  from 
each  lot  or  batch  present  as  indicated  by  the  batch  or  lot 
numbers  on  the  head  of  the  drums  or  barrels.  Additional 
samples  must  be  taken  during  the  use  of  all  bituminous  mate- 
rial whenever  the  inspector  has  any  reason  to  believe  the 
cement  is  not  of  normal  consistency  or  of  an  inferior  quality 
as  may  be  indicated  by  the  general  appearance  of  the  paving 
mixture  or  pavement  constructed  therefrom. 

Bituminous  Pavement  Samples. — A  pavement  sample  shall 
be  taken  of  the  pavement  completed  each  day,  such  as  war- 
renite,  topeka,  amiesite.  sheet  asphalt,  etc.  This  sample 
shall  be  about  8  in.  to  10  in.  square  and  shall  not  be  taken 
until  the  pavement  has  received  its  final  rolling,  but  should 
be  cut  out  before  the  pavement  has  chilled  when  it  belongs 
to  the  hot-mixed  type.  In  case  a  squegee  coat  is  required,  a 
place  shall  be  left  unsquegeed  and  the  sample  taken  at  this 
point. 

The  inspector  at  the-  mixing  plant  will  sample,  examine  or 
test,  in  the  matter  herein  designated,  all  materials  used  in 
preparing  the  pavement,  keep  a  record  of  batches  prepared 
each  day,  the  number  of  loads  delivered  to  the  street  or  road, 
take  the  temperature  of  each  load  and  note  the  general  ap- 
pearance and  character  of  the  paving  mixture,  also  see  that 
the  asphalt  cement  or  mineral  aggregate  is  not  heated  above 
the  limits  permitted  by  the  specifications.  The  maximum 
and  minimum  temperatures  to  which  these  materials  were 
heated  should  be  recorded  and  reported  each  day.  When- 
ever a  definite  weight  of  paving  material  has  to  be  used  per 
square  yard  of  surface  pavement,  the  inspector  at  the  plant 
will  also  keep  a  record  of  the  weight  of  materials  used 
therein.  When  materials  come  from  a  local  sand  or  gravel 
pit,  the  quantity  received  per  day  of  each  shall  be  roughly 
estimated. 

Paving  mixtures  that  are  improperly  mixed,  have  been 
overheated,  or  do  not  have  the  minimum  temperature  re- 
quired by  the  specifications,  or  are  deficient  in  asphalt  cement 
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or  filler,  shall  be  condemned  at  the  mixing  plant  and  the  in- 
spector on  the  road  notified  to  this  effect. 

The  inspector  on  the  road  or  street  will  keep  a  record  o£ 
each  load  of  paving  material  received,  take  its  temperature, 
note  its  general  appearance  and  report  the  total  number  of 
loads  received  each  day,  also  observe  whether  the  mixture  is 
of  proper  consistency  to  be  easily  handled  when  dumped, 
observe  how  it  consolidates  during  rolling  and  note  the  rapid- 
ity with  which  the  rollitfj;  is  executed  after  the  material  has 
been  spread,  also  whether  the  rolling  is  continued  until  no 
further  evidence  of  compression  is  evident.  When  mixtures 
are  received  that  do  not  have  the  required  temperature,  are 
not  fairly  uniform  in  composition,  or  show  evidence  of  care- 
less preparation  at  the  mixing  plant,  they  shall  be  rejected 
as  soon  as  the  material  is  dumped  and  before  it  has  been 
spread  on  the  road.  Special  care  must  be  taken  to  see  that 
no  depressions  or  waves  are  formed  during  rolling. 

In  addition,  the  foundation  should  be  very  carefully  exam- 
ined as  the  pavement  is  being  spread,  and  any  places  that 
appear  to  not  have  the  proper  density  or  stability,  or  appear 
to  be  improperly  drained,  or  have  been  recently  rebuilt 
should  be  recorded  on  the  daily  report  blanks.  All  such  re- 
ports should  be  indicated  by  both  the  station  number  and 
land  marks.  The  pavement  samples  shall  also  be  taken  and 
forwarded  by  tlie  inspector  on  the  road.  The  location  of 
each  sample  shall  be  designated  by  the  station  number  and 
also  a  land  mark  whenever  possible. 

When  bituminous  mixtures  are  purchased  by  the  ton  ready 
for  use,  the  weight  of  each  load  shall  be  taken  and  recorded 
by  the  inspector  on  the  road  in  addition  to  the  other  require- 
ments specified  above,  and  the  total  quantity  received  each 
day  recorded. 

Concrete  Test  Cubes. — A  (j-in.  cube  shall  be  made  tor  each 
1,000  sq.  yd.  of  finished  concrete  surface  or  foundation,  and 
for  each  150  cu.  yd.  of  concrete  used  in  retaining  walls. 
bridge  abutments,  etc.  They  shall  be  taken  at  proper  inter- 
vals to  space  them  at  approximately  equal  distances  apart. 
An  additional  cube  shall  be  made  whenever  a  mix  appears 
to  be  unusual  in  any  respect,  such  as,  exceedingly  wet.  im- 
properly mixed,  etc.  In  making  the  cubes,  the  inspector  will 
proceed  as  follows: 

See  that  the  equipment  is  in  proper  order.  The  mold 
should  be  set  on  base  and  leveled  carefully.  See  that  it  is 
securely  fastened  together  and  that  inside  surface  is  thor- 
oughly coated  with  oil  ( either  heavy  lubricating  or  light 
cylinder  is  good). 

Fill  the  mold  full  of  concrete  and  puddle  thoroughly  with  a 
steel  rod  %  in.  to  %  in.  in  diameter.  The  greater  part  of 
puddling  should  be  done  around  the  outer  edge  near  the 
sides  of  the  mold,  being  careful  not  to  scar  the  inside  surface 
of  mold  when  pushing  rod  down  into  concrete.  When  prop- 
erly puddled  the  cube  will  be  practically  free  of  voids.  After 
puddling  flu  mold  to  top  again  and  trow'el  smooth  and  level 
with  top  of  mold. 

Place  a  piece  of  board  or  heavy  canvas  over  top  to  keep 
off  rain  or  hot  sun. 

About  24  hours  after  making,  remove  mold  and  mark 
plainly  on  side  of  cube  sample  number  and  date  made.  The 
inspector  will  then  immediately  clean  and  oil  the  mold  for 
the  next   fill. 

Place  the  cube  in  water  and  leave  it  there  for  six  days, 
after  which  remove  cube  from  water,  wrap  in  wet  newspa- 
pers, place  inside  container  and  ship  to  the  laboratory. 

The  same  inspector  shall  make  the  cubes  in  all  cases  to 
insure  uniformity  of  tampmg  and  other  conditions. 

It  is  essential  that  the  above  rules  be  closely  followed  to 
insure  uniform  conditions  in  making,  storing  and  shipping: 
otherwise,  the  concrete  cube  is  worthless  for  testing  purposes. 

Forwarding  and  Reporting  Materials. — Samples  forwarded 
either  before  or  during  construction  must  be  numbered  and 
plainly  marked  with  the  name  of  the  material,  road,  route  or 
.iob.  and  the  inspector  who  forwarded  same.  All  samples 
forwarded  of  each  material  must  be  numbered  consecutively, 
i.  e..  Portland  cement  would  be  marked  1,  2,  3,  etc.:  bitumi- 
nous cement  1,  2,  3,  etc.:  pavement  samples  IP,  2-P.  3-P, 
etc.,  unless  more  than  one  pavement  sample  is  taken  of  the 
pavement  laid  during  any  one  day,  in  which  case  both  sam- 
ples will  have  the  same  general  number,  but  given  different 
index  numbers,  thus,  7-P'  and  7-P=  would  indicate  that  both 
samples  were  taken  from  the  pavement  laid  during  one  day. 
Whenever  paving-mixture  samples  are  forwarded,  they  shall 
be  marked  1-M.  2-M.  etc.,  if  the  pavement  is  laid  in  one 
course  only:  if  laid  in  two  courses,  they  should  be  numbered 
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l-R.M,  2-BM,  for  bottom-course  samples  and  1-TM  and  2-TM 
for  top-course  samples. 

A  separate  report  must  be  mailed  at  once  to  the  laboratory 
of  each  consignment  of  samples  sent.  This  report  must  be 
made  out  on  the  blank  forms  furnished  therefor  and  must  be 
filled  out  in  the  manner  indicated  thereon.  The  samples 
shall  be  designated  in  this  report  in  the  same  manner  as 
they  are  marked  on  the  shipping  tag,  or,  in  other  words,  both 
reports  must  agree.  The  written  reports  must  give  the  loca- 
tion of  source  of  supply  of  the  material,  quantity  represented 
uy  sample,  and  the  purpose  for  which  the  material  is  in- 
tended to  be  used.  Also  state  from  where  the  sample  was 
taken,  and,  it  a  special  sample,  state  why  it  was  taken;  it 
taken  from  a  car,  the  name,  number  and  location  of  car  shall 
also  be  given.  The  location  of  all  pavement  samples  and  date 
when  laid  and  taken  shall  also  be  given.  The  location  of  all 
concrete  represented  by  the  cubes  forwarded,  date  cube  was 
made,  and  proportions  of  mixture  used  therein  must  be  defi- 
nitely stated  in  the  written  report. 

A  daily  report  must  lae  sent  to  the  laboratory  during  the 
actual  construction  of  all  bituminous,  Portland  cement  or 
block  pavements.  In  case  work  is  suspended  for  any  cause, 
the  last  report  will  designate  why  the  work  was  stopped  and 
when  work  will  be  resumed. 

Field    Tests.  "  ""• 

Field  tests  shall  be  made  on  the  following  materials  in  the 
manner  designated  herein  below  as  soon  as  each  shipment  is 
received. 

Concrete  Sand. — The  sample  taken  shall  be  carefully  com- 
pared with  the  first  sample  taken  by  the  inspector  and  which 
has  been  previously  approved  by  the  laboratory.  After  thor- 
oughly mixing,  a  portion  shall  be  selected  to  test  for  organic 
matter  by  the  colorimetric  method  described  below.  The  bal- 
ance of  the  samples  shall  be  spread  out  in  a  thin  layer  on  a 
paper  or  piece  of  canvas,  so  that  it  will  dry  quickly.  After 
the  sample  has  thoroughly  dried,  it  shall  then  be  compared 
with  the  inspector's  sample.  Colorimetric  tests  shall  be 
made  on  concrete  sands  only. 

Colorimetric  Tests. — Fill  graduated  bottle  to  41/4  oz.  mark 
with  sand;  then  fill  to  7  oz.  mark  with  sodium  hydroxide 
solution  (see  directions  for  preparations  in  equipment  case); 
shake  thoroughly  and  fill  again  with  solution  to  the  7  oz. 
mark:  set  bottle  where  it  will  not  be  disturbed  and  shake 
well  several  times  after  filling  at  intervals  of  two  or  three 
hours.  From  20  to  24  hours  after  filling,  compare  the  color 
of  solution  in  test  bottle  with  a  standard  furnished  with 
equipment  (see  directions  in  case).  In  case  the  solution  in 
the  test  bottle  has  developed  a  darker  color  than  that  in  the 
sample  bottle,  no  permit  should  be  issued  for  the  sand  repre- 
sented by  this  sample.  The  sample  should  then  be  taken 
and  forwarded  to  the  laboratory  and  a  report  made  in  the 
manner  above  designated. 

Whenever  a  sieve  analysis  is  required  of  a  concrete  sand. 
proceed  in  the  same  manner  as  specified  therefor  under 
"Bituminous   Sands.'" 

Bituminous  Sands. — Bituminous  sands  shall  be  sampled  and 
compared  with  the  inspector's  sample  in  the  same  manner  as 
specified  for  concrete  sands.  The  dried  sample  shall  be 
sieved  as  herein  specified,  and  the  results  secured  compared 
with  the  analyses  made  by  the  laboratory  on  the  first  sample. 
Samples  taken  from  the  hopper  of  an  asphalt  plant  snail  be 
quartered  and  sieved  in  the  same  manner  as  specified  for  a 
sand. 

Sieve  Analyses. — A  2P0  or  300  gram  sample  of  the  dry  sand 
shall  be  selected  in  such  a  manner  that  it  represents  the 
average  composition  of  the  sand  dried.  The  bottom  pan 
shall  be  then  attached  to  the  14-niesh  sieve  and  the  weighed 
sample  poured  into  this  sieve.  The  sieve  shall  then  be 
shaken  until  practically  no  more  material  can  be  made  to 
pass  this  size  sieve.  The  material  retained  on  the  sieve 
shall  then  be  weighed,  the  weight  recorded  and  this  mate- 
rial discarded. 

The  material  which  has  collected  in  the  bottom  pan  shall 
be  transferred  to  one  of  the  weighing  pans  or  onto  a  clean 
paper,  the  bottom  pan  adjusted  to  the  next  size  sieve  (10 
mesh),  the  unweighed  portion  of  the  sample  transferred  to 
this  sieve  and  shaken  until  practically  nc  more  material 
passes  this  sieve.  The  material  retained  on  this  sieve  is 
then  weighed  in  the  same  nammer  as  before  and  the  oper- 
ation repeated  for  each  of  the  various  size  sieves,  using  next 
lar.sest  sieve  in  each  case.  The  material  that  is  finally  se- 
cured   in   the   bottom    pan    will   be   that    passing   a   200-mesh 
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sieve  The  weights  secured  for  the  material  retained  on 
each  sieve  should  be  divided  by  two  if  a  200-gram  sample  is 
used,  or  three  if  a  300-gram  sample  is  used,  which  will  give 
the  per  cent  of  the  various  sizes  of  the  sand  grains  contained 
in  the  sample. 

It  is  not  expected  that  the  results  thus  secured  should 
agree  with  the  analyses  made  by  the  laboratory  on  the  first 
sample  approved,  but  should  not  show  a  variation  of  over  ;i 
per  cent  above  or  below  that  reported  by  the  laboratory  for 
the  material  retained  on  any  one  given  sieve. 

Stone,  Gravel,  or  Other  Coarse  Aggregate. — In  addition  to 
general  appearance  examination  to  determine  whether  the 
quality  compares  with  that  of  approved  sample,  the  sizes  of 
coarse  aggregate  must  be  checked  from  time  to  time  with 
the  larger  sievtes  having  circular  openings.  With  these 
sieves,  proceed  as  in  sieve  analyses  of  sand  except,  of  course, 
it  will  be  necessary  to  use  a  larger  sample. 

Portland  Cement. — There  is  no 'field  test  for  Portland 
cement,  except  that  in  cases  where  the  original  container  has 
been  wet,  or,,  for  any  other  reason,  the  material  contained 
therein  has  become  hard  and  lumpy,  no  permit  will  be  issued 
for  cement  of  this  character. 

Bituminous  Cement. — The  only  field  test  to  be  made  on 
bituminous  cement  is  to  check  up  the  consistency,  or,  in 
other  words,  determine  the  penetration  the  material  has  at 
2.5°  C.  (77°  F.).  To  make  this  test  a  3-oz.  can  is  filled  nearly 
full  of  hot  asphalt  cement.  When  cooled  to  nearly  normal 
temperature,  it  should  be  set  in  a  pan  containing  sufficient 
water  to  completely  cover  the  can.  This  water  should  be 
kept  at  25°  C.  for  about  one  hour.  The  specimen  is  then 
removed  from  the  water  and  placed  on  the  platform  of  the 
penetration  machine.  The  needle  is  then  adjusted  so  its 
point  just  touches  the  surface  of  the  asphalt  cement  and  the 
plunger  released  for  a  period  of  five  seconds.  The  readings 
on  the  dial,  which  was  previously  set  at  zero,  v/ill  show  the 
distance  in  millimeters,  the  needle  penetrated.  This  shows 
the  consistency  of  the  asphalt  cem.ent  and  should  agree  with 
.the  limits  defined  therefor  in  the  specifications. 
'  Bitumi.ious  Pavement  Samples. — All  pavement  samples  cut 
should  be  carefully  examined  to  see  if  they  have  the  thick- 
ness and  density  required  by  the  specifications.  If  the  pav- 
ing mixture  was  at  normal  temperature  when  spread  (about 
300°  F.),  the  general  appearance  of  a  clevage  face  of  the 
pavement  will  give  a  fair  idea  whether  the  bituminous  con- 
tent is  correct  or  not.  No  other  field  tests  are  required  on 
pavement   samples. 

Bituminous  iVlixtures. — The  temperature  of  these  mixtures 
should  be  taken  and  general  appearance  when  dumped  into 
the  wagon  observed.  If  the  mixture  is  at  normal  temper- 
ature (about  .300°  F.),  it  should  have  a  bright  and  lively  ap- 
pearance if  it  contains  the  required  quantity  of  asphalt 
cement.  It  it  is  deficient  in  asphalt  cement,  it  will  have  a 
dull  color,  being  more  plastic  and  stiffer  than  a  mixture  con- 
taining the  required  quantity  of  asphalt  cement.  When  a 
mixture  is  too  rich  in  asphalt  cement,  it  will  be  very  soft 
and  sloppy. 

The  paper-pat  test  is  a  more  reliable  method  of  determin- 
ing the  asphalt  content  of  a  paving  mixture  in  the  field  than 
to  judge  the  asphalt  content  of  these  mixtures  by  their  gen- 
eral appearance.     This  test  is  made  in  the  following  manner: 

Bituminous  Pat-paper  Test. — To  make  a  pat-paper  test,  a 
small  quantity  of  the  bituminous  mixture  (about  200  grams), 
having  a  temperature  of  about  300°,  is  placed  on  one-half  of 
the  pat-paper  and  the  other  half  turned  over  on  the  top  of 
the  mixture  and  gently  tapped  down  thereon  three  or  four 
times  with  a  small  wooden  block  or  paddle  until  the  bitumi- 
nous mixture  has  a  thickness  of  about  Vs  in.  The  paper 
should  also  rest  on  a  wooden  board  or  block  in  order  that 
the  paving  mixtures  will  not  cool  quickly.  The  top  paper  is 
then  gently  pulled  away  from  the  bituminous  mixture.  If 
the  mixture  is  deficient  in  asphalt  cement,  very  little  stain 
will  appear  on  the  paper;  if  too  rich  in  asphalt  cement,  a 
decisive  coating  will  be  left  on  the  paper:  if  the  per  cent  of 
asphalt  cement  is  about  right  in  the  paving  mixture,  a  dis- 
tinct impression  will  be  left  on  the  paper  but  not  enough  to 
make  a  coating. 

This  test  should  never  be  made  on  a  mixture  that  has  a 
temperature  less  than  275°  or  over  325°  P.,  otherwise  the 
asphalt  stain  on  the  paper  is  of  little  value  in  determining 
whether  the  mixture  contains  the  right  amount  of  asphalt 
rement  or  not. 

( 


The    "Sand"    Method    of    Propor- 
tioning Pit  Run  Gravel 
for   Concrete 

Although  screened  and  remixed  aggregates  for  concrete 
are  preferable  to  pit-run  gravel,  still  in  many  localities  large 
amounts  of  the  latter  material  are  used.  An  investigation 
to  establish  engineering  methods  for  the  proper  use  of  such 
material  has  been  conducted  by  the  Engineering  Experiment 
Station  of  the  Iowa  State  College,  at  the  request  of  the  Iowa 
State  Highway  Commission,  and  the  present  specifications 
of  the  Commission  for  the  use  of  pit  run  gravel  are  based 
upon  this  cost.  The  results  of  this  investigation  were  set 
forth  by  Mr.  R.  W.  Crum  of  the  Experiment  Station  in  a 
paper  presented  June  27  at  the  22d  annual  meeting  of  the 
American  Society  for  Testing  Materials.  The  matter  fol- 
lowing is  abstracted  from   Mr.   Crum's   paper. 

The  material  considered  in  the  paper  is  pit-run  gravel, 
to  be  used  without  change  as   it  comes  from   the  pit.     The 
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problem  is  to  establish  some  relation  between  grading  and 
the  amount  of  cement  such  that,  for  mixtures  of  the  same 
plastic  consistency,  concretes  of  equivalent  strength  could 
be   designed. 

To  establish  such  a  workable  relation,  it  is  necessary  to 
express  the  grading  of  the  gravel  by  numerical  functions. 
Other  experimenters,  notably  Abrams  and  Edwards,  have 
done  so,  and  their  work  could  be  used  as  a  basis  for  pro- 
portioning pit-run  materials.  However,  both  Abrams'  "Fine- 
ness Modulus"  and  Edwards'  "Surface  Area"  method  re- 
quire the  making  of  a  complete  sieve  analysis  of  the  ma- 
terial. The  method  described  below  requires  the  separa- 
tion of  a  sample  into  only  two  sizes  and  a  simple  deter- 
mination  of  the  weight  per   cubic  foot  of  the   loose  gravel. 

The  principal  conclusion  resulting  from  the  investigation 
carried  out  is  that  the  grading  of  pit-run  gravel  may  be 
measured  by  the  rato  of  fine  aggregate  to  total  aggregate 
(that  is,  percentage  of  fine  aggregate  in  total)  and  by  the 
weight  per  cubic  foot  of  the  material,  measured  loose.  For 
purposes  of  commercial  convenience  the  dividing  line  be- 
tween fine  and  coarse  aggregate  is  taken  on  the  common 
No.  4  sieve.  In  the  following  discussion,  fine  aggregate  as 
defined  above  will  be  called  "sand,"  and  coarse  aggregate 
"pebbles.' 

Two  assumptions  have  often  been  made  by  users  in  pro- 
portioning  the   cement   to   pit-run   gravels: 
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1.  That  the  ratio  of  cement  to  total  aggregate  should  be 
a   constant. 

2.  That  the  ratio  of  cement  to  the  sand  portion  of  the  ag- 
gregate should   be  a  constant. 

The  former  is  wrong  and  on  the  unsafe  side.  The  latter 
is  also  wrong  but  is  on  the  side  of  safety. 

Obviously,  neither  the  ratio  of  cement  to  total  aggregate, 
nor  the  ratio  of  cement  to  the  sand  portion,  should  be  a 
constant,  but  for  equivalent  mixtures  the  ratio  of  cement  to 
total  aggregate  should  increase  in  some  relation  to  the 
percentage  of  sand  in  the  gravel.  That  this  is  a  straight 
line   relation    is   demonstrated   below: 

Theory  for  Making  Concretes  of  Equivalent  Strength   Using 

Gravels  of  Varying  Sand  Content — The  "Sand"  Method. 
— This    theory   depends    upon    the    assumption    that    there    is 
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Fig.  2 — Diagram  for  Use   in   Determining   Proportions  to   Use  witii  a 
Given   IVIaterial   Having  a  Certain   Sand   Content. 

To  determine  amount  of  ceinent  to  use  with  a  given  pit-run 
S'ravel  to  yield  a  concrete  equivalent  to  a  given  mixture  of  sand 
.'ind  gravel; 

(1)  Reduce  the  proportion  of  the  standard  mix  to  the  basis  of 
absolute  volume. 

(2)  Determine  from  curve  decrease  in  parts  of  aggregate  corre- 
sponding to  increase  in  percentage  of  sand  in  aggregate. 

(3)  Chan:?e  the  absolute  volumes  thus  found  to  the  loose  vol- 
ume basis. 

Formula  for  computing  Item  2: 

tau   a  =  — '■ —  =  0.058     (see   A   B.    Fig.    1. 

62 
y  =  X  tau  a  =  0.058x. 

a  direct  relation   between   the   strength  of  concrete  and   the 
ratio 

c  c 


1— (c  +  s  +  p)  1  — d 
in  which  c  =  absolute  volume  of  cement,  8  =  absolute  vol- 
ume of  sand  particles,  and  p:=  absolute  volume  of  pebbles  in 
a  unit  volume  of  freshly  made  concrete;  d  =;  coefficient  of 
density  =:  absolute  volume  of  solid  material  in  a  unit  vol- 
ume of  freshly  made  concrete  ^c-|-s  +  p;  and  1  —  d=: 
volume  of  air  and  water  voids. 

By  absolute  volume  of  a  granular  material  is  meant  the 
actual  sum  of  the  volumes  of  all  of  the  particles;  it  is  ex- 
pressed as  the  fractional  part  of  the  total  space  occupied 
by  the  material. 

In  order  to  compute  proportions  tor  equivalent  strength, 
it  is  necessary  to  assume  for  each  class  of  concrete  that 
some  mixture  is  satisfactory.  For  the  three  classes  of  con- 
crete conidered  in  this  paper,  the  following  mixtures  were 
taken  as  the  basis:  ~ 

Class      I — Prportion  1  :  4%.   gravel   containing   42   per   cent 
sand. 

Class     II — Proportion  1:5%.  grave!  containing  42  per  cent 
sand. 

Class  III — Proportion    1:7,    gravel    containing    42    per   cent 
sand. 

Taking  each  series  of  tests  by  itself,  the  probable  pro- 
portions to  use  with  the  different  percentages  of  sand  in  the 
aggregate,  to  yield  concrete  equivalent  to  the  one  having  42 
per  cent  of  sand  in  the  aggregate,  were  derived  as  follows: 

DATA   CONCERNING   PROPORTIONS   FROM  TYPICAL,  SERIE-S. 


Per  cent  of 

sand  in 

c 

aggregate. 

c 

s 

P  „ 

33    

..0.fl9S 

0.227 

0.440 

0.763 

42    

.  .0.105 

0.286 

0.378 

0.769 

0.455 

55    

..0.122 

0.361 

0.282 

0.765 

75    

.  .0.132 

0.456 

0.145 

0.733 

95     

.  .0.167 

0.525 

0.026 

0.71S 

To   arrange   the   proportions   for   equivalent   strength   it   is 
necessary   to   so   change   the   relation   between   the   absolute 

c 

volumes  of  cement  and  aggregate  that  the  ratio  will 

1— d 
in  each  case  become  equal  to  0.455.     The  adjustment  can  be 
made   by   increasing   or   decreasing   c   and   decreasing  or  in- 
creasing s-f  p,  so  that  d  will  be  unchanged,  thus: 

let  c',  s'  and  p'  be  the  new  values  required  for  c,  s  and  p, 
respectively.     As  explained  above,  these  values  are  the  per- 
centages of  absolute  volumes  of  the  materials  in  a  unit  vol- 
ume of  freshly  made  concrete, 
c'  c' 

= =  0.455 

1—  d       1  —  (c' -t- s' +  p') 
Therefore,  to  convert  the  mixture  containing  33  per  cent  of 
sand: 

c' 
' =  0.455 


1  —  0.763 

c'  =  0.108 
d  =  c'  -f  s'  -f  p' 
0.763  =  0.108  +  (s'-f  p') 
(s'  +  p')  =  0.655 
Accordingly  the  ratio  of  absolute  volume  of  cement  to  abso- 
lute volume  of  total  aggregate,  required  to  make  a   propor- 
tion using  the  33-per-cent  sand  mixture  equivalent  to  the  42- 
per-cent  mixture  is 

108   :   655,  or  1   :   6.7 
New   proportions  for  the   55,   75,  and   95-per-cent  mixtures 
were  computed   in   the  same  way. 

This  theory  is  approximate,  not  rigorous,  for  when  the 
concrete  is  actually  made,  the  density  d  will  be  affected  a 
small  amount.  The  result  obtained,  however,  is  within  the 
probable  range  of  accuracy  in  making  the  concrete. 

The  proportions  thus  derived  are  by  absolute  volumes.  To 
make  these  proportions  usable  it  is  necessary  to  convert 
them  to  a  loose  volume  basis,  which  requires  the  weight  per 
cubic  foot  of  cement  and  loose  aggregate.  Assuming  cement 
to  weigh  94  lb.  per  cu.  ft.,  its  specific  gravity  =  3.14,  and 
that  of  the  aggregate  =  2.68,  absolute  volume  proportion  of 
aggregate  (cement  =^  1)  may  be  changed  to  loose  volume  pro- 
portion by  the  following  equation: 

Aggregate  (absolute)  X  80 

Aggregate     (loose)    = — - 

Weight  per  cu.  ft.  of  aggregate  (loose) 
In  this  way  the  absolute  proportions  and  loose  volume  pro- 
portions of  materials  to  yield  concrete  equivalent  in  strength 
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Fig.   3 — Diagram   for    Use    in    Proportioning    Pit-Run    Gravel   for 
Class   I   Concrete. 

to  the  one  in  each  series  whose  aggregate  contained  42  per 
cent  of  sand,  was  determined  for  aggregates  containing  33, 
55,  75,  and  95  per  cent  of  sand. 

In  Fig.  1  the  relation  between  the  proportions  for  equiva- 
lent strength  by  absolute  volume,  and  percentage  of  sand 
in  aggregate,  is  shown  for  all  of  the  specimens  tested.  Each 
line  is  the  average  of  results  from  3  or  4  different  sands,  and 
therefore  represents  the  conclusion  drawn  from  3  or  4  series 
of  tests.  Each  point  is  the  average  of  from  75  to  100  indi- 
vidual specimens. 

The  conclusion  drawn  from  a  study  of  this  diagram  is  this: 
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The  relation  between  proportions  by  absolute  volumes  to 
give  equivalent  strength,  and  sand  content  of  the  aggregate, 
varies  uniformly  and  at  approximately  the  same  rate  for  all 
degrees  of  quality  of  concrete.  The  line  AB  in  the  diagram 
is  established  to  indicate  this  rate  of  variation  as  an  average. 

To  make  use  of  this  diagram  to  determine  the  proportions 
to  use  with  a  given  material  having  a  certain  sand  content,  it 
is  necessary  first  to  assume  an  aggregate  and  proportion 
known  to  be  satisfactory.  Locale  the  point  representing  this 
known  condition  and  draw  a  line  through  it  parallel  to  AB. 
Then  pick  from  this  line  of  proportions  the  proportion  cor- 
responding to  the  given  aggregate. 

To  make  a  single  line  diagram  of  general  application,  the 
line  AB   (Fig.  1)  is  plotted  on  Fig.  2,  using  for  ordinates  the 
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Fig.    4. — Diagram    for    Use    in    Proportioning    Pit-Run    Gravel    for 
Class    II    Concrete. 

decrease  in  parts  of  aggregate,  and  for  abscissas  the  increase 
in  percentage  of  sand  in  the  aggregate.  This  diagram  can  be 
used  for  determining  proportions  in  a  case  when  the  proper 
data  are  at  hand,  or  for  writing  a  table  of  proportions  for 
equivalent  mixtures  of  cement  and  pit-run  gravels  in  gen- 
eral.    Such  a  table  could  not  be  exact  for  all  materials,  but 


TABLE  I— PIT-RUN  GRA^'EL  CONCRETE  PROPORTIONED 
THE   SAND  METHOD. 
Characteristics,  „ 

mixed  aggi'egate.  Proportions. 
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10.9 

2565 

.S5 

109.3 

360 

1753 

1:3.78 

1:4.10 

1:3.25 

0.433 

11.3 

25S0 

95 

106.9 

327 

1931 

1:3.41 

1:3.7 

1:3 

0.434 

12.3 

2160 

3S 

113.9 

533 

819 

1:7.27 

1:7.90 

1:6 

0.30S 

10.1 

1343 

A", 

114.7 

501 

978 

1:6.71 

1:7.28 

1:5.5 

0.340 

9.6 

1920 

55 

117.5 

45S 

1220 

1:6.25 

1:6.79 

1:5.0 

0.343 

10.2 

1800 

fi5 

115.7 

424 

1398 

1:5.54 

1:6.01 

1:4.5 

0.363 

10.3 

1953 

75 

113.G 

392 

1575 

1:5.14 

1:5. 5S 

1:4.25 

0.367 

10.6 

2135 

S5 

109.3 

360 

1753 

1:4.65 

1:5.06 

1:4 

0.356 

11.7 

2005 

95 

106.9 

327 

1931 

1:4.26 

1:4.63 

1:3.75 

0.373 

12.4 

1860 

3.S 

113.9 

533 

819 

1:8.78 

1:9.52 

1:7.25 

0.269 

9.4 

1113 

43 

114.7 

501 

978 

1:8.54 

1:9.26 

1:7.0 

0.284 

9.5 

131S 

55 

117.5 

45S 

1220 

1:8.13 

1:8.82 

1:6.5 

0.270 

9.9 

141.-; 

i;s 

115.7 

424 

1398 

1:7.38 

1:8.14 

1:6 

0.287 

10.1 

1416 

75 

113.6 

3HX 

1575 

1:6.95 

1:7.54 

1:5.75 

0.263 

11.2 

1225 

S5 

109.3 

36(1 

1753 

1:6.40 

1:6.93 

1:5.5 

0.263 

12.3 

10F.9 

95 

106.9 

327 

1931 

1:5.87 

1:6.38 

1:5.0 

0.260 

13.7 

1031 

.fS 

115.6 

494 

756 

1:6.15 

1:6.8 

1:5 

0.447 

8.8 

3120 

4R 

115.0 

4fiS 

915 

1:5.50 

1:6.3 

1:4.5 

0.490 

8.6 

3290 

55 

114.4 

431 

1142 

1:4.87 

1:5.53 

1:4.0 

0.536 

8.8 

3260 

75 

112.5 

374 

1495 

1:4.16 

1:4.73 

1:3.5 

0.602 

9.3 

2970 

90 

102.5 

320 

1S39 

1:3.27 

1:3.8 

1:3 

0.604 

10.8 

3090 

.■!S 

115.6 

494 

756 

1:9.22 

1:10.3 

1:7.5 

0.231 

7.7 

2000 

■K 

115.0 

46S 

915 

1:8.56 

1:9.7 

1:7.0 

0.293 

9,1 

1810 

55 

114  4 

431 

1142 

1:7. 9t 

1:9.0 

1:6.5 

0.316 

9.25 

1950 

75 

112.5 

374 

1495 

1:6.88 

1:8.0 

1:5.75 

0.334 

10.6 

15S0 

95 

102.5 

320 

1839 

1:5.45 

1:6.3  - 

1:5.0 

0.371 

11.0 

17>j0 

it    would   give   a   very   reasonable   set   of   proportions    to   use 
with  Iowa  gravels. 

EXAMPLE. 
Assume  that  an  aggregate  containing  42  per  cent  of  sand,  and 
weighing  112  lb.  per  cu.  ft.,  makes  a  satisfactory  concrete  in  the 
proportion  1:4^^  loose  volume.  What  proportion  should  be  used 
with  a  similar  gravel  containing  75  per  cent  of  sand  and  weighing 
107.1  lb.  por  cu.  ft.? 

Change  the  proportion  l:4i^  to  a  proportion  by  absolute  volume, 
thus: 

4.5X112 

—  6.3.    P^-oportion  (absolute)  =  1:6.3. 

80 
The  increase  in  percentage  of  sand  is  33.     From  Fig.  2  the  cor- 
responding decrease  in  parts  of  aggregate  is  1.9.      6.3  — 1.9  =  4.1. 
Therefore,  the  proportion  for  the  aggregate  containing  75  per  cent 
sand  should  l>e  1:4.4,  absolute  volume's,  or  1:3.3  loose  volumes. 

Fig.  2  is  perfectly  general  and  can  be  used  for  designing 
mixtures  equivalent  to  any  assumed  base. 

The  diagrams  in  Figs.  3,  4  and  5  have  been  arranged  for 
convenience  in  proportioning  pit-run  gravels  for  three  classes 
of  concrete: 

Class  I,  suitable  for  reinforced  concrete  in  general,  water- 
tight concrete,  and  base  course  of  concrete  pavement.  It 
should  range  in  strength  from  2400  to  3000  lb.  per  sq.  in. 

Class  II,  suitable  for  first  class  foundations,  gravity  section 
piers  and  abutments  for  bridges,  and  base  course  of  non- 
reinforced  floors  and  walks.  It  should  range  in  strength 
from  1800  to  2400  lb.  per  sq.  in. 

Class  III,  suitable  for  large  foundations  and  heavy  mass 
work  in  general.  It  should  range  in  strength  from  1200  to 
1800  lb.  per.  sq.  in. 

Verification. — Table  I  shows  the  resulting  strengths  of 
laboratory  specimens  made  in  accordance  with  the  foregoing 
principles.  It  is  believed  that  these  results  verify  the  reason- 
ableness of  the  method  ot  proportioning  pit-run  gravels  de- 
scribed. Series  Nos.  48,  49  and  .50  were  made  about  one 
year  after  series  Nos.  46  and  47  from  different  materials,  and 
by  a  different  operator.  The  consistency  was  approximately 
the  same  in  both  groups. 

Application. — The  mere  fact  that  pit-run  gravel  is  ordinarily 
not  a  well-graded  material,  is  not  an  insuperable  obstacle  to 
its  use.  All  that  is  required  is  its  use  with  the  right  amounts 
of  cement  and  water.  The  principal  difficulty  is  the  fact 
that  the  product  of  a  pit  is  often  extremely  variable  as  re- 
gards grading.  Nevertheless  large  amounts  of  this  material 
are  being  used,  and  since  in  many  cases  great  economy  re- 
sults from  its  use,  it  would  seem  that  engineers  should  be 
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♦Material  used — I  48,  II  49  and  III  ,50:    Sand,  No.  21;  pebbles  No. 
23.     I  46  and  II  47:    Sand,  No.  20;  pebbles  No.  22. 


Fig.   5 — Diagram    for   Use    in    Proportioning    Pit-Run    Gravel   for 
Class   III   Concrete. 

prepared  to  lay  down  rules  for  the  proper  handling  of  this 
material. 

An  important  advantage  of  the  method  of  proportioning 
described  in  the  paper  is  the  simplicity  of  the  field  tests 
required.  The  percentage  of  fine  aggregate  (or  sand)  in  the 
gravel,  and  the  weight  per  cubic  foot,  can  easily  be  deter- 
mined with  simple  apparatus. 

In  practical  use,  frequent  analysis  must  be  made  and  the 
proportions  changed  as  often  as  is  necessary  to  agree  with 
the  variations  in  the  material. 
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Cost  of  Maintaining   City  Owned 
Teams 

Interesting  data  on  the  maintenance  of  horses  by  munici- 
pal departments  are  given  in  a  recently  issued  report  by  the 
Rochester  Bureau  of  Municipal  Research,  Inc.,  on  the  col- 
lection of  refuse  in  the  city  of  Rochester,  N.  Y.: 

Cost  of  Maintaining  Horses  at  Columbus,  O. — According  to 
the  report  of  Superintendent  E.  \V.  Stribling.  of  the  Division 
of  Garbage  and  Refuse  Collection,  the  cost  of  maintaining  142 
horses  by  the  city  of  Columbus,  O.,  in  191o  was  83.7  ct.  per 
horse  per  day.     This  included  a  cost  of  41.63  ct.   for  feed; 

13.53  ct.  for  veterinary  services,   shoeing  and   supplies;    and 

28.54  ct.  for  stable  labor.  In  1915  the  unit  cost  was  S3  ct. 
per  horse  per  day,  including  45.77  ct.  for  feed,  11.98  ct.  for 
veterinary  services,  shoeing,  and  supplies  and  25.25  ct.  for 
stable  labor.  The  labor  force  consisted  of  16  men  and  a 
night  watchman.  The  cost  of  feed  was  about  |14  per  ton 
for  hay,  75  ct.  per  bushel  for  corn  and  50  ct.  per  bushel  foi 
oats.  Straw  cost  about  %1  per  ton.  In  1916  each  horse  con- 
sumed daily  30  lbs.  of  hay.  and  13  lbs.  of  grain,  5.3  lbs.  of 
straw  were  used  in  bedding  each  horse.  In  1915  these  quan- 
tities were  31  lbs  ,  12.75  lbs.,  and  6.3  lbs.  respectively. 

Cost  of  Horse  IVIaintenance  at  Cincinnati. — Similar  costs 
for  1916  in  the  city  of  Cincinnati,  given  in  the  report  of  Fred 
Maag,  Superintendent  of  the  Depaitment  of  Street  Cleaning. 
Sewer  and  Catch  Basin  Cleaning,  indicate  that  34.9  ct.  per 
horse  per  day  was  the  cost  of  feeding  and  39.4  per  ct.  was  the 
cost  of  "other  stable  expenses,"  the  total  cost  being  74.3  ct. 
per  horse  per  day.  Approximately  190  horses  and  SO  mules 
were  maintained  in  17  stables,  practically  one-half  of  this 
number  being  boarded  in  one  stable.  Each  horse  consumed 
14.7  lbs.  of  hay,  11.5  lbs.  of  oats  and  2.S  lbs.  of  nutritia  daily. 
Hay  cost  about  $18  per  ton,  oats  45  ct.  per  bushel  and  nutritia 
$1.50  per  hundredweight.  (No  allowance  apparently  was 
made  for  bedding  straw.) 

Cost  of  Feeding  Horse  at  Washington. — In  Washington,  D. 
C,  according  to  the  report  of  the  Engineering  Department 
for  the  fiscal  year,  1915-16,  the  cost  of  feed  amounted  to  40.2 
ct.  per  horse  per  day.  The  daily  allowance  per  hoise  was 
3.3  lbs.  of  dry  straw,  7  lbs.  of  long  timothy,  7  lbs.  of  mixed 
clover  hay,  12.8  lbs.  of  oats  and  1.7  lbs.  of  bran.  Straw  cost 
at  the  rate  of  $16.  long  timothy  at  $20.80  and  mixed  clover 
hay  at  $20  per  ton,  oats  at  54  ct.  per  bushel  and  bran  at  $1.27 
per  hundredweight.  The  cost  of  shoeing  was  stated  to  be  2.1; 
ct.  per  horse  per  day. 

Cost  of  Maintaining  Horses  by  New  York  Street  Cleaning 
Department. — In  the  annual  report  of  the  Department  of 
Street  Cleaning  of  New  York,  in  1916,  Commissioner  .1.  T. 
Fetherston  states  that  the  cost  of  "labor,  materials,  s applies 
and  consumable  equipment  used  directly  in  the  care  of 
horses"  amounted  to  $1,087  per  horse  per  day  and  that  this 
cost  represents  prices  of  forage  and  supplies  considerably 
above  normal.  About  64  per  cent  of  the  total  cost  represents 
the  cost  of  forage,  30  per  cent  the  direct  labor  cost  and  6 
per  cent  the  cost  of  maintaining  stable  equipment.  In  the 
26  stables  maintained  by  the  department;  2.400  horses  were 
cared  for  One  hostler  and  one  stableman  were  employed 
for  each  13  horses.  In  1917.  the  daily  allotment  for  each 
horse  was  23  lbs.  of  oats,  IS  lbs.  of  hay,  3  1/7  lbs.  of  bran 
and  3  lbs.  of  straw.  In  addition  to  this  each  horse  was  given 
IVz  lbs.  of  coarse  salt  and  2%  lbs.  of  rock  salt  per  month. 
When  idle  the  horses  were  given  half  ration  of  oats.  In 
1916,  the  daily  ration  was_21  lbs.  of  oats,  15  lbs  of  hay  and 
11/7  lbs.  of  bran.  The  other  items  were  practically  the 
same  as  for  1917.  This  appears  to  be  an  unusually  heavy 
ration  and  the  cost  of  feed  alone  was  practically  70  ct.  per 
horse  per  day. 

Stable  Costs  at  Rochester. — For  Rochester  it  was  possible 
to  obtain  from  James  M.  Harrison,  formerly  superintendent 
for  the  Genesee  Reduction  Co.,  data  of  the  cost  of  maintain- 
ing horses  employed  in  garbage  collection  from  1908  to  191d. 
On  Jan.  1,  1917,  the  Department  of  Public  Works  took  over 
the  operation  of  the  garbage  plant  stables  and  the  1917  costs, 
therefore,  are  available  also. 

In  1917  the  68  horses  quartered  at  the  garbage  plant 
stables  cost  about  68  ct.  per  horse  per  day  to  maintain.  The 
approximate  cost  of  feed  amounted  to  50.7  ct.:  the  direct 
labor  cost  of  stable  operation,  9.4  ct. ;  and  the  estimated 
cost  of  barn  supplies,  shoeing  and  harness  repairs,  7.9  ct.  per 
horse  per  day.  No  exact  ration  allotment  was  made,  but 
according  to  the  total  quantities  purchased  during  the  year 
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each  horse  consumed  about  11  lbs.  of  oats  and  22  lbs.  of  hay 
per  day.  The  approximate  average  cost  of  oats  was  SO  ct. 
per  bushel  and  the  cost  of  hay  was  about  $18  per  ton.  The 
stable  force  consisted  of  one  barnman  and  three  helpers,  the 
barnman  and  one  helper  working  seven  days  and  the  other 
two  helpers  six  days  per  week.  The  drivers  cleaned  and 
harnessed  the  horses  and  gave  them  their  noon  feeding. 

The  foregoing  data  and  certain  additional  data  as  to  the 
cost  of  maintaining  horses  by  the  Genesee  Reduction  Co. 
before  1917,  are  shown  in  Tables  I  and  II. 

From  the  foregoing  and  other  data  it  appears  that  a  horse 
used  in  collection  work  should  be  fed  on  the  average  about 
20  lbs.  of  hay  and  14  lbs.  of  oats  per  day,  in  addition  to  pos- 
sibly 2  lbs.  of  other  feed,  consisting  principally  of  bran,  salt, 
etc.  Also  each  horse  should  be  bedded  with  approximately 
5  lbs.  of  dry  straw  daily.  On  this  basis  and  with  hay  costing 
$18  per  ton.  oats  80  ct.  per  bushel,  other  feed  $1.50  per  hun- 
dredweight and  straw  $12  per  ton,  the  total  daily  cost  per 
horse  of  feed  and  bedding  would  amount  to  the  following: 

.iO  lb.  of  hay  at  $18  per   ton JO.IS 

1 1  lb.  of  oats  at  $0.80  per  bu 35 

2  lb.  of  other  feed  at  $1.50  per  cwt 03 

5  lb.  of  straw  at   $12  per  ton 03 

Total  estimated  cost  of  feed  and  bedding  per  horse  per  day. $0.59 
In  addition  to  this  the  cost  of  veterinary  services,  main- 
tenance of  stable  equipment  and  supplies,  shoeing,  and  har- 
ness repairs  should  not  exceed  12  ct.  per  horse  per  day.  If 
one  hostler  at  $800  per  year  and  one  stableman  at  $750  per 
year  were  provided  for  every  20  horses,  the  direct  labor  cost 
of  stable  operation  would  amount  to  about  21  ct.  per  horse 
per  day.  This  would  include  the  cost  of  all  work  involved  in 
feeding,  bedding,  cleaning  and  otherwise  caring  for  horses, 
and  all  labor  about  the  stables  such  as  cleaning  stables,  han- 
dling feed  and  supplies,  handling  and  moving  equipment, 
citaning  equipment,  etc. 

The  total  cost  per  horse  per  day,  therefore,  might  be  esti- 
mated at  92  ct.,  distributed  as  follows: 

Feed  and  l>edding JO.oS 

Veterinarian,  shoeing,  harness  repairs,  etc 12 

Direct  labor  cost  of  stable  operation 2i 

Total  maintenance  cost  per  horse  per  day $u.S2 

The  annual  cost  of  maihtaing  horses  at  this  figure  would 
be  $336.65  per  horse,  exclusive  of  the  cost  of  overhead  super- 
vision; fixed  charges  on  first  cost  of  horses,  stable  sites  and 
stable  buildings,  depreciation  of  horses,  and  depreciation  and 
maintenance  of  stable  buildings. 

The  annual  (purchase)  cost  of  the  horses  used  in  garbage 
lollection  in  Rochester  since  1912  has  been  about  $31  per 
horse,  which  includes  replacements  as  well  as  the  purchase 
of  three  horses  during  the  six  years  in  addition  to  the  num- 
ber owned  at  the  beginning  of  the  period.     [See  Table  II]. 

T.\BLB  1— COST   OF  FEEDING   HORSES   EJIPLOTED   IN   THE 

COLL.ECTIOX   OF   G.A.RBAGE   IK  ROCHESTER, 

N.  Y.,   1908  TO  1916. 

Total  cost  of  .Approximate  .Wera^e  cost 

Year.                                 feed   (srain,  number  pe*-  horse 

hav.  straw)  horses  fed.  per  day. 

1?08 $7,364.08  40  $0,505 

1909 6,964.89  40  .477 

1010 6,912.67  40  .474 

1911 6.827.04  40  .467 

1912 7,816.29  65  .330 

1913 9,269.83  65  .395 

1914 8,771.77  65  .370. 

1915 10,666.02  66  .443 

1916 9,570.47  66  .397 

T.ABLSl  II— COST  OF  RENEWALS  OP  HORSES  EMPLOYED  IN 

THE   COLLECTION   OF  GARBAGE   IN  ROCHESTER. 

N.    Y.,    1912    TO    1917. 

Total  .\pproximate       .Average  cost 

Year.  expenditure  number  of  per  horse 

for  horses.  horses.  per  year. 

1912 $2,219  65  $34 

1913 1,885  65  29 

1914 4.205  65  65 

1915 1,020  66  15 

1916 1,675  66  24 

1917 1,125  68  17 

Estimates  as  to  the  economic  lite  of  a  horse  used  in  collection 
work  var>-  from  4'^  to  8  years.  It  is  believed,  however,  that  a  good 
horse  should  give  at  least  six  years  of  useful  service  in  this  kind 
of  work.  .Assuming  a  first  cost  of  $275  and  a  salable  value  of  $75 
at  the  end  of  six  years,  the  annual  depreciation  would  be  $33.33 
per  year  per  horse. 


$900,000  Highway  Contract  in  Illinois. — The  State  Highway 
Department  of  Illinois  has  awarded  a  $900,000  contract  for 
constructing  a  section  of  the  Springfield-Carlinville  highway. 
The  contract  covers  40  miles  of  highway.  James  Llack 
-Masonry  Co.,  Chicago,  111.,  is  the  contractor. 
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Water  and  the  Subgrade* 

By  J.  L.  HARRISON, 
Highway  Engineer,  Bureau  of  Public  Works. 
The  development  of  the  heavy  truck  has  brought  to  the 
front  a  number  of  problems  in  highway  design  which  de- 
mand consideration,  but  of  these  none  are  of  more  pressing 
importance  than  those  which  arise  in  designing  the  sub- 
grade  of  a  modern  highway.  This  is  because  as  a  struc- 
ture the  subgrade  is  less  reliable  than  the  pavement  that 
is  laid  on  it,  with  the  result  that  more  money  must  be  ex- 
pended on  the  pavement  than  would  be  necessary  if  the 
stability  of  the  subgrade  could  be  so  adjusted  that  its  sup- 
porting power  would  become  a  reasonably  uniform  quan- 
tity. 

There  have  been  some  efforts  to  develop  the  supporting 
power  of  the  subgrade  into  a  known  quantity,  and  text- 
books on  highway  engineering  have  generally  recognized 
the  need  of  improvement  in  this  particular  by  urging  that 
one  of  the  most  important  considerations  in  the  design  of 
a  highway  is  that  the  subgrade  be  kept  dry,  there  being  in 
this  presentation  of  the  matter  two  obvious  assumptions, 
first,  that  it  is  possible  to  keep  the  subgrade  dry,  and,  sec- 
ond, that  if  the  subgrade  is  kept  dry  it  will  have  a  support- 
ing power  of  such  uniform  quantity  that  it  will  offer  a  re- 
liable foundation   for  any   pavement   which   is   laid   over  it. 

These  assumptions  are  interesting  because  the  last  is 
almost  unquestionably  the  result  of  the  common  experience 
that  during  the  summer  months  when  subgrades  are  rela- 
tively dry  their  carrying  capacity  (except  in  the  case  of 
sands  and  gravels)  is  higher  than  when  they  are  wet.  On 
the  other  hand,  the  first  assumption  seems  to  have  arisen 
from  the  logical  deduction  that  by  keeping  subgrades  dry 
the  strength  and  the  comparative  uniformity  of  support- 
ing power  which  subgrades  show  during  the  summer  months 
would   persist    throughout   the   year. 

Drainage  Often  Fails  to  Get  at  Real  Seat  of  Trouble.— 
For  some  reason  there  has  been  connected  with  this  ob- 
vious deduction  the  idea  that  an  impervious  pavement  and 
proper  drainage  will  produce  the  desired  condition  of  the 
subgrade.  However,  the  emphasis  which  has  been  placed 
on  proper  drainage  as  a  factor  in  producing  this  result  has 
been  greater  than  the  facts  warrant,  for  drainage,  in  the 
strict  sense,  deals  only  with  the  removal  of  that  water  in 
the  soil  and  on  its  surface  which  is  subject  to  the  action 
of  gravitation.  But  under  many  conditions  the  water  which 
is  causing  trouble  in  a  subgrade  is  held  in  the  soil  in  spite 
of  the  action  of  gravitation.  Therefore  drainage,  no  mat- 
ter how  complete,  often  has  been  unsatisfactory,  for  it  has 
quite  generally  failed  to  get  at  the  real  seat  of  the  trouble. 
On  the  other  hand,  this  fact  did  not  become  as  conspicuous 
when  light  loads  were  moved  over  the  pavements  as  it  has 
become  since  heavy  trucks  came  into  common  use. 

Subgrades  are  constructed  of  all  sorts  of  soil,  the  gen- 
eral practice  being  to  build  subgrades  of  whatever  soil  hap- 
pens to  be  on  the  right  of  way.  As  a  result  of  this  prac- 
tice, the  soils  found  in  ordinary  subgrades  vary  from  rock 
and  coarse  gravel  to  clays  which  are  so  fine  that  much  of 
the  kaolin  of  which  they  are  largely  composed  exists  in  a 
colloidal  state.  But  all  soils  contain  moisture,  and  here 
lies  the  great  difference  in  the  behavior  of  different  soils 
under  the  same  conditions  of  drainage,  for  part  of  the 
moisture  in  these  soils  is  moved  by  gravitation  and  part 
by  capillary  attraction.  (We  have  no  particular  interest  in 
that  part  of  the  moisture  content  of  soils  which  exists  as 
surface  Alms  on  the  soil  particles.)  It  is  a  well-known  fact 
that  the  percentage  of  pore  space  in  different  soils  does  not 
vary  over  a  very  wide  range,  but  the  size  of  the  pores 
varies  a  great  deal.  In  coarse  gravel  the  pores  may  be 
quite  large,  in  clay  they  are  very  small.  Practically  all 
of  the  water  which  exists  in  gravel  is  gravitational— that 
Is,  moved  by  gravity-r-while  in  a  very  fine  clay,  as  fire  clay, 
whatever  free  water  is  present  is  capillary  water,  there 
being  almost  no  gravitational  water  at  all.  Between  the 
coarse  gravels  and  the  fine  clays,  which  are  used  as  types 
because  one  contains  practically  no  water  held  by  capillary 
attraction  and  the  other  almost  none  that  is  subject  to  the 
action  of  gravitation,  lie  most  of  the  soils  used  in  con- 
structing highway  subgrades.  Unfortunately,  these  soils 
tend  to  resemble  the  clays  more  than  they  do  the  gravels. 
Where   Drainage    Fails. — It  is  not   surprising,   therefore,   to 
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find  that  the  soils  ordinarily  used  in  highway  subgrades 
contain  a  good  deal  of  water  which  is  held  there  by  capil- 
lary attraction— water  which  can  not  be  "drained"  out  by 
the  installation  of  any  sort  of  a  drainage  system  for  it  is 
not  moved  by  gravitation.  Nor,  then,  should  it  be  surprising 
to  find  that  ordinary  drainage  systems — open  ditches  and 
tile  drains — so  commonly  fail  to  produce  reasonably  dry 
subgrades,  for  the  amount  of  water  which  normal  soils  will 
absorb  and  hold  in  spite  of  the  action  of  gravitation  is  often 
sufficient  to  reduce  the  carrying  capacity  of  such  soils  to 
a  point  far  below  their  supporting  power  when  they  are 
dry.  Indeed,  in  the  case  of  clay  the  contained  water  held 
without  regard  to  gravitation  may  exceed  50  per  cent  of 
the  total  volume  of  the  clay  mass.  This  is,  of  course, 
enough  to  render  the  mass  too  plastic  to  be  depended  on 
to  carry  heavy  loads.  Other  soils,  depending  largely  on 
ithe  amount  of  clay  in  them,  have  this  same  power  of  ab- 
sorbing and  retaining  water;  that  is,  they  can  absorb  and 
retain  until  it  is  dried  out  of  them  by  contact  with  the  air 
quite  enough  water  to  materially  reduce  their  load  sup- 
porting  power. 

When  such  soils  are  used  In  highway  embankments  the 
water  so  absorbed  is  commonly  obtained  in  one  of  two 
ways,  from  (1)  the  normal  precipitation  on  the  shoulders 
and  slopes  of  the  highway  from  which  areas  it  is  distributed 
through  the  subgrade  by  capillary  attraction  and  from  (2) 
the  water  table  which  underlies  the  highway,  from  which 
level  it  is  raised  into  the  subgrade  by  this  same  force. 
Modern  practice  in  highway  design  almost  always  leaves  the 
shoulders  and  the  slopes  open  to  the  rain  and,  more  fre- 
quently than  is  generally  supposed,  the  water  table  is  close 
enough  to  the  surface  of  the  ground  so  that  capillary  at- 
traction  will   raise   water  into  the  subgrade. 

Rainfall  and  Soft  Subgrades.— The  normal  rainfall  on  the 
shoulders  and  slopes  of  a  subgrade  is  not  usually  looked  at 
as  the  cause  of  any  trouble  with  soft  subgrades  though  it 
is,  in  fact,  quite  often  responsible  for  such  trouble.  The 
percolation  of  water  into  the  soil  is  a  large  subject  by  it- 
self, but  a  number  of  the  salient  features  may  deserve  no- 
tation in  this  connection.  One  of  these  is  that  while  water 
percolates  very  slowly  into  a  soil  which  is  so  dry  that  the 
films  of  moisture  which  normally  surround  the  particles  in 
the  soil  have  been  largely  removed,  it  moves  quite  rapidly 
where  the  soil  is  moist.  Moreover,  percolating  water  moves 
both  down  and  out,  the  outward  movement  being  negligible 
when  the  pores  in  the  soil  are  so  large  that  the  movement 
of  the  water  is  largely  by  gravity,  but  quite  high  when  the 
movement  is  by  capillai-y  action.  It  therefore  transpires 
that  during  a  protracted  rain,  particularly  in  the  spring 
when  the  soil  is  apt  to  be  moist  at  all  times,  dense  clay 
subgrades  may,  and,  in  fact,  do  absorb  a  large  amount  of 
the  rain  which  f.alls  on  the  shoulders  and  that  this  absorp- 
tion may  carry  the  water  considerable  distances  under  the 
edges  of  the  pavement. 

The  moisture  so  absorbed  is  retained  very  persistently 
by  the  finer  grained  varieties  of  clay.  In  fact,  it  is  no  un- 
common thing  to  find  that,  under  the  pavement,  the  pock- 
ets of  such  clays  as  fire  clay  or  dense  blue  clay  are  quite 
plastic  for  weeks  after  ordinarily  porous  material  has  dried 
out  to  a  point  where  a  satisfactory  bearing  power  has  been 
developed.  Many  failures  on  hard  surface  pavements  are 
due  to  the  presence  of  pockets  of  materials  of  this  sort,  ma- 
terials which,  when  protected  by  a  relatively  impervious 
pavement,  retain  enough  moisture  so  that  with  what  is 
absorbed  through  the  shoulders  and  slopes  during  every 
rain  they  never  become  dry  enough  to  be  stable.  The 
writer  has  seen  fire  clay  taken  from  such  pockets  in  July 
which  was  as  plastic  as  good  putty— the  moisture  in  this 
clay  having  been  prevented  from  direct  evaporation  by  a 
bituminous  concrete  pavement,  and  the  moisture  which 
was  drawn  away  by  capillary  attraction  to  make  up  for 
the  evaporation  from  the  shoulders  having  been  resupplied 
from  time  to  time  by  the  rain  which  fell  on  the  shoulders 
and  slopes  of  the  highway. 

Clay  Subgrade  Near  Water  Table. — In  the  case  of  a  water 
table  which  is  near  the  surface  of  the  ground  a  similar  con- 
dition prevails.  Water  is  raised  by  capillary  attraction 
through  various  heights,  materials  through  which  this  force 
will  raise  water  2  or  3  ft.  being  common,  while  materials 
through  which  capillary  attraction  will  raise  water  as  much 
as  double  these  heights  are  by  no  means  rare.  The  pres- 
ence of  a  large  amount  of  clay  in  a  sub-grade  which  is  within 
6  ft.  of  a  water  table  is,  therefore,  an  invitation  to  trouble, 
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lor  there  are  a  great  many  clays  whieli  will  absorb  enough 
moisture  under  conditions  of  this  kind  to  remain  constantly 
plastic  if  their  moisture  content  is  protected  I'rora  evapora- 
tion by  an  impervious  pavement. 

(n  this  connection  there  is  one  point  which  deserves  men- 
tion: the  moisture  content  in  the  top  layer  of  the  soil  is  the 
result  of  two  opposing  conditions,  the  rate  of  evaporation 
and  the  rate  at  which  moisture  is  supplied  from  below  by 
capillary  attraction.  In  an  open  field  the  surface  of  the 
ground  may  become  very  dry  during  the  day,  due  to  a  high 
rate  of  evaporation,  and  then  may  become  quite  moist  dur- 
ing the  night  because  the  rate  of  evaporation  has  fallen 
very  low  while  the  rate  at  which  moisture  is  being  raised 
by  capillary  attraction  has  remained  constant.  Through  a 
pavement,  on  the  other  hand,  there  is  obviously  almost  no 
evaporation,  so  a  pretty  constant  moisture  content  may 
be  maintained  in  the  subgrade  just  below  it  by  even  a  low- 
rate  of  capillary  flow,  there  being  no  need  to  supply  moist- 
ure faster  than  the  normal  rate  of  capillary  flow  from  the 
interior  of  the  subgrade  to  the  shoulders,  to  keep  up  a  con- 
dition of  high  moisture  content  under  the  pavement.  That 
this  condition  prevails  more  often  than  is  generally  sup- 
posed is  evident  from  the  fact  that  during  his  investiga- 
tions of  this  matter  the  writer  has  encountered  moisture 
contents  as  high  as  1S.S8  per  cent  by  weight  (about  60  per 
cent  by  volume)  and  has  found  that  30  per  cent 
of  water  by  volume  is  quite  a  common  moisture  con- 
tent in  the  clay  immediately  under  an  impervious  pave- 
ment. Of  course,  any  clay  in  a  road  embankment  which 
contains  as  much  water  as  this  is  so  plastic  that  it  cannot 
be  depended  on  to  carry  very  heavy  unit  loads. 

The  obvious  remedy  for  this  condition  of  affairs  is  to  use 
less  clay  in  highway  subgrades.  For  this  reason  the  mod- 
ern practice  of  balancing  cuts  and  fills  is  to  be  regretted, 
for  while  economical  as  to  first  cost  it  carries  with  it  the 
constant  temptation  to  use  a  .great  deal  of  material  which 
should  never  form  a  part  of  a  highway  embankment.  To 
what  extent  it  •(vill  be  advisable  to  waste  material  which 
is  now  regularly  used  w-ill  depend  very  largely  on  what 
loads  the  highways  are  ultimately  to  be  called  on  to  carry, 
but,  as  the  data  now-  at  hand  serves  to  show  that  many  of 
the  clays  act  very  much  like  sponges  and  absorb  so  much 
water  that  they  are  plastic  much  if  not  most  of  the  time, 
the  rejection  of  many  of  the  clays  w'ould  seem  to  be  ad- 
visable if  anything  like  uniform  stability  is  to  be  secured 
in   a    subgrade. 

Drains  Not  Always  Effective. — The  advocates  of  lile  drain- 
age, as  a  panacea  for  all  of  the  ills  that  befall  pavements, 
will  argue  that  much  can  be  done  by  using  tile  drains  if 
the  tile  drains  are  placed  deep  enough.  Tile  drains  can  be 
so  placed,  it  is  admitted,  that  they  will  lower  the  water 
table.  If  placed  from  6  to  S  ft.  or  more  below  the  surface 
they  would  probably  stop  most  of  the  water  now-  raised  into 
the  subgrade  by  capillary  action.  On  the  other  hand  the 
writer  has  found  as  high  as  11.2  per  cent  of  moisture  by 
weight  (about  30  per  cent  by  volume)  in  a  clay  soil  under 
an  asphalt  pavement  (2-in.  asphalt  top  on  a  heavy  concrete 
base)  where  the  water  table  was  so  far  below  the  surface 
that  a  service  opening  10  ft.  deep  had  not  yet  encountered  it. 

This  would  seem  to  indicate  that  there  are  times  w-hen 
water  is  raised  a  long  distance,  lor  there  did  not  appear 
to  be  any  other  source  from  which  this  moisture  could  have 
come.  The  sheet  asphalt  pavement  precluded  any  assump- 
tion that  this  water  had  come  through  the  pavement.  The 
sidewalks  are  of  concrete  and  the  building  space  for  hun- 
dreds of  leet  in  all  directions  is  under  roof.  The  obvious 
conclusion  is  that  where  there  is  no  direct  evaporation  and 
where  there  is  no  shoulder  evaporation,  water  either  may, 
be  gradually  lifted  to  heights  much  above  the  ordinary  limit 
of  capillary  attraction  or  that  condensation  on  the  under 
side  of  the  pavement  may  eventually  develop  a  high  water 
content  in  the  underlying  soil,  if  this  soil  is  dense  enough 
to   retain  moisture. 

In  any  case  the  use  of  tile  drains  to  unwater  clay  sub- 
grades  is  pretty  largely  a  waste  of  money,  lor  clay  as  it  is 
compacted  into  a  highway  subgrade  cannot  be  unwatered 
in  this  way  unless  the  tiles  are  placed  deep  enough  to  keep 
the  w-ater  table  beyond  the  range  of  capillary  attraction, 
w'hich  means  that  to  accomplish  the  desired  results  the 
tile  must  be  placed  much  deeper  than  is  now-  common  and 
even  then  the  results  will  be  very  doubtful.  Indeed  this 
should  be  clear  for  another  reason.  Clay  is  so  impervious 
that  it  is  constantly  used  to  make  cofferdams  watertight.    In 


the  construction  of  cofferdams  a  thickness  of  a  very 
leed  teei  ot  clay  is  often  used  to  hold  back  a  con- 
siderable head  of  water.  Used  in  this  way,  clay  is  a  stand- 
ard construction  material.  Just  why,  then,  engineers  should 
try  to  dram  this  same  material  by  running  a  lew  tiles 
through  it  is  not  clear.  A  clay  subgrade  may  contain  a 
large  amount  of  water,  but  this  water  is  contained  in  pore 
spaces  which  are  so  small  that  gravity  is  not  strong  enough 
to  overcome  the  capillary  attraction  which  holds  it  in  these 
pores,  so  little  or  no  good  attends  the  use  of  tile  drains  in 
such  material,  except  as  such  drains  are  used  to  cut  off 
the  supply  from  which  the  water  in  the  wet  strata  is  drawn. 

Problem  in  Spring  Thaws. — Another  phase  of  the  general 
problem  of  dealing  with  water  in  the  subgrade  is  presented 
by  the  spring  thaws.  It  is  a  notorious  fact  that  at  this  time 
of  the  year  subgrades,  especially  in  northern  regions,  are 
more  apt  to  give  trouble  than  at  any  other  time.  The  cause 
is  not  hard  to  locate,  but  the  undesirable  conditions  which 
result  are  e.\tremely  hard  to  correct.  Briefiy,  during  the 
severe  weather  of  the  northern  winter,  the  moisture  in  the 
ground  freezes  to  a  depth  of  from  a  few  inches  to  a  num- 
ber of  feet.  Even  though  the  moisture  content  in  the  soli 
is  not  very  high,  it  ;s  usually  sufficient  to  convert  the  frozen 
stratum  into  a  solid  mass  through  w-hich  no  water  can  per- 
colate. Indeed,  even  if  the  mass  is  not  impervious,  no  water 
can  pass  through  it,  for  its  temperature  is  so  low  that  any 
moisture  which  reaches  it  will  be  converted  into  ice.  It  is, 
therefore,  a  barrier  through  which  no  w-ater  can  pass. 

AVhen  spring  comes,  the  warmer  weather  first  converts 
whatever  snow  and  ice  there  is  on  the  ground  into  water 
and  then  gradually  melts  the  ice  which  is  in  the  soil  itself. 
The  melting  of  the  ice  in  the  frozen  ground  is  a  slow  proc- 
ess— one  which,  when  the  spring  opens  gradually,  may  take 
from  two  weeks  to  a  month  or  more.  But  during  all  of  this 
period — that  it,  as  long  as  there  is  any  of  this  frozen 
stratum  left  under  the  surface  of  the  ground — none  of  the 
water  which  is  formed  by  melting  the  snow-  and  ice  which 
lay  on  the  ground  when  the  thaw  began,  and  none  ol  the 
rain  which  falls  while  this  frozen  stratum  persists,  caa 
penetrate  the  ground  farther  than  the  top  of  whatever  re- 
mains of  the  frozen  stratum.  Thus,  if  the  ground  was 
originally  frozen  3  ft.  thick  and  6  in.  of  this  distance  has 
melted,  any  moisture  which  melts  on  the  surface  or  which 
falls  as  rain  and  is  absorbed  by  the  soil  must  be  retained 
in  this  6  in.  of  melted  soil,  lor  it  can  not,  in  the  nature  of 
things,  percolate  into  the  214  ft.  of  ground  which  is  still 
frozen. 

This  condition  is  not  so  hard  to  handle  on  rolling  ground 
for  here  the  surface  run-off  is  high,  but  on  Hat  ground  the 
results  of  this  condition  are  apt  to  prove  serous,  for  here 
the  run-off  is  slower;  indeed,  there  is  apt  to  be  an  accumu- 
lation of  water  from  surrounding  high  ground,  and  when 
this  w-ater  has  been  absorbed  in  the  thin  layer  of  thawed- 
out  ground  complete  saturation  often  results.  In  this  way 
a  condition  is  created  which  is  e-xactly  similar  to  that  which 
would  result  if  the  water  table  w-ere  raised  to  the  surface 
of.  the  ground.  Of  course,  the  strength  of  any  subgrade 
which  is  subjected  to  such  a  condition  is  adversely  affected 
by  it,  and  when  the  pavement  is  laid  so  that  the  top  ol  the 
subgrade  is  only  a  few-  inches  above  the  surrounding 
ground  or  even,  as  too  often  happens,  a  little  below  the  sur- 
rounding ground,  the  complete  saturation  of  the  subgrade 
immediately   under  the   pavement  naturally   results. 

There  is  nothing  strange  or  unusual  about  this  phenom- 
enon unless  it  be  the  amount  of  w-ater  which  is  sometimes 
found  in  the  top  layers  of  the  ground  during  these  periods. 
As  throwing  some  light  on  this,  some  samples  taken  from 
rather  porous  ground  last  spring  showed: 

Top  inch,  20. .5  per  cent  of  -nater,  by  weight. 

Top  of  frozen  ground  6  in.  below  surface.  24.9  per  cent 
of  water. 

Ten  inches  below  surface  (4  in.  below  frost  line),  14.7 
per  cent  ol  water. 

The  ground  had  frozen  alter  rather  a  wet  period  and  so 
the  moisture  content  of  the  frozen  ground  was  higher  than 
w-ould  be  normal.  The  other  percentages  are,  however,  quite 
normal  for  light  soil,  and  while  the  water  content  in  the 
first  inch  is  very  high  this  merely  serves  to  show  what 
commonly  results  at  this  time  ol  the  year.  It  is  needless 
to  remark  that  soil  as  wet  as  this  can  not  support  any 
heavy  loads:  indeed,  a  man  walking  over  it  sinks  into  it  2 
or  3  ins.,  so  that  it  is  not  strange  that  pavements  fail  dur- 
ing the  period  when  the  frost  is   coming  out  of  the  ground. 
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Tile  drainage  does  not  help  this  condition.  It  should 
be  clear  that  tile  drainage  can  do  nothing  tor  such  a  con- 
dition as  this,  for  the  essence  of  the  trouble  is  that  the 
normal  percolation  of  surface  water  into  the  lower  strata 
Is  cut  off  by  the  sheet  of  frozen  soil  which  underlies  the 
surface.  As  all  tile  drainage  is  located  some  feet  below  the 
surface,  any  sheet  of  frozen  ground  so  entirely  cuts  it  off 
that  it  can  have  no  effect  in  removing  the  water  on  the  sur- 
face. 

Surface  Ditches  Help. — On  the  other  hand,  a  good  sys- 
tem of  surface  ditches  is  an  assistance  during  spring  thaws. 
Such  a  system  usually  does  not,  however,  meet  the  condi- 
tions as  well  as  could  be  desired,  for  it  requires  a  great 
deal  of  attention  to  keep  surface  ditches  free  from  obstruc- 
tions, especially  ice,  and  as  a  result  it  is  not  at  all  uncom- 
mon to  find  ditches,  which  in  ordinary  weather  are  entirely 
adequate,  standing  full  of  water  during  spring  thaws  be- 
cause ice  dams  have  formed  in  all  of  the  shaded  sections 
of   them. 

Another  factor  of  no  little  importance  at  this  period  is 
the  tendency  of  the  least  depression  to  catch  and  hold 
water.  This  is  not  only  because  of  the  saturated  condition 
of  the  soil  as  above  described,  but  is  also  due  to  the  fact 
that  when  the  air  is  only  slightly  above  the  freezing  point, 
as  is  its  normal  condition  in  the  early  spring,  a  relatively 
small  amount  of  water  can  be  taken  up  and  carried  away 
in  the  air.  There  is.  then,  at  this  time  of  the  year,  a  com- 
bination of  conditions — the  absence  of  normal  subdrainage. 
the  clogging  of  surface  drainage,  and  the  low  moisture  ab- 
sorbing power  of  air  which  all  tend  to  keep  subgrades  In  a 
wet  and  weakened  state.  At  least  two  of  these  conditions 
are  of  such  a  nature  that  they  must  be  recognized  as  phe- 
nomena over  which  there  is  no  control.  Even  the  third, 
the  formation  of  ice  dams  in  shaded  sections  of  the  drain- 
age ditches,  is  one  which  is  extremely  difficult  to  deal  with, 
but  which  must  be  handled  if  any  relief  from  this  condition 
is  to  be  secured. 

There  is  much  which  can  be  said  as  to  the  proper  func- 
tions of  drainage  systems  in  the  protection  of  subgrades, 
but  the  salient  features  of  good  ditch  design  are  matters 
which  are  too  well  known  to  deserve  much  comment  in 
this  connection.  One  point,  however,  deserves  mention. 
and  that  is  that  ditches  should  always  be  kept  open  and 
evenly  graded  so  that  they  will  not  impound  water.  Water 
impounded  in  ditches  works  under  the  pavement  easily  and 
rather  rapidly.  Running  water  in  highway  ditches  is  to  be 
condemned  for  the  same  reason.  Where  the  subgrade  is 
sandy  and  porous  the  seepage  from  water  impounded  in  a 
ditch  or  running  in  a  ditch  does  not  spread  out  very  far 
laterally,  but  where  the  soil  is  heavy  the  lateral  seepage 
Is  more  of  a  factor,  and,  in  fact,  a  good  many  pavement 
failures  can  be  traced  to  these  very  causes. 

Tests  of  Soils  for  Subgrade. — Looked  at  from  a  little  dif- 
ferent angle,  the  imi)ortant  point  in  this  discussion  would 
seem  to  be  that,  as  there  is  no  justification  for  the  com- 
mon assumption  that  drainage  will  keep  a  highway  sub- 
grade  dry,  it  is  neither  logical  nor  correct  to  design  pave- 
ments on  the  theory  that  their  subgrades  will  be  dry.  On 
the  other  hand,  there  being  every  reason  to  assume  that 
there  will  be  times  when  very  little  subgrade  in  an  entirely 
satisfactory  condition  and  that,  in  any  locality,  subgrades 
of  some  materials  will  almost  never  be  as  strong  as  they 
should  be.  it  would  be  far  more  advisable  to  accept  as  nor- 
mal bearing  powers  a  good  deal  lower  than  the  maximum 
attained  during  dry  weather,  and  to  discard  as  unfit 
for  use  in  the  subgrade  materials  which  are  known  to  fall 
below  this  limit  of  strength  whenever  capillary  attraction 
fills  their  pores  with  water.  This  would  imply  an  examina- 
tion of  the  strength  of  compacted  soils  containing  a  rela- 
tively high  water  content,  and  accepting  as  inevitable  the 
high  water  content  of  soils  which  is  known  to  be  common 
during  the  spring  months.  This  would  also,  as  suggested 
above,  imply  wasting  soils  which  fell  below  the  established 
standard  of  supporting  strength  under  the  conditions  as  to 
moisture  which  are  normal  at  this  time  of  the  year. 

At  first  glance  this  may  seem  to  be  a  visionary  scheme, 
but  on  careful  study  it  will  usually  be  found  that  the  amount 
of  testing,  which  would  be  required  in  order  to  eliminate 
undesirnble  soils,  would  be  no  greater  and  no  more  expen- 
sive than  the  testing  now  done  by  every  well-managed 
highway  department  in  order  to  insure  the  satisfactory 
nature  of  other  building  materials.  As  there  can  not  be  the 
slightest  doubt  that  the  heavy  loadings  now  carried  on   the 


highways  makes  it  as  important  that  the  subgrade  should 
be  composed  of  materials  of  proper  characteristic  as  it  is 
that  the  base  should  contain  good  cement  or  the  top  good 
brick,  an  equal  amount  of  care  in  the  selection  of  materials 
for  the  subgrade  would  seem  to  be  in  line  with  the  general 
progress  which  is  being  made  in  the  art  of  highway  con- 
struction. 


Results  of  Impact  Tests  for  Determining 
Wear   of   Concrete  Aggregates 

Results  of  tests  made  in  the  laboratory  of  the  New  York 
State  Highway  Department  to  determine  the  wear  resisting 
values  of  various  aggregates  used  in  concrete  roads  were 
summarized  by  Mr.  H.  Eltinge  Breed,  Consulting  Engineer, 
New  York  City,  in  a  paper  presented  May  22  at  the  Canadian 
Good  Roads  Congress.  The  tests  were  made  with  a  machine 
which  generates  impact  stresses  closely  paralleling  those  cut 
up  by  traffic.  This  machine  was  designed  in  the  laboratory 
and  has  been  in  service  for  the  past  two  years. 

In  general  the  machine  consists  of  an  arm  which  is  raised 
by  a  cam  and  falls  freely,  striking  the  concrete  cube.  At 
the  head  of  the  arm  are  placed  nine  hitting  points,  armored 
with  non-slip  horse  callcs,  each  point  and  its  shaft  being 
held  in  place  by  a  spring  giving  %-in.  play  to  compensate 
for  any  irregularity  or  unequal  wear  during  test  in  the  sur- 
face of  the  sample.  The  effective  weight  of  the  head  is  29 
lb.,  and  the  blows  are  delivered  at  the  rate  of  100  per 
minute.  The  sample  used  is  a  6-in.  cube  or  cylinder  placed 
upon  a  table  which  is  revolved  by  a  dog  attachment,  so  that 
the  blows  of  the  calks  strike  in  nine  concentric  circles,  %  In. 
apart.  To  date  several  hundred  tests  have  been  run  with 
this  machine,  of  which  the  following  results  are  representive: 
Coar.se  Grams     Aver- 

aggre-  Pine  No.       loss  age 

gate.  aggregate.         Mix.  tests,  per  test.   loss.         Remarks. 

Trap  Sand  Niagara     l:iy2:3     3       150-110       103     Small     stone 

105-1^5  area  omitted. 

Trap  SandCowbay    ■1:1%;3     4       110-120 

110-100  110 
Trap  Sand  Albanv     1:1%:3     4        140-100 

125-125  122 
Trap  Sand  L,ong  Island  1:1%:3  2  120-135  127 
Trap  Sand  Marlboro     1:1M>:3     2       130-135       132 

Trap        Tailings-graphite     1:H4:3     2       155-135       145 
Trap  Sand-Boonville     1:1V^:3     4        165-130  Group  (1) 

165-135       149     103-165 
Trap  Tailings  iron  ore     l:iy.:3     5       200-155 

166-155       164     Excess    grout 
165-180  omitted. 

Trap  Sand  Cowbav       1:2:4       2       150-150       150     Group    (2) 

Trap  Sand  Albany       1:2:4       .3        180-160  Small       stonr^ 

185-225       175      area  omitted 
Trap  Sand  Marlboro       1:2:4       2       180-170       175 

Syenite      Sand-Booneville    l:li/i:3     S       150-145 

150-140       141     Group    (3) 
145-125  Small      stone 

185-130  area  omitted. 

141-186 
Syenite      Sand-Booneville       1:2:4       4       lSO-205 

180-180       186 
Buffalo 
Ijimestone     Sand  Niagara     l:li/.:3     5       150-120 

155-125  Group    (4) 

135  137     137-170 

Limestone   Sd.  Cattaraugus  1:1"/-.  :3     5       155-160 

140-125 

160-200       148     Exce.ss    grout 
omitted. 

The  above  results  indicate  that  generally  the  average  loss 
increases  as  the  mortar  strength  of  the  sand  decreases.  An 
average  loss  for  each  test  shows  that  there  is  greater  strength 
in  the  1:1  Vg  :  3  mix  than  in  the  1:2:4  mix.  It  is  inter- 
esting to  note  that  syenite  with  the  French'  coefficient  of  12.5 
shows  approximately  an  equal  loss  under  this  test  to  Buffalo 
limestone  with  a  French  coefficient  of  7.9.  On  the  basis  of 
the  Deval  test,  the  limestone  is  inferior  for  road  purposes 
to  the  syenite,  but  service  conditions  indicate  that  the  Buffalo 
limestone  and  many  other  limestones  with  a  French  coeffi- 
cient of  7  and  better,  are  very  satisfactory  in  service. 

In  general  six  conclusions  from  the  full  results  of  the  im- 
pact tests  seem  justifiable: 

(1) — Crushed  stone  concrete  resists  impact  better  than 
gravel  concrete. 

(2) — Large  sized  materia!  is  more  durable  than  the  small 
sizes. 

(3) — Toughness  is  a  very  important  factor  in  aggregate 
that  is  subjected  to  impact. 

(4) — The  fine  and  coarse  aggregate  must  botli  be  good.  If 
wo  are  to  get  the  most  from  the  pavement. 

(5) — Coarse-grained  sand  mortar  resists  impact  better  than 
a  mortar  made  with  finer  grained  sand. 

(6) — No  relation  has  as  yet  been  observed  between  com- 
pressive strength  and  resistance  to  impact. 


(24) 
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Practical  Hints  for   the   Road 
Foreman* 

By  ALEXANDER   ERASER, 
Assistant     Chief     Engineer,     Department     of    Higliways,     Provin';e 

of  Que. 

The  problem  of  improving  a  highway  can  be  divided  into 
two  distinct  parts,  each  differing  considerably  from  the  other: 
First,  preparing  the  plan;    second,  carrying  out  the  work. 

Although  these  two  parts  of  the  problem  cannot  be  studied 
independently  on  account  of  their  reciprocal  relations,  their 
respective  solution  may,  nevertheless,  be  confided  in  a  di- 
rect manner  to   persons  with  different  qualifications. 

It  is  the  engineer  to  whom  is  generally  given  the  task  of 
preparing  the  plan.  It  is  he  who  generally  makes  the  first 
inspection  and  preliminary  survey,  examines  the  course, 
studies  the  nature  of  the  soil  and  drainage  conditions  and 
the  means  of  improving  them  if  need  be,  improves  the  align- 
ments and  the  grades,  finds  and  examines  carefully  all  avail- 
able material  which  may  be  used  with  economy  in  that  local- 
ity or  outside  of  it,  and  inquires  as  to  present  traffic  condi- 
tions and  provides  for  the  future  in  this  connection  while 
also  keeping  in  mind  the  present  value  and  the  probable  de- 
velopment of  municipalities  served  by  the  road. 

The  foreman  who  has  direct  and  permanent  control  of  the 
work  plays  a  very  important  part  in  the  economical  execu- 
tion of  the  work.  This  complete  control  must  be  exercised 
in  two  distinct  ways;  The  organization  of  the  job  and  the 
quality  of  the  work. 

The  organization  of  the  job  includes  a  wise  disposition  and 
equitable  control  of  labor  and  a  rational  disposition  and  use 
of  the  plant  and  tools.  This  question  of  labor  is  one  which 
requires  a  large  amount  of  attention,  the  more  so  in  these 
times  of  economic  disturbance,  as  the  demands  of  labor  are 
most  distressing  problems  tor  both  industry  and  the  govern- 
ment. The  workman  not  only  demands  better  daily  remuner- 
ation for  his  work,  but  also  insists  that  the  length  of  the 
working  day  be  considerably  diminished. 

However,  as  against  this,  the  first  cost  of  the  materials  for 
road  construction  has  only  slightly  increased;  tor  example, 
stone  from  efficient  quarries  commands  today  approximately 
the  same  price  as  in  191tj;  the  same  thing  applies  to  gravel, 
sand  the  bituminous  material.  Cement,  however,  has  reached 
a  much  higher  price,  its  cost  having  increased  approximately 
40   per   cent. 

Bearing  in  mind  this  increase  in  the  cost  of  labor,  it  is 
more  than  ever  important  to  obtain  from  our  labor  the  maxi- 
mum efficiency  through  a  more  rational  distribution  of  the 
men  on  the  work,  and  by  more  efficient  methods  of  doing 
the  work,  at  the  same  time  carrying  out  as  far  as  rationally 
possible  the  use  of  toojs  and  machines  to  diminish  labor 
costs. 

To  arrive  at  this  goal  it  is  necessary  to  see  that  each  gang 
is  composed  of  exactly  the  number  of  men  necessary  for  the 
work  planned.  For  example,  it  is  obviously  irrational  to 
place  six  men  at  spreading  stone  when  four  or  even  two 
would  be  sufficient.  It  is  also  necessary  to  see  that  there 
shall  not  be  four  carts  drawing  stone  to  the  crusher  when 
thiee  or  two  would  be  amply  sufficient. 

The  eft'orts  of  a  good  foreman  must  tend  towards  obtaining 
the  maximum  amount  of  work  with  the  least  possible  labor. 
He  should  see  that  the  crusher  bin  is  always  well  filled.  On 
a  water-bound  or  bituminous  macadam  job,  carried  out  with 
local  stone,  the  capacity  of  the  crusher  will  be  the  keynote 
of  the  whole  organization.  This  capacity  will  rule  the  num- 
ber of  men  and  the  number  of  wagons.  It  is.  however,  ob- 
viously necessary  to  keep  the  crusliers  to  niaximum  capacity 
at  all  times.  If  a  crusher  has  a  capacity  of  80  tons  of  stone 
a  day,  every  efl:ort  must  be  made  to  obtain  these  80  tons  each 
and  every  day.  The  foreman  must  not  be  satisfied  with  any 
one  day  in  which  this  maximum  has  not  been  obtained. 
Should  any  defect  i'n  the  engine  or  the  crusher  make  it  diffi- 
cult or  impossible  to  obtain  the  maximum  output,  it  is  more 
economical  to  stop  the  crusher  at  once  and  make  the  neces- 
sary repairs.  A  crusher  with  a  daily  capacity  of  SO  tons  re- 
quires two  wagons  and  drivers,  four  men  to  help  the  drivers 
to  load  stone,  and  three  good  men  feeding  stone  to  the 
crusher. 

If  the  crushed  stone  is  to  be  transported  a  mile  from  the 
crusher,   there   will  be   needed   four  good   teams   with   dump 
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wagons  of  at  least  1%  yds.  capacity,  to  keep  the  crusher  go- 
ing. I  am  supposing  that  the  road  is  approximately  level. 
Three  men  will  be  sufficient  to  spread  the  stone. 

On  a  concrete  job  the  capacity  of  the  mixer  will  be  the  key- 
stone of  the  organization.  It  will  be  .".acessary  to  see  to  it 
that  the  preparation  of  the  sub-grade  and  the  supply  of  mate- 
rial shall  be  such  that  the  mixer  will  never  be  idle  and  run 
at  all  times  to  its  full  capacity.  Have  just  the  right  num- 
ber of  men  and  ilo  more  to  feed  the  mixer.  The  same  rule 
will  apply  to  the  construction  of  a  road  to  be  built  of  uitumi- 
nous  concrete.  The  capacity  of  the  plant  for  drying  the 
stone  and  heating  and  mixing  the  bitumen  will  determine  the 
number  of  men  in  each  gang  in  such  a  way  as  to  obtain  the 
maximum  output  from  the  plant. 

In  the  construction  of  a  gravel  road,  the  rules  are  not 
quite  so  well  laid  down.  Everything  will  depend  generally 
on  the  number  of  teams  and  men  which  can  be  obtained  in 
the  municipality.  Given  a  certain  number  of  teams  to  trans- 
port gravel  and  the  distance  the  material  must  be  trans- 
ported, one  need  only  put  on  the  road  the  exact  number 
of  men  necessary  to  spread  the  gravel  which  this  number 
of  wagons  can  transport,  and  in  the  pit  just  the  number  of 
men  necessary  to  load  the  wagons. 

For  example,  if  the  pit  is  IVz  miles  from  the  job  to  be 
gravelled,  using  12  2-horse  wagons,  carrying  ]%  yd.  per 
load,  each  wagon  should  make  six  trips  a  day,  amounting 
in  all  to  GO  trips,  or  a  total  of  105  cu.  yd.  To  spread  this 
quantity  of  gravel  in  proper  shape  should  not  take  more 
than  five  men.  Any  other  men  available  can  be  used  to 
clean  or  dig  ditches,  prepare  subgrade,   etc. 

In  special  work,  such  as  bridges,  culverts,  walls  and 
drains,  if  it  is  necessary  to  use  craftsmen  such  as  carpenters, 
masons,  etc.,  two  things  must  be  borne  in  mind:  First,  to 
use  only  the  exact  number  required;  next,  economize  as 
much  as  possible  on  this  expert  labor  by  letting  these  men 
do  only  work  requiring  such  training  and  knowledge.  In 
building  concrete  bridges  do  not  let  the  carpenters,  who  are 
building  forms,  do  any  work  outside  of  this.  I  mean,  do  not 
let  them  carry  planks  or  saw  or  nail  them.  In  other  words, 
do  not  let  them  do  a  number  of  jobs  which  can  be  done 
just   as   well   and   more   cheaply   by   unskilled   labor. 

The  choice  of  tools  and  plant  well  adapted  to  the  job 
has  also  a  great  deal  to  do  with  the  efficiency  of  the  work. 
It  is  not  possible  to  give  a  complete  list  of  work  which  is 
done  by  hand  on  a'  construction  job,  but  this  can  be  con- 
siderably reduced  by  a  judicious  use  of  plant  and  machinery. 
The  essential  part  is  that  the  machines  shall  be  carefully 
chosen. 

There  are  three  classes  of  work  in  whicn  large  sums  of 
money  are  uselessly  spent  by  the  lack  of  adoption  of  up-to- 
date  methods.  The  first  includes  all  excavation  work.  There 
are  on  the  market  u  number  of  machines  for  all  classes  of 
excavation,  both  in  rock  and  in  earth.  Among  these  are 
some  which  are  designed  for  large  work  and  w^hich  can 
be  economically  employed  on  small  jobs,  but  there  are 
others  with  a  capacity  of  not  over  4  to  10  cu.  yd.  per  hour 
which  can  be  very  economically  used  to  replace  pick  and 
shovel   work. 

In  rock  work  it  is  often  advantageous  to  use  small  me- 
chanical drills  instead  of  hand  drills.  For  drying  and  un- 
watering  an  excavation,  use  gasoline  or  electric  pumps 
wherever  possible  instead  of  hand  pumps.  The  second  class, 
of  work  under  this  heading  comes  in  the  mixing  of  concrete 
For  small  jobs  there  are  on  the  market  a  number  of  very 
good  small  mixers  run  by  gasoline  engines.  These  mixers 
can  be  economically  used  even  where  the  consumption  of 
concrete  is  only  a  few  yards  per  day  and  can  also  be  used 
on  large  work  as  an  auxiliary  to  the  larger  mixers. 

The  third  kind  of  work  where  manual  labor  is  usually 
used,  is  the  transportation  and  placing  of  construction  ma- 
terials. Cars  and  scows  are  loaded  and  unloaded  by  hand; 
wagons  are  also  usually  loaded  by  hand,  although  nowadays 
most  of  the  wagons  dump^  automatically.  For  all  these 
things  there  are  machines  to  do  the  work  that  will  save 
sums  proportionate  to  the  quantity  of  materials  to  be 
moved.  It  is  true  that  machines  cannot  always  be  used, 
but  my  point  is  that  they  should  be  used  whenever  at  all 
possible  and  even  on  the  simplest  jobs  the  work  can  be  so 
planned  as  to  reduce  to  the  lowest  possible  amount  the 
manual  labor  expended. 

Road  construction  requires  a  great  deal  of  shovel  work. 
Much  can  be  said  on  the  kind  of  shovels  which  should  be 
supplied   to   the   men,   varying   v.'ith   the   kind   of  work;    the 
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horizontal  and  vertical  distances  through  which  the  shovel 
must  handle  the  materials,  etc.  This  study  would  take  up 
too  much  space.  It  is  very  true,  however,  that  very  few 
laborers  understand  the  correct  use  of  a  shovel.  It  is  as- 
tonishing how  very  few  men  have  ever  been  shown  the 
proper  handling  of  their  tools;  it  has  been  demonstrated 
that  a  man  using  a  shovel  correctly  can  handle  easily  three 
more  shovelfuls  per  minute  than  the  man  using  an  incor- 
rect method  of  handling  the  shovel.  We  know  that  a  man 
loading  a  wheelbarrow  or  a  cart  can  handle  approximately 
15  shovelfuls  a  minute.  The  incorrect  method  of  shovel- 
ing, resulting  in  a  loss  of  three  shovelfuls  per  minute, 
means  a  net  loss  of  20  per  cent,  with  just  as  much  energy 
expended   by   the   workman. 


Tractor     Truck    Designed    Especially    for 
Traveling  Over  Rough  Ground 

A  tractor  truck  designed  for  hauling  over  unimproved  roads 
and  fields  is  illustrated  below.  While  it  is  a  road-going  ma- 
chine, its  particular  value  lies  in  its  abiiity  to  ti'avel  even  in 
places  that  are  practically  impassable  for  a  wagon  drawn  by 
horses. 

In  order  to  secure  sufficient  flexibility  under  different  oper- 
ating conditions  the  transmission  is  provided  with  four  speeds 
forward  and  one  reverse.  On  low  gear  the  truck  has  a  speed 
of  1%  miles  per  hour,  on  second  speed  3%  miles  per  hour, 
on  third,  or  direct,  6  miles  per  hour  and  on  fourth,  which  is 
an  over-speed,  S  miles  per  hour.  The  reverse  speed  is  1% 
miles  per  hour. 

This  truck  was  especially  designed  to  travel  over  rough 
roads    and    a    3-point    frame   suspension    has.   therefore,    been 


B-6,    120-H.P.    Tractor   Truck    Employed    by    Du    Pont    Engineering 
Co.   in   constructing   Government   T.    N.   T.    Plant   at    Ives. 

provided,  and,  as  a  still  further  safe-guard,  on  account  of  the 
extreme  conditions  under  which  the  truck  must  operate,  the 
motor  is  mounted  on  three  points.  With  the  exception  of  the 
front  and  rear  axles  and  wheels  the  entire  chassis  is  spring 
suspended  and  the  heavy  tubular  radiator  is  again  spring 
suspended  on  the  frame.  The  track  wheels  pivot  on  the  axles 
as  a  center  and  either  may  move  about  its  center  independ- 
ently of  the  other.  The  rear  axle  is  kept  in  correct  alignment 
with  the  frame  through  radius  rods  with  ball  and  socket  at 
the  front  end,  and  a  universal  block  at  the  rear. 

In  this  tractor  truck,  the  useful  load  carried  adds  to  the 
tractive  power  of  the  vehicle,  and  it  has.  therefore,  been 
found  desirable  to  make  the  truck  of  high  grade  material  in 
order  to  reduce  the  weight  as  much  as  possible.  Special  at- 
tention in  the  design  has  been  given  to  the  protection  of  all 
lubricated  surfaces.  The  transmission  is  of  the  totally  en- 
closed type;  the  universal  joints,  of  the  ring  and  pin  type, 
are  enclosed  to  keep  out  dust  and  retain  grease;  the  rear 
axle  is  of  the  full  floating  type,  totally  enclosed,  and  the 
double  gear  reduction  in  the  track  wheel  is  also  totally  en- 
closed and  ample  provision  made  for  lubrication.  The  pins 
which  connect  the  articulating  treads  of  the  track  wheel  are 
hollow  bored  and  filled  with  grease,  which  tends  to  keep  dust 
and  gritty  material  out  of  the  joints  of  the  tread. 

The  6  cylinder,  5%  in.  by  7  in.  motor  is  provided  with  a 
double  system  of  ignition,  consisting  of  a  high  tension  mag- 
neto and  storage  battery  and  dstributor,  each  system  having 
Its  independent  set  of  spark  plugs.  A  two  unit  system  of 
starting  and  lighting  is  provided,  the  motor  being  geared 
directly   to   fly  wheel   through   a   Bendix   automatic   transmis- 


sion. As  the  motor  is  too  large  to  be  cranked  directly  by 
hand  a  geared  reduction  is  furnished  with  the  hand  crank, 
which  can  be  used  in  an  emergency. 

Where  trailers  are  used,  the  conditions  may  be  such  that 
there  are  a  few  short  diflicult  grades  so  steep  that  the  truck 
has  not  sufficient  power  to  climb  them  with  all  trailers  at- 
tached. For  such  a  condition,  a  power  driven  winch  can  be 
furnished,  if  desired.  Provision  is  made  in  the  transmission 
that  the  winch  may  be  driven  in  either  direction,  regardless 
of  the  direction  in  which  the  truck  is  traveling.  Where  a 
hydraulic  hoist  is  used  the  pump  can  be  driven  directly  from 
the  transmission,  whether  the  truck  is  standing  still,  or 
traveling  in  either  direction.  The  gears  for  both  the  winch 
and  the  hydraulic  pump  are  totally  enclosed  within  the  trans- 
mission. 

One  of  the  novel  features  of  this  truck  is  the  two  speed 
steering  gear.  Since  the  truck  was  designed  to  travel  over 
roads  at  a  speed  of  8  miles  per  hour,  the  gear  ratio  between 
the  hand  wheel  and  front  wheel  must  be  such  as  to  be  quickly 
responsive.  Such  a  ratio,  however,  on  a  heavy  vehicle  of  this 
type  makes  it  impossible  to  turn  the  wheels  on  very  soft 
roads,  or  plowed  fields,  and  provision  is  made  tor  interposing 
a  gear  reduction  between  the  hand  wheel  and  the  shaft  of 
the  steering  gear,  which  is  of  the  worm  and  sector  type. 
The  truck  is  ordinarily  handled  and  steered  in  the  same 
manner  as  an  automobile,  and,  not  by  declutching  one  side 
or  the  other.  A  differential  is  provided  equalizing  the  power 
applied,  and  relieving  the  mechanism  of  stresses  caused  by 
one  track  wheel  having  to  travel  a  greater  distance  than  the 
other  when  going  over  uneven  ground. 

This  tractor  truck  is  manufactured  by  the  Allis-Chalmers 
Mfg.  Co.,  Milwaukee.  Wis.  The  design  is  the  result  of  4  years 
experimenting. 


Street  Cleaning  at  Los  Angeles   With 
Vacuum   Cleaners 

The  use  of  vacuum  cleaners  has  practically  eliminated 
flushing  of  paved  streets  in  Los  Angeles,  Cal..  according  to 
the  last  annual  report  of  A.  C.  Hansen.  City  Engineer,  which 
gives  the  following  particulars  of  this  method  of  street  clean- 
ing: During  the  year  ending  June  30,  191S.  four  vacuum 
cleaning  machines  were  employed,  working  two  shifts  of 
S  hours  each  under  the  supervision  of  two  city  inspectors. 
The  city  paid  W-Zz  et.  per  1,000  sq.  yd.  cleaned,  the  contrac- 
tor furnishing  and  maintaining  the  equipment  with  a  driver. 
The  four  machines  clean  approximately  1,. 500,000  sq.  yd.  of 
pavement  each  day  of  two  shifts.  These  machines  have  a 
vacuum  suction  apparatus,  with  a  rotary  fan  operated  by 
an  independent  motor  mounted  on  a  214-3%-ton  truck.  Each 
machine  is  equipped  with  a  speed  recordograt  that  registers 
the  speed  traveled  during  any  portion  of  the  day,  the  dis- 
tance traveled,  and  the  time  during  which  no  work  is  be- 
ing done,  whether  standing  in  the  garage  or  on  the  shift. 
As  the  speed  at  which  these  machines  are  operated  is  an 
important  factor  in  the  quality  of  work  produced,  the  con- 
tract is  conditioned  for  a  speed  not  to  exceed  4%  miles  per 
hour,  and  as  the  recordografs  register  the  miles  traveled 
during  each  shift  they  operate  (within  certain  limits)  as  a 
check  upon  the  speed  maintained  while  cleaning  a  street, 
and  on  the  area  claimed  to  have  been  swept.  Each  machine 
is  given  a  certain  group  of  streets  for  each  shift  during  the 
week.  No  machine  is  allowed  to  work  on  streets  not  on  the 
particular  route  to  which  it  is  assigned  except  by  authority 
of  the  city  foreman  in  charge  of  the  work.  Within  certain 
limits  these  routes  are  sufficiently  flexible  to  meet  the  un- 
foreseen change  in  conditions  that  may  arise. 


May  Sets  New  Record  in  Road  Work. — During  May  the 
Secretary  of  Agriculture  approved  project  statements  for  124 
Federal  aid  projects,  involving  the  improvement  of  750.87 
miles  of  road  at  a  total  estimated  cost  of  $15,120,771.,  and  on 
which  Federal  aid  in  the  amount  of  $6,382,081  was  requested. 
This  represents  the  largest  number  of  project  statements  ap- 
proved during  any  month  since  the  passage  of  the  Federal 
Aid  Road  Act.  During  the  month  there  were  executed  by  the 
Secretary  and  the  several  state  highway  departments  81 
project  agreements,  involving  the  improvement  of  667.71 
miles  of  road  at  a  total  estimated  cost  of  $7,992,867,  and  on 
which  $3,570,087  Federal  aid  was  requested  and  set  aside  in 
the  Treasury.  In  addition,  agreements  to  cover  59  other 
projects  were  placed  in  process  of  execution  during  the 
month.     Up    to    and    including    May    31,    1919,    project    state- 
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ment^  for  1,188  projects  had  been  approved.  The  1.188  proj- 
ecls  involve  11,350.10  miles  of  road,  a  total  estimated  cost  of 
$108,295,329.  and  a  total  of  $43,076,176  Federal  aid.  On  the 
same  date  617  project  agreements  had  been  executed,  involv- 
ing 5,291.86  miles  of  road,  at  a  total  estimated  cost  of  $47,- 
426,749.  of  wliich  $49,521,259  was  Federal  funds. 


Operations  of  Municipal  Asphalt  Plant  of 
Los  Angeles 

Paving  material  amounting  to  1.403,910  cu.  ft.  was  pro- 
duced by  the  municipal  asphalt  plant  of  Los  Angeles  in  the 
4-year  period  beginning  April,  1915.  The  totals  and  average 
costs  for  this  period,  according  to  the  last  annual  report  of 
A.  C.  Hansen,  City  Engineer,  were  as  follows: 

Average 

cost 
per  cu   ft. 
Cu.  I't.  ct. 

Standard  surface  mixture   1.251.080  14. o9 

Bitulithic     39.490  13.71 

Binder   mixture    59.670  10.97 

Warrenite  mixture    37.720  14.00 

Topeka  mixture   700  15.00 

Special  mixture    15,250  11.84 

The  plant  which  has  been  in  operation  since  April,  1915, 
was  designed  and  built  by  the  Engineering  Department. 
The  plant  orginally  cost  $8,354.  Since  the  original  construc- 
tion there  has  been  expended  $20,270  in  additions  and  en- 
largements, making  a  total  cost  to  June  30,  1918,  of  $28.- 
625  for  plant  and  equipment.  Of  this  amount  $4,535  has 
been  charged  off  as  depreciation,  giving  a  present  (June 
30,  1918)  depreciated  value  of  $24,090.  This  additional  plant 
outlay  is  the  cost  of  construction  of  the  additions  and  en- 
largements below  indicated:  From  Feb.  16  to  April  6.  1917. 
the  plant  was  closed  for  alterations.  Two  additional  rolls 
were  installed,  increasing  the  capacity  of  the  plant  from 
four  rolls,  with  an  estimated  daily  capacity  of  2.400  cu.  ft., 
to  six  rolls,  with  an  estimated  daily  capacity  of  3.400  cu.  ft. 
One  additional  mixer  was  installed,  giving  the  present  plant 
two  mixers  of  1.000  lb.  capacity  each,  for  each  batch.  A 
dust  bin,  elevator,  and  feed  and  dust  exhauster  were  built 
which  will  give  a  more  uniform  mixture  with  a  decreased 
cost  for  operating  labor.  During  the  fall  of  1916  a  two 
compartment  concrete  storage  and  heating  tank  was  built, 
with  a  capacity  of  390  lb.  of  asphalt.  During  the  spring  of 
1918  a  number  of  minor  additions  were   made. 

During  the  fiscal  year  ending  June  30,  1918.  the  following 
tabulated  quantities  of  paving  material  have  been  produced 
at  the  unit   cost   indicated. 
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The  increased  cost  per  cubic  foot  of  mixture  produced 
during  the  past  fiscal  year  is  due  to  the  increased  cost  for 
labor  and  material  during  this  year  over  past  years.  Dur- 
ing the  year  ending  June  3'Or  1918,  the  daily  rate  of  labor 
has  been  increased  10  per  cent,  while  the  cost  of  asphaltic 
cement  increased  more  than  50  per  cent.  The  unit  costs 
above  given  include  depreciation  of  and  interest  on  plant 
and  equipment  and  7%   per  cent  overhead  administration. 

During  the  past  year  the  plant  has  been  operated  271  days, 
at  an  average  output  of  2.343  cu.  ft.  per  day,  or  69  per  cent 
of  the  estimated  plant  capacity.  The  maximum  output  was 
3830  cu.  ft.  on  July  30,  1918,  while  the  minimum  output  was 
250  cu.  ft.  on  Nov.  23,  1917.  During  the  fiscal  year  1914-15 
(3  months  only),  1915-16,  and  1916-17  the  output  was  respec- 
tively 40  per  cent,  50  per  cent  and  51  per  cent  of  the  plant 
capacity. 

The  operating  force  at  the  asphalt  plant  was  as  follows: 

1  fireman. 

1  asphalt  helper. 

1  mechanic. 

2  laborers  at  $3. 

10  laborers   at    $2.75. 
6  sand  haulers. 


Pump  Especially  Designed  for  Road  Work 

"An  Old  Principle  Applied  in  a  New  Manner"  briefly  but 
adequately  describes  the  pump,  especially  designed  for  road 
building,  which  has  just  been  placed  on  the  market  by  the 
Barnes  Manufacturing  Co.,  Mansfield,  O.  Believing  that  the 
outside  packed  plunger  displacement  type  of  pump  was  the 
most  practical  for  road  construction,  the  Barnes  Co.  engineers 
have  endeavored  to  develop  a  pump  of  this  type  consisting  of 
a  minimum  of  parts  thereby  giving  extreme  simplicity,  afford- 
ing rigid  construction  and  lessening  the  liability  for  repairs 
and  reducing  the  weight  from  25  to  50  per  cent.  The  double 
acting,  single  cylinder,  brass  lined,  leather  packed  piston 
pump  has  been  largely  used  on  road  work  because  of  its 
lightness    and   portability.      The    new    Barnes    pump    retains 
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New   Pump  for  Road   Building  Outfits. 

these  features,  adds  increased  accessibility  and  besides  re- 
places the  brass  lining  and  leather  packed  piston  with  the 
outside  packed  plimger.  which  permits  of  the  pump  being 
maintained  at  constant  efficiency  (capacity)  by  simply  tight- 
ening the  glands.  When  the  packing  around  each  plunger  is 
worn  out,  as  shown  by  the  fact  that  the  gland  has  been 
tightened  as  far  as  possible,  it  is  stated  to  be  hut  a  matter 
of  15  minutes  to  remove  the  glands,  repack  the  plungers  and 
replace  the  glands.  As  the  pump  is  of  the  displacement 
plunger  type,  no  brass  lining  is  needed  in  the  cylinders  and 
drawing  sand  into  the  pump  will  not  injure  it,  although  pre- 
cautions should  be  taken  to  pump  clear  water  only.  The 
valves  of  the  pump  are  of  the  wing  type,  with  bevel  seats, 
both  of  solid  bronze.  The  valves  are  immediately  accessible, 
as  well  as  the  interior  of  the  cylinders,  after  unbolting  their 
respective  valve  port  caps  and  cylinder  heads.  The  working 
parts  of  the  pump  coming  under  an  alternating  load,  such 
as  the  crossarm  (head)  and  connecting  rods  are  of  cast  steel 
and  malleable  iron,  respectively,  giving  great  strength  where 
needed  and  insurance  against  sudden  breakage.  The  gears 
and  pinions  are  machine  cut.  the  latter  of  steel.  The  design 
of  the  pump  permits  of  mounting  the  power  end  to  end  with 
the  pump  on  channel  steel  skids,  giving  a  light  and  strong 
form  of  base,  thereby  increasing  the  portability  of  the  outfit. 
It  is  also  noticeable  that  the  pump  is  close  to  the  ground — 
a  very  desirable  feature  for  portable  work. 


Cost  of  Street  Cleaning  at  Cincinnati,  O. — Comparative  unit 
costs  tor  the  principal  street  cleaning  functions  at  Cincin- 
nati, O.,  for  a  4-year  period  are  given  in  the  last  annual  re- 
port of  Fred  Maag.  Superintendent  of  Street  Cleaning.  The 
table  follows: 

, — 1915 — ,   , — 1916 — ,     , — 1917 — ,    , — 1918 — ^ 

s  s:  s.  c. 

%  .  i  .    '^  i  .  i  . 

n         jji  ^      m         n  ^         t.         ncj         cnnod 
o         0*0         o^         o         oc         00'' 

-  "O"  .To  ,^  ,^0  ".^o 

Flushing,  per  square. .  .$0,137  .277  .119  .241  .121  .268  .120"  .274 
Street  sweeping,  per  cu. 

vd 242  .434  .270     .476     .286     .526     .332     .633 

.Vsii  collection,  per  cu.  yd.  .277  .465  .282  .468  .299  .515  .344  .613 
\\Tiite    wings,    per    1,000 

sq.  yd 272  .312  .305     .352     .301     .247     .313     .360 

Broom  gang^.  per  square.  .268  .324  .243  .295  .238  .282  .264  .305 
Cleaning      gutters,      per 

square    132  ,147  .136     .153     .144     .162     .138     .155 

Cleaning     gutters     after 

flushing,   per  square..   .148  .164  .136     .151     .140     .157     .167     .187 

Square  =  16.000  sq.  ft.,  or  400  lin.  ft. 
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A  Three  Wheel  Tractor  That  Has  Many 
Uses 

A  dual  machine  that  does  the  work  of  both  a  truck  and 
tractor  has  been  placed  on  the  market  by  the  Clark  True- 
tractor  Co.,  80  E.  Jackson  boulevard.  Chicago.  Because  ot  its 
special  design  and  patented  features  ft  is  claimed  to  be 
■  particularly  useful  for  charging  concrete  mixers,  hauling 
sand,  cement,  crushed  stone,  etc.  On  account  of  its  design 
It  can  climb  narrow,  steep  inclines,  run  in  and  out  of  build- 
ings and  tight  places  and  turn  in  its  own  length.  This  true- 
tractor  is  equipped  with  two  single  piece  metal  disc  wheels 


Clark    Tructractor. 

in  front  and  one  in  the  lear.  As  a  truck  it  carries  a  1%  ton 
load  and  as  a  tractor  it  will  haul  several  trailers.  The  weight 
of  machine  complete  with  standard  body  is  2050  lb.  It  is 
equipped  with  a  four-cylinder,  3%  by  4Vi-in.  engine  and  an 
internal-gear-driven  front  axle.  The  wheelbase  is  72  in.  with 
a  tread  of  .35  Vi  in.  The  over-all  length  is  112  in.  with  an 
over-all  width  of  42  in.  The  height  of  the  platform  is  2S  in. 
above  the  ground.  The  ground  clearance  is  9%  in.  A  speed 
of  1  to  15  miles  per  hour  is  obtained  with  a  gasoline  con- 
sumption of  3  gal.  per  day. 


Industrial  Notes 

The  C-A  Wood  Preserver  Co.,  Inc.,  St.  Louis.  Mo.,  has  been 
conducting;  an  educational  campaig'n  to  impress  upon  this  year's 
graduates  of  engineering  colleges  the  importance  of  making  some 
attempt  to  pie.serve  all  timbers  which  are  exposed  to  rot  or  decay. 
Tlie  information  furnished  tlie  students  consisted  of  a  series  of 
questions  and  answers  giving  useful  data  on  wood  preservation. 

The  Barber  Asphalt  Paving  Co.,  Philadelphia,  has  announced 
that  following-  the  promotion  of  Charles  W.  Bayliss,  formerly  man- 
ager of  the  street  and  road  department,  to  vice  president  in  charge 
of  sales,  the  following  changes  in  organization  became  effective 
June  1,  1919:  .1.  E.  Morris,  manager,  street  and  road  department, 
Philadelphia,  Pa.  H.  M.  Stafford  will  succeed  Mr.  J.  E.  Morris,  as 
assistant  manager,  in  charge  of  the  eastern  district,  "with  head- 
quarters at  Philadelphia.  F.  F.  Massey  is  promoted  to  succeed 
Mr.  Stafford,  as  assistant  manag'er,  in  charge  of  the  southwestern 
district,  with  headquarters  at  Memphis,  Tenn.  G.  R.  March  is 
promoted  to  succeed  Mr.  T.  H.  Morris,  as  sales  manager  of  tlie 
Iroquois  department. 

The  Acme  Motor  Truck  Co.,  Cadillac,  Mich.,  builders  of  the 
Acme  line  of  worm  drive  trucks,  consisting  of  1,  2,  3%  and  5-ton 
models,  have  announced  a  price  increase  effective  July  1  of  $1(*0 
each  for  the  Model  G  3V2-ton  and  the  Model  E  5-ton  trucks.  The 
3%-ton  truck  of  improved  design  is  now  in  production.  This  truck 
is  equipped  with  a  pressed  steel  heat-treated  frame  instead  of  a 
channel  section.  It  is  equipped  with  a  Continental  E  7  motor 
with  flywheel  inclosed.  These  improvements,  with  others,  are  ac- 
countaljle  for  the  increase  in  list  of  ?100  on  this  model.  The  Acme 
5-ton  chassis  Model  E  has  been  reported  on  an  actual  cost  basis, 
this  being  practically  the  first  year  of  production  on  this  inodel, 
the  price  quotation  heretofore  having  been  nominal. 

T.  H.  Morris,  for  the  past  10  years  associated  with  the  Iroquois 
Department  of  Barber-Asphalt  Paving  Co.,  as  manager  ot  its  Chi- 
cago district  and  also  sales  manager,  with  headquarters  at  the 
general  offices  in  Philadelphia,  and  J.  J.  Staley,  eastern  repre- 
sentative of  the  above  company,  have  resigned  and  formed  the 
firm  of  Staley  &  Morris,  engineers,  with  offices  at  2009  Market  St., 
Philadelphia.  In  addition  to  conducting  a  general  engineering 
practice,  specializing  in  contractors'  plant  installations,  they  rep- 
resent the  following  firms  exclusively  in  the  Philadelphia  district: 
F.  D.  Cummer  &  Son  Co.,  Littleford  Bros.,  Etlward  F.  Terry  Manu- 
facturing Co.  They  are  also  promoting  the  sale  of  Lidgerwood 
Itoisting  engines  and  Sauerman  Bros,  dragline  cableway  excavators 
and  power  scrapers,  in  addition  to  a  complete  line  of  construction 
machinery  and  contractors'  plant  equipment. 

C.  R.  Messinger,  vice  president  of  Chain  Belt  Co.,  Milwaukee,  who 
recently  returned  from  a  three  months'  investigation  of  business 
conditions  in  Europe,  believes  that  the  United  States  will  get  the 
big'  bulk  of  European  trade  after  business  conditions  become  more 
normal.  "At  present  European  business  is  marking  time  and  the 
general    feeling   seems    to   be    that    even    the    signing   of    the    peace 


terms  will  not  bring  about  any  great  change  immediately.  "When 
things  do  open  up.  however,  American  manufacturers  will  l>e  found 
in  better  shape  than  their  European  competitors  and  should  get 
the  bulk  of  the  business,  though  liberal  credit  terms  will  be 
necessary."  C.  L.  Pfeifer,  treasurer  of  the  same  company,  has 
.iust  returned  from  a  several  weeks'  stay  in  Cuba,  where  he  ar- 
ranged for  extending  the  company's  representation  and  studied 
business  conditions  generally.  According'  to  Mr.  Pfeifer,  Cuban 
business  is  In  a  very  prosperous  condition,  with  indications  that 
this  will  continue  for  perhaps  three  years.  The  country  has  Just 
broken  all  records  in  its  sugar  crops  and  planters  feel  that  the 
succeeding  crops  will  be   still  greater. 


Personals 

F.   w.   Simonds  has  resigned  as  city  engineer  of  Rahway,  N.  J. 
R.   J.   Windrow  has  been   appointed  state  hig'hway  engineer  ol 
Texas. 

Roy  C.   Bailey,  for  the  past  9  years  county  road  commissioner 

of  Shiav.-assee  County,  Michigan,  has  resigned. 

H.  Walker  Powell  and  J.  Davis  Powell  have  organized  the 
Powell    Paving   &    Contract    Co.,    of   Columbia,    S.    C. 

Clyde    Walters,    of    Byers,    Colo.,    has    been    appointed    field    en- 
i:ineer  of  the  State  Highway  Department  of  Colorado. 

A.  R.  Montgomery,  Jr.,  W.  S.  Gearhart  and  AV.  B.  Kester  have 
"it,aniztd  the  Middle  States  Construction  Co.  of  Peoria,  111. 

George  A.  Duren,  formerly  state  highway  engineer  of  Texas, 
has  been  appointed  road  engineer  of  Harrison  County,  Texas. 

A.  S.  McFadden  has  resigned  as  assistant  engineer  of  the 
Kansas  State  Highway  Department  and  has  become  associated 
with  the  Kansas  Engineering  Co.,  Topeka,  Kan. 

Walter  G.  Kirkpatrick,  city  engineer  of  Birmingham,  Ala.,  has 
been  appointed  consulting  engineer  of  Monroe,  La.,  for  a  4-year 
term.  He  will  serve  in  an  a'Jvisory  capacity  to  all  city  departments. 

William  Steinberger,  of  Pt.  Pleasant,  formerly  a  division  en- 
gineer with  the  state  road  commission  of  West  Virginia,  has  been 
appointed  county  road  engineer  for  Doddridge  County,  West  "Vir- 
ginia. 

H.  A.  Marshall,  acting  road  engineer  of  the  Kansas  State 
Highway  Department,  and  O.  J.  Eidmann.  assistant  bridge  en- 
gineer, have  resigned  and  have  become  connected  witli  the  South- 
western Engineering  Co..  Hutchinson,  Kan. 

M.  W.  Watson  has  been  appointed  state  hig'hway  engineer  of 
Kan.sas  to  Ull  the  vacancy  caused  by  the  resignation  of  W.  S. 
Gearhart.  Mr.  V/atson  has  been  acting  in  the  capacity  of  state 
luginvay  engineer  since  July  IS.  191S,  when  Mr.  Gearhart  resigned 
to  enter  (he  army.  Mr.  Watson  is  a  graduate  civil  engineer  of 
the  Ohio  University.  He  has  practiced  engineering  in  connection 
with  ccal  mining,  railroad  work  and  municipal  work  in  South- 
eastern Ohio,  has  ser\-ed  in  a  civilian  branch  of  the  United  States 
Army  Engineers  in  connection  with  the  improvement  of  the  Ohio 
River.  Previous  to  entering  the  service  of  the  Kansas  Highway 
Commission,  Mr.  Watson  served  for  five  years  with  the  Illinois 
Stale  Highway  Department,  from  which  employment  he  resigised  to 
accept  the  position  of  road  engineer  with  the  Kansas  Highway 
Commission,  when  it  was  created  in  the  spring  of  1917.  He  served 
in  the  position  of  road  engineer  from  1917  until  his  appointment 
of  ."^ctin^  state  highwa>'  engineer. 
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Roads  and   Streets — 1st   Wednesday 


(a)    Roads 
(l»>   Streets 


(c)    Street    Cleaning 

(d>   Alunicipal    Miscellanies 


Railways   and    Excavation — 3rd   Wednesday 

:ind  (c)   Quarries  and  Pits 

(d)    Railways,    Steam    and 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)    Trrtterworks  U' 

(b>   Sowers    and    Sani-       tdt 
tntion 

(ei    Manageinent    and    Oflice 
Svstom 


Irrigation    and    Drainag'^ 
Power    .-md    Pumping 


(a>    E.\cavalion 
Dredging 
no   Rixers   and   Canals  Klectrlc 

1 ,' I    ilanagement  and  Office 
System 


Buildings  and  Structures— 4th  Wednesday 


(a)    Buildings 
(hi    Bride. s 


( c)    Harbor    Structures 
(d>   Miscellaneous  Structures 
Properties  of  Materials 
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The    Art  of    Quickly    Acquiring 
Long  Experience 

Lack  of  sufficient  experience  prevents  young  men  from 
.securing  positions  of  great  responsibility.  Most  young  en- 
gineers resign  themselves  to  this  seemingly  unavoidable 
condition,  placidly  waiting  for  time  to  remove  the  handicap 
of  meager  experience.  Yet  this  attitude  toward  experience 
is  not  wise,  as  may  be  seen  by  analyzing  the  reasons  why 
experience  is  valuable  to  its  possessor. 

Experience  may  be  defined  as  knowledge  and  skill  ac- 
ipiired  by  observation  and  practice.  While  skill  is  always 
personal,  knowledge  may  be  imparted  to  others.  Hence 
there  is  but  one  kind  of  experience  that  can  not  be  acquired 
by  reading,  namely,  the  skill  that  results  from  practice.  Most 
men  fail  to  recognize  this  distinction  and  speak  of  all  ex- 
perience as  if  It  were  a  thing  to  be  obtained  by  each  indi- 
vidual only  through  his 
own  acts  of  experienc- 
ing. 

Since  the  knowledge 
part  of  experience  (as 
distinct  from  the  skill 
part)  may  be  learned  by 
reading  and  thinking,  it 
is  feasible  for  any  man 
to  acquire  a  vast  deal  of 
that  sort  of  experience 
in  a  comparatively  short 
time  by  systematically 
studying.  It  is  true  that 
knowledge  thus  gained 
is  less  vividly  impressed 
on  the  mind  than  knowl- 
edge secured  by  person- 
al observation.  But  this 
P  s  y  chological  difficulty 
can  be  overcome  by 
proper  effort.     Since  the 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest  -easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


object  should  be  to  produce  a  deeply  engraved  record  in  the 
brain,  the  man  who  seeks  to  make  the  experiences  of  other 
men  as  useful  as  his  own  should  systematically  school  him- 
self in  the  following  manner: 

First,  read  with  an  object,  confining  most  of  the  reading 
for  a  given  period  to  subjects  that  will  serve  to  attain  that 
object. 

Second,  analyze  and  compare  the  facts  thus  found,  noting 
particularly  all  quantitative  facts. 

Third,  review  the  salient  facts  again  and  again,  thus  im- 
pressing them  on  the  mind.  In  this  way  the  lack  of  vivid- 
ness of  personal  experience  is  compensated  by  repetition 
of  the  facts. 

Fourth,  search  for  old  records  of  desired  facts,  the  older 
the  better.  It  is  far  more  impressive  to  read  Agassiz's  ac- 
count of  how  he  came  to  formulate  "the  theory  of  the  glacial 
epoch"  than  it  is  to  read  the  bare  theory  in  modern  books 

on  geology.  So.  too,  the 
story  of  how  an  English 
county  surveyor,  Wil- 
liam Smith,  originated 
the  theory  of  geological 
epochs,  and  came  to  be 
called  "Strata  Smith,"  is 
much  more  impressive 
than  Smith's  theory  it- 
self, as  we  find  it  in 
geologies. 

Go  back  in  the  realms 
of  science  to  the  discov- 
euer  or  inventor  himself 
if  you  w-ish  to  share  his 
original  thrill  of  tri- 
umph. The  average  au- 
thor of  scientific  books 
is  a  "dub"  when  it  comes 
to  thrilling  you.  He 
gives  you  bare  results, 
as       a       rule,       without 
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the  personal  struggle  and  the  original  reasoning 
that  yielded  those  results.  For  this  reason  the  orig- 
inal articles  in  magazines  and  society  transactions  are 
usually  far  more  valuable  than  the  rewritten  stuff  derived 
from  them  and  printed  in  the  latest  text  books.  If  you  want 
to  ab.aorb  the  experiences  of  other  men.  go  to  the  writings 
of  those  very  men,  and  live  again  their  experiences  as  nearly 
as  may  be. 

"The  World's  Best  Books,"  by  Parsons,  contains  some 
good  advice  about  books  and  about  reading;  but  its  author 
makes  a  serious  mistake  in  saying  that  only  the  latest 
scientific  books  need  be  read,  since  they  include  the  best 
of  all  that  has  been  written  previously.  One  who  has  writ- 
ten a  scientific  book  himself  would  not  claim  any  such  com- 
pleteness for  it.  But  we  go  farther  and  assert  that  even 
were  a  scientific  book  to  contain  the  "substance"  of  all  that 
had  been  printed  before  on  the  subject,  it  would  lack  the 
"spirit"  that  lives  in  the  original  authorities.  It  is  this 
"spirit"  that  arouses  your  interest  to  the  highest  degree. 
It  is  the  intensity  of  your  interest  that  mainly  determines 
your  ability  to  remember  what  you  read.  It  is  the  facts 
that  you  remember  that  constitute  the  knowledge  that  is  in- 
stantly available  in  forming  judgments.  And  it  is  the  sound- 
ness of  your  judgments  that  is  the  best  test  of  the  extent 
of  your   worth   while   experience. 


At  Solvay,  N.  Y.,  15  residence  inside  meters  and  20  in- 
side business  meters  are  averaged  per  man-hour.  This  is 
apparently  due  to  the  great  distance  between  residenci- 
meters. 

These  data  make  it  clear  that  waterworks  superintend- 
ents can  profitably  study  the  reasons  why  there  are  such 
great   variations   in   the   daily   work   done   by   meter  readers. 


How  Many  Meters  Should  a  Man 
Read  Daily? 

The  number  of  units  of  work  that  a  good  workman  can 
perform  daily  under  given  conditions  should  be  known  by 
his  manager.  How  many  water  meters  should  be  read  per 
8-hour  day  by  a  fairly  good  reader?  .Judging  from  a  recent 
tabulation  given  in  the  Municipal  Journal,  there  is  a  wide 
range  of  effectiveness  of  meter  readers,  even  where  condi- 
tions seem  to  warrant  no  such  variation.  Thus  in  Los  An- 
geles, with  100,000  "outside"  meters,  50  per  hour  is  said  to 
be  the  average;  whereas  in  Washington,  D.  C,  with  (Jl.nOO 
"outside"  meters,  22  per  hour  is  given  as  the  average.  The 
ratio  is  almost  2%  to  1.  Even  greater  differences  exist  in 
other  cities  as  to  the  number  of  "inside"  meters  read  per 
hour. 

The  number  of  meters  read  per  hour  obviously  depends 
not  only  upon  the  efficiency  of  the  men,  but  upon  other 
conditions  such  as:  (1)  The  distance  from  the  office  to  the 
place  where  meter  reading  begins.  (2)  The  distance  apart 
of  meters.  (3)  Whether  the  meters  are  inside  or  outside  the 
building.     (4)  Whether  the  readers  walk  or  ride. 

The  following  are  typical  examples  selected  from  the 
above   mentioned   tabulation; 

TABLK    I.— CITIES    HAVING  OUTSIDE    METERS. 

Average 

Number  of  number  read 

meters.  per  man-hour. 

Alhambra,     Calif 2,100  29 

Los  Angeles,  Calif 99,600  50 

San    Diego,    Calif 15,169  41 

Pasadena,  Calif 12,547  38 

Whittier,    Calif 1,951  #     20 

Washington.    D.    C 61.107  22 

Atlanta,  Ga 33,000  30 

.A-Ugusta,    Ga 7,500  20 

Gadsden,    Ala 2,030  60 

Lewiston,  Ida 1,200  38 

Atlantic. (^ity.  N.  J 7.398  40 

01<lahoma  City,  Okia 13,000  28 

Portland,  Ore 17,588  30 

Memphis,   Tenn 19,734  30 

Knoxville,    Tenn 13.908  67 

Average    of    these    15    cities,    36. 

TABLE  II.— CITIES  H.WING  INSIDE  METERS. 

Number  of  Average 

n^eteTs.  number  read 

'   ^  per  man-hour. 

Hartford,   Conn 15,451  12 

Middleton.   Conn 2,300  11 

Concord.   N.  H 2,576  20 

E;mira,   N.   T 10,032  18 

Syracuse.   N.   T 28,133  20 

Solvay,  N.  Y 990  *15-t20 

Worcester.    Mass 20,715  14 

Grand    Rapids.    Mich 24,530  8 

Duluth,    Mich 12,144  15 

Minneapolis,   Minn     ...                      fi0.n;!0  10 

Akron,    0 20,000  28 

Cincinnati,    0 55,000  20 

Dayton.    0 30,438  23 

Meadville,   Pa 3  376  31 

Wilkinsburg.    Pa 15,686  25 

Average  of  these  15  cities.  IS. 
*Re&idence.     ^-Business. 

Comparing  the  averages  in  these  two  tables,  it  would 
appear  that  twice  as  many  outside  meters  can  be  read  daily 

as  inside  meters. 
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Why    Waterworks    Material    and 
Equipment  Will  Not  Re- 
cede in  Price 

The  price  of  iron  and  steel  products  is  largely  based  on 
the  price  of  pig  iron.  For  example  the  price  of  cast  iron 
pipe  is  usually  about  twice  the  price  of  pig  iron  per  ton. 
and  the  price  of  structural  steel  shapes  is  usually  almost 
three  times  the  price  of  pig  iron  per  pound. 

John  W.  Hill,  financial  editor  of  the  Iron  Trade  Review, 
recently   said: 

"American  hankers  and  economists  insist  that  the  dollar 
has  experienced  a  shrinkage  to  50  ct.  measured  by  the  pre- 
war standard   of  value. 

"A  ton  of  pig  iron  is  worth  now,  roughly,  $2G  at  the  blast 
furnace:  but  measuring  the  dollar  with  the  prewar  yard- 
stick this  price  is  cut  in  two  and  we  see  pig  iron,  accord- 
ing to  normal  conditions  with  an  actual  value  in  exchange 
of  only  $13  a  ton,  slightly  less  than  the  prewar  average. 
Thus  it  is  clear  that  sharp  price  cuts  are  hardly  to  be  ex- 
pected in  the  immediate  future  and  will  come  about  only 
with  the  recovery  of  the  value  of  the  dollar  which  will  re- 
sult from  the  process  of  deflation.  This  is  usually  a  long 
drawn  out  operation.  In  the  case  of  the  price's  after  the 
civil  war  it  was  approximately  12  years  before  prices  reached 
a  normal  basis." 

The  armistice  was  signed  seven  months  ago,  yet  price 
level  remains  substantially  unchanged.  In  the  June  28  issue 
of  Literary  Digest  a  long  abstract  was  given  of  the  opinions 
of  business  men,  bankers,  and  editors  of  daily  and  trade 
papers.  There  was  striking  unanimity  in  the  belief  that 
the  present  high  price  level  will  persist  for  a  great  many 
years.  Also  it  is  noteworthy  that  the  reason  most  commonly 
assigned  for  the  persistence  of  high  prices  is  the  slowness 
with  which  the  world's  currency  will  be  depleted.  We 
quote  again  from  Mr.  Hill: 

"The  total  world  expansion  of  credits  and  currency  caused 
by  the  great  war  is  estimated  at  $25ii. 000, 000,000.  With 
such  an  excessive  supply  of  purchasing  power  it  is  inevitable 
that  the  money  unit  should  be  cheapened,  for  money  like 
every  other  commodity  is  affected  by  the  law  of  supply  and 
demand.  ' 

Political  economists  for  more  than  a  century  have  held 
that  doubling  the  supply  of  money  doubles  the  prices  of  com- 
modities, if  other  conditions  remain  unchanged.  Fifteen  of 
the  nations  of  Europe  have  tripled  their  currency  during 
the  war  by  issuing  paper  money;  and  the  European  prices 
have  risen  accordingly.  America  has  increased  her  gold 
supply  55  per  cent,  with  no  prospect  of  a  decrease  and  a 
possibility  of  a  further  increase.  Steel  and  iron  prices  in 
America  are  about  "O  per  cent  above  prewar  prices.  It  is 
safe  to  predict  that  they  will  recede  little  if  at  all  during  the 
next  few  years. 


Why  and  How  Water  Rates  Should 
Be   Increased 

"Every  tub  should  stand  on  its  own  bottom."  This  eco- 
nomic maxim  holds  true  whether  a  plant  is  owned  by  a  city 
or  by  a  company.  If  correctly  applied,  this  maxim  results 
in  charging  rates  for  each  class  of  service  sufHcient  not 
only  to  pay  operating  expenses  but  interest  on  the  plant 
assignable  to  each   class  of  service. 

The  city  at  large  should  pay  the  water  department  ade- 
quately for  fire  protection,  sewer  flushing,  street  sprinkling, 
and  for  other  general  purposes.  This  is  rarely  done,  but  fail- 
ure to  do  so  may  throw  an  excessive  burden  on  the  other 
water  users.  Now  that  it  is  imperative  to  increase  the  in- 
come of  water  departments  in  most  cities,  perhaps  the 
easiest  way  to  secure  the  initial  increase  is  to  make  a  reas- 
onable charge  for  fire  protection  and  for  other  public  pur- 
poses. 
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Cities  that  own  their  electric  plants  have  usually  touuil  it  Rfir-klr     Rf»vifW"« 

popular  to  charge  low  rates  for  domestic   lighting   anil   high  UUUn.    rveVlCWS 

rates  for  street  lighting.  The  popularity  of  this  plan  lias  led  Sewage  Disposal. — By  L,coii.iriI  1'  Kiniucult.  late  Director,  De- 
»„  «,.,.,„  o),„coa  Tlio  ciontflo  niiinirinat  iibint  for  e\amnle  1  ailim-jit  of  Ohemistry,  and  Pi-<ifessor  of  Sanitary  Chemistry  In 
to  many  abuses.  1  he  beattle  municipal  piani,  lor  example,  ^^^^  Worccst.T  Polytechnic  Institute;  C.  K.  A.  Winslow,  Pro- 
has  charged  about  twice  as  much  per  kilowatt  hour  for  lessor  of  J'ulilie  Health  in  the  Yale  School  of  Medicine,  ani;  R. 
c.,<^Qt  lio-Vitintr  no  wao  ehnrp^Pfl  hv  the  nrivatp  ulant  of  Port-  Winthiop  Pratl.  ConsullinK  Knfe'incer.  Second  edition  rewrlt- 
street  lighting  as  was  enargea  u>  tne  private  piaui  oi  t-oii.  ^_^^  Cloth;  6xa  ins.;  547  pp.;  illusU-ated.  John  Wiley  &  Sons, 
land.     To   offset  this   overcharge   for   street   lighting,   Seattle  Xcw  Yorl<.    $4. 

has   undercharged   the   domestic   consumer.  Ti,is  complete  treatise  on  sewage  disposal   has  undergone 

We  do  not  advocate  this  sort  of  discrimination,  even  if  it  ^  thorough  revision  since  the  first  edition  published  in  1910. 

does  tend  to  win  the  approval  of  most  voters.     But  since  it  T,,p  fundamental  principles  brought  forth  in  the  lirst  volume 

happens    that    the    charges    for    water    used    for    public    pur-  hgve    been    largely    retained    but.   the    rapid    progress   in    the 

poses  are  usually  too  low,  and  since  more  income  is  needed  ^rt    of    sewage    treatment    has    enabled    the    authors    to   add 

by    water    departments,    we    suggest    the   raising   of    hydrant  ^  great  deal  of  new  data. 

rentals   and   other   public   service   charges,   not   only   because  Sewage  disposal  by  dilution,  the  one  method  of  treatriient 

it  will  meet  with  less  opposition  but  because  it  is  equitable.  g^   habitually  overworked,  is  discussed   very   thoroughly   and 

We   have    tacitly    assumed    that    water   revenues    must    be  ^hg  limiting  factors  are  stated, 

increased.     When   it   is   realized   that   existing   water   works  Qt,,gr  methods  have   been  taken   up   in   detail,   principally 

could   not  be  reproduced   at   present  prices   for  less   than  a  ;„  ^-^^  ^^der  of  their  development.     The  use  of  bar  screens 

75  per  cent  increase  over  the  original  cost,  it  should  be  ap-  ^^^^   the  many  types  of  fine  screens  are  discussed,  and  their 

parent  that   annual   maintenance  and   renewal   expenses   will  efficiencies  and  costs  of  operation  are  presented.    The  various 

hereafter   average    fully    75    per   cent    more    than   in    prewar  methods    of    preliminary    treatment    have    been    divided    into 

years.     The  wages  and  salaries  of  water  works  departments  treatment   by   chemical   precipitation,   by   the   septic   process, 

have  not  kept  pace  with  increased  costs  of  living,  but  they  .^^ni   by   2-story   tanks.     A   marked   tendency   in   favor  of  the 

will  have  to  be  raised  fully  GO  per  cent  as  compared  with  hnhoff  2-story  tank  has  been   apparent   in  recent  years  and 

what  they  were  before  the  war.    Coal  has  doubled   in   price  f^g  authors  have  given  a  great  deal  of  data  on  this  type  of 

in   most   places.      Taking   these   and   other   factors   into   con-  tank. 

sideration,  it  is  safe  to  predict  that  the  renewals,  mainte-  p-jnai  treatment  of  sewage  is  fully  discussed  with  refer- 
nance  and  operating  expenses  of  water  works  will  hereafter  ^^^^  f^  broad  irrigation,  intermittent  sand  filtration,  treat- 
average  fully  70  per  cent  more  than  before  the  war.  n^g^  in  contact  beds,  trickling  filters,  and  especially  the 
Waterworks  superintendents  and  engineers  should  lay  comparatively  recent  activated  sludge  process.  The  under- 
these  facts  promptly  before  city  councils,  mayors  and  cham-  lying  principles  of  this  last  method  as  they  have  been  de- 
bers  of  commerce;  and  should  ask  for  needed  increases  rived  from  extensive  experiments  in  many  places  are  valuable. 
in  rates  for  water.  Coincidently  they  should  point  out  that  Experience  with  this  method  of  treatment  is  not  general  and 
water  waste  surveys  should  be  made  and  that  water  meters  the  da»a  presented  have  been  collected  from  many  sources 
should  be  installed.     Every  effort  should  be  made  to  reduce  hitherto  comparatively  inaccessible. 

operating  expenses,  so  long  as  adequate  service  is  supplied;  The  disposal  of  sludge  is  generally  a  more  or  less  difficult 
but  adequate  revenue  should  also  be  demanded.  problem  in  treatment   plants.     Many  methods  are  discussed 
together   with   the    recovery    of   revenue   producing   by    prod- 
ucts.    Recovery  of  grease  from  sludge  produced  by  the  Miles 
A    Su^^GStion    to    the    En^inGCrS    of  -^cld  Process  is  of  particular  interest  because  of  the  recent 
¥-»l_*I      J     I      U'  experiments  at  New  Haven. 

i  Illl3.QGlpril3  Questions  of  odors   and   other  local  nuisances   from   treat- 

A   number  of   American   cities   make   a   practice   of   letting  >"ent   plants,   disinfection   of   sewage   by   chlorine,   treatment 

yearly  contracts  tor  garbage  collection  and  disposal.    Where  Plants    for    isolated    plaofes    not    connected    to    sewers,    and 

a  costly  plant  must  be  owned  by  the  contractor,  no  real  com-  other  methods  of  sewage  testing  are  other  features  brought 

petition  tor  the  yearly  contract  is  possible.     The  contractor  ""t  'n  this  book.                                      i,     ,    v,        v          ,^        , 

who    once    secures  the    garbage  disposal  need  fear  no  com-  One    commendable    feature    throughout    has    been    the    at- 

tempt  to  give  efficiencies  and  costs  of  the  various  methods 

petitor.  ^.          ° 

Perhaps  the  best  solution  of  the  problem  under  such  con-  ot  disposal.                 

ditions    would   be   the   ownership   of   the    plant   by    the   city, 

and  its  operation  by  a  contractor                 ,    .  ,     .    .  Cost  Estimates  for  Intercepting  Sewer  and 

While  a  society  of  engineers  should   not   undertake  to  de-  t-^            .        i,,.    . 

sign    a    plant    for    a    city,    it    might    well    lead    the  Treatment  Plant  at  Detroit,  Mich. 

public  in  establishing  an  economic  policy.  The  En-  Extensive  studies  of  costs  and  methods  of  treatment  of 
gineers-  Club  of  Philadelphia  is  an  unusually  strong  organi-  ^^^^^-^^  sewage  have  been  made  in  connection  with  the  re- 
zation,  and  Philadelphia  furnishes  an  exceptionally  bad  ex-  _^^^  Report  of  the  Consulting  Sanitary  Engineer  on  the  Pol- 
ample  of  mismanagement  as  to  garbage  contracts.  This  great  ^^^^.^^^  ^^  Boundary  Waters.  One  project  recommended  the 
engineering  club  should  lead  in  the  fight,  locally  and  in  the  j„^^g^iate  construction  of  two  low  level  intercepting  sewers 
state  Legislature,  to  free  the  city  from  legal  limitations  as  jj^ggj^arging  through  pumps  to  two  separate  treatment  plants, 
to  garbage  contracts.  rpj^g  treatment  plant  consists  of  Imhoff  tanks,  including  in- 
"  flowing  and  outflowing  channels:   grit  chambers:   sludge  dry- 

EAj-     C     Tnrliav     PTiirnichfH     Onlv      nn  '"S  beds;   disinfection  plant. 

.  tX     \^.  lllUeX    ruimsiicu     V^mj       v^"  imhoff   tanks   were    proportioned   on   the   basis   of   a   sedi- 

ReOUGSt  mentation  period  of  two  hours,  when  the  rate  of  flow  equals 

"  t''5  per  cent  of  the  average  rate  of  flow,  and  storage  room 

Previous   to   last    year   it   had    been   our   custom     to    send  j,  ^^  sludeg  of  2  cubic  feet  per  tributary  person.     The  estimate 

the  index  of  our  articles  to  all  subscribers.     In  common  with  j.^^.  ^^-^^  chambers,  bar  screens,  etc.,  was  made  by  making  an 

many   other   publishers    we   now    have   adopted    the   practice  allowance  of   5  ct.  per  tributary   person,   this   figure  having 

of  sending  the  index  to  only  such  subscribers  as  request  it.  ^^^^^  arrived  at  from  a  review  of  published  information  re- 

Therefore,  if  you   want   the   index  for  the   6   months  ending  ga'd^ng  existing  plants.     The  area  of  sludge  drying  beds  re- 

.June  SO  you  should  notify  us  at  once.    Those  who  requested  ,|„-,.eci  was  based  on  a  load  of  six  persons  per  square  foot  of 

the  index  for  the  previous  volume  have  been  listed  and  need  ^^g,  joying  bed  area, 

not  notify  us  again.  The  total  estimated  cost  of  the  treatment  works  for  treat- 

7. T^     ■        .1       „.;„*„..  intr  16' 7  M    G    D.  from  a  population  of  950,000  is  $2,077.2O0-. 

Frost    Penetration    at   Taunton.    ^«^;-°"""^^ ';;,", "'^:  Tlfe  CO      per  million  gallons  tor  the  different  elements  is  as 

of   1917-18  frost   penetrated   the   earth  to   the   greatest   depth  y'^  cu   ,  i 

known  in  the  history  of  the  Water  Department  of  Taunton,  -Uows. 

Mass.     In  some  places  it  reached  a  depth  of  6  ft.     On  Nov.  I,-j;hofE  t^a^nks .JS.SoS 

24     1917    a   period   of   cold    weather   began   which   continued  screens  and  grit  chamber 292 

without  cessation  for  four  months.     The  surface  of  the  ground  J^'^/^^'^^^i^^ti-  and  parking.V.V.-.-.-.-.V;: ::::;::;::::;::::    2,336 

was  nearly  bare.     The   snow  fall  for  the   entire  period   was  ^                                                                                             T^— 

161/2  in   but  only  about  31/2  in.  was  on  the  ground  at  one  time.  Total  estimated  cost  per  M.G.D $l2,7o7 

(3)  .                        . 
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The  Gallery  Collecting  System  of 
the  Des  Moines  (la.)  Water  Co. 

The  Des  Moines  Water  Co.  ia  one  of  the  pioneers,  if  not 
tlie  first,  to  thoroughly  develop  its  water  supply  by  means 
of  intiltration  galleries.  A  number  of  cities  have  water  sup- 
plies developed  from  the  underlying  sand  and  gravel  strata 
by  means  of  wells,  but  few,  if  any,  have  adopted  the  method 
used  at  Des  Moines.  An  interesting  description  o'f  the  sys- 
tem employed  at  this  city  was  given  by  Mr.  A.  T.  Luce, 
Engineer  and  Superintendent  of  the  Des  Moines  Water  Co.. 
in  a  paper  presented  April  li;  before  the  Iowa  Section  of 
the  American  Waterworks  Association.  An  abstract  of  the 
paper  follows: 

The  water  is  obtained  primarily  from  the  Raccoon  River. 
This  stream  lies  in  a  southwesterly  direction  from  Des 
Moines  and  discharges  into  the  Des  Moines  River  in  the 
heart  of  the  city.  It  has  a  drainage  area  of  3, 077  square 
miles  above  the  city  and  a  minimum  flow  of  sufficient  quan- 
tity to  more  than  meet  the  needs  of  the  city  for  many  years 
to  come. 

The   most    interesting    feature   of   the   rixer    from   a    water 


but  is  subject  to  floods  that  periodically  scour  the  silt  de- 
posits from  its  bed. 

It  was  concluded  early  in  the  development  of  the  water 
company  that  the  sand  of  the  river  would  act  as  a  good  fil- 
tering agent  and  there  was  accordingly  constructed  in  1871 
a  steel  tank  12  ft.  in  diameter  and  14  ft.  high  with  per- 
forated sides  and  closed  top.  This  tank  was  sunk  in  the 
gravel  on  the  south  bank  of  the  river  until  its  top  was  H\ 
ft.  below  water  and  it  was  surrounded  with  coarse  gravel. 
It  has  been  estimated  that  this  tank  furnished  water  at  the 
rate  of  1.500.000  gal.  per  day  for  short  periods.  A  direct 
river  inlet  was  later  connected  for  emergency  use. 

In  1S7G  two  more  tanks  were  installed  on  the  north  bank 
of  the  river.  These  were  very  much  similar  to  the  original, 
being  12  ft.  in  diameter  and  12  ft.  high  with  perforated 
sides  and  open  bottom  but  having  tops  constructed  of  12- 
in.  X  12-in.  timbers. 

The  first  unit  of  the  present  collecting  system  was  built 
in  1882.  This  was  the  suction  well  located  in  the  station 
yard  and  approximately  800  ft.  from  the  river.  It  consists 
of  a  brick  lined  well  50  ft.  in  diameter  and  35  ft.  deep  with 
walls    19    in.    thick    resting   on    an    iron    shoe.      The    well    is 


General    Plan    of    Water    Supply    of    Des    Moines    (la.)    Water    Works     Company. 


supply  standpoint  is  the  geology  of  its  valley  in  the  vicinity 
of  Des  Moines.  Here  we  find  a  broad  valley  nearly  100  ft. 
deep  and  a  mile  wide  which  has  been  eroded  in  the  clay, 
shale  and  rock  of  the  natural  topography  and  extending 
for  many  miles  upstream  with  relatively  steep  sides  termi- 
nating in  rolling  plains  above.  It  is  evident  that  this  val- 
ley was  eroded  by  a  preglacial  stream  which  eventually  cut 
its  way  to  hard  bottom  and  later  covered  this  bottom  with 
clean  sand  and  fine  gravel  brought  down  from  the  glaciers 
and  then,  at  a  still  later  period,  covered  this  gravel  bed 
with  from  5  to  10  ft.  of  alluvium.  As  might  be  expected, 
this  stratum  of  sand  and  gravel  terminates  at  the  foothills 
on  either  side,  but  extends  upstream  for  many  miles.  Bor- 
ings have  shown  this  to  be  true  and  many  made  by  the 
water  company  affirm  the  fact  that  it  is  from  10  to  30  ft. 
in  thickness,  very  clean  and  uniform  in  size.  An  analysis 
of  the  borings  shows  no  marked  difference  in  the  character 
of  the  material,  although  in  some  places  the  sand  predomi- 
nates while  in  others  the  gravel.  There  is,  however,  little 
difference  in  the  water  carrying  capacity,  the  average  effec- 
tive size  being  about  0.42  milimeters  with  a  coefficient  of 
uniformity  of  4.00 

Owing  to  the  fact  that  the  surface  of  the  valley  lies  be- 
low the  level  of  the  flood  plane  of  the  river  it  is  sparsely 
settled  both  within  the  city  and  for  a  long  distance  above 
it.  Thus  we  find  extending  right  into  the  city  a  large  sand 
and  gravel  filled  basin  scaled  off  from  practically  all  outside 
contamination  by  the  topography  and  the  natural  clay  soil, 
through  which  meanders  a  river  of  ample  size  to  furnish 
the  water  requirements  for  many  years  to  come.  During 
the  greater  portion  of  the  year  this  river  is  low  in  turbidity 


roofed  over  below  the  ground  and  contains  the  suctions  of 
the  pumping  engines.  The  top  of  the  well  is  about  1.5  ft. 
above  the  normal  river  level.  Upon  completion  the  well 
was  capable  of  delivering  500.000  gal.  per  day.  With  this 
well  and  the  three  boxes  a  supply  of  from  2.000,000  to  3,000,- 
000  gal.  per  day  was  obtained  although  the  draft  upon  the 
boxes  was  beginning  to  draw  sand  into  the  pumps  and  gave 
more  or  less  trouble. 

In  1884  work  was  started  on  the  first  gallery.  Thi?  gal- 
lery is  known  as  the  No.  1  gallery  and  extends  from  the 
suction  well  south  under  the  tracks  of  the  Rock  Island  rail- 
road a  distance  of  260  ft.  thence  in  a  westerly  direction 
along  the  railroad  between  it  and  the  river  for  a  distance 
of  817  ft.,  terminating  at  a  point  150  ft.  from  the  river  bank. 
It  is  4  ft.  high  by  5  ft.  wide  and  surrounded  with  1-in. 
screened  stone.  The  bottom  is  open  and  the  sides  and  top 
are  made  of  3-in.  x  6-in.  white  elm  timbers  laid  with  4s-in. 
spaces  between.  The  gallery  was  built  in  open  cut,  the  ditch 
varying  from  17  ft.  to  27  ft.  in  depth.  It  was  completed  in 
1886. 

The  old  iron  tanks  were  abandoned  in  1885  and  the  water 
drawn  entirely  from  the  No.  1  gallery  and  the  suction  well. 
Thus  we  find  that  34  years  ago  the  entire  water  supply 
was  developed  by  infiltration  at  a  considerable  distance 
from  the  river. 

Owing  to  the  steady  growth  of  the  city  and  the  increasing 
demand  for  water  the  No.  2  or  river  gallery  and  river  well 
were  built  in  1887.  The  well  was  located  in  the  station  yard 
and  is  20  ft.  in  diameter  by  30  ft.  deep  built  with  2n-in.  brick 
walls  resting  on  a  wooden  shoe.  It  is  roofed  over  with 
brick    arches    supported    by    I-beams.      In    order    to    prevent 
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wash  from  the  gallery  one-half  of  the  bottom  is  floored  with 
a  baffle  in  the  center.  This  gallery  is  1,594  ft.  in  length 
and  lies  along  the  toot  of  the  bluff  on  the  north  side  of  the 
railroad  terminating  in  an  emergency  inlet  to  the  river. 
Like  the  No.  1  gallery  it  is  constructed  of  white  elm  tim- 
bers in  open  cut  varying  in  depth  from  16  ft.  to  30  ft.  It  is 
smaller,  however,  in  size,  being  only  4  ft.  wide  by  4  ft.  2 
in.  high  with  open  bottom  and  tightly  sheeted  sides  and  top 
made  of  4-in.  x  G-in.  white  elm  timbers  set  on  a  bed  of 
screened  broken  limestone.  At  the  time  of  completion  of 
this  gallery  there  was  ample  intiltration  to  supply  the  do- 
mestic and  fire  demand  of  the  city  without  recourse  to  the 
emergency  river  intake,  the  average  daily  consumption  be- 
ing about  2,000,000  gal. 

It  was  not  necessary  to  augment  this  supply  by  additional 
galleries  until  1894  when  the  consumption  had  increased  to 
an  average  of  nearly  3,000.000  gal.  per  day.  During  this 
year  the  No.  3  gallery  was  constructed.     This  gallery  is  an 


Gallerv    No.  I 


It  was  not  until  |:hi4  that  additional  galleries  were  built. 
The  No.  4  gallery  was  started  in  1002,  but  floods  and  high 
water  delayed  the  actual  construction  for  2  years.  This 
gallery  forms  the  first  link  in  the  present  main  gallery  line 
and  was  built  of  similar  construction  to  gallery  No.  3,  al- 
though it  is  4  in.  higher,  being  4  ft.  by  h  ft.  in  section.  It 
was  built  in  open  cut  at  a  depth  varying  from  10  to  30  ft. 
and  extends  from  a  point  on  the  north  bank  of  the  river 
000  ft.  from  the  suction  well  across  the  stream  for  a  total 
distance  of  1,()00  ft.  The  end  of  the  gallery  is  connected  to 
the  suction  well  by  means  of  a  3G-in.  C.  I.  siphon.  A  20-in. 
cross  connection  was  built  between  galleries  No.  3  and  4 
in  order  to  equalize  their  flow.  It  is  of  interest  to  note  that 
this  gallery  extended  at  right  angle  to  the  river  and  at  its 
upper  end  is  400  ft.  from  the  nearest  bank. 

During  times  of  low  water  it  became  necessary  to  irrigate 
and  rake  the  sandbars  along  the  river  adjacent  to  the  gal- 
leries   in   order   to   increase   the   yield.     This   procedure  was 
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extension  of  the  No.  1  gallery  beginning  atthe  end  of  the 
old  gallery  and  extending  across  the  river  and  upstream 
parallel  to  it  for  a  total  distance  of  1,250  ft.  It  is  3  ft.  8  in. 
high  by  5  ft.  wide  and  wasbuilt  with  sides  of  4-in.  x  C-in. 
timbers  in  which  t4-in.  spaCPs  were  left  between  timbers. 
The  top  was  made  solid.  Sin.  in  thickness,  and,  like  the 
other  two  galleries,  the  bottom  was  left  open.  Screened 
gravel  was  placed  on  the  sides  and  bottom  of  the  gallery. 
For  150  ft.  under  the  river  the  gallery  is  protected  by  a  4- 
in.  concrete  slab.  A  low  brush  and  rock  fill  dam  was  thrown 
across  the  river  below  the  galleries  in  the  fall  of  this  year 
which  increased  the  head  on  the  galleries  about  2  ft. 

Five  8-in.  drive  wells  were  constructed  about  800  ft.  from 
the  gallery  in  1899.  These  Wells  were  about  20  ft.  in  depth, 
extending  nearly  to  the  clay  subsoil  and  were  equipped  with 
8-ft.  strainers.  Pumping  was  done  by  means  of  an  electric 
driven  pump  which  discharged  into  the  end  of  the  No.  2 
igallery  through  a  10-in.  C.  I.  pipe  line.  In  1900  it  was 
decided  that  the  operation  of  this  equipment  was  deter- 
mined to  the  flow  in  the  galleries  and  the  wells  were  ac- 
cordingly abandoned. 


expensive  and  more  or  less  unsatisfactory  and  it  was  de- 
cided to  extend  the  gallery  system  still  further.  After  a 
careful  investigation  of  the  ground  water  contours  and  a 
further  study  of  the  water-bearing  strata  it  was  determined 
that  over  two-thirds  of  the  water  collected  by  the  galleries 
came  from  the  river  and  that  the  rate  of  this  infiltration 
approximate  220,000  gal.  per  acre  of  river  bed  per  day.  It 
w-as  accordingly  concluded  that  extensions  made  parallel 
to  the  river  would  develop  the  greatest  delivery. 

Work  was  started  on  the  No.  5  gallery  in  1908.  This  gal- 
lery extends  in  a  southwesterly  direction  from  the  end  of 
gallery  No.  4  a  distance  of  3,325  ft.  and  consists  of  a  series 
of  concrete  rings  4  ft.  in  diameter  laid  on  a  timber  cradle 
surrounded  by  6  in.  of  crushed  sewer  tile.  Each  ring  is  2 
ft.  long  and  4%  in.  thick,  made  of  reinforced  concrete  and 
has  small  lugs  cast  on  one  end  V4  in.  high  which  serve  as 
spacers  between  the  adjacent  rings.  The  excavation  ranged 
from  20  to  27  ft.  in  depth  and  due  to  the  intensely  water- 
bearing character  of  the  material  solid  sheeting  had  to  be 
resorted  to.  Three  pumping  plants  were  used  during  the 
work,   as   it   was   necessary   to  handle   water  at   rates  vary- 
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ing  from  4,000,000  to  12,000,000  gal.  per  day.  Manholes  were 
built  at  points  where  the  direction  of  the  gallery  changed. 
This  gallery  is  divided  into  two  sections  connected  by  36 
ft.  of  3(J-in.  cast  iron  pipe  and  a  gate  valve.  Cast  iron  pipe 
and  valves  were  also  placed  at  the  beginning  and  end  of 
the  gallery.  All  three  valves  are  located  in  valve  chambers 
made  of  brick  with  concrete  bottoms.  The  work  on  this  sec- 
tion of  gallery-  was  completed  in  1910. 

In  order  to  dispense  with  the  irrigation  and  raking  of  the 
sand  bars  during  periods  of  low  water  an  emergency  filter 
was  built  simultaneous  with  the  construction  of  the  No.  5 
gallery.  This  filter  consists  of  an  earthen  reservoir  im- 
mediately above  the  gallery,  divided  into  two  sections  by  a 
street  crossing.  The  filters  are  30  ft.  wide  at  the  bottom 
with  side  slopes  1:1  and  a  total  length  of  850  ft.,  and  are 
connected  by  a  24-in.  vitrified  tile.  Water  was  originally 
admitted  to  them  by  gravity  from  the  river  through  a  20-in. 
cast  iron  pipe.  The  bottom  is  at  elevation  100  and  the  tops 
of  the  banks  are  at  elevation  120.  Without  the  emergency 
filter  this  gallery  produced  about  2,000,000  gal.  per  day  and 
it  was  thought  that  there  would  be  no  further  extensions 
needed  for  some  time  as  the  average  daily  consumption  of 
the  city  was  about  5,250,000  gal.  per  day.  The  demand  for 
water,  however,  became  greater  than  was  anticipated  as  the 
consumption  increased  over  50  per  cent  between  1907  and 
1913  at  which  time  it  became  apparent  that  the  galleries 
would  have  to  be  again  extended  and  accordingly  work  was 
started  on  No.  6  gallery  in  the  fall  of  1914. 

The  No.  fi  gallery  begins  at  the  end  of  Gallery  No.  5  and 
parallels  the  river  for  a  distance  of  3,500  ft.  It  is  identical 
in  construction  with  the  latter  gallery  and  is  likewise  divided 
into  two  sections  by  a  short  stretch  of  3G-in.  cast  iron  pipe 
and  a  valve.  The  excavation  ranged  from  18  to  20  ft.  in 
depth  and  was  done  by  two  locomotive  cranes  operating  on 
standard  gage  track  on  either  side  of  the  excavation.  Steel 
sheet  piling  was  used  for  lining  the  trenches  and  was  driven 
by  steam  hammers  supported  by  the  cranes.  Water  was 
pumped  from  the  ditch  at  rates  varying  from  2,000,000  to 
8,000,000  gal.  per  day.  This  gallery  was  completed  and  put 
into  operation  early  in  1917  and  completes  the  extensions 
up  to  the  present  time. 

Owing  to  the  lowering  of  the  river  level  about  2  ft.  by 
sand  dredging  operations  and  the  inadvisability  of  raising 
the  brush  and  rock  fill  dam  previously  mentioned  to  a  suffi- 
cient height  to  overcome  this  loss  in  head,  it  becomes  neces- 
sary in  1916  to  install  a  motor-driven  low  lift  centrifugal 
pump  of  5,000.000  gal.  daily  capacity  to  furnish  water  to  the 
emergency,  filters  during  periods  of  drouth.  This  plant  was 
replaced  the  first  of  this  year  by  a  permanent  low  lift  pump- 
ing station  located  at  the  extreme  end  of  No.  6  gallery. 
The  station  contains  two  motor-driven  centrifugal  pumps 
each  of  5,000,000  gal.  daily  capacity  which  take  their  water 
from  the  river  and  discharge  it  into  a  series  of  ditches  and 
pools  extending  along  the  land  side  of  the  gallery  as  far 
as  the  emergency  filters.  It  has  been  demonstrated  that  this 
method  of  irrigation  furnishes  water  of  equal  quality  to 
that  filtered  from  the  river  and  that  it  filters  at  the  rate  of 
about  1,0110,000  gal.  daily  per  acre  flooded.  At  present  only 
one  pump  is  operated  and  then  during  low  water  stages  of 
the  river,  although  the  average  daily  consumption  has 
grown  to  over  8,000,000  gal.  daily  and  a  maximum 
rate  of  17,000,000  gal.  daily  was  reached  last  August  for  a 
short   time. 

In  the  normal  operation  of  the  galleries  the  pumping  en- 
gines at  the  pumping  station  lower  the  water  level  of  the 
suction  well  by  their  demand  and  this  unstable  condition 
of  the  ground  water  level  thus  created  causes  a  draft  on 
the  gallery  conduits  which  in  turn  is  replenished  by  infil- 
tration from  the  adjacent  water-bearing  area.  The  ground 
water  then  flows  from  either  side  towards  the  gallery:  the 
greatest  amount,  however,  coming  from  the  river  side.  Dur- 
ing periods  of  high  pumpage  the  ground  water  level  imme- 
diately adjacent  to  the  river  has  been  drawn  down  to  a  foot 
below  the  level  of  the  water  in  the  river.  This  heavy  draft 
does  not  increase  the  yield  from  the  river  as  much  as  might 
be  expected  as  it  is  limited  by  the  permeability  of  the  bed  of 
the  stream.        . 

In  conclusion  it  is  of  interest  to  note  the  bacterial  re- 
sults of  the  operation  of  this  natural  filter  plant.  A  chem- 
ist and  two  assistants  are  regularly  employed  to  observe 
the  character  and  quality  of  the  water,  making  daily  analyses 
of  water  from  the  river,  suction  well,  and  tap.     During  last 


year  the  average  daily  bacterial  count  of  the  river,  with 
samples  incubated  at  20°  centigrade  was  19.047  per  cubic 
centimeter  while  that  of  the  suction  well,  as  filtered  through 
the  sands,  was  1,061,  showing  a  reduction  of  94.5  per  cent. 
The  water  is  further  treated  with  chlorine  gas  applied  by 
an  automatically  operated  machine  which  reduced  the  aver- 
age daily  count  for  last  year  to  47.5  or  a  total  reduction  of 
97.5  per  cent.  It  might  be  added  that  this  average  count  at 
the  tap  is  about  double  the  normal  actual  count  per  day, 
the  increased  being  due  to  a  few  high  counts  caused  by  ab- 
normal fluctuations  in  the  river. 


High 


Rate    of    Filtration   Recom- 
mended for  Detroit 

An  experimental  water  filtration  plant  at  Detroit,  Mich., 
has  been  operated  for  one  year  to  determine  what  type  of 
purification  plant  and  what  method  of  operation  are  best 
calculated  to  improve  the  quality  of  Detroit  water.  A  re- 
port to  the  Board  of  Water  Commissioners  which  has  been 
submitted  recently  by  R.  Wintbrop  Pratt,  Consulting  Engi- 
neer, Cleveland,  O.,  contains  the  following  conclusions  drawn 
from  the  operating  results: 

The  river  water  drawn  throush  the  present  intake  can  be 
easily  and  satisfactorily  purified  by  the  process  of  rapid  sand 
filtration.  Its  quality  is  well  within  the  most  severe  stand- 
ards fixed  by  sanitary  authorities,  for  a  filterable  water. 

It  is  feasible  to  use  higher  rates  of  filtration  than  has  been 
the  practice  generally  in  the  Middle  West  heretofor.  This 
results  in  a  decrease  in  the  required  area  of  filters  and  hence 
in  a  saving  in  the  expense  of  constructing  a  filtration  plant. 

That  instead  of  three  or  four  hours  sedimentation  period, 
as  has  been  the  more  general  practice,  less  than  a  two 
hours'  period  will  be  ample,  thereby  making  another  large 
saving  in  construction  cost. 

That  the  use  of  a  filter  sand  having  an  effective  size  of 
approximately  0.50  m.  m.  gives  just  as  good  results  as  the 
use  of  a  finer  sand  and  results  in  a  large  saving  of  wash 
water. 

That  while  sulphate  of  iron  as  a  coagulant  used  in  connec- 
tion with  lime  gave  good  results,  the  use  of  this  material  with 
the  local  water  required  more  careful  supervision.  The 
handling  of  two  kinds  of  material  instead  of  one  makes  for 
additional  labor  charges  and  increased  construction  costs. 

That  a  filtration  plant  of  sufficient  capacity  to  filter  all  the 
water  that  can  be  drawn  through  the  present  intake  can  be 
constructed   on   the   present  water   works   property. 

The  report  carries  with  it  the  recommendation  of  a  300 
million  gallon  filtration  plant  and  an  auxiliary  pumping  sta- 
tion. 

The  principle  features  in  the  design  of  the  filtration  plant 
are  two  2,000,000  gal.  mixing  basins,  six  4,350,000  gal.  coag- 
ulating basins,  with  a  retention  period  of  two  hours.  72  filter 
units  with  a  capacity  of  4,000,000  gal.  daily  and  a  36,000,000 
gal.  filtered  water  storage  reservoir.  A  filtering  rate  of 
174.2  mil.  gal.  per  acre  per  day  has  been  adopted.  The  ef- 
fective size  of  the  sand  is  also  greater  than  usual,  being 
from  .45  to  .50  m.m. 

The  cost  of  the  project  is  estimated  at  $5,860,000,  with  an 
annual  operating  cost  of  $187,625  for  filtration  and  $145,700 
for  low  lift  pumping.  The  total  cost  for  pumping  and  filtra- 
tion is  estimated  at  $3.69  per  1.000,000  gal. 


Returning  Receipted  Water  Bills. — Discontinuance  by  the 
Water  Department  of  .Milwaukee,  Wis.,  of  the  practice  of 
returning  receipts  by  mail  remittances  for  water  bills  effected 
a  saving  of  better  than  $300  in  postage.  In  announcing  this 
action  the  following  foot  note  was  printed  in  red  ink  on 
quarterly  water  bills:  "Unless  Requested,  Receipts  Will  Not 
Be  Returned  On  Mail  Remittances."  As  receipts  had,  since 
the  establishment  of  the  water  works,  always  been  promptly 
returned  for  all  remittances  received  by  mail,  the  department 
was  very  skeptical  as  to  the  manner  in  which  the  public 
would  view  this  change.  However,  no  difficulty  has  been 
encountered  and  no  complaints  received  from  consumers.  On 
account  of  the  other  public  service  utilities  following  a  similar 
plan  for  some  time  the  adoption  thereof  by  the  waterworks 
department  was  evidently  not  unexpected  by  the  consumers. 
The  plan  has  reduced  the  cost  for  postage  for  that  particular 
service  upwards  of  75  per  cent  in  addition  to  the  labor  saved 
in  addressing  and  mailing. 
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Present  Tendencies  and  Influence 

of  War  Period  on  Public  Utility 

Commission  Decisions* 

By  LEONARD  METCALF, 
Metcalf  &  Eddy,  Consulting'  Engineers,  Boston.  Mass. 
The  writer  has  reviewed  500  decisions,  more  or  less,  af- 
fecting water  works,  handed  down  by  courts  and  commis- 
sions during  the  4i/i  year  period  from  January,  IDl.').  to 
May.  1919,  hoping  to  be  able  to  report  to  the  American 
Water  Works  Association  their  more  salient  points,  or  at 
least  the  present  tendencies  and  the  influences  upon  them 
of  the  war  period.  The  task  proved  too  big  for  the  lime 
available,  and  he  is  therefore  obliged  to  limit  his  comments 
to  the  impressions  left  by  his  investigation,  rather  than  to 
attempt  an  exhaustive  analysis  of  the  decisions  reviewed. 

Public  Ownership  Losing  Popularity. — Public  ownership  is 
less  attractive  to  the  people  in  the  light  of  recent  experi- 
ence in  public  administration  of  public  utilities  in  construc- 
tion work — of  the  shipping  board,  the  housing  bureau,  the 
railroads,  the  construction  and  other  divisions  of  the  army 
at  home  and  abroad — and  of  the  advance  in  prices  of  labor 
and  materials.  The  condition  and  service  of  the  railroads 
and  of  the  electric  traction  properties  are  far  from  satis- 
factory, and  their  present  financial  problems  seem  almost 
insolvable.  Many  of  the  great  water  works  systems  are  in 
difficult  positions  financially.  The  government  itself,  as 
evidenced  by  the  utterances  of  Mr.  McAdoo.  Mr.  Hines  and 
many  others,  has  recognized  the  decline  in  morale  under 
government  ownership.  The  attitude  of  the  great  daily 
papers,  the  country  over,  in  text  and  editorials,  appears 
overwhelmingly  opposed  to  its  extension.  Even  the  utter- 
ances of  the  church,  through  Cardinal  Gibbons,  reflect  the 
same  view. 

Public  Utility  Commissions  Have  Greater  Power. — The 
jurisdiction  of  the  commissions  in  public  utility  regulation 
and  control  is  constantly  becoming  more  nearly  com|)lete. 
As  the  courts  limit  their  action  largely  to  questions  of 
principle,  reversals  in  the  interpretation  of  fact  by  the  com- 
missions are  rare.  The  practical  eft'ect  of  this,  from  the 
layman's  viewpoint,  is  that,  it  the  decision  of  the  commis- 
sion is  sound  in  statement  there  is  little  hope  of  modifica- 
tion of  findings,  even  though  the  conclusions  reached  seem 
to  indicate  that  no  substantial  weight  was  given  to  certain 
elements  of  value  or  factors  affecting  it. 

Valuation. — The  commissions  continue  to  tend  strongly 
to  original  cost,  as  the  fairest  measure  of  value. 

Many  competent  observer/?  believe  that  past  valuations 
or  rating  bases  have  frequently  been  too  low,  that  the  pres- 
ent decline  in  character  or  excellence  of  service  clearly  re- 
flects this,  and  that  the  present  rates  on  money  are  already, 
and  the  future  rates  will  continue  to  be,  higher  in  conse- 
quence of  this  tendency  to  undervalue.  The  difference  be- 
tween actual  and  assumed  value  may  not  always  be  great, 
but  the  tendency  is  to  undervalue,  and  the  influence  is  there- 
fore usually  in  one  direction.  Its  results  appears  likely  to 
be  disadvantageous  to  the  public. 

The  failure  of  the  rates  prescribed  by  certain  of  the  com- 
missions in  the  past,  to  yield  the  revenue  intended,  gives 
further  evidence  that  the  companies  are  too  often  called 
upon  to  bear  a  burden  of  hazard  of  loss,  disadvantageous  to 
the  public. 

Overhead,  Going  and  .Franchise  Values  and  Depreciation. 
—Overhead  allowances  have  increased  substantially,  indicat- 
ing that  the  commissions  themselves,  as  a  result  of  longer 
experience,  recognize  that  their  earlier  allowances  were  too 
close. 

While  the  recognition  and  inclusion  of  going  value  or 
development  expense  as  a  property  element  in  the  valuation 
of  water  works  for  purchase,  sale,  or  rate  determination, 
has  been  general  and  consistent  on  the  part  of  the  higher 
courts,  the  practice  of  some  of  the  commissions  appears  in 
marked  conflict  to  this  position.  The  older  commissions, 
however,  generally  recognize  it,  though  the  allowances  lor 
it  are  less  than  those  accorded  by  financiers  and  operators 
in  practice  and  in  many  actual  sales. 

Franchise  values  perse  have  shrunk  markedly  m  the  past 
decade,   by    contrast   with    the    previous   decade. 

~^^stract  of  a  paper  preFente.I  June  10  at  the  annual  invention 
of  the   American    Waterwork.s   .l.ssociation. 


The  general  treatment  of  the  depreciation  altuwimc^g  lua 
improved    immensely.    a«    evidence    hax    aciuinuUiMl.    und 
this  evidence  has  borne  out  the  contentlonn  of  »a(.  r   ».  .kB 
operators.     The  practice  in  the   UxIuk  of  the  ai 
elation    allowance    Is    generally    fairer    ihun    In    ■.  :,g 

the  accrued  depreciation,  but  this  dlllculty  U  reduced  \ty 
using  the  undepreciated  value  as  the  ratln»!   basf- 

The  more  equitable  distribution  of  the  bin  .  « 

is  marked.     The  conimlsKionK  have  generall.  -t 

in  their  insistence  that  the  payment  for  ure  proifctiun 
service  should  be  comnienHUrate  with  lt«  en.;  am)  that  the 
distribution   as   between  domestic  and  .-,. 

trial   service   should  also   be  equitably   ■  .,< 

to  cost,  within  the  limitation  of  Iohh  oI  liuniiit-an  rraultlBS 
from  raising  its  cost  beyond  that  at  which  iho  Indumrles 
could  supply   themselves. 

The  position  of  the  public  service  conimU8lon<<  hsf  In- 
creased in  power  and  recognition.  Their  ability  k 
has  grown  and  broadened  with  experience.  Thi  •  i 
of  continuity  of  service  is  as  marked  as  In  the  !•  n 
due  to  change,  until  length  of  experience  and  s'  .  ..a 
makes  themselves  felt. 

The  mutual  respect  and  cordial  relations  which  exist  be- 
tween (he  commission  and  the  corporathm  inanagerB  in  many 
states,  clearly  reflect  a  better  understandinK  of  the  real  dtf- 
ficulties  of  the  problem  and  of  a  desire  on  both  iildr>i  to 
reach  workable  standards  of  service,  which  shall  be  of  com- 
mon advantage  to  the  public  and  to  capital,  to  the  uperatora 
and  the  employers  of  public  utilities. 

The  most  serious  differences  of  opinhm  Kenerally  arlkC 
through  lack  of  understanding  or  full  appn-ciuilon  o(  the 
fundamental   factors   and   ilifRculties  of  thi-   problem. 

Effect  of  Increased  Cost  on  Rate  Decisioni. — The  marked 
increase  in  cost  of  construction  and  operation  In  al»o  re- 
flected in  the  growing  number  of  cases  nf  advance  In  ralea 
granted  by   the   regulatory   authorities. 

A  review  of  the  waterworks  decisions  contained  In  the 
L>4  volumes  of  Public  I'tilities  Reports  Annotated.  publlHhed 
in  the  4  years  of  1915-1918,  Indicate  the  followlni;  approxi- 
mate number  of  increases  granted: 

i;il5 InrreaiifB  Krant««d  lo     4   plants 

liil6     In-- '•■-    "• -■'  '■■    '-    '-^-ii* 

1917 1'  '• 

I'llS I'  <» 

It  is  important  to  note  that  Incream-s  ii«ri-  fc*  uuul  the 
latter  part  of  1917.  or  early  part  of  1918,  wherean  the  marked 
increase  in  cost  of  construction  and  operation,  lo  water 
works,  occurred  In  the  latter  part  of  19H;  or  early  parl  of 
1918.  whereas  the  marked  Increase  In  coHt  of  conntructlon 
and  operation,  to  waterworks,  occurred  In  the  latter  part 
of  1916  or  early  part  of  1917.  This  delay  of  12  to  IS  months 
was  burdensome  to  the  companies  affected,  more  particularly 
to  those  with  pumped  supplies. 

A  reading  of  many  of  the  decisions  affectlnK  water  worka 
and  other  public  utilities,  seems  to  Indlrnle  that  II  wait  the 
effort  of  the  commissions  to  maintain  the  tinanclal  credit 
of  the  corporations,  without  attempting  to  make  Kood  the 
entire   loss  due  to  the   war  and  abnormal   condltlonii   rc»«lt- 

ing. 

Financial  Burdens  Due  to  the  War  Were  Borne  by  the 
Water  Works.— In  its  report  to  the  la."!  convention,  the  com- 
mittee on  War  Burdens  of  Water  Workit  In  the  Tnlted 
States"  called  pointed  attention  to  the  letter  of  the  Secre- 
tary of  the  rnited  States  Treasury.  Mr.  McAdoo.  addro»«ed 
to  President  Wilson,  under  date  Feb.   15.  1918.  In  which  he 

•I  earnestlv  hope  that  you  may  feel  Justified  In  cxpreiuitng 
the  conviction  that  the  vital  part  which  the  public  utilltlea 
companies  represent  In  the  life  and  warmakInK  energy  of 
the  nation,  ought  to  receive  fair  and  just  recognition  by 
state  and  local  authorities."  j  .     r  ^    ,« 

And  to  the  reply  of  President  Wilson  under  dale  Feb.  18, 

1 918" 

-It  is  essential  that  these  utllilles  should  be  malnulned 
at  their  maximum  efficiency,  and  that  everything  rea«>nably 
possible  should  be  done  with  that  end  In  vlew^  I  hope  tha 
the  state  and  the  local  authorities,  where  they  hav.-  not 
alreadv  done  so.  will,  when  the  facts  are  properly  laid  be- 
fore them,  respond  promptly  to  the  necesslUes  of  the  sltua- 

"°Reference  was  further  made  to  the  fact  that  the  public 
service  commissions  and  other  regulalon"  bodic-p  Jn  he 
Tnited  States,  had  already  shown  the.r  appreciation  of  the 
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serious  nature  of  the  conditions  confronting  the  public  utili- 
ties properties,  by  granting,  in  certain  recent  cases,  increase 
in  rates  or  levying  surcharges  on  existing  rate-schedules, 
after  careful  review  of  the  local  conditions. 

The  question  may  now  fairly  be  asked.  "Did  the  regulatory 
authorities  meet  the  situation?" 

The  issue  is  not  raised  here  as  to  whether  they  should 
or  should  not  have  met  the  situation,  nor  how  far  sound 
public  policy  demanded  that  rates  should  be  raised  to  meet 
the  burden  of  increased  expenses,  but  merely  the  question 
of  fact — did  the  commission  relieve  the  public  utilities  of 
their  increased   burdens   due  to   the   war? 

To  this  question  the  answer  must  be  "No,"  though  many 
substantial  increases  were  granted. 

Whatever  may  have  been  the  theory,  principle,  or  motive 
governing  the  action  of  the  regulatory  authorities,  it  is  a 
fact  that  the  relief  granted  did  not  cover  the  change  in 
conditions.  It  is  apparent  in  the  decreased,  or  suspended, 
return  upon  traction,  gas.  telephone  and  water  utilities. 
The  burden  of  the  tremendous  increase  in  operating  ex- 
penses, taxes,  and  cost  of  money  was  borne  largely  by  the 
utilities  themselves— by  the  investor  and  not  by  the  public— 
for  the  time  being  at  least. 

The  data  submitted  seem  to  indicate  that  the  increases 
granted  to  water  works  up  to  1919  resulted  in  about  a  10 
per  cent  increment  in  net  revenue  and  that  in  spite  of  this 
increase  there  was  a  net  decrease  of  approximately  10  per 
cent. 

The  position  of  the  regulatory  authorities  was  a  difficult 
one  in  view  of  the  abnormal  condition  of  the  times  and  the 
war  needs.  Opinion  may  well  be  divided  as  to  the  limit  to 
which  it  was  wise  for  the  commissions  to  go  in  relieving 
the  corporations  of  their  burdensome  increase  in  costs.  To 
the  writer  it  seemed,  and  has  always  seemed,  that  such 
burdens  could  not  practically  be  removed  by  the  commis- 
sions promptly,  because  this  would  require  too  frequent 
revision  of  rates,  but  that  the  burdens  should  be  recognized 
and  distributed  over  a  somewhat  longer  period  of  time, 
through  an  increase  in  return  giving  adequate  margin  for 
their  amortization  and  for  the  establishment  of  reserves 
to  cover  the  future  hazard  element. 

The  fact  should  be  admitted,  however,  that  the  hazard 
of  investment  was  not  generally  removed  from  the  utilities 
by  the  regulatory  authorities  during  the  war,  though  re- 
lief was  granted  in  many  cases  which  helped  to  maintain 
the  solvency  of  the  corporations,  and  this  was  in  some  cases, 
at  least,  the  goal  sought. 

Effect  of  the  War  Upon  Water  Works  Revenues  and  Ex- 
penses.— The  situation  with  regard  to  the  water  works  of 
the  United  States  is  probably  fairly  shown  by  the  following 
comparative  records  of  about  50  plants  with  aggregate  an- 
nual revenue  of  about  $35,000,000  and  supplying  a  total  pop- 
ulation of  upwards  of  9,000,000  persons  or  nearly  9  per  cent 
of  the  entire  population  of  the  United  States. 

Table  I  shows  the  effect  of  war  burdens  upon  the  revenues 
and  expenses  of  about  50  typical  water  works  in  the  United 
States  in  the  period  from  1914  to  1918,  both  inclusive.  The 
relative  percentages  of  the  records  of  each  year  are  shown 
with  reference  to  the  prewar  conditions  which  existed  in 
the   United   States   up   to   or   slightly  later  than   the   end   of 

T..\BLR    I  —EFFECT    OF    WAR    BURDEN'S    ON    50    TYPICAL, 

WATERWORKS. 

Gross  Annual   Revenue — Per  Cent  of  Revenue  for  1915. 

Group—                                             1914.     1915.  1916.  1917.  191S. 

Eastern ...     95.7         100  110.1  112.8  120.6 

Central    ...                                     ..     98.3         100  109.1  111.4  12b  4 

Soutllern    .  .                                       .  .      97.7         100  107.5  120  3  126.3 

Western    ...                                 ...101.7         100  107.3  109  5  117.5 

Average    'J&.3         100  108.5  113.5  122.7 

Operating   lixpenses    Including    Taxes — Per    Cent  of    Operating" 

Expenses    and    Taxes    for  1915. 

Group—                                             1914.      1915.  1916.  1917.  1918. 

Eastern    99  7         100  1219  141.1  149.Y 

Central    100.9         100  109.3  137.3  162.3 

Southern   97.0         100  109.7  134.6  165.9 

Western    ...                                     .     98.6         100  109.9  117.4  128.0 

Average    99.0  100         112.7  132  6  151.5 

Net  Revenue   Applicable  to   Depreciation.   Interest,  Dividends   and 

Surplus — Per  Cent  of   Net  Re^Jenue  for  1915. 

Group-                                             1914.  1915.         1916.  1917.  1918. 

Eastern    90.9  100         103.0  90.4  lOS.S 

Pentral    ...                         97.3  100         110.0  98  5  106.5 

Southern     97.9  100           96.3  104  0  S9  1 

Western    103.6  100         104.3  105.3  114.4 

Averag-e    97  1         100         lOXA  99.6         104.0 


the  year  1915,  assembled  in  four  groups  characterized  as 
the  Eastern,  the  Central,  the  Southern  and  the  Western 
Groups  of  water  works,  the  group  percentages  being  sub- 
stantially averaged  to  determine  the  general  conditions  pre- 
vailing over  the  country. 

The  annual  revenue  with  such  increase  in  rate  schedules 
as  were  granted  by  the  regulatory  authorities  and  put  into 
effect  by  the  plants,  have  increased  at  an  average  rate  of 
approximately  7  per  cent  per  annum,  slightly  less  than  a 
normal  amount. 

The  operating  expenses,  including  taxes  where  taxes  were 
paid,  and  excluding  them  where  none  are  paid,  have  in- 
creased over  the  year  1915  abnormally — by  13  per  cent  in 
the  year  IfllG,  33  per  cent  in  the  year  1917  and  52  per  cent 
in   the   year  1918. 

The  net  (operating)  revenues  applicable  to  depreciation, 
interest,  dividends  and  surplus,  have  substantially  stood 
still  since  the  year  1915. 

The  average  increase  in  population  in  this  country  has 
been  at  the  rate  of  approximately  1.9  per  cent,  compounded 
annually,  and  of  the  cities  supplied  by  these  50  typical  water 
works,  about  3.1   per  cent. 

The  net  revenue  of  water  works  usually  increases  at  the 
rate  of  from  4  to  5  per  cent,*  compounded  annually.  Yet  the 
total  increase  in  the  three-year  period  from  1915  to  1918 
is  but  4  per  cent  against  a  normal  amount  of  from  12  to  15 
per  cent,  in  spite  of  increases  granted   by  the  commissions. 

The  records  indicate  further  that  the  increases  in  rates 
granted  to  water  works  by  the  commissions  seems  to  have 
amounted  on  the  average  to  about  10  per  cent,  serving  thus 
to  decrease  the  loss  in  net  revenue  in  the  year  1919  from 
20  per  cent,  more  or  less,  to  10  per  cent  or  thereabouts.  If 
this  inference  is  sound,  the  loss  in  operation  was  divided 
equally  between  the  works  and  their  consumers. 

It  is  clear,  however,  that  the  burden  of  increased  operat- 
ing expenses  plus  the  interest  upon  the  new  investment  put 
into  these  properties  during  the  war  period,  has  been  borne 
by  their  owners  in  larger  measure  than  by  the  public,  except 
in  the  case  of  publicly  owned  works. 


Ditching  With  Dynamite  in  Anti-malarial 
Drainage  Work 

In  connection  with  the  anti-malarial  preparations  of  the 
U.  S.  Public  Health  Service  in  the  extra  cantonment  zone  at 
Camp  Wheeler,  Ga.,  dynamite  was  used  in  the  ditching  work. 
The  best  results  were  obtained  in  mucky  areas  where  the 
mud  was  so  deep  and  soft  that  hand  excavation  became  slow 
and  difficult.  In  these  cases,  the  use  of  dynamite  proved  sat- 
isfactory. In  a  report  on  the  work  by  the  U.  S.  Public  Health 
Service  the  following  comparative  costs  of  ditching  by  hand 
labor  and  with  dynamite  are  given.  The  figures  are  for  two 
adjacent  ditches  in  a  large  swamp  in  the  extra  cantonment 
zone.  Ditch  No.  60  was  excavated  with  dynamite.  This  ditch 
was  2,802  ft.  long,  12  ft.  wide  at  the  top  and  4  ft.  wide  at  the 
bottom,  and  averaged  5  ft.  deep.  The  number  of  cubic  yards 
of  material  removed  was  4,151.  Ditch  No.  62  was  excavated 
by  laborers  with  picks  and  shovels.  This  ditch  was  3,591  ft. 
long,  4  ft.  wide  and  3  ft.  deep.  The  yardage  was  1.596.  The 
cost  of  excavation  in  the  case  of  ditch  60  includes  clearing 
out  the  ditch  after  it  was  dynamited.  In  the  case  of  ditch 
62  the  cost  of  excavation  includes  the  cost  of  a  small  quan- 
tity of  dynamite  used  to  facilitate  the  removal  of  large 
stumps.  The  costs  of  excavating  each  ditch,  not  including 
clearing,  were  as  follows: 

■  Ditch  60.      Ditch  o2. 

Cubic   yards    4,151  1.536 

l.abor    cost    $30S.90  $671. 7r. 

Cost    of    material     '. $1,265.10  $38.75 

Cost   of   excavation    $1,574.00  $710.50 

Cost  per  cubic  yard  $0  39  $0.4,-> 

JMan   days   at    $3    103  224 

Man   days  per  cubic  yard    0  024  OJ  40 

Cubic  yards  per  man   day 41.66  i.i4 

The  report  states  that  it  is  probable  that  the  cost  of  ex- 
cavating ditch  60  by  hand  would  have  greatly  exceeded  45 
ct.  a  cubic  yard,  owing  to  the  very  difficult  nature  of  the  soil 
—a  mass  of  yielding  mud,  largely  under  water,  in  which  it 
was  almost  impossible  to,  stand  up. 

*A  racent  analysis  by  the  writer  of  the  increase  in  operating 
revenue  (applicable  to  depreciation,  interest,  dividends  and  sur- 
plus) in  19  different  waterworks  during  the  5-year  pre-war  period 
from  1910  to  I'HS.  showed  an  average  rate  of  4.14  per  cent  com- 
pounded annually. 
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l^riCtlOn     leSISanU     ^^apaCUy       laOie  through  about  a  mlle  of  machine  mad.-  p|„e.  .h*.nce  eiuiw.rt 

for    Cenieilt    Pipe  across    the    railway    and    ihrouRh    a    iiWirler    iiiflc   of    16  In. 

.,„„_        ,                        ,      ,               .      ■        u        ,           1     >  liandmade   pipe.     Readings   were  taken   at  the  »*v«.r»l  sale 

M„ce  190,    a  large  amount  ot  cement  pipe  has  been  laid  pj,,  built  at  intervals  along  the  line.     There  uro  no  ouUel 

,n  Anzona  tor  irnga  ion   projects.     In  California  it  is  esti-  risers  on  the  line  of  pipe  as  leHted  except  in  the  ICln.  line. 

mated    that    over    .,.U(iO    miles    of   such    pipe    has    been   con-  „.here  the  risers  are  280  ft.  apart.     A  Huinmary  of  thi-  l^ 

.structed    for    irrigation    lines.      Interesting    data    on    internal  jg  given  in  Table  II 

friction   tests   of   this    type   of   pipe   are   given   in   a   bulletin  Tests   were   made  on   three  dlffen-nt   daten,     foniild.»niW.. 

prepared  by   Mr.   G.   E.  P.  Smith.  Irrigation  Engineer  ot  the  rtifflculty    was    experienced    in    gettlns    consiKlent    result.    In 

University   of   Arizona,   and   issued   recently   by   the   Agricul-  ^^ese  tests.     Kor  example    in   the  tlr»t  ttel  of  U-»Ih  ihe  frl,- 

tural  Experiment  Station  of  the  University.  tio„  ,„ssgs  between  Lateral  No.  2  and  the  railroad  .m.^lnr 

Friction    Tests    at    University    Farm.— Tests    to    determine  appeared  to  be  inexplicably  large.     In  the  teMH  iu 

the   friction    loss   in    handmade   cement   pipe   were   made   at  „„  g^pj    27,  the  loss  between  Lateral  No.  2  and  La-- 

the  University  Farm  in  1916.     The  object  was  to  furnish  a  3  jg  jq^,  g,.eat. 

basis    for    the   design   of    two    additions   to   the   distributing  ,t  ^.gg  thought  at  first  that  the  reason  might  »-e  .h«(  .^n 
system.  siderable   portions  of  the   pipe   were   not  runn: 
All  of  the  old  line  was  12  in.  in  diameter  and  all  except  the  though  all  pipe  ends  in  the  gate  pits  were  well  - 
first  3G0  ft.  was  built  with  rectangular  outlet  boxes  spaced  hypothesis  was  disproved   when  It  wa»  found   lUut   iL<,  Ira- 
every  3G  ft.    These  boxes  are  22  in.  long  by  30  in.  wide,  and  tion  losses  were  less  in  the  second  set  of  tenth,  although  the 
have  two  discharge  notches  at  the  top.  one  toward  the  right  ,vater  levels   in  the  gate   pits  were  lower  than  in  the  flr»t 
of   the   pipe   line,   one   toward   the   left.     The   flow   of  water  ^gt.     A   better  explanation   is  that   In   the  |nn«r   l!n«  r-innlDK 
expands  on  entering  a  box  and  contracts  on  leaving,  so  that  „(,rth  from  the  pump  to  the  railroad  on  a  <\-                         !••.  a 
there  is  a  considerable  loss  of  head  in  each  box.     The  de-  great  deal  of  air  is  trapped.     This  air  cai.:                            up- 
sign  is  not  to  be  recommended.  stream  against  the  water  friction,  and  so  11   1.-,  ..:vjaJ>    rolled 
In    making   the    tests,   the    discharge    of   water   was    meas-  along  downstream  until  it  escapes  at  the  gate  plU      At  on.- 
ured  over  a  weir  just  before  entering  the  pipe  line,  and  the  g^ie  pit.  it  was  noticed  that  great  globules  of  air.  from  one 
water   levels   were   noted   in   each    box   by    measuring   down  to  three  quarts  at  a  time,  were  coming  out  of  the  pipe  line 
from  a  point  on  the  top.     A  line  of  levels  had  been  run  to  ^t  intervals  of  about    a    minute.     1     hour     and     4U 
determine   the   elevations   of   the   points   on   the   tops   of  the  gft^,.  ,hi^  gates  had  been  adjusted.     On  the  east  bI.: 
boxes.     The  cement  pipe  when  new  had  received  a  coat  of  railroad  this  effect   was  not  encountered.    On  that  .Ma-.-   th' 
neat  cement  wash  on  the  inside  surface.  line  has  an  ascending  grade  and  the  entering  water  doubt- 
After  the  additional   pipe  line  had  been  laid  in  the  sum-  iggg  carries  all  the  air  out  promptly, 
mer  of  191t;,  pipe  friction  tests   were  made  in  that  portion  -j-he  important   bearing   of  these  observatlong   U   that.   a« 
which   had   12-in.   outlet   risers   and   valves   of   the   California  ;„   j„any   other   lines  of  design,  a   factor  of  safety   i»  nece^ 
pattern;    that  is.   the  riser  is  a  joint  of  pipe  cemented  into  ^ary  in  designing  pipe  lines  on  descending  grades,  and.  fur 
an  opening  in  the  top  of  the  pipe  line.     In  this  case  the  loss  thermore.   there   should    be   many   air   vents   or  open   aund- 
of  head   must   be   moderate   since  the   flow   of  water  is   ex-  pipes  on  descending  grades.     In   computing  capaclllen.   pipe 
panded  on  the  top  side  only,  the  filaments  of  water  on  the  jj^eg  are  assumed  to  be  running  full  of  water,  but  no  recog- 
lower  side  moving  in  straight   lines.     The  results  of  all  the  nition  is  made  of  possible  unfavorable  conditions.     It   U  in- 
tests  are  given  in  Table  I.  teresting   to  note   from   Table   II    that   the   friction   losi*   be- 
While    pipe    friction    tables    are    easily    available,    data    on  tween  Lateral  No.  3  and  the  railroad  was  43  per  cent  greater 
the  effect  of  boxes  and  risers  have  not  been  published.    The  j^  Q^g  test  made  IS  minutes  after  adjusting  the  gr." 
value    obtained    in    the    straight    pipe    without    risers    corre-  {„  another  test  made  3  hours  and  20  minutes  after 
sponds  to  a  value  of  "n"  in  Kutters  formula  of  .013.     This  jjjg  gates.    Also,  in  the  same  line,  on  Oct.  8.  with  a 
is  the  value  most  used  for  cement  and  concrete  surfaces.  „(    9.08   second-feet,   the    loss   of   head   decreased    ■ 

Tests  of   Pipe  for  Continental    Ranch    Irrigation   System.—  f,    37  minutes  after  adjusting  the  gates  for  thin  teri   -■•   -  .- 

Tests    of    pipe    friction    were    made    at    Continental    in    1917.  ft.  one  hour  after  adjusting  the  gates  and  8.0O  ft.  1  hour  and 

— ' 24  minutes  after  adjusting  the  gates. 

t\BLf:   I— friction   l^ssks   in   hand-madp:   cement  from  all  the  above  tests  it  may  be  concluded  that  the  frlc- 

PIPE  AT  THE  CNIVEKSITY  FAllJl.         ^^^^  ^^^  ^.^^^   factor,   "n."   for  hand-tamped   and   washed   pipe  I-    'U." 

Dis-           lx).ss  ot                            hf>->:  or  and   for  machine-made   pipe  the   factor  Is  a   little   leKii  than 

Pipe    line.  charge.        head  per      Increase  "■'f''!';  Qj^g       This   assumes   that    the  joints   are   Well    -■■'■■    '  '    

^"ieet       "Fee?          Per  cint.        heads'"  ful  workmen.     If  it   is  assumed   that  the  Join' 

■Straight,  no  boxes —        1.6  .222  ..  •■■•  rough  and  projecting  OM  the  inside,  then  the  d-.-.-. 

''boxe7el''erN°36' H                 IB                 .368                  66                  O.ST  use   a   friction    factor  of   .014    or   .015. 

Circular    outlet    risors                                                              „  ,.  Capacity  Tables.— As  a  basis  for  determining   the   proper 

every  .36  ft 1.6               .300                .3o                0.4,  gj^gs  of  pipe  required  in  the  design  of  any  particular  pmjecl. 

T.VBLE    II-FRICTI.W    TESTS    ON    CEMENT    PIPE    LINES    A'l  ^^^^^   ^^^   ^^^^    ^^^^    prepared.     This   table    Is   compn..,i    from 

'"                ■■     ■    ^'                          Time  Kutter's  formula,  using  a  friction  factor  of  .013. 

Loss    \T Value  conservative  basis  for  straight  lines  without  rl«en«.  .  ., : 

Dis-      of    justing  o(_  executed   machine-made  cement  pipe  lines   may  bave  aome- 

Dis.  Dia.  charge  head   gates   'n  '  ereater  capacities  than  those  given. 

ZT^  '^s   1.1-              ''"''                "■*•  '"•   '""""■              '•  In  the  case  of 'lines  with  tee  risers  of  the  aame  ».«•  It  will 

LaterplVo. '2  '   LateiPl  ST..  3           S97    14       2.44      2.S5    0  18    be  about  right  to  assume  an  Increa.ie  of  frlcUon  lo.»  of  ll^s 

lateral  Xo   3      R   P    Crossing     P'"'"    "      2.41    1.83    0  18    per  cent  for  each  riser  In  100  ft.  of  pipe.     ThuH.  "'he  rl,.-n. 

Lateral  NO.  3      R.  K.  Crossing     ,^^^^^    ^^Ij  P       ^  ^^^^   .^  ^^    ^^^^^    increase   the  allowance   for  frlcUon 

Ti.  R.  Crossing   Ri.ser  No.  4           1.120    16      2.15     0.99    0  IS    .01..  »;  ^^^^    ^^  ^^^^  ^^^  spaced  33  ft.  apart.  Increase  the  al- 

lite'ralNo.T-Later.lNo.   3             897     14        2.49       2.77  .  1  40     Towance  about  3S  per  cent.     ^"'"''•''"'T  '""The'i™;;' 

f  2.063    m  size  than  the  pipe  line  are  used.     In  such  ca.ses  the  locroa».- 

Lateral  NO.  3      R.  R.  Crossing    |  ^^^^     ^,  J     2.49       ...8.     lU     .0,..  ^^^^^^^^^^^  J  ^..„  ,g  ,^33  ^han   12H  per  cent  for  e.ch  rU.er 

R.  R.  Crossing    Riser  No.  4              1.120     16        2.30       1.09     1  40     .01.,  .^^  ^_^^  ^^ 

Lateral  No.  3       R-  R-  Crossin.^^  ^  ^  ^^^          ^     2.08       8.6.^         37     TABLL    "I-f'-^P-^    \Vpfe  UCNXING  FfLI. 

Lateral  No.  3      R.  R.  Crossing;    ^    '                     2.08      8.22     1  02     .(M S3  Grade                                            I""'""  '""Tlr     «  In       M  in        •'> '.r 

fe:^^^i5ii4  ^i^r^s-;-^-  L.20  16  iz  sisioi;Si3o  t- --rt.&t.&.  ^..^^..^'ju^;" - 

^J'^\      Lateral  NO.  .^       r  2  ^^llt  1     ^^       ^'^^     ^  ^      "^^  'i        HI         ="           |                          'I           ^           ^ 

Lateral  NO.  3      H.  K.  crossing.         •                     2.4.       8.26     3  20     .011:  .        -         -             |            |          l^        1  >,         . 

R.  R.  crossing    Riser  NO.    4.         «    ^1^     2.38       1.21     3  20     .0135  .1^0.3,         1.06          -^            •              «  •  :.          ., 

05       0  25         0  73         I-3.,           '•.-' 

'3:00  p.  m.     =2:3.1  p.  m.     =3:22  p.  m.     *5:20  p.  m.          _  ■            • 
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The  horizontal  lines  which  occur  in  Table  III  indicate  the 
minimum  grades  allowable  tor  each  size  of  pipe  in  cases 
where  the  water  carries  must  sediment.  For  example,  a  12- 
in[  pipe  line  must  have  a  tall  of  at  least  0.4  ft.  per  hun- 
dred feet  in  order  to  prevent  the  deposition  of  sand  in  the 
pipe.  In  case  the  water  is  clear  or  can  be  passed  through  a 
settling  basin  before  entering  the  pipe,  the  flatter  grades 
can  be  used,  or  perhaps  the  line  can  be  flushed  out  oc- 
casionally  through   cleanouts. 


Standardization  of  Flanges  for  Light 
Cast  Iron  Pipe 

The  desirability  of  an  early  standardization  of  flanges  for 
light  cast  iron  pipe  was  pointed  out  by  Mr.  John  Knicker- 
bocker, president  of  the  Eddy  Valve  Co.,  in  a  paper  presented 
at  the  recent  annual  convention  of  the  American  Waterworks 
Association.  In  connection  with  the  paper  the  illustration  re- 
produced below  was  presented.  This  shows  the  thicknesses 
of  pipe,  and  thicknesses  of  flanges  for  American  Waterworks 
Association  Classes  A.  B  and  C  pipe,  the  flanges  for  these 
pipes  being  calculated  by  the  formula,  thickness  of  flange 
equals  I^t^  times  thickness  of  pipe,  plus  %  in.:  the  thick- 
nesses of  pipe  of  the  American  Gas  Institute,  and  the  thick- 


/!Hf.>Y./?aais'S 


F^^/- 


-JO' 


nesses  of  flanges  and  bolt  circles  adopted  by  them;  the  Amer- 
ican Society  of  Mechanical  Engineers  proposed  standard  tor 
50  lb.  working  pressure,  and  the  American  standard  for  125 
lb.  steam  working  pressure. 

Mr.  Knickerbocker  stated  that  there  is  a  serious  question 
if  the  standard  flange  suggested  by  the  American  Society  of 
Mechanical  Engineers  for  pipe  for  50  lb.  working  pressure  is 
not  too  heavy  and  will  not  cause  casting  strains  and  shrink- 
age where  the  flange  meets  the  pipe.  Further  extracts  from 
his  paper  follow. 

Take  for  example  the  30  in.  pipe,  the  Class  A,  American 
Waterworks  Association  pipe  measure  0.88  in.  thick.  Would 
it  be  good  foundry  practice  to  cast  a  flange  measuring  2%  in. 
thick  to  this  thin  pipe,  and  it  the  pipe  were  increased  in 
thickness  about  %  in.  to  1  in.  thick,  the  thickness  proposed 
by  the  American  Society  of  Mechanical  Engineers  for  50  lb. 
working  pressure,  would  not  the  flanges  2%  in.  thick  be  too 
heavy  tor  the  pipe? 

The  American  Gas  Institute  pipe  thickness  for  30  in.  pipe 
is  0.85  in.  Taking  the  inside  diameter  of  the  flange  at  31.7 
in.  on  this  30  in.  pipe,  as  31.7  in.  is  the  outside  diameter  of 
the  pipe,  the  weight  of  the  American  Gas  Institute  flange  is 
:02.4  lb.  and  the  flange  proposed  by  the  American  Society  of 
Mechanical  Engineers  tor  light  pipe  is  215.5  lb.,  which  is 
over  twice  as  much  as  the  American  Gas  Institute  30-in. 
flange.  It  the  American  Gas  Institute  flange  is  heavy  enough 
for  Class  A  pipe,  then  tor  each  flange  113.1  lb.  would  be 
wasted  it  the  American  Standard  flange  were  used;  besides 
the  poor  casting  that  might  result  from  casting  such  a  heavy 
flange  on  a  light  pipe. 


If  a  flange  1.G7  in.  thick  were  used  on  a  30-in.  Class  B  pipe, 
taking  the  outside  diameter  of  the  pipe  as  the  inside  diam- 
eter of  the  flange,  it  would  weigh  109.38  lb.  The  American 
standard  flange  on  this  pipe  would  weigh  215.5  lb.,  showing  a 
saving  of  4G.12  lb.  per  flange. 

It  it  were  possible  to  use  the  American  Gas  Institute  flange 
for  the  Class  A  pipe,  and  a  flange  of  the  diameter  of  the 
American  Standard  but  between  the  thickness  shown  for  the 
flanges  for  Class  A  and  Class  B  pipe  as  calculated  by  the 
formula  given  on  page  one,  it  might  be  a  good  solution  of  the 
question. 

Would  it  not  be  a  good  idea  tor  the  committee  ot  this  asso- 
ciation which  has  this  matter  in  charge,  to  endeavor  to  take 
it  up  with  like  committees  from  the  New  England  Water- 
works Association,  the  American  Society  of  Mechanical  En- 
gineers, the  American  Gas  Institute,  the  Cast  Iron  Pipe 
Manufacturers,  the  Committee  of  Manufacturer  on  Standard- 
ization ot  Fittings  and  Valves,  and  such  other  organizations 
as  might  wish  to  be  represented. 


Original  Cost  and  Estimated  Life  of  Rockford,  III.,  Water- 
works.— The  following  tabulation  from  the  last  annual  report 
ot  the  Water  Department  of  Rockford,  111.,  showing  the  value 
of  the  entire  property  of  the  department  at  the  end  of  Dec. 
31,  1918,  gives  some  interesting  information  on  the  original 
cost  and  the  estimated  life  ot  the  various  items  of  the  water- 
works: 


Original 
cost. 


all  Valves  and  Specials: 
. .  4.828  ft. 
, .  40,330  ft. 
. .  2,772  ft. 
,.117,717  ft. 
..371,446.1  ft. 
,  .109,067  ft. 
. .  19,714  ft. 
. .  35,612.6  ft. 
. .  2.670  ft. 
.  3,624  ft. 
100      ft 

50 


50 

60 
60 

40 
40 
40 


5,138 


5,782 
560 


Items. 
Distribution  S.vstem: 
Water   Mains   with 
Under     2  in. . . 

2  in... 

3  in. .. 

4  in. 
6  in. 
8  in. 

10  in. 
12  in. 
16  in. 
20  in. 
24  in.  _      _.. 

Shaft  and   tunnel  system $46,132 

Water  piping  and    appurtenances 
at    station,    including    conduits, 

etc 7,569 

Reservoir    No.    1,    built   1883,    re- 
built  1913    18,891 

Reservoir  No.  2.  built  1912 19.662 

Wells  at  plant  in  Peach  St 26,500 

Well  No.  7.  nth  St.  and  LVth  Ave.  10,301 

vVell  No.   8,   Hulin   Park 10,488 

)2\   fire   hydrants    64,853 

Drinking   fountains,    water    tanks 

and  street  stand  pipes 

Waterworks   hand    tools   and    tool 

equipment    (inventory)    

Motor    driven    deep    well    pump — 

No.    7 

Motor    driveTi    deep    well    pump — 

— No.    S 

lO-in.    V'enturi    meter,    well   No.    8 
Snow    engine.    10,000.000    gal.    ca- 
pacity       36,613 

rioUy-Gaskill  engine,  6.000. 000  gal. 

capacity    26.854 

Holl.y-Gaskill  engine,  3.000.000  gal. 

capacity 13,864 

Mead    system — Engines   and    con- 
densers— Pumps,      suction      and 

discharge    9,933 

Impeller    pumps    for    wells    No.    3 

and   5    13.351 

Steam   pipings    6,736 

Boilers — Return   tubular    (2) 2,545 

254   hp.    water   tube    toiler.    1918..   10,800 
Boiler    feed    pump,    2    stoker    en- 
gines        10,988 

Recording   instrument    and    boiler 

meter    2.014 

Ash     conveyor.     1-     G-in.     Worth 

meter    

Sirroco  fan—Well  No.   8    122 

iiemote  control  wire.  Well.  No.   8 

—  (Inventor.v)    

Wagon  scales,  erected  1915.  Cen- 
tral Station    329 

Transportation  equipment    

Office  equipment  and  maps  (Invty) 

Pumpins:    station    building.    Cen- 
tral  Station    28,677 

Pumping    station     buildifig.    Well 

No.    7    1.617 

Pumning    station    building.    Well 

No.    8    7.768 

Water   works   s^'on    5.606 

Reinforced    concrete    stack.    Cen- 
tral Station    4.722 

Real  estate.  Central   Station  site.   15.000 
Real  estate.  2  lots  Highland,  pro- 
posed elevated  tani-  site  1,400 

Real  estate.  2  lots.  Well  No.   7...     1.429 
Total    propert.v    evaluation.    Dec. 
31.  1918   


Years  Present 
life.        age. 


Total 

present 

value. 


20 


18 

5 
6 

27 
5 
2 

20 


20 


20 
40 


40 


20 


20 
10 
20 
20 

20 


26 


20 

20 

7 

23 

18 


20 


50 
30 


50 
40 


28 


21 


$716,611 
35.934 


6,104 

17.389 
18,895 
7.500 
9,704 
10.302 
47.92.6 

1,437 

3,431 

4,297 

5  454 

547 

30,833 
•5.0C0 
•1.200 

*2.500 

•3.500 

•■3.500 

•130 

•2,700 

'0,988 

•350 

""126 

430 

304 
1,670 
4,200 

18,574 

1.50C 

-.600 
2.59S 

t.360 
75.000 

1,650 

l.hSO 

$1,065,949 


•PMxed. 
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Cost      of      Labor      and      Material      for  [1;;,%^"^/^"'  '•'''*>•«'»'■■»'■  h^P*  for  any  marked  reduction  in 

Construction,   Operation  ' "''^^ "'-^OK?.S-,ir?'^;?V.A'^* S^"  ""^^  «'*>"«"  'n  tub 

1    -xif      •        .                                    c  VICINITY    OF  HnsToN— APRIU  1»1» 

and  Maintenance  of  _    .      .                          " 

Waterworks  I    I     I      js       «|          I             U 

Interesting   data   on   the   cost   of   labor   and    materials   for  "§  ^  "==>•!  >          'fi:               *             -          cl 

waterworks  were  given  by  Mr.  Leonard  Metcalf  of  Metcalt  &  i  ;f       £•§       11       "Si          ~5'                Z            •         i^ 

Eddy.   Consulting   Engineers.  Boston.   Mass..  in  a   paper  pre-  ^  ■>'       |^       5^       a- Z          a^t                I            -          ^'^ 

sented   .June   10   at   the   Buffalo   convention   of   the   American  ^"^-^a'-jaEio.         £is.               -            5          .«•; 

Waterworks    Association.     Figures    were    presented    showing  Homwvilic'i'xM    'o'lls    '3II"'' '"'    ""?,'-« «•»    <•     Not  liw      f-, 

the  relative  increases  in  labor  and  material  cost  for  about  5(1  ^'cwton   ...;3.'25     o.'443      also              ■   i  ''              II     v',',',  I'r'.',',l      ^■' 

waterworks    having   an    aggregate    annual    revenue    of    about  Ual'thlm"  . !  IM      ol'a      "X-lw      ■   '                   '     '■   '  '  '   ' 

$35,000. OUO  and  supplying  a  total  population  of  approximately  Kvfu-tt*   ...  3.75      o'su      4.'25-4B0 

9,000.000.     The    basic    information   given    was    reported    in    a  c'h 'fjea  l '. ! !  i.l?      Vm      3I5             .,  „> 

1918    report    of   a    committee    of    the    American    Waterworks  Q"in'-yt    . . .  4.00      01543      4.50             u  613             4*4    i- 

Association.     (See    Engineering    and    Contracting.    Aug.    14.  MefTOs"? . .' ." .'  I.'so     orJ-J  '  4oo             .??'■'             *'    '■■" ' 

1918.)     The  figures  in  this  report  have  been  brought  down  to  R'vre    ..'.'.  3.50      01477      3175             .1  ^fi'              {)    wlj            y*"* 

date  of  Dec.  :;i.  1918.  by  Mr.  Metcalf.   Table  I  is  a  summary  of  vVll.'^r-lon"*   -i??      T^n      \ll             "  -"              ** 

the  data.  MiUon'"":.-.  s'^O      IVl)      til              11  r-               t\    l^l'^  "'  '"  tl 

Cost    of    Common    Labor.-UnskiUed    labor    costs,    in    cents  CaVnbrXe'.:  i.lo      o'."'      37I.4  .0      ;;6'i;o543    15    S!2             X" 

per  hour,  did  not  generally  teel  the  influence  of  the  war  until  I'-rooklinc   ..  3.50      0.477      4.'l7    '         0SS8             44     Sm            I'"' 

the    middle    of   the    year    1916.     As    compared    with    pre-war  ^lli^il'^r.:::  3I0     0  437     375            "o'lfs            15    51'': '"'1:1      2" 

conditions,  reflected  by  the  prices  prevailing  in  1915,  they  in-  Fitchburg  ..  3.36     o.'42       ....                .                      ^ot  p«i<i      No 

creased   one-eighth   in   the  year   1910.  one-fourth  in  the  year  ''puchbur^  .'.I'tt     049        "■              ■■"'              ^'    Noi  Diild      v— 

1917,  and  nearly  three-fourths  in  the  year  1918.     It  is  inter-  '^        ~ '■ —       ""  

esting    to    note    further    that    the    increase    was    felt    most  '^iTTlfow  'weeks' "acatio 

markedly  in  the  south  and  upon  the  eastern  seaboard,  being  unlav  half  holiday  under  full  pay.     "^^          houaay..    15  &llo»  itet. 

nearly  doubled  in  the  first,  and  increased  bv  three-fourths  in  *i'ri„^'*^n^^';?,*'  P^p^J""""''"',  »'!-50 — 47.7  ct.  per  hour 

■  •  liiKh,   account  government  aotivHIeji. 

the  latter  district.  i..n  ct.   bonus  per  day  for  those  who  work  one  year. 

The   wages    paid    upon    the    Pacific   Coast   before    the    war.  Material    Prices. — Cast   iron   pipe   prices,   which   bad   about 

which  were  much  higher,  have  advanced  relatively  less  than  trebled  at  their  maximum  point,  have  now  receded  to  about 

elsewhere,  so  that  at  the  present  time  the  eastern  and  west-  2  times  pre-war  figures. 

em  unskilled  labor  prices  are  about  the  same.    Thus  the  aver-  Valves,  hydrants  and  pumps,  which  had  more  than  doubled 

age  rate  in  the  western  group  increased  from  27  ct.  per  hour  in  price,  are  now  to  be  had  at  an  advance  of  gomethlnit  over 

in  1915  to  42  ct.  in  1918;    while  the  southern  rate  increased  seven-eighths  of  pre-war  prices. 

from  18  ct.  to  34  ct.;  the  central  group  from  22  ct.  to  37  ct.,  Coal     and    fuel    prices,     which    more   than    doubled,   have 

and  the  eastern  group  from  23  ct.  to  40  ct.  receded   somewhat. 

It  is  important  to  note  further  that  even  these  rates  are  Chemicals  used  in  the  purification  of  water,  which,  by  rea- 

probably  below  current  comparable  rates  for  other  labor.  ^"^  "^  outstanding  contracts  showed  an  average  advanc*-  of 

Recent    Data    Upon    Labor   Prices   of   April,    1919,    Paid    by  '^"'   one-third     though    the    market    price    had    Increased    ap- 

Waterworks   in   the   Vicinity   of   Boston.-It    is   interesting   to  Proximately  three-fourths   have  decreased  so  that  the  pre.om 

.     »v,   .  ■          ■.       «  ».                   1  u                           *   ■   .          J  excess  cost  is  about  one-half  over  pre-war  prices 

note  that  in  spite  of  the  general  business  uncertainty  and  re-  ^              i^nLcn. 

suiting  depression,   wages   paid   to   unskilled   labor  by   water- 

works  in  the  vicinity  of  Boston  have  advanced  from  approx-  $25,000,0000  Irrigation  Project  In  Australia.  .An  irrlKalion 
imately  41  ct.  per  hour,  as  reported  under  date  Sept.  14,  1918.  project  calling  for  the  reclaiming  of  large  tracts  of  land  In 
to  approximately  46  ct.  per  hour  in  April.  1919,  without  allow-  New  South  Wales.  Victoria  and  South  Australia  will  lie 
ance  for  the  effect  of  vacations  and  holidays  under  pay.  undertaken  by  the  Australian  government.  The  scheme  In- 
granted  by  some  works,  as  shown  by  Table  11.  Present  volves  an  expenditure  of  $25,OU0.0iXi  and  Includes  the-  con- 
(June.  1919)   conditions  give  little  if  any  indication  of  reduc-  struction  of  a  dam  3tMi  miles  southwest  of  Sydney. 


TABLE  L— SUMMARY  OF  DATA  UPdN'  INCREASE  IN  COST  OF  LABOR  .-VND  MATERI.VUS  TO  \V.\TER  WORKS  I.V  Til  K  I  XITED 
STATES.  AS  REPORTED  TO  THE  EXECUTIVE  COMMITTEE  OF  THE  AMERICAN  WATER  WORKS  ASS'JCLVTIoN.  MAY.  WIS 
REVISED  APRIL,  1919,  BY  LEONARD  METCALF. 

, Prices  per  unit. ^      Per  cent  Increase  over  1910    , Year  I»lll , 

Assembled  by  Metcalf. 

P»r  c«nl 
Number  3  mos.,  '!  nios,.  No.  Unit        Incrvaa* 

Item.  of  rec-      1915.  1916.  1917.  191S.  11'16.  1917.  '91S.  of  prtcf  o»er 

ords.         Ct.  Ct.  Ct.  Ct.  Percent    Percent    Per  <-ent     records.         Cl.  I»t(. 

Unskilled  labor.*  in  ct.  per  hour —  _  ...  „..,, 

(a)  Western  group   7  27.0  2S.5  31.4         Still    in-  .■>  16  Still  R  41  «  5i  : 

(b)  Central  group   12  21.7  25.3  26.9         creasing         li  M  Incrcas-  10  :!.:  :i  .t    . 

(c)  Eastern  group   15  23  0  26.7  30.4         in   40.6  16  32  Ing  IS  i.i  :  u  : 

(d)  Southern  group    10  17.9  20.6  24.5        per   cent         15  3^  In  II  31:!  -.it 

(e)  Average  of  groups   (4) 22.4  25.3  28.3         of  all  13  2.  *'  A  JJ*  HI 

(f)  Average  of  all _ 44  22.1  25.2  28.3        groups  14  28  KroupB  48  SS.4  73: 

Cast  iron  pipe,  per  2.000  lb.. ~ 21  .„  .  ,,„„  . 

6-in.    valves    11        S24.23         $30.70         S51.60         ......  26..  112.9  .^..  ^  «'..  .  K-. 

12-in.  valves 3        $11.18         $12,64         $19.13         $23.20  13.1  71.1  10.,6  a  JIM  :i 

2-way   hydrants    6        .$34.78         $41.53         $65.22         SW.OO  19.4  S..6  98..  10  SS.n:  t; 

Coal,   per  2.000   lbs.—  $26  69         $32.04         $13.13         $53.90  20  1  616  02.O  M  5.S0  »; 

(a1   Eastern   group    13  S2.9S  $3.80  $5.96  $J.04  27.5  100  136.3  1«  sn.  ,«i 

(hi   Central  groun  11  $''41  $2  77  S3. 75  $fi.3i<  14.9  5K  4  1«4..  10  4  S3  M 

r?)  Southern  group-::::;;.:.;;;;:  "     $1:92     $2.01     $3.03     $4.02        4.7      57.8     mj       ,0       3_v.      ,« 

rd)  Western  group   5  $3.97  $4.37  $6.31  S7.S9  10.1  58.9  98..  «  ,.»:  5.» 

(e1  Average  of  groups   (4) «.,S2  $3  24  $4.77  $6.33  49  ._,9.2  124.4  4  S  5 .  ^. 

(f)  Average  of   all 41  $2.62  $3.04  $4.52  Jd  69  1.;.  3  ..3        ,     11^.^  4.  tS  ««  o 

Pu»l    oil.    ct.   per  gal  .    South 1  1  "0  t.sfl  2  00  4 -.o  -  2  ' '.  1  J??"        "        j  J -J  • 
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estimated  at  between   20  and   .=;0   per  rent,   and   that   the   increase  In  "-ages  paid   to   labor  b>    waterworks  had   not   Kept    pa."    with    -..n- 
tract   prices,   owing  probably   to   the   advantage  of  continuity  of  service.  __  „j^o„„»  „»  »j  n«.r  o»nr  n^ror  f>i<.  i«ii  ••r/.»™»„  -^ 

tSee  .Tonrnal  of  Industrial  nnd  Ent-.neering  Chemistry.    Note  that  1915  price  was  an  advance  of  -4  per  cent  over  the  ISU  avenigrc  prtre 
befo»-e  the  advances  listed  went  into  effect. 
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Well    Supply    at 
Rouge,  La.* 


Baton 


By  L.  R.  HOWSON, 
Princiyal  Assistaii'  Engineer.  Alvord  &  Burdick,  Chicago. 
Many  localities  have  no  ground  water  supplies  available  at 
any  cost,  others  but  limited  ones,  and  a  few  are  blessed  with 
adequate  and  satisfactory  supplies  from  underground  sources, 
but  there  is  no  section  which  can  furnish  ground  water  sup- 
plies more  satisfactory  in  quality  and  under  so  many  varying 
conditions  of  pressure,  temperature,  yield,  and  depth  as  are 
found  in  the  Mississippi  River  Delta  near  Baton  Rouge,  La. 
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Relation    Between    Yield    of    Wells    and    Lowering    of    Static    Water 

Levels. 

The  Baton  Rouge  Water  Works  Co.  has  been  the  pioneer  in 
exploring  the  underground  water  resources  of  this  locality, 
which  now  furnishes  such  an  abundant  supply  for  the  city 
of  Baton  Rouge  and  the  large  oil  refineries  and  other  indus- 
tries there. 

At  Baton  Rouge  (which  is  about  40  ft.  above  sea  level)  the 
water  company's  wells  furnish  the  following  data: 

(a)  Wells  at  200  ft.  to  40ii  ft.  deep  have  a  static  elevation 
near  sea  level;  the  temperature  of  the  water  is  G4°,  and  it 
is  high  in  organic  matter. 

(b)  Wells  at  800  ft.  to  900  ft.  deep  penetrate  a  50  ft.  layer 
of  sand,  which  yields  a  plentiful  supply  of  water  whose  tem- 
perature is  72°.  The  static  level  is  3.5  ft.  above  sea  level,  and 
tubular  wells  from  6  in.  to  12  in.  in  size  will  show  a  specific 
capacity  or  yield  for  each  foot  the  static  water  level  is  low- 
ered, of  from  10  to  12  gals,  per  minute. 

(c)  Wells  at  1,320  ft.  to  1,350  ft.  penetrate  a  sand  layer  in 
which  the  static  water  level  rises  to  110  ft.  above  sea  level. 
The  water  has  a  temperature  of  85°,  and  wells  have  a  specific 
capacity  of  but  from  1  to  2  at  the  water  works,  and  &V2  at 
the  city  well  recently  drilled. 

(d)  At  2,050  ft.  a  60-tt.  sand  layer  is  penetrated  which 
produces  wells  having  specific  capacities  of  12  to  15,  and  a 
temperature  of  92".  The  static  water  level  is  160  ft.  above 
sea  level,  or  120  ft.  above  the  ground  surface. 

The  water  company  had  exhaustive  tests  made  of  its  wells 
in  1916,  at  which  time  it  was  recommended  that  the  future 
increases  in  supply  be  derived  from  the  2,000-ft.  depth.  Act- 
ing on  that  recommendation,  the  water  company  let  a  con- 
tract tor  drilling  one  well  to  that  depth. 

The  well  was  drilled  by  the  rotary  process.  It  consists  of 
915  ft.  of  12-in.,  934  ft.  of  10-in.,  44  ft.  of  8-in.  casing,  and  a 
70-ft.  strainer.  The  strainer  consists  of  perforated  well  cas- 
ing wound  with  brass  gauze.    The  entire  well  was  drilled  and 

♦Abstract  of  a  paper  presented  at  the  recent  meeting  of  the  Illi- 
nois Section  ot  the  Ajnerican  Water  Worlis  Association. 


tested  in  62  days,  or  at  an  average  rate  of  nearly  34  ft.  per 
day. 

No  rock  has  been  encountered  in  any  of  the  wells  sunk 
thus  far,  and  the  holes  are  cased  the  entire  distance.  In 
wells  of  this  depth  and  high  flow  the  friction  becomes  im- 
portant, and  it  was  thought  at  the  time  of  the  report  that  the 
largest  casing  that  could  be  successfully  handled  would  be 
8  In.  for  the  top  1,390  ft.,  with  0  in.  for  the  bottom  7(I0  ft. 
It  was  estimated  that  such  a  well  would  yield  about  84ii  gal. 
per  minute  free  flow  at  the  ground  surface. 

When  the  well  was  sunk,  the  contractor,  who  is  one  of  the 
most  experienced'  rotary  well  drillers,  used  the  12-in.,  lo-in. 
and  8-in.  sizes,  and  secured  a  flow  of  1,100  gal.  per  minute 
at  the  ground  surface,  the  increase  being  due  to  the  smaller 
friction  losses  in  the  larger  casing.  ' 

The  well  has  a  static  elevation  120  ft.  above  the  ground, 
or  160  ft.  above  sealevel. 

The  contractor  first  ran  a  10-in.  fishtail  drill  down  until  he 
located  a  suitable  foundation  in  tough  blue  clay  for  the  12-in. 
casing  at  a  depth  of  915  ft.,  then  reamed  the  hole  to  16-in. 
size,  "slushed"  the  hole  to  insure  its  standing  open,  and  in- 
serted the  12-in.  casing.  This  "slushing"  is  accomplished  by 
pumping  a  mixture  of  clay  to  the  bottom  of  the  hole.  As  it 
passes  upward  outside  of  the  pipe  the  clay  particles  seal  up 
the  sides  of  the  well  hole  and  by  their  cohesive  properties 
preserve  the  well  bore  until  the  casing  can  be  inserted  and 
lowered  to  position. 

The  assembling  and  lowering  of  915  ft.  of  12-in.  pipe  re- 
quired but  1V2  hours.  The  casing  was  allowed  four  days  for 
the  sand  to  set  around  it  before  drilling  for  the  10-in.  casing 
was  started,  in  a  manner  similar  to  that  described  for  the 
12-in.  casing.  Similar  methods  were  followed  for  the  8-in. 
casing  and  the  70-ft  strainer. 

The  drilling  penetrated  14  separate  sand  strata,  each  from 
5  ft.  to  194  ft.  in  depth,  all  of  which  were  separated  from 
those  adjacent  by  thick  layers  of  tough  blue  clay,  which  ef- 
fectively cut  off  intercommunication  of  the  water.  Accord- 
ingly in  each  layer  the  pressure  of  the  water  would  depend 
upon  the  elevation  of  the  outcrop  of  the  stratum  in  which  it 
was  found. 

In  the  report  made  to  the  water  company  on  additional 
water  supply  it  was  recommended  that  the  future  supply  be 


Free   Flow  of  New  Well   at   Ground   Surface  Through   an  8-in.    v,Uve 
Partially    Open. 

taken  from  the  2,0il0  ft.  depth,  and  it  was  thought  that  the- 
sinking  of  one  or  two  wells  would  make  it  possible  to  shut 
down  the  pumps  and  supply  the  city  of  25,000  people  during 
the  night  by  the  pressure  from  the  wells.  One  well  only 
was  sunk  in  1916,  and  for  about  two  years  it  has  discharged' 
directly  into  the  distribution  system  for  about  6  hours  dur- 
ing the  night,  delivering  at  a  300,000  gal.  rate,  and  maintain- 
ing 30  lb.  pressure.  This  practice  has  recently  been  discon- 
tinued on  account  of  the  pressure  required  for  automatic 
sprinkler  systems.  If  a  second  well  was  sunk,  the  two  wells 
could  furnish  this  amount  of  water  with  about  40  lb.  pressure- 
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on  the  mains.  During  the  day  the  well  discharges  into  the 
suctions  of  the  pumps  which  are  undi'r  pressure  up  to  a 
l.SOO.flOO  gal.  rate. 

The  ground  waters  of  this  district  vary  in  temperature  and 
pressure  directly  with  the  depth.  The  variation  in  tempera- 
ture is  important  upon  the  well  yields,  for  the  fine  sand  of 
Louisiana  with  water  at  92°  will  transmit  the  water  nearly 
1%  times  as  rapidly  as  the  same  kind  of  sand  in  Illinois  with 
the  temperature  about  50". 

All  wells  in  Louisiana  do  not  furnisli  good  water,  although 
those  near  Baton  Rouge  yield  a  soft  water  of  excellent  qual- 
ity. At  some  points  salt  wells  have  been  found.  The  oc- 
currence of  salt  water  is,  however,  confined  to  small  areas 
and  is  probably  accounted  for  by  a  depression  filled  with 
salt  water  and  without  an  outlet  left  during  one  of  the  re- 
cessions of  the  ocean  in  the  formation  of  the  lower  Missis- 
sippi Valley  and  the  Gulf  Coast.  This  underground  reservoir 
is  under  pressure  from  its  northern  outcrop  and  when  tapped 
yields  salt  water. 

A  large  number  of  wells  have  been  drilled  in  and  near 
Baton  Rouge  in  addition  to  that  of  the  water  company,  the 
most  important  being  the  group  of  14  wells  drilled  by  the 
Standard  Oil  Co.  to  supply  cooling  and  condensing  water  for 
its  oil  refinery,  which  is  now  the  largest  in  the  world.  These 
wells  furnish  nearly  5.000,000  gal.  per  day. 

On  account  of  the  relatively  low  cost  of  sinking  wells  by 
the  rotary  process,  a  great  many  farmers  have  drilled  wells 
to  the  1,300-ft.  depth,  and  have  water  piped  under  pressure 
for  farm  and  household  uses.  In  pre-war  times  a  C-in.  well. 
2,000  ft.  deep,  could  be  drilled,  including  casing,  for  $4,000. 

One  peculiar  phenomenon  was  observed  in  testing  the  wells 
in  and  around  Baton  Rouge.  The  tests  were  made  at  the 
time  when  the  highest  water  stages  ever  recorded  on  the 
Mississippi  at  this  point  were  prevailing.  AH  of  the  wells 
tested  in  the  900  ft.  and  1,300  ft.  strata  had  static  elevations 
from  5  ft.  to  15  ft.  above  those  observed  when  the  wells  were 
drilled  a  year  or  a  few  years  before,  thus  indicating  that 
there  is  probably  some  connection  between  the  river  and  the 
sand  strata  at  some  point  between  the  outcrop  and  Baton 
Rouge. 

It  is  probable  that  wells  with  still  greater  yield,  higher 
temperature,  and  rising  to  still  greater  static  elevations  can 
be  drilled  near  Baton  Rouge,  but,  so  far.  2,000  ft.  is  the 
greatest  depth  penetrated. 


Methods  for  Improving  Meter  Department 
Efficiency 

The  Texas  Power  &  Light  Co.  has  adopted  certain  rules  for 
the  operation  of  its  meter  department,  some  of  which  will 
be  of  interest  to  water  departments.  A  few  of  the  rules  fol- 
low: 

Meters  should  be  set  not  higher  than  G%  ft.  from  the  floor. 
Higher  than  this  they  cannot  be  considered  accessible  to  the 
meter  reader  or  the  meterman  in  case  a  test  is  required. 

A  pass  key  must  never  be  used  for  any  place  where  there 
is  furniture,  with  the  exception  of  lodges,  churches  and  pic- 
ture shows. 

In  signing  orders  of  any  kind  the  employe  doing  so  is  to 
use  his  last  name  and  never  the  initials  only. 

It  will  be  the  work  of  the  office  force  to  do  all  in  its  power 
to  get  the  customer  to  come  to  the  office  to  sign  an  applica- 
tion, and  the  work  of  tfTe  service  men  to  get  meters  set  in 
accessible  places  not  exposed  to  the  weather. 

If  a  disconnect  notice  is  written  for  a  house  which  is  to  be 
reoccupied  within  a  week,  the  distribution  department  should 
get  the  reading  and  open  the  switch,  but  leave  the  meter  in 
the  house.  If  the  house  is  not  to  be  occupied  for  some  time, 
the  meter  should  be  brought  in  so  that  it  may  be  cleaned  and 
tested.  Where  the  meter  is  left  in  a  vacated  house  the 
meter  card  should  say,  "Meter  left  in,"  and  it  should  also  show 
the  work  order  number  when  the  meter  is  removed:  It  is 
preferable  to  disconnect  at  the  pole  where  the  meter  is  to  be 
left  in  a  house,  except  in  apartment  houses. 

The  reading  on  a  disconnected  meter  should  be  left  as  it 
stands,  rather  than  run  the  meter  back  to  zero.  If  the  cus- 
tomer objects,  it  is  then  explained  that  the  company  has  a 
record  of  the  reading  in  the  office  and  knows  exactly  where 
to  begin  using  it. 


Test  of  Air  Diffusers  for  Activated 
Sludge  Process 

Experiments  with  difTer.nt  vurieii.-K  ,,1  (linu«<.r.  ut^  la 
connection  with  the  activated  sUidKo  prorohK  were  conducted 
at  the  I'niversily  of  IlllnolH.  The  lestH  form..d  0...  bai>l»  of 
a  thesis  prepared  by  F.  L.  MIckle,  under  the  .upervUlon 
of  Edward  liartow.  An  abBtract  of  the  th-HU  appeani  In  b 
recently  issued  bulletin  of  the  DIvlslun  of  Slat.-  Water  Sup- 
ply, from   which  the  notes  followlnR  have  been  luken. 

Reinforced  concrete  tanks  located  In  the  baHenient  of  (hP 
I'niversity  of  Illinois  power  houne  were  remo.!.i-i  <■  -  thi* 
experiments.     DilTusers  of  perforated  pipr-,  bun  kit 

and  filtros  plates  were  used.     The  tanki*  will   u ...ated" 

as  "A."  "B,"  "C,"  and  "D." 

Each  tank  is  :i  ft.  2  in.  square,  Inside  meagur«menl.  and 
about  8  ft.  n  in.  deep  to  the  air  dlffuser.  Each  li  cmjuIpimhI 
with  an  adjustable  outlet  made  of  2-ln.  pipe  connected  witli 
three  lose  joints.  Each  outlet  was  ef|ulpped  with  nieanurlni: 
chains  so  that  at  the  end  of  the  aeration  perlodn  the  KludKe 
could  be  allowed  to  settle  and  the  outlet  lowered  to  any  de- 
sired depth  for  drawing  out  the  effluent.  A  pelcock  In  pro- 
vided on  each  tank  to  relieve  the  air  preKsure  while  (he 
tank  is  being  drained  and  prevent  air  bubblen  from  rlHlns 
and  stirring  up  the  sludge.  Air  was  obtained  from  the  I'ni- 
versity of  Illinois  supply  and  was  measured  by  gas  metera. 
The  pressure  was  reduced  by  reducing,  gate,  and  netKlle 
valves. 

Tank  \  was  equipped  with  a  perforated  pipe  difTuiier.  The 
bottom  of  the  tank  is  sloped  from  the  center  and  Hides  at  an 
angle  of  about  45^  thus  forming  two  V-shaped  channels  of 
equal  size  1  ft.  in  depth  entirely  across  the  tank.  A  perfo- 
rated iron  pipe  with  one  end  capped  and  the  other  end  con- 
nected to  the  compressed  air  supply  was  laid  in  the  bot- 
tom of  each  channel.  The  perforations  were  1  25  In.  In 
diameter  spaced  2  in.  apart  and  staggered  at  an  angle  of 
45°  from  the  top  of  the  pipe. 

The  basswood  blocks  used  for  dlffuser  In  tank  B  were 
furnished  by  the  Milwaukee.  Wis..  Sewerage  Conimisslon, 
and  many  valuable  suggestions  regarding  lln-ir  iii^iallatlun 
were  given  by  T.  Chalkley  Hatton,  Chief  i:  ind  Carl 

H.  N'ordell.  Engineer  of  Designs.    The  bloi  i  in.  long, 

2\'2  in.  wide  and  '/i  in.  thick.  They  were  held  in  a  concrete 
container  in  a  depression  2  ft.  3  in.  long.  1  fl  ?.  ':•  M".  in. 
wide,  %  in.  deep  at  the  edge,  and  1^  in.  deep  .  •••r. 

The  surface  of  the  depression  was  cast  on  a  i  •  rve 

so  that  the  tendency  of  the  blocks  on  swelling  to 

wedge  themselves  more   firmly   Into  position.  13 

ridges  %  in.  wide  and   ',4   in.  high  running  cm  ihe 

container.     The   wooden    blocks   rest    u|ion   tin  .it- 

ing  a  %-in.  air  space  below.    These  are  eonnec  ■  •  .-n- 

tral  air  cliannel  1  in.  wide  and  y^  In.  deep.  Air  <•  gh 

a  pipe  cast  in  the  center  of  the  container.    Str  .in- 

ized   iron   were  placed  on   edge  between  each  of 

blocks  for  reinforcement.  Leaky  Joints  were  caulke<i  wllh 
oakum. 

Tanks   C   and   D  each   contained   3   tllirc  ing 

one-third  of  the  floor  area  of  the  tank  an4  «t- 

torn  of  a  central  trough  with  sides  sloping  at  of 

45°.     Below  the  plates  in  each  tank  was  an  a  m 

deep.  The  plates  were  12  In.  square  and  1V4  li 
plates  in  tank  C  were  marked  "fine"  because  ■ 
facturing  basis  of  dry  rating  they  pus.sed  5.8  lu.  i;.  u(  air 
per  minute  per  square  foot  under  a  water  prensure  of  I  In. 
Tank  D  was  equipped  with  plates  marked  "coarse"  which  on 
the  same  basis  passed  12  cu.  ft.  of  air  per  minute  per  square 
foot.  When  saturated  with  water  and  passing  2  cu  fL  of 
air  per  minute  the  plates  marked  "fine"  showed  a  re«l»Uncc 
on  a  water  gage  of  from  11.4  to  11.8  In.  and  the  plates 
marked  "coarse"  a  resistance  of  from  8.8  to  9.6  In.  The 
General   Filtration   Co.   of   Rochester.   X.   V..   supplied   these 

plates. 

Sewage  was  pumped  from  the  Champaign  outlet  sewer 
just  outside  of  the  city  limits.  It  Is  fresh,  fairly  strong  do- 
mestis  sewage  containing  no  trade  wastes.  Chloroform  was 
used  as  a  sample  preservative  and  samples  were  placed  In 
a  refrigerator  until  analyzed.  The  addition  of  chloroform  to 
stable  eSluents  was  unnecessary.  The  methods  of  analrsis 
were  those  given  in  the  1917  edition  of  the  American  Public 
Health  Association's  'Standard  Methods  for  the  Examination 
of  Water  and  Sewage." 
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Three  series  of  tests  were  made.  There  was  no  sludge 
present  in  any  tank  at  the  beginning  of  any  series  of  tests. 
Results  of  tests  are  summarized  in  Tables  I  and  II  and  the 
rate  of  aeration  is  given  in  Table  III. 

TABLE  I— AVERAGE  RESULTS  OF  ANALYSIS  OF  INFLUENTS 
AND  EFFLUENTS  OF  TANKS. 

(Parts  per  million.) 
Ammonia    nit-      Nitrate   and   ni-       Oxygen  con- 
Turbidity,  rogen.  trite  nitrogen.  siimed. 
m 

i      tt   Effluents.      |  jj    Effluents.      % "«;  Effluents.  |  g,   Effluents. 

1.  J75  90   ..    67  59  34  27   . .  2S  29  .2    .1  .. .       .2      .2  82  38  . .   34  SO 

2.  273  52  30  24  26  24  IS  21  19  19  3.9  1.3  5.1    4.4    6.3  57  23  17  14  16 

3.  274  13  10  11  11  21  20  19  6  6  2.5  1.7  1.9  12.6  13.6  62  21  22  20  19 
1*  391  9S  ..  '12  38  34  29  ..  30  30  .1  .1...  .4  .4  85  31  ..  20  21 
2»  153  IS  7  5  5  14  11  14  13  13  6.6  2.2  9.6  8.0  11.8  42  17  12  10  11 
3-  283  5     6     B     5  24  24  23  0  0  1.7    .3    .1  17.8  19.4  55  32  26  25  IC 

•Results  after  activated  sludge  was  formed. 

A.  Tank  with  perforated  pipe  diffuser. 

B.  Tank  with  basswood   blocks  amuser. 

C.  Tank  with  tine  filtros  plates  diffuser. 

D.  Tank  with  coarse  filtros  plates  diffuser. 

TABLE     II.— PERCENTAGE     REMOVAL    OP    TURBIDITY.     AM- 
MONIA   NITROGEN    AND    OXYGEN-CONSUMING    CAPACITY 

Ammonia         Oxygen 
Turbidity.        nitrogen.        consumed. 
Series.  Period  1917.  Effluents.       Effluents.       Effluents 

ABCDAB      C      DABCD 

1.  Reduction.  .Feb.    2 75   . .   82  85  19   . .     16     14  63   ..   59  63 

2.  Reduction.  .Mar.    1-20 81  89  91  90  26  13     21     21  60  70  75  74 

3.  Reduction.  .Mar.    27-Apr.    30.. 95  96  96  96     5  10     71     71  60  58  62  13 

1.  Reduction*    76  . .   88  90  13  . .     10       7  63   ..   75  75 

2.  Reduction*    88  fi5  97  97  21     0       7       7  60  71  76  74 

3.  Reduction*    98  98  9S  OS     0     4   100  100  41   53  51   70 

•'Results  after  activated  sludge  was  formed. 

In  the  first  series  of  tests  extending  over  a  period  of  15 
days  filtros  plates  and  perforated  pipes  were  used.  About 
19,000  gal.  of  sewage  was  treated  in  each  tank  with  an  aver- 
age of  2.5  cu.  ft.  of  free  air  per  gallon  of  sewage.  In  the 
second  series  of  tests  extending  over  a  period  of  20  days 
all  four  tanks  were  in  operation.  About  17,000  gal.  of  sew- 
age was  treated  in  each  tank  with  an  average  of  1.8  cu.  ft. 
of  air  per  gallon  of  sewage.  Measured  in  terms  of  removal 
of  turbidity,  removal  of  oxygen-consuming  capacity  and  the 
production  of  nitrate  nitrogen,  the  purification  was  best  in 
the  tanks  containing  filtros  plates,  and  in  Series  2  the  tank 
with  wooden  blocks  gave  better  results  than  the  tank  with 
perforated  pipes.  Measured  in  terms  of  removal  of  am- 
monia nitrogen  the  purification  was  best  in  the  tank  with 
the  perforated  pipes.  The  third  series  of  tests,  which  lasted 
35  days,  was  the  most  satisfactory.  About  30,0<10  gal.  of 
sewage  was  treated  in  each  tank  with  an  average  of  3.2  cu. 
ft.  of  free  air  per  gallon  of  sewage.  No  accurate  comparison 
of  the  sludge  accumulation  at  the  end  of  the  series  could 
be  made,  for  owing  to  the  length  of  the  run  the  excess  of 
accumulated  sludge  was  wasted  at  times.  Measured  in 
terms  of  removal  of  ammonia  nitrogen  and  in  production 
of  nitrate  nitrogen  the  tanks  with  filtros  plates  were  de- 
cidedly superior.  Ammonia  nitrogen  was  entirely  removed 
in  the  tanks  with  filtros  plates  after  17  days.  Owing  to  rain, 
nitrate  nitrogen  was  present  in  the  raw  sewage  during  the 
early  part  of  the  series,  and  continued  to  increase  in  the 
tanks  containing  filtros  plates,  reaching  about  25  parts  per 
million.  Practically  all  of  the  nitrate  nitrogen  disappeared 
from  the  other  tanks.  The  poor  results  from  the  tank  with 
wooden  blocks  were  probably  caused  by  the  development 
of  a  hole  which  prevented  the  formation  of  finely  divided 
bubbles. 

The  stability  to  methylene  blue  was  tested  on  and  after 
the  nth  day.  All  effluents  from  the  tanks  containing  filtros 
plates  were  stable  for  10  days  at  20°  C.  The  majority  of 
the  effluents  from  the  other  tanks  was  unstable.  Nearly 
30,000  gal.  of  sewage  was  treated  in  each  tank  with  3.2  cu. 
ft.  of  free  air  per  gallon.  A  summary  of  operating  data  is 
given  in   Table  III. 

Conclusions. — The  results  of  this  investigation  justified  the 
following  conclusions: 

Filtros  plates  proved  the  most  efficient  of  the  three  types 
of  diffusers,  as  evidenced  by  the  analytical  data.  They  gave 
sludge  that  settled  rapidly  leaving  clear  and  stable  effluents. 

The  degree  of  porosity  of  the  filtros  plates  made  no  ap- 
parent difference,  for  the  coarse  and  the  fine  grades  of  plates 
gave  practically  the  same  results. 

The  wood-block  diffusers  gave  unstable  effluents  in  the 
majority  of  the  samples.  With  these  effluents  the  chemical 
results  were  not  as  satisfactory  as  with  those  from  the  filtros 
plates. 

The  wooden  blocks  were  very  difficult  to  install  and  even 
in  the  short  time  they  were  in  service  they  showed  evidence 


of  marked  deterioration.    Until  these  defects  can  be  remedied 
their  installation   in   working-scale   plants  is   impracticable. 

The  perforated  pipes  gave  the  least  satisfactory  chemical 
results.     The  majority  of  the  effluents  were  unstable. 

TABLE    III.— AMOUNT    OF    AIR    USED. 

Cubic  feet  of  free  air  used  per 
„     .  gallon  of  sewage. 

Series.  A  B  C  D 

J 2.5  ...  2.5  23 

1 1-8  1.7  1.9  1.8 

^ 3.2  3.1  •4.5  3.2 

♦Pig'ure  high  due  to  leak  which  developed  in  air  line  The 
actual  amount  of  air  supplied  was  about  the  same  as  supplied 
to  the  other  tanks  in  this  series. 

Clogging  of  the  diffusers  during  the  period  covered  by 
these  experiments  was  not  sufficient  to  have  practical  signifi- 
cance. 

Method  of  Constructing  iTile  Drain 
Through  Sand 

•     By  L.  U.  MARTIN. 

During  the  summer  of  1916,  County  Ditch  17  was  started. 
This  tile  system  included  about  2  miles  of  main  ditch  and 
about  as  much  more  in  branches.  The  tile  ranged  in  size 
from  26  in.  to  5  in.  When  the  main  ditch  was  at  Station  10 
sand  and  gravel  were  encountered  at  a  depth  of  about  3  ft. 
below  the  peat  and  mud.  This  sand  contained  so  much  water 
that  cribbing  had  to  be  used,  although  the  tile  were  bot- 
tomed only  5  ft.  below  the  surface.  By  the  time  station  20 
was  reached,  which  had  a  depth  of  8  ft.,  tight  cribbing  had 
to  be  used  and  even  with  that  it  was  practically  impossible 
to  make  any  progress,  as  the  water  and  sand  flowed  in  so 
fast.  At  about  this  point  we  struck  a  bed  of  blue  clay  below 
the  sand  and  the  bottom  was  found  to  run  from  a  few  inches 
to  IVa  ft.  into  this  clay.  At  the  line  of  contact  between  the 
sand  and  the  clay  the  flow  of  water  would  come  through  any 
little  crack  in  the  cribbing  and  wash  in  sand  faster  than  it 
could  be  thrown  out.  By  the  time  Station  27  was  reached 
progress  was  at  a  standstill  and  the  contractor  had  spent 
three  times  the  bid  price  of  the  station  in  going  85  ft.  This 
was  alright  for  the  contractor  who  was  protected  by  a  20 
per  cent  cost  plus  clause  in  his  contract  in  case  of  sand,  but 
was  plainly  out  of  question  for  the  ditch  owners,  as  the  as- 
sessed benefits  would  not  permit  of  more  than  12  per  cent 
overrun  on  the  bid  price. 

Test  pits  were  put  down  ahead  of  the  work  and  the  same 
conditions  were  found  to  prevail  for  the  next  50  stations, 
with  a  depth  varying  from  10  to  17  ft.  We  now  stopped  all 
attempts  at  laying  tile  and  started  to  top  t«hese  50  stations. 
By  the  time  this  was  accomplished,  4  to  5  ft.  deep  and  3% 
ft.  wide,  cold  weather  had  set  in.  A  few  inches  of  straw  were 
placed  in  the  bottom  of  the  ditch  and  was  left  until  the 
walls  were  frozen.  We  then  took  out  another  spading  back 
for  a  few  stations,  and  as  the  walls  froze  we  kept  carrying  it 
down  to  grade  and  laying  tile.  It  was  found  practical  to 
work  only  a  small  crew  and  not  to  open  too  much  at  a  time, 
as  the  last  two  spadings  froze  rather  slowly,  and  snow  would 
blow  in  and  bother  if  too  much  was  opened  ahead.  Working 
in  this  way  we  found  that  a  great  deal  of  the  cribbing  could 
be  done  away  with  owing  to  the  fact  that  the  flow  of  water 
greatly  diminished  in  the  winter  and  also  the  frozen  banks 
did  not  cave  readily  even  if  undermined  some.  It  was  slow 
work  and  greatly  delayed  the  completion  of  the  ditch,  but  the 
work  was  accomplished  at  the  contract  price  and  the  con- 
tractor made  good  wages  out  of  the  job.  The  ditch  came 
out  at  the  assessed  value  of  the  benefits  so  its  completion 
was  made  possible. 


Drain  Made  of  Portable  Concrete  Sections. — A  sectional 
concrete  ditch  bottom,  devised  by  one  of  the  Panama  Canal 
sanitary  inspectors,  has  been  a  valuable  aid  in  antimalarial 
work  in  the  Canal  Zone  during  the  period  of  over  a  year  in 
which  it  has  been  in  use.  A  section  of  the  drain  is  30  in. 
long  by  10  in.  inside  diameter.  Each  section  has  a  bell  joirft 
which  is  provided  with  a  male  and  female  union.  The  joints 
are  held  together  by  a  %-in.  steel  plug,  which  stiffens  the  seg- 
ments until  they  have  been  properly  backfilled  and  leveled 
and  the  cement  poured  into  the  joints  has  hardened.  The 
proportions  of  cement,  sand,  and  gravel  used  in  making  the 
sections  are  the  same  as  in  ordinary  block  construction.  The 
sections  are  reinforced  with  chicken  wire.  Each  segment 
weighs  100  lb.  The  size  of  the  segment  can  be  varied.  Key 
walls  can  be  added  in  "green"  concrete  and  curved  and  angle 
sections  are  easily  constructed. 
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Reduction    of    Water    Waste     by 
Means  of  Pitometer  Servey 
and  Constant   In- 
spection* 

By  GEORGE  C.  ANDREWS, 
Water  Commissioner  of  Buffalo.  X.  Y. 

In  1897  the  Buffalo  Common  Council  decided  it  more  advan- 
tageous to  its  citizens  to  install  more  pumps  and  give  prac- 
tically an  unlimited  supply  of  water,  than  to  control  con- 
sumption by  means  of  meters.  It  is  hardly  necessary  to 
add  that  this  decision  was  made  contrary  to  sound  engi- 
neering advice.  It  would  be  interesting  to  speculate  on  what 
that  decision  has  cost  the  citizens  of  Buffalo  in  the  past  22 
years.  Suffice  it  to  say  that  in  1903  the  Bureau  of  Water 
has  a  bonded  debt  of  $3,099,382.  while  it  was  $12,141,524  in 
1917.  From  that  date  until  1917  it  was  a  race  between  the 
unchecked  waste  both  in  mains  and  in  houses  and  the  pumps. 
In  1903  there  was  one  pumping  station  with  a  daily  ca- 
pacity of  183,000.000  gal.  In  1917  there  were  two  pumping 
stations  with  a  combined  daily  capacity  of  330,000,000  gal. 
Coincident  with  the  increased  pumping  capacity  large  dis- 
tributing mains  were  laid.  During  this  period  the  per  capita 
consumption  had  ranged  between  302  and  339  gal.  per  day. 
Of  this  practically  100  gal.  was  for  industrial  use. 

In  1916  the  city  government  was  altered  and  a  commis- 
sion of  five  men  elected  to  govern  the  city.  Their  platform 
was  an  economical  and  efficient  city  government  and  one 
of  the  early  efforts  was  an  investigation  as  to  means  to  re- 
duce city  water  consumption.  As  all  water  used  must  be 
pumped  from  Lake  Erie  against  a  head  of  140  to  204  ft.,  a 
reduction  in  pumpage  would  make  an  immense  saving  in 
coal  used  for  fuel.  Various  methods  were  considered  and 
in  the  spring  of  1917  it  was  decided  to  have  a  pitometer 
survey  made  of  a  small  section  of  the  city  with  the  idea  of 
covering  the  whole  city  later  should  this  section  show  satis- 
factoi'y  results.  The  question  of  metering  was  considered 
but  rejected  on  various  grounds,  some  of  which  were:  Pop- 
ular local  prejudice  against  metering,  length  of  time  to  com- 
pletely meter  city,  there  being  over  7G.00O  unmetered  and 
active  services,  while  the  pitometer  method  promised  early 
results;  extensive  changes  in  plumbing  required  should 
meters  be  installed  in  many  of  the  poorer  types  of  dwellings, 
heavy   initial   investment   required   for   meters. 

To  facilitate  the  work  and  also  that  definite  records  could 
be  obtained  of  water  consumption  in  different  points,  the 
city  was  divided  into  10  sections,  none  of  which  were  simi- 
lar in  character  and   work   completed  by  sections. 

To  make  the  survey,  an  engineer  in  charge  and  four  as- 
sistants were  employed.  Three  trucks  with  gangs  of  four 
men  were  constantly  engaged  and  one  clerk  assigned  to  this 
work  to  keep  the  records.  Twelve  of  the  regular  city  in- 
spectors made  the  house-to-house  inspections.  Later,  as 
more  of  the  city  was  covered.  20  temporary  inspectors  were 
engaged. 

One  of  the  assistant  engineers  made  the  district  measure- 
ments and  two  were  constantly  engaged  on  sub-division. 
One  assistant  engineer  tested  the  meters  and  fire  lines.  Dur- 
ing the  winter  months  two  men  worked  in  the  office.  The 
inspections  for  house  waste  is  of  great  value,  and  a  large  per- 
centage of  the  total  waste  eliminated  is  directly  due  to  in- 
spections. However,  proper  control  must  be  exercised  or 
the  results  will  be  indifferent.  From  1906  until  1915,  the  de- 
partment employed  men  to  stop  house  waste,  but  had  no 
control  over  same  by  means  of  district  measurements.  Dur- 
ing this  period  the  per  capita  consumption  was  practically 
stationary,    although    the    annual    consumption    increased. 

As  the  sub-divisions  showed  waste  in  practically  every 
block,  a  system  of  inspection  records  was  developed.  In- 
spectors worked  in  pairs  and  a  report  on  every  house  and 
service  was  made.  Where  leaks  were  discovered,  a  repair 
notice  was  left.  Two  weeks  later  a  second  inspection  was 
made  of  all  places  where  notice  to  repair  was  served.  If 
repairs  had  not  been  made  at  that  time  a  second  repair 
notice  was  left  and  a  re-inspection  made  three  days  later, 
at  which  time  water  was  turned  off.  unless  all  plumbing  was 
in   good   shape.     The  years   of  unlimited   use  and   waste  of 


\vater  had  rendered  moat  people  indlfferoiil  t.,  ii.e  cnJllioo 
of  the  plumbing  in  their  houB.-H  and  at  first  coriHld.rable 
complaints  were  made  at  the  so-called  arbitrary  ruling  uf  Ihe 
Bureau.  However,  these  soon  ceahed  and  un  the  rei,ult«  of 
the  survey  became  apparent  and  In  the  majority  of  case* 
splendid   co-operation    was   secured 

The  inspectors  tested,  first  the  house  llxtureH  and  then  If 
these  were  O.K..  tested  with  the  aquuphone  al  the  curb  boi 

for  service  leaks.     If  house   waste   was  found,  the   ' 

at  the  house  was  closed  before  testing  for  service  |. 
their  inspection  report  blanks  leaks  were  llsleU  a 
faucet,  toilet,  etc..  and  a   notice  showInK   the  nalu 

leak  served.     A  record  of  the  number  of  people' on 

ice  was  also  reported.  After  the  bouse  InHpeollon.  in  u  dU- 
trict  was  completed,  the  pitometer  was  aKaIn  useil  to  record 
the  flow  in  different  blocks  in  the  subdivision  Where  the 
night  rate  was  still  excessive,  investigation  for  unil>ri.T.,Mi„l 
leaks  was  started.  The  determination  of  the  un'! 
leaks  is  largely  a  matter  of  skill,  judgment  and  ev; 
By  sub-dividing  by  blocks  the  leak  can  be  located  as  to 
block,  but  then  the  operator  must  Hnd  same  In  «,kill  and 
judgment.    If  service  pipes  and  boxes  have  be--  .  the 

aquaphone   can   give   one   the   approxinuitu   lo.  .  i   by 

driving  a  steel  rod  to  the  main  the  leak  can  be  closely  lo- 
cated. In  only  a  few  cases  was  it  necessary  to  eK-aralo 
more  than  one  hole  to  find  the  leak. 

As  work  was  completed  in  each  division  a  permanent  map 
was  filled  in  the  office,  showing  gaging  points  for  ln«tnj- 
ments  and  valves  on  boundary  points.  On  this  map  li  re- 
corded date  of  first  measurement  24  hour  consumption  and 
minimum  night  rate,  and  same  record  nieaHurement.  It  In 
the  intent  of  the  Bureau  of  Water  to  continue  the  pitometer 
work  as  a  pecial  department  and  regular  measureni' nt,.  will 
be  taken  at  varied  intervals,  and  these  maps  will 
I  he  work  greatly.  All  inspectiors'  reports  are  filed  t. 
and  can  be  instantly  referred  to.  As  soon  as  a  section  waa 
completed  a  full  report  on  same  was  submitted  by  the  en- 
gineer in  charge.  This  report  gave  a  general  summary  of 
the  work  with  certain  specific  recommendations  to  meet  the 
conditions  for  the  sections.  These  reports  are  filed  so  as 
to  be  available  for  future  reference. 

The  report  for  Section  4  showed  as  follows: 

'I'otal  flow  l)efore  Inspection  per  24  hourx IT '•i.'.     -•  ^:ii 

.Minimum   nijjht   rate Ji  i. 

Per  cent  of  night  rale  to  total  flow *■■  ' 


•Ab.^tract  of  a  paper  presented  at  the  last  annual  convention  of 
tlie  American  ^\'aterworks  Association. 


Inspections  of  all  buildings  on  this  section  .siiuwed  3.444 
leaky  fixtures,  divided  as  follows:  Faucets,  l,iiC1;  toilets. 
2,380. 

It  also  disclosed  280  leaky  services,  which  were  repaired 
by  the  owners:  Bight  unfinished  supplies  which  were  dU- 
<harging  into  the  sewer  were  dug  up  and  plugged.  Also,  one 
broken  6-in.  main  was  uncovered  and  n-palred 

After  the  house  inspection  and  underground  work  waa 
completed   a    remeasurement    was    taken    with    '  >  Inc 

results:      Reduction   in   dally  consumption  .'i.7>'  re- 

duction  in   night  rate,   3,91o,ooo  gal. 

On  account  of  the  desire  to  reduce  the  pumpnito  «« 
quickly  as  possible,  so  as  to  conserve  coal  as  a  v.  • 
ure,  no  intensive  work  was  attempted  and  the  city 
as  rapidly  as  consistent  with  good  work.  It  Is  hlghlj  prub 
able  that  the  results  in  this  section  could  have  been  bet- 
tered had  more  time  been  devoted  to  It.  However,  by  extend- 
ing the  work  rapidly  large  leaks  in  other  districtn  wer'-  ile- 
lected  and  stopped  in  the  time  which  might  have  been  de- 
voted to  more  intensive  work  in  this  section.  It  Is  expected 
that  the  work  to  be  done  in  this  section  this  summer  will 
materially    better   the  above   result. 

Our  first  section  was  surveyed  in  1917  and  Ibis  year  r<»- 
measurements  have  been  taken.  These  show  that  there  Is  a 
more  or  less  gradual  return  of  the  waste  first  eliminated. 
depending  wholly  on  the  character  of  dwellings.  In  all  sec- 
lions  the  consumption  was  less  than  it  was  two  years  ago 
at  the  time  of  the  first  measuregient.  In  one  case  the  re- 
suit  showed  only  10  per  cent  increase  over  the  first  remeas- 
urement. I  estimate  that  effects  of  the  result  of  the  survey 
will  be  from  one  to  three  years  as  far  as  house  waste  is 
concerned.     All   underground    leaks   stopped   are   permanent 

saving. 

In  the  sections  completed  the  house  waste  stopped  Is  esti- 
mated at  18.000.000  gal.,  while  the  underground  waat« 
stopped  was  12.000,000  gal.  by  actual  measurements. 

It   is   our   intention   to  measure  and   subdivide  the  entire 
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city  in  two  years  and  to  completely  inspect  as  often.  Of 
course  measurements  and  inspections  will  be  made  oftener 
in  the  sections  where  waste  is  greatest.  To  more  fully  con- 
trol waste  in  these  sections  meters  will  be  placed  gradually. 
Nine-tenths  of  the  city  has  now  been  covered  by  the  sur- 
vey with  the  following  results: 

33,378  leaky   fixtures   reported    and   repaired. 
1,860  leaky  services  reported   and  repaired. 

52  unfinished  supplies  found  wasting  3,487,000  gal.  per  day. 

Broken    mains    and    leaky    .ioints    wasting    4,376,000    gal.    per 
day  found  and  repaired. 

The  services,  broken  mains,  unfinished  supplies  and  leaky 
joints  repaired  account  for  12,000.000  gal.  waste  per  day 
permanently  stopped. 

The  pumpage  has  been  reduced  except  in  times  of  ex- 
tremely hot  or  cold  weather  to  less  than  125,000,000  gal. 
per  day,  as  compared  to  over  100,000,000  gal.  per  day  in 
1917.  Figuring  the' cost  of  pumping  at  $6.24  per  1,000.000 
gal.,  the  average  cost  for  the  last  three  years,  the  annual 
saving  is  $68,328.  Against  this  is  the  estimated  charge  of 
$25,000  per  year  to  maintain  the  Pitometer  Division  of  the 
Bureau. 

To  date  the  survey  has  cost  $96,931,  much  of  which  repre- 
sents permanent  investment  in  equipment  and  records,  or 
for  professional  services. 

Including  the  pay  of  temporary  inspectors,  who  will  Be 
employed  each  spring,  it  is  estimated  that  the  annual  cost 
of  continuing  the  work  will  be  $25,000  per  year. 


Cost  of  Machine  Trenching  for  Sewer 
Construction 

Machine  trenching  in  the  construction  of  the  Stanley  St. 
sewer  at  San  Francisco  cost  about  one-fifth  as  much  as  by 
hand  trenching.  This  sewer  provides  an  outlet  for  the 
westerly  portion  of  the  Oceanview  district.  Starting  at 
Orizaba  and  Palmetto  Sts.,  and  running  to  Orizaba  and  Saga- 
more Sts.,  is  a  21-inch  iron-stone  pipe.  From  the  last  named 
intersection  to  Stanley  St.  and  west  erly  on  Stanley  to  Rus- 
sell St..  the  sewer  is  of  reinforced  concrete,  2  ft.  by  3  ft.,  in- 
side dimensions.  At  the  corner  of  Stanley  St.  and  Ramell 
St.,  the  structurt  is  enlarged — the  inside  dimensions  are  in- 
creased to  2  ft.  6  in.  by  3  ft.  9  in. 

Continuing  along  Stanley  St.,  the  sewer  crosses  Stanley 
St.  creek,  in  a  concrete  culvert  supported  on  concrete  piers, 
and  extends  to  an  overflow  at  St.  Charles  Av.,  so  designed 
that  when  the  2  ft.  6  in.  by  3  ft.  9  in.  sewer  is  flowing  at  or 
near  full  capacity,  the  greater  portion  of  the  storm  water 
and  diluted  sewage  will  pass  over  a  weir  into  the  Stanley  St. 
creek;  thence  it  will  be  conveyed  across  the  Merced  lands, 
through  an  existing  wooden  flume  and  through  a  tunnel  direct 
to  the  ocean.  Undiluted  sewage,  however,  passes  under  the 
.Junipero  Serra  Blvd.  through  a  cast-iron  pipe,  which  con- 
tinues across  the  Merced  lands  to  Sloat  Blvd.,  where  it  dis- 
charges into  the  lower  Sunset  sew-er.  whose  outlet  is  at 
Mile  Rock. 

During  construction,  where  the  contour  of  the  ground 
permitted,  a  ditching  machine  was  used,  which  not  only 
produced  cheaply  a  uniform  trench  in  which  to  lay  the  heavy 
cast-iron  pipe  but  speeded  the  completion  and  earlier  use 
of  the  entire  system. 

The  following  costs  to  the  contractor  of  some  of  the  items 
— ofiice  overhead  and  the  necessary  insurance  and  bond  not 
included  are  taken  from  the  report  of  M.  M.  O'Shaughnessy, 
City  Engineer,  for  the  fiscal  year  ending  June  30,  1918: 

15   in.    iron-slone    pipe,    per   foot $     1.G5 

21   in.    iron-stone    pipe,   per    foot l'!J 

2v3  reinforced   concrete  sewer,   per  foot ;g} 

2  ft.  G  in.  X  3  ft.  9  in.  reinforced  concrete  sewer,  per  foot..     ^51 

Brick  manholes,  each /ccc? 

Uvcrflow  structure    ■ ^bO.OB 

Trench  excavation  for  the  cast-iron  pipe  was  in  stiff  sandy 
clay.  The  cost  of  that  portion  of  the  work  done  by  hand  was 
$0.91  per  cu.  yd.;  the  cost  by  machine  was  "0.18  per  cu.  yd., 
including  a  fixed  charge  of  $32  per  day  for  the  use  of  the 
machine. 

'  The  18-in.  cast-iron  pipe  cost  $0,228  per  foot  to  lay,  yarn, 
pour  and  calk  the  joints. 

The  prevailing  rate  of  labor  during  construction  was  $3.00 
per  day. 


Conclusions  of  Am.   W.  VV.  Assn. 

Committee  on  Private  Fire 

Protection  Service 

Private  fire  protection  service  has  been  a  subject  of  dis- 
cussion between  the  water  purveyor  and  the  insurance  in- 
terests for  years.  The  Proceedings  of  both  the  American 
and  New  England  Water  Works  Associations  contain  many 
pages  devoted  to  this  topic,  and  the  interest  displayed  Is 
evidence  of  the  concern  which  this  class  of  service  has  caused 
the  water  works  superintendent.  A  number  of  dift'erent 
questions  are  involved  which  divide  themselves  naturally 
into  two  classes,  physical  and  fiscal.  The  physical  questions 
relate  to  the  manner  of  installation,  the  fiscal  questions  to 
the  distribution  of  the  cost  of  installation  and  proper  charges 
for  service.  At  the  annual  convention  of  the  American 
Waterworks  Association,  last  month,  the  Committee  of  the 
Association,  consisting  of  Nicholas  S.  Hill,  Jr.,  Chairman, 
George  G.  Earl,  Frank  C.  Jordan  and  Walter  E.  Miller,  sub- 
mitted its  final  report  on  this  subject.  The  more  important 
questions  considered  by  the  Committee,  together  with  their 
finding  and  recommendations  are  as  follows; 

Physical  Questions. 

(1)  Shall  water  for  domestic  and  manufacturing  uses  be 
furnished  through  the  same  service  pipe  with  water  for 
private   fire  protection  equipment? 

Water  for  domestic  or  commercial  uses  should  be  fur- 
nished through  the  same  service  pipe  with  water  for  private 
fire  protection  equipment  for  certain  classes  of  consumers 
only.  When  a  combined  service  for  fire  protection  and 
other  uses  is  allowed,  a  meter  which  will  register  all  flows 
from  the  smallest  to  the  largest,  and  of  equal  accuracy  to 
the  ordinary  domestic  and  commercial  meters,  should  be 
installed  on  the  connection.  In  no  case  should  a  combined 
connection  for  fire  service  and  domestic,  commercial  or 
manufacturing  uses  be  allowed  for  mills,  factories,  large  in- 
dustrial establishments,  or  railroad  terminals  and  yards. 

(2)  How  shall  the  water  purveyor  be  protected  so  as  to 
prevent  the  intentional  or  unintentional  use  or  waste  of 
water  through  such  connections? 

No  fire  service  connection  should  be  installed  without  a 
fire  service  meter  unless  a  system  similar  or  equivalent  to 
the   Bond-Alarm-Inspection   System  is   adopted. 

(3)  How  shall  private  fire  service  pipes  be  controlled 
where  they  enter  buildings  or  private  property  so  that  in 
case  of  the  breaking  of  the  inside  pipe,  or  of  the  service 
pipe,  water  may  be  shut  off  and  bleeding  of  the  water  sys- 
tem prevented? 

No  private  fire  service  connection  should  be  installed 
without  careful  and  adequate  provision  for  properly  located 
control  valves  equipped  with  indicator  posts. 

In  congested  districts,  where  property  values  are  high  and 
the  finding  of  a  safe  and  accessible  location  for  the  con- 
trol valve  is  difficult,  the.  installation  of  automatic  or  distant 
control  is  recommended  as  soon  as  a  suitable  device  for  this 
purpose  is  developed. 

(+)  What  limit  should  be  placed  upon  the  size  of  fire  serv- 
ice connections? 

No  service  connection  with  a  capacity  in  excess  of  50 
per  cent  of  the  water  main  supplying  it  should  be  installed. 
All  risks  requiring  more  than  50  per  cent  of  the  main  capacity 
should  be  required  to  provide  a  supplemental  water  supply 
by  storing  water  in  elevated  tanks  or  the  equivalent. 

(5)  What  means  shall  be  adopted  to  prevent  the  pollution 
of  a  public  water  supply  through  a  private  fire  protection 
service  when  an  independent  water  system  is  also  con- 
nected with  the  fire  protection  system? 

Where  an  independent  supply  is  used  for  private  fire 
protection,  the  fire  service  connection  from  the  public  mains 
should  discharge  either  into  a  cistern  or  elevated  tank 
at  or  above  the  flow  line  and  the  protected  property  re- 
quired to  take  water  for  the  fire  protection  equipment  from 
the  cistern  or  tank  to  preclude  the  possibility  of  back  flow. 

When  such  an  arrangement  is  not  possible  of  attainment 
double  check  valves  should  be  installed  with  proper  means 
for  insupection  and  testing.     Such  valves  should  be  regularly 
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and   systematically   inspected,   and   reports   filed   as  to   their 
condition; 

Fiscal    Questions. 

(tj)  By  whom  should  the  cost  of  installing  the  private  fire 
service  connections   and   accessories  be   borne? 

When  the  utility  lays  the  service  connections  to  the  curb 
and  owns  and  controls  them,  the  rates  should  be  made  to 
.pay  interest  and  depreciation  and  the  maintenance  cost  of 
such   services. 

With  a  rational  system  of  rates  and  charges,  there  is  no 
reason  tor  making  any  distinction  between  private  fire 
service  connections  and  any  other  service  connections.  The 
committee  is,  therefore,  of  the  opinion  that  the  water  utility 
should  pay  the  cost  of  installing  the  private  fire  service 
connection  as  far  as  the  property  line  and  that  the  charge 
for  private  fire  service  should  be  suflicient  to  cover  interest, 
sinking  fund  charges  and   maintenance  on  the  installation. 

So  far  as  the  cost  of  installing  the  accessories,  including 
control  valves,  check  valves  and  alarm  valve  or  meter  is 
concerned,  these  devices  should  be  owned  and  controlled  by 
the  water  utility  and,  therefore,  should  be  paid  for  by  it 
and  the  fire  service  rate  so  fixed  as  to  include  a  fair  allow- 
ance for  repairs  and  maintenance,  and  a  reasonable  return 
on  these  elements,  as  well  as  on  the  service  connection 
proper. 

(7)  Shall  a  charge  be  made  for  private  tire  protection 
service? 

The  service  required  of  a  water  utility  is  of  two  classes: 

1.  Readiness  to  serve  a  large  quantity  of  water  at  ir- 
regular and  indeterminate  intervals  whenever  called  upon. 

2.  A  constant  supply  of  water  with  comparatively  slight 
variation  in  the  amounts  called  for. 

The  private  fire  protection  consumer  falls  into  the  first 
class.  What  he  requires  is  a  connection  of  large  capacity 
through  which  a  small  amount  of  water  is  ordinarily  taken, 
but  which  may  be  utilized  to  full  capacity  at  infrequent  in- 
tervals. His  needs  are  distinct  from  those  of  the  ordinary 
domestic  consumer  who  requires  a  quantity  of  water  con- 
tinuously and  substantially  proportional  to  the  capacity  of 
his  service  connections.  In  the  case  of  one  we  have  capacity 
cost,  in  the  other  production  cost.  Since  the  cost  of  serv- 
ice should  not  be  shifted  from  one  source  to  another  in  the 
rates,  it  follows  that  the  consumer  who  requires  the  utility 
to  incur  capacity  costs  should  not  put  the  burden  of  paying 
for  them  upon  the  consumer  who  does  not  want  capacity 
but  wants  water.  Under  the  circumstances,  therefore,  the 
committee  has  no  choice  but  to  recommend  that  a  charge 
for  private  fire  service  connections  be  made. 

(8)  How  should  the  charge  for  private  fire  protection  be 
determined? 

The   principal   steps   in  the   establishment  of  a  system  of 

rates  may  be  outlined  as  follows: 

A.     Suc:(livifle   the   total   refiuirtd   revenue  between   water 

service  revenue  and  miscellaneous  receipts:  i'er  ce.ic. 

Miscellaneous  receipts    

Total   water  service   revenue 

E.     Subdivide    the    total    water    ser\'ice    revenue    between 

tire  service  and  general  water  service  revenue:  _ 

Fire  service  revenue qc  »n    Kii 

General  water  service  revenue 3»  xo  ^^ 

Total  water  service  revenue 100  to  100 

C.  Subdivide    general    water    service     between     revenue 

from  fixed  service  charges  and  revenue  from  pro- 
portional  service   charges:  on  »«  in 

Fixed  service  charge's ;"  J°  ;" 

Proportional    service   charges 3U  lo  ou 

Total  general  watSt-  service  revenue ■.  ■ .   100  to  100 

D.  Subdivide    fixed    service    revenue     between     capacity 

of  demand  cost  and  service  or  customer  cost: 

Capacity  or  demand  cost j"  i°    g" 

Service  or  customer  cost _°^  ^°  _^ 

Total     lOOtolOO 

Having  ascertained  the  proper  amounts  to  be  collected 
from  public  fire  protection  and  from  general  water  service, 
the  next  step  is  to  deduct  the  revenue  derived  from  public 
fire  protection  from  the  total  water  service  revenue,  and  ap- 
portion the  remainder,  or  the  general  water  service  revenue 
between  revenue  to  be  derived  fom  fixed  service  charges  and 
from  proportional  service  charges.  The  propotional  charge 
covers  the  cost  of  producing  and  delivering  water  for  the 
normal  service  requirements,  and  includes  collecting  and 
storing,  pumping,  filtering,  transporting  and  distribuUng_ 
Since  the  proportional  charge  varies  with  the  quantity  of 
water  taken,  the  basis  of  charge  should  be  so  much  per  100 
cu.  ft.,  per  1000  cu.  ft.,  or  per  1000  gal. 
The  capacitv  costs  are  the  costs  chargeable  to  the  excess 
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plant  made  necessary  to  meet  the  coDlracluoJ  ubUeuliuns 
of  the  company  to  furnish  the  iimxlmuin  di-manil  which  lh«- 
water  consumer  may  make.  The  total  llxcd  itervlci^  chargr 
for  domestic,  commercial,  InduHtrial  and  puHlc  uiifii  other 
than  fire,  which  is  the  sum  of  the  capiicliy  and  cunauinei 
cost,  should  be  levied  as  a  llxcd  annual  amount  to  be  paid 
quarterly  whether  water  is  taken  or  not. 

By  deducting  the  revenue  from  the  flxed   Hervice  chars** 
from  the  total  revenue  to  be  derived  from  Kencrul  water  «<*r> 
ice,  the  amount  to  be  derived  from  proporttunal  cli 
water  used  may  be  ascertained.     When  this  Im  done.  .. 
the  total  net  pumpage,  that  is,  the  total  pumpagn  l.fnn   Aalii 
unaccounted    for   due   to    pump   slippaRe,    leakuKu   In    fiiHin" 
etc.,  and  divide  the  total  revenue  to  be  derived  (rof 
tional  changes  by  the  total  net  water  dellvereO  to  . 
the  rate  per  unit  of  water  sold. 


Bill   Before   Congress   for  Federal 
Department  of    Public  Works 

Far  reaching  changes  in  the  executive  iiia>:blner>  o(  the 
Federal  Government  are  proposed  in  blllH  Introduced  June 
2h.  in  each  house  of  Congress.  The  federal  Department  of  lh<- 
Interior  will  become  the  Department  of  Public  Work-  (f  th>- 
legislation  proposed  is  enacted.  The  main  idea  in  to 
all  engineering  activities  of  the  Oovernnient  in  on 
ment. 

Such  bureaus  of  the  Interior  Department  bh  are  non-en- 
gineering in  character  are  to  be  placed  under  the  jurlndlr 
tion  of  appropriate  departments,  while  eugimfiTinK  liureaun 
from  other  departments  are  to  be  included  in  the  IK-parl 
ment  of  Public  Works.  The  bill  proposes  that  the  Patent 
Office  be  removed  from  the  Interior  lleparunent  and  placed 
under  the  Department  of  Commece.  The  Bureau  of  Pen- 
sions is  assigned  to  the  Department  of  Treasury.  The  Bureau 
of  Education  goes  to  the  Labor  Department.  The  Bureau  of 
Indian  Affairs  also  is  transferred  to  the  Department  of  l.ia- 
bor,  with  the  proviso  that  the  engineering  and  conntrucllon 
work  and  the  land  and  mineral  surveys  now  performed  un- 
der the  direction  of  the  Bureau  of  Indian  AITairH  are  to  b<* 
prosecuted  under  the  Department  of  Public  Works. 

On  the  other  hand,  the  Department  of  Public  Work*  I* 
slated  to  absorb  the  Supervising  Architecls  OOlce  of  the 
Treasury  Department;  the  Construction  DivJBlon.  River  and 
Harbor  Improvements.  Mississippi  River  CoinmiBSion.  and 
California  Debris  Commission  of  the  War  Department;  the 
Bureau  of  Standards  and  the  Coast  and  Ueodltic  S»r\ey  of 
the  Department  of  Commerce;  the  Bureau  of  Public  Hoail- 
and  the  Forest  Service  of  the  Depurlnient  of  AKrltfulturo 

The  bill  provides  that  the  Secretary  of  Public  Workit  •■nb«ll 
by   training   and   experience    be   qualllied    to   admin' 
affairs  of  the  Department  and  to  evaluate  the  lech: 
ciples   and   operations   involved    In    the    work   thcn-oi  ■  n. 

measure  excepts  from  the  foregoini;  provision  the  Cabinet 
officer  who  is  at  the  head  of  the  Department  at  the  lime  of 
the  passage  of  the  bill. 

Four  Assistant  Secretaries,  each  to  be  paid  $7,500  per 
annum,  are  provided.  One  Assistant  Secretary  U  to  hare 
administrative  jurisdiction  over  all  matters  of  enKlneerlns 
design  and  construction.  Another  Is  to  have  charge  of  archl 
tectural  design  and  construction.  The  third  Ih  to  have 
jurisdiction  over  all  scientific  work  and  survey*,  while  the 
fourth  Assistant  Secretary  is  to  be  in  immediate  charite  of 
all  land  and  legal  matters.  The  Assistant  Secret^irles  are 
charged  with  the  duty  of  co-ordinating  and  bringing  Into 
efficient  relationship  all  the  activities  of  the  department  »o 
that  it  mav  be  harmoniously  and  efflclenlly  adminlHtered. 

».n  important  feature  of  the  bill  is  the  proviao  that  engl 
neer  officers  of  the  U.  S.  Army  detailed  on  non  military  work 
are  to  be  assigned  by  Ihe  Secre.tary  of  War  to  like  d'Hif- 
under  the  new  department,  for  not  over  two  yearn.  Thl- 
enables  the  Secretarv  of  Public  Works  to  make  gradual 
transfer  of  improvements  and  instniraentalltlos  to  civil  ad 
ministration  without  detriment  to  public  Interent.  Mem 
bers  of  the  Corps  of  Engineers  may.  under  the  direction  of 
the  Secretarv  of  Public  Works,  be  deUlled  by  the  SecreUry 
of  War  to  temporar>-  duty  in  the  new  department  for  such 
instruction,  training  and  experience  as  is  desired. 

The  bill  which  was  introduced  in  the  upper  House  by 
-Senator  Weslev  h.  .lones,  of  Washington,  and  in  the  lower 
House  by  Representative  Frank  C.  Reav:-   of  N'ebraska. 
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Conclusions  of  International  Joint 

Commission  on  Pollution  of 

Boundary  Waters 

That  pollution  of  boundary  waters  between  the  United 
States  and  Canada  can  be  prevented  or  remedied  without 
imposing  an  unreasonable  burden  upon  the  offending  com- 
munities is  one  of  the  conclusions  of  the  International  Joint 
Commission  which  has  been  studying  this  question  since 
1912.  The  final  report  of  the  Commission  was  made  public 
recently.  The  following  is  a  summary  of  the  conclusions  the 
Commission  has  arrived  at,  and  of  the  recommendations  it 
submits  to  the  governments  of  the  United  States  and  the 
Dominion  of  Canada: 

The  Great  Lakes  beyond  their  shore  waters  and  their  pol- 
luted areas  at  the  mouths  of  the  rivers  which  flow  into  them, 
are,  except  so  far  as  they  are  ailected  by  vessel  pollution,  in  a 
state  of  almost  absolute  purity.  With  the  exception  of  these 
pure  areas,  the  entire  stretch  of  boundary  waters,  including 
Rainy  River,  St.  Mary's  River,  St.  Clair  River,  Detroit  River, 
Niagara  River,  St.  Lawrence  River  from  Lake  Ontario  to 
Cornwall,  -and  the  St.  John  River  from  Grand  Falls  to  Ed- 
mundston.  New  Brunswick,  is  polluted  to  an  extent  which 
renders  the  water  in  its  impurifled  state  unfit  for  drinking 
purposes.  This  pollution  has  its  origin  chiefly  in  the  sewage 
and  storm  flows  from  the  riparian  cities  and  towns  and  the 
sewage  from  vessels.  It  is  very  intense  along  the  shores  of 
the  Detroit  and  Niagara  Rivers  and  in  the  contaminated 
areas  in  the  Lakes.  Throughout  the  whole  length  of  the 
boundary  waters  where  sewage  is  discharged  from  the  sew 
erage  works  of  cities  and  towns  the  pollution  is  most  con 
centrated  in  the  shore  waters  on  the  side  of  the  boundary 
on  which  it  originates.  These  shore  waters,  besides  being 
in  places  unsightly,  malodorous  and  absolutely  unfit  for  do- 
mestic purposes,  are  a  source  of  serious  danger  to  summer 
residents,  bathers  and  others  who  frequent  the  localities 
So  foul  are  they  in  many  places  that  municipal  ordinances 
have  been  passed  prohibiting  bathing  in  them. 

In  the  Detroit  and  Niagara  Rivers  conditions  exist  which 
imperil  the  health  and  welfare  of  the  citizens  of  both  coun- 
tries in  direct  contravention  of  the  treaty.  This  is  true, 
though  in  a  less  marked  degree,  of  the  Rainy  and  St.  John 
Rivers. 

In  the  St.  Mary's,  St.  Clair  and  St.  Lawrence  Rivers  pol- 
lution exists  which  is  in  substantial  contravention  of  the 
spirit  of  the  treaty,  and  unless  these  conditions  are  im- 
proved, and  the  rivers  placed  under  t'le  control  of  competent 
authority,  the  resulting  injury  will  be  much  more  pronounced 
as  population  increases. 

Vessel  pollution  in  certain  parts  of  boundary  waters  exists 
to  an  extent  which  causes  substantial  injury  to  health  and 
property.  It  is  derived  from  two  sources,  sewage  waste  from 
vessels  and  "water  ballast"  which  is  taken  in  by  lake  ves- 
sels at  their  ports  of  departure  and  emptied  into  these  waters 
at  or  near  their  ports  of  destination.  Vessel  pollution  is 
distinctly  traceable  in  boundary  waters  in  lanes  and  chan- 
nels which  vessels  traverse  in  navigating  them,  their  waters 
being  thereby  rendered  unfit   for  drinking  purposes. 

In  some  cases  sawmill  and  other  mill  waste,  garbage, 
offal,  carcases  and  other  refuse  matters  are  discharged  into 
boundary  wate'rs.  This  practice  results  generally  in  a  con- 
travention of  the  treaty. 

It  is  feasible  and  practicable,  without  imposing  an  unrea- 
sonable burden  upon  the  offending  communities,  to  prevent 
or  remedy  pollution,  both  in  the  case  of  boundary  waters  and 
waters  crossing  the  boundary. 

(a)  In  the  case  of  city  sewage,  this  can  best  be  accom- 
plished by  the  installation  of  suitable  collecting  and  treat- 
ment works,  the  latter  having  special  reference  to  the  re- 
moval of  bacteria  and  matters  in  suspension, 

(b)  In  the  case  of  vessel  sewage,  a  feasible  and  inexpen- 
sive remedy  lies  in  the  employment  of  recognized  methods 
of  disinfection  before  it  is  discharged.  In  the  case  of  water 
ballast  suitable  rules  and  regulations  should  be  prescribed 
with  a  view  of  protecting  the  water  intakes. 

(c)  The  discharge  of  garba,ge  and  sawmill  waste  into 
boundary  waters  should  be  prohibited,  and  industrial  and 
other  wastes,  which  are  causing  appreciable  injury,  should 
be  discharged  subject  to  such  restrictions  as  may  be  pre- 
scribed. 

In  order  to  remedy  and  prevent  the  pollution  of  boundary 
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waters  and  to  render  them  sanitary  and  suitable  for  domestic 
purposes  and  other  uses,  and  to  secure  adequate  protection 
and  development  of  all  interests  involved  on  both  sides  of 
the  boundary,  and  to  fulfill  the  obligations  of  the  treaty,  it  is 
advisable  to  confer  upon  the  International  Joint  Commis- 
sion ample  jurisdiction  to  regulate  and  prohibit  this  pollution 
of  boundary  waters  and  waters  crossing  the  boundary. 


Use  of  Cement  Joints  for  Cast  Iron 
Water  and  Gas  Mains 

In  the  construction  (just  completed^  of  the  United  States 
Housing  Corporation  Project  No.  581,  at  Vallejo,  Calif.,  for 
the  Mare  Island  Navy  Yard,  a  very  successful  use  was  made 
of  cement  joints  in  laying  the  cast  iron  water  and  gas  mains. 

The  methods  of  construction  used  and  results  obtained 
are  interesting. 

Oakum  or  jute  not  being  regarded  as  satisfactory  to  use 
with  cement  it  was  decided  to  use  hemp  rope,  and  discarded 
slings  made  from  >4-in.  and  %-in.  tarred  rope  were  obtained 
from  Mare  Island  Xavy  Yard.  These  were  old,  dried  out 
and  very  stiff,  and  after  being  cut  into  required  lengths  for 
use  were  unstranded  and  the  strands  loosely  retwisted  and 
rolled  by  hand,  the  thickness  depending  on  the  size  of  joint 
to  be  caulked. 

It  was  considered  that  upon  the  use  of  this  particular  type 
of  packing  rested  the  success  of  the  work,  since  this — 
rather  than  the  cement  binder — was  relied  upon  as  the 
water  and  gas-tight  element  in  the  joint. 

Great  care  was  taken  to  see  that  all  pipes  as  laid  were 
solidly  blocked  in  order  that  there  would  be  no  movement 
of  the  pipe  line  during  and  after  making  the  cement  joints 
and  earth  was  tamped  around  and  over  the  pipes  between 
joints. 

One  and  sometimes  two  strands  of  the  retwisted  hemp 
rope  was  inserted  in  the  bell  of  the  pipe  and  rammed  in 
hard  by  caulking.  A  mixture  of  cement  and  sand,  in  the 
proportion  of  2  parts  cement  to  1  part  clean  sharp  sand 
with  enough  water  added  to  make  a  dry  paste,  which  when 
balled  and  squeezed  in  the  hand  would  barely  exude  moist- 
ure, was  then  inserted  in  the  bell,  pressed  in  first  by  hand 
until  the  bell  was  about  half  filled,  and  then  caulked  as  a 
lead  joint  would  be  caulked,  until  the  caulking  tool  would 
barely  penetrate  the  cement  and  the  joint  would  ring.  More 
of  the  cement  paste  was  then  inserted  and  the  caulking  re- 
peated, leaving  the  joint  filled  to  within  %  in.  of  the  face 
of  the  bell.  A  strand  of  the  retwisted  heinp  rope  was  then 
laid  around  the  bell  and  this  caulked  in  flush  with  the  face 
of  the  bell.  The  joint  was  then  wiped  with  cement  paste 
containing  sufficient  moisture  to  mould  and  the  same  bev- 
eled off. 

Each  joint  after  making  was  kept  wet,  by  covering  with 
pieces  of  old  sacks,  for  at  least  36  hours,  after  which  the 
pipe  line  was  slowly  filled  and  allowed  to  stand  under  nor- 
mal pressure  which  was  never  greater  than  70  lb.,  for  at 
least  two  days,  before  the  test  pressure  was  put  on. 

Two  thousand  lin.  ft.  of  10-in.  water  main  and  400  ft.  of 
8-in.,  6-in.  and  4-in.  pipe  were  included  in  the  first  test  and  .50 
per  cent  of  the  joints  leaked  after  subjecting  them  to  the 
normal  pressure.  These  leaks  ranged  from  a  slight  sweating 
to  a  steady  drip  which  filled  the  bell  holes  and  covered  the 
pipe.  During  the  following  three  days  most  of  the  leaks 
stopped  and  it  was  decided  to  cover  and  backfill  the  whole 
pipe  line,  as  the  character  of  the  ground  was  such  that  any 
leak  would  come  to  the  surface,  and  let  the  pipe  line  re- 
main under  normal  pressure  for  a  week  or  two  before  put- 
ting on  the  test  pressure  of  125  lb.  The  dry  hemp  rope  un- 
doubtedly absorbed  moisture  and  swelled,  thereby  stopping 
all  leakage.  All  leaky  joints  took  up  with  two  exceptions 
both  of  which  upon  being  cut  out  and  examined  were  found 
to  have  been  very  carelessly  made.  These  were  remade  and 
the  line  when  tested  showed  no  leakage. 

As  the  work  progressed  and  the  workmen,  who  were  un- 
skilled Italian  laborers,  became  more  proficient  the  work 
was  not  only  speeded  up  but  better  results  obtained. 

A  total  of  20,770  lin.  ft.  of  4-in.,  6-in.,  8-in.,  10-in.  and  12- 
in.  cast  iron  pipe  was  laid  on  this  project  for  water  and 
gas  distribution  and  only  six  defective  joints  had  to  be  cut 
out  and  remade.  When  the  pipe  line  could  be  drained  the 
joint  was  remade  with  cement,  but  a  few  joints  were  cut 
out  and  remade  with  lead  wool  in  order  not  to  delay  progress. 

81 


Engineering  and  Contracting  fur  July  9.  1919. 


47 


As  it  was  necessary  to  pave  the  streets  immediately  upon 
completion  of  the  sewer,  water  and  gas  mains  and  services, 
the  pipe  lines  were  subjected  to  a  severe  test  on  account 
of  the  heavy  teaming  and  heavy  steam  roller  working  on 
the  sub-grade,  but  not  a  single  leak  developed.  The  paving 
w-as  completed  in  .lanuary  and  the  first  leak  has  yet  to  de- 
velop. 

As  far  as  could  be  ascertained  from  observation  and  cost 
records  kept,  the  labor  cost  using  cement  joints  should  be 
slightly  less  than  for  lead  joints. 

Mr.  Stephen  E.  Kieffer,  M.  Am.  Soc.  C.  E.,  of  San  l<"Van- 
cisco.  Calif.,  was  Project  Engineer  tor  the  United  States 
Housing  Corporation,  and  Mr.  Philip  Schuyler,  Assoc.  M. 
Am.  Soc.  C.  E..  was  Assistant  Engineer  in  direct  charge  of 
construction. 
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Future   Prices  and  Present  Needs 
for  Waterworks  Improvements 

Probable  future  price  tendencies  for  water  works  labor  and 
material  were  summarized  by  Mr.  Leonard  Metcalf.  Con- 
sulting Engineer.  Boston,  Mass.,  in  his  paper  presented 
June  10  at  the  Buffalo  convention  of  the  American  Water 
Works  Association.     His  statement  follows: 

Future  Prices. — With  respect  to  unskilled  labor — while  it 
is  possible  that  there  may  be  come  reduction  in  its  cost  dur- 
ing the  coming  season,  no  marked  change  is  to  be  looked 
for;  and  with  respect  to  the  rates  paid  to  water  works 
employes,  it  is  believed  that  the  prices  now  paid  are  likely 
to  continue  in  most  cases,  and  to  increase  rather  than  de- 
crease in  the  remaining  cases. 

Unless  Bolshevism  runs  its  course  in  this  country,  or  in- 
dustrial depression  should  follow  the  war— neither  of  which 
seem  likely — an  active  demand  for  labor  is  to  be  looked  for 
in  the  near  future.  It  is  to  be  remembered  that  despite  the 
war,  the  population  of  this  country  has  been  incveasins  at  a 
rapid  rate.  Immigration  has  been  at  a  standstill  and  in  the 
light  of  home  demand  for  labor  abroad,  does  not  seem  likely 
to  be  active  for  some  time  to  come.  Many  employers,  con- 
tractors and  labor  leaders  believe  that  in  the  not  distant 
future  this  country  is  sure  to  feel  the  competition  for  avail- 
able labor  and  that  this  will  stimulate  yet  higher  wage 
scales.  Past  experience  following  wars  indicates  that  later 
on  reaction  may  come,  and  business  depression  be  felt  for 
a  time,  but  such  influence  is  not  likely  to  be  of  long  dura- 
tion or  to  affect  permanently  the  upward  tendencies. 

With  respect  to  materials  of  construction,  there  is  greater 
hope  for  relief.  Nevertheless,  no  substantial  reduction  in 
the  price  of  cast  iron  pipe,  valves  and  hydrants  seems  likely 
for  the  present  year,  and  but  a  gradual  reduction  is  to  be 
looked  for  in  the  future.  In  spite  of  the  increased  facilities 
for  production,  the  labor,  transportation  and  money  condi- 
tions involv<>d  seem  likely  to  make  themselves  adversely 
felt  for  some  time,  and  the  losses  resulting  from  the  war, 
permanently. 

The  materials  of  operation,  coal,  fuel,  oil,  and  chemicals 
— do  not  appear  likely  to  decline  markedly  in  cost,  and  such 
tendency  toward  decrease  as  there  may  be,  will  probably 
cause  the  making  of  short-time,  rather  than  long-time,  con- 
tracts for  such  supplies. 

Declining  Service.— Capital  has  not  been  available  for 
many  desirable  extensions  during  the  war  period.  The  added 
financial  burden  of  such  new  construction  as  has  had  to  be 
undertaken,  has  in  many  cases  been  substantial.  The  in- 
crease in  operating  CQgts  and  taxes  has  been  tremendous. 

The  structural  plans  of  water  works  properties  have  not 
been  maintained  generally  in  normal  ■  condition  during  the 
war.  Such  has  been  the  experience  abroad,  as  well  as  in 
the  United  States.  The  obtaining  of  needed  added  supplies, 
drainage  areas  and  water  rights,  the  enlargement  of  the  me- 
chanical, pumping  and  boiler  plants,  the  extension  and  re- 
inforcement of  supply  and  distribution  pipe  systems,  and  the 
making  of  normal  betterments  of  various  kinds,  have  been 
deferred,  in  order  to  conserve  the  country's  financial  re- 
sources, for  war  purposes. 

It  will  probablv  be  admitted  generally,  by  water  works 
men,  that  the  war  has  enforced  upon  water  works,  as  upon 
other  public  utilities,  a  declining  service. 

The  Future.- The  conclusion  to  be  drawn  from  the  pres- 
ent physical  and   financial  condition  of  water  works  in  the 
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United  States  seems  clearly  to  be  that  iii-ceiury  Iniprovt- 
ments  should  go  forward  as  rapidly  an  pOHKlble  U  In  de- 
sirable to  restore  public  <onlldente  and  further  l)»  Oov- 
ernment's  wise  wish  to  give  empluyment  to  Idle  labor.  More 
important  yet,  improvements  are  Heriuu8ly  needed  «o  re- 
store our  normal  high  standard  of  water  Bervlce.  to  ade- 
quately safeguard  the  public  health 

While  city  pflicials  and  water  works  men  are  licNllalinK 
the  large  manufacturing  intereBts  dominated  by  Hhri-«d.  far- 
sighted  business  men,  are  going  ahead  with  their  construc- 
tion work,  with  their  plant  extensions  and  houKlng  pnijwl*. 
confident  that  postponement  will  at  bent  oflMet  lacreaaed 
cost  in  small  measure;  will  probably  Involve  Ionm  in  ierv- 
ice  or  profit  far  exceeding  any  saving  in  cuni*trucllon  <oiil, 
and  at  worst  will  involve  yet  higher  costs,  coupled  with  the»e 
losses  and  with  increasing  difficulties  due  to  a  vanlihloK 
labor  surplus. 

The  public  is  far  more  vitally  interested  in  thoroughly 
good  and  adequate  present  service  than  in  any  prooable 
saving  to  be  effected  by  delaying  construction  to  a  later 
date,  in  anticipation  of  further  more  or  less  problrmatical 
decline   in   costs. 


I  =^  Intensity  in  inches  per  hour 
T  ^=  Time  in  minutes 


Rainfall  Intensity  Curves  for  Buffalo.  .\.  ^  . 

studies  have  been  made  by  the  Bureau  of  IJngineerlnR  of 
Buffalo,  N.  Y.,  from  data  furnished  by  the  United  Stalen 
Weather  Bureau  on  the  subject  of  rainfall  Itensily.  Th<- 
results  whitih  are  contained  in  the  recently  published  report 
on  the  Pollution  of  International  Boundary  Waters  Indicate  a 
rainfall  intensity  curve  of  the  following  form: 
11 

1  = 

T"' 
as  inclusive  of  all  but  three  storms  in  a  period  of  :;;•  vcar-*. 
and  with  the  intensities  of  these  excluded  storms  falling  m""-- 
close  to  the  line  of  the  curve.  Accumulation  curves  derlw-.i 
by  C.  H.  Tutton,  former  assistant  engineer,  have  the  equa 
tions — 

1  =  0.05  7'=' 
I  =  0.50T»=' 
for  "very  heavy"  and  "heavy"  rains,  respectively. 

The  meteorological  data  applicable  to  Buffalo,  as  derived 
from  43  years'  record,  are: 
Temperature:     Mean,  4fi.ft°:   range.  +  95  to  —  H ' 
Precipitation,  mean,  3G.89  in. 
Snowfall,  mean  seasonal.  75.9  In. 
Prevailing  winds,  from  southwest. 


Labor    Saving    in    Lnloadinji    Water    I'ipe 

Some  peoide  are  under  the  delusion  that  a  labor-RnvIn*  de- 
vice is  necessarily  a  machine  of  some  sort,  states^  "  ■ 
ing  Review  of  London.  Nothing  could  be  further  fr 
fact.  A  labor-saving  device  may  be  a  machine.  Utn  ..ii.  i.. 
and  even  in  cases  of  great  magnitude,  there  is  very  IIMh-. 
sometimes  no  handling  machinery  at  all  connected  with  It. 
A  labor-saving  device  is  primarily  the  application  of  ••xperl- 
ence  and  common-sense  to  the  economiiing  of  the  power  ex- 
ercised by  animate  or  inanimate  motors,  and  the  saving  of 
time  and  money.  In  fact,  the  phrase  Is  applicable  lo  any  ex 
pedient  which  promotes  efficiency  and  continuity  In  any  In- 
dustry or  process.  For  instance,  if  a  crane  is  employe.1  to 
unload  certain  objects  from  the  hold  of  a  ship,  and  If  It  Uik.-s 
20  seconds  tor  the  crane  to  complete  a  cycle  of  action.  IIh 
capacity  mav  be  doubled  if  the  load  is  released  after  raising 
over  the  ships  side,  i.  e.,  doing  half  the  journey,  and  Is  then 
allowed  to  proceed  by  gravity  to  Its  destination.  The  crane 
is  thus  Bulv  required  to  make  a  quarter  of  a  tlim  Instead  of 
half  a  turn'  and  HI  seconds  will  suffice  Instead  of  20.  Thus, 
for  instance,  when  the  important  system  of  pipes  was  laid 
to  supply  the  British  expeditionary  forces  in  Palestine  with 
water  the  individual  lengths  of  pipe,  which  were  22  ft.  and 
weighed  a  quarter  of  a  ton  each,  were  merely  raised  over 
the  side  ot  the  ship  in  the  Suez  canal  and  then  coiiveyed 
themselves  by  gravity,  a  distance  of  150  ft.  on  suitable  rail 
supports.  The  crane  was  thus  employed  for  only  half  the 
time,  and  therefore  doubled  in  capacity,  and  If  the  pipes  had 
been  lowered  to  the  ground  level,  the  force  of  cavity  which 
conveyed  them  free  of  cost  for  150  ft.,  would  have  been 
wasted.     These  are  labor-saving  devices. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydrauhc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


The  "Unaflow"  Pumping  Engine* 

By  D.  E.  DeCROW. 
Chief  Engineer,  Wortliington  Pump  &  Machinery  Co.,  Harrison,  N.  J. 

The  "Unaflow"  steam  engine  derives  its  name  from  the 
fact  that  the  steam  travels  over  a  path  into  and  through  the 
steam  cylinder  in  one  direction;  it  does  not  counter  flow  or 
return  over  its  own  path.  The  "Unaflow'  engine  is  not 
particularly  new  in  principle  but  its  successful  development 
as   a   practical   and    economic   commercial   machine   is    quite 


^'Unaflow"    Pumping    Engine. 

recent  and  its  adaptation  to  reciprocating  pumping  engine 
practice  new. 

Broadly  speaking  the  general  principle  of  the  "Unaflow" 
reciprocating  steam  engine  is  that  of  utilizing  the  heat  energy 
of  the  steam  in  the  cylinder  during  the  period  of  its  admis- 
sion, expansion  and  flow  in  one  direction,  the  expanded  steam 
being  released  or  exhausted  through  ports  or  openings  un- 
covered by  the  travel  of  the  cylinder  piston  at  that  period  of 
its  stroke  most  remote  from  the  point  of  admission ;  the  com- 
paratively cold  expanded  or  exhausted  steam  does  not  coun- 
ter-flow and  pass  through  ports  at  or  near  the  admission  or 
hot  end  of  the  cylinder. 

A  typical  "Unaflow"  steam  cylinder  and  a  typical  set  of 
indicator  cards  from  a  condensing  "Unaflow"  engine  are 
shown  by  the  accompanying  sketch. 

In  this  sketch  the  piston  is  at  one  end  of  the  stroke  with 
the  exhaust  ports  uncovered,  the  arrow  indicating  the  path 
of  the  steam  through  the  cylinder.  It  will  be  noted  by  ex- 
amination of  the  indicator  diagram  that  steam  is  admitted 
into  the  cylinder  for  only  a  very  minor  portion  of  the  stroke 
and  is  then  cut-off,  the  work  performed  during  the  remainder 
of  the  stroke  being  due  to  the  expansion  of  the  steam  after 
the  inlet  valve  closes.  The  exhaust  opens  when  the  piston, 
which  is  much  longer  than  the  ordinary  engine  steam  piston, 
travels  past  and  uncovers  the  exhaust  ports  midway  between 
the  two  ends  of  the  cylinder. 

Beginning  with  the  steam  in  the  cylinder  there  is  prac- 
tically no  change  of  temperature  until  the  point  of  cut-off. 
After  cut-off,  expansion  takes  place  with  a  consequent  drop 
in  temperature  and  at  this  time  condensation  begins,  due  to 
the  changing  of  heat  into  work.  As  the  cylinder  head  is 
jacketed  with  high  steam  no  condensation  takes  place  on 
the  walls  of  the  head,  but  the  condensation  is  on  the  wall  of 
the  piston,  which  is  comparatively  cool  and  adjacent  thereto, 
so  that  at  the  end  of  the  stroke  when  the  piston  uncovers  the 
exhaust  ports  the  moisture  of  condensation  is  mostly  at  the 
exhaust  end   of   the   cylinder,   and   as   the   steam   expanding 


away  from  the  cylinder  head  rushes  out  through  the  exhaust 
port,  it  carries  the  moisture  with  it. 

At  this  time  there  is  a  sudden  drop  of  temperature  in  the 
cylinder  due  to  the  sudden  drop  of  pressure,  but  as  the  inlet 
end  of  the  cylinder  is  dry  it  does  not  lose  its  temperature,  the 
flow  of  heat  from  a  dry  surface  being  slow  and  there  is  not 
sufflcient  time  for  any  perceptible  drop  in  temperature  of 
these  dry  walls.  The  exhaust  port  is  covered  by  the  piston 
on  the  return  stroke,  trapping  in  the  cylinder  comparatively  dry 
steam  partially  superheated:  as  the  walls  of  the  cylinders  have 
retained  their  heat,  the  heat  of  compression  is  not  absorbed 
either  by  moisture  or  by  cold  walls  as  in  the  case  of  a  coun- 
ter-flow engine  and  the  steam  remaining  in  the  clearance  is 
heated  by  compression  to  a  temperature  above  the  temper- 
ature of  the  initial  steam;  when  the  valve  is  opened  to  start 
the  next  stroke  the  live  steam  rushing  in  goes  into  a  clear- 
ance space  in  which  the  steam  entrapped  is  hotter  than  the 
entering  steam,  hence  no  initial  condensation.  Owing  to  the 
complete  removal  of  all  of  the  mixture  on  each  stroke,  the 
well-known  heat  losses  caused  by  the  presence  of  water  in 
counter-flow  engines  are  avoided. 

Eliminating  initial  condensation  permits  an  economical 
high  ratio  of  expansion  in  one  cylinder.  For  normal  work- 
ing conditions  about  li;  expansions  have  been  found  to  give 
best  results. 

It  is  also  evident  with  the  use  of  exhaust  ports  in  the 
cylinder  instead  of  the  usual  exhaust  valves,  leakage  losses, 
at  the  exhaust  valves  and  all  of  the  added  clearance  space 
and  surfaces  which  necessarily  follow  from  the  use  of  a  spe- 
cial exhaust  valve,  are  eliminated.  It  has  been  found  prac- 
tical to  reduce  the  clearance  space  in  condensing  engines  to 
three  per  cent  of  the  swept  volume  of  the  piston. 

Some  of  our  manufacturers  of  "Unaflow"  steam  power  en- 
gines have  guaranteed  as  low  as  10  lb.  of  steam  per  indicated 


♦Abstract  of  a  paper  read  at  the  39tli  Annual  Convention  of  the 
American  Water  Worlds  Association,  June  9th  to  IStli. 


Typical   "Unaflow"   Steam   Cylinder   and    Indicator   Card. 

horse-power  per  hour,  and  some  of  the  tests  of  European 
built  engines  have  shown  well  under  9  lb. 

Taking  into  consideration  its  simplicity,  for  with  a  single 
cylinder  substantially  the  same  economy  is  obtained  as  with 
the  best  types  of  compound  or  triple  expansion  steam  en- 
gines, the  "Unaflow"  engine  marks  a  distinct  step  in  advance 
of  the  other  types  of  reciprocating  engines. 

The  advantageous  features  have  attracted  attention  to  its 
desirability  as  a  motive  power  for  reciprocating  pumping 
engines. 

To  develop  a  pump  that  could  be  combined  with  and  utilize 
the  advantageous  features  of  the  "Unaflow"  engine  requires 


(20) 


Enginenhuj  and  Contnufunj  for  Jul,,  <>,  i;,,9. 


that  due  consideration  be  given  to  proper  channels  for  pass- 
ing the  desired  amount  of  water  to  and  through  the  pump 
with  the  least  practicable  amount  of  deflection  and  disturb- 
ance of  the  flow.  This  can  be  attained  by  incorporating  the 
"Unaflow-  principle  in  so  far  as  it  will  apply  to  a  pump  The 
pump  should  be  provided  with  passages  ample  and  direct  so 
there  will  be  no  reversal  of  flow,  with  plungers  properly  pro- 
portioned and  formed  to  cause  a  minimum  disturbance,  with 
suitable  suction  and  discharge  air  chambers  properly  located 
with  pump  valves  that  will  deflect  the  direction  of  flow  as 
little  as  possible,  that  will  operate  quickly  and  quietly  at  all 
pressures  and  economic  speeds  of  the  engine,  and  further- 
more, that  will  be  durable  and  lasting  in  operation. 

The  Practical  Operation  of  Steam 
Boilers 

Useful  suggestions  for  securing  efficiency  in  boiler  room 
operation  were  given  by  Mr.  W.  E.  Snyder,  Mechanical  En- 
gineer, American  Steel  &  Wire  Co.,  in  a  paper  presented 
before  the  Engineering  Society  of  Western  Pennsylvania. 
In  connection  with  his  paper  Mr.  Snyder  submitted  the  fol- 
lowing manual  of  instructions  for  boiler  foremen: 

When  coal  is  fired  in  a  boiler  furnace,  the  heat  goes  one 
of  four  places: 

1.  Into  the  boiler. 

2.  Up  the  stack. 

3.  Into  the  ash-pit. 

4.  Into  the  air  around  the  boiler  setting. 

Only  the  heat  that  goes  into  the  boiler  is  used.  The  heat 
going  the  three  other  places  is  all  wasted.  The  way  to  save 
coal  is  to  reduce  the  waste.  If  you  run  the  boilers  in  a  way 
that  will  reduce  the  waste  of  heat  up  the  stack,  into  the  ash- 
pit and  in  the  air,  there  is  bound  to  be  good  boiler  efl!iciency, 
which  means  saving  in  coal.  The  main  work  that  has  to 
be  done  to  keep  down  the  waste  of  heat  is  explained  below. 
You  should  read  over  and  study  carefully  what  is  explained, 
so  that  when  some  one  comes  to  talk  witli  you  about  it  later, 
you  can  explain  your  side  of  it.  That  is,  if  there  is  any  kind 
of  work  mentioned  which  cannot  be  carried  out  right  in  your 
boiler  house,  you  will  have  to  study  over  the  reason  why  it 
cannot  be  done  and  tell  this  to  the  man  who  comes  to  talk  to 
you  about  these  instructions.  It  is  very  necessary  that  you 
understand  fully  all  about  what  causes  the  waste  of  heat,  and 
also  that  you  understand  that  what  may  seem  like  a  little 
thing,  which  does  not  do  much  harm,  is  often  the  cause  of  a 
big  loss  because  it  goes  on  all  the  time,  day  and  night.  A 
good  boiler  house  foreman  looks  after  the  little  things,  be- 
fore they  get  to  be  big  ones,  and  this  often  saves  a  whole 
lot  of  trouble  and  also  saves  coal. 

inspection. — After  a  boiler  has  been  cleaned  or  repaired, 
you  ought  to  inspect  it  carefully,  outside  and  inside.  It  is  a 
very  good  thing  to  have  a  union  overall  suit,  with  a  hood  on 
it,  and  draw-strings  at  the  ends  of  the  sleeves  and  legs. 
With  this  on  you  can  go  into  any  part  of  the  setting  without 
getting  your  clothes  spoiled. 

If  you  let  the  boiler  go  without  inspecting,  or  entrust  the 
inspection  to  some  one  else,  you  will  never  know  what  shape 
it  is  in.  The  way  to  keep  the  boiler  in  good  shape  is  to  make 
this  inspection  work  part  of  your  job,  which  it  is,  and  do  it 
yourself.  The  men  will  soon  see  that  whatever  work  they 
do  in  the  way  of  cleaning  outside  and  inside  is  inspected  be- 
fore the  boiler  goes  on  the  line  again,  and  it  will  make  them 
more  careful. 

When  you  inspect  a  boiler,  keep  two  points  in  your  mind 
all  the  time:  First,  is  there  anything  wrong  which  might 
affect  the  safety  of  the  drums  or  tubes. or  headers  or  connec- 
tions, etc.  Second,  is  there  anything  wrong  which  may  cause 
waste  of  heat— for  instance,  dirt  on  the  tubes:  holes  in  the 
baffles:  scale  in  the  tubes:  mud  in  the  drums:  any  brickwork 
in  need  of  repairing,  etc. 

It  is  most  necessary  to  look  through  the  tubes  wlien  in- 
specting. If  the  tubes  run  from  one  drum  to  another,  put  a 
man  in  one  drum  with  a  light.  You  get  in  the  other  drum 
and  have  him  move  the  light  so  that  you  can  see  through  the 
tubes.  If  you  use  an  electric  light  in  a  boiler  drum,  be  sure 
that  the  insulation  on  the  electric  wire  is  in  good  shape,  or 
you  might  have  a  short  circuit  if  a  bare  wire  touched  the 
steel  of  the  boiler  and  some  one  would  get  badly  burned. 
If  the  boiler  is  of  a  different  kind  and  has  tube  caps  on  both 
ends  of  the  tubes,  be  sure  to  take  the  caps  off  both  ends  of 
some  tubes,   scattered   around   in   different  places,   and   look 
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through  these  tubes,  willi  a  IIkIu  at  Ihi,  o.her  ...d      ^  ,„■„ 

from   the  lower  end  up.  with  a  vertical   bolU-r  or  u  S.lrllu* 

ype,  and  look  from  the  back  end  forward  ,„  a  "ira^Rh    .u,! 

bo,.er:  then  he  wil,  be  nure  ,o  see  any  Uirt  or  J.7«  If  .Ler. 

AtU'V  you  inspect  the  boiler  outmde  and  ln«ld^.  y.m  ouKh, 
to  make  a  note  of  its  condition  In  your  ro<-„rd  book.  ThU 
book  should  be  big  enough  to  last  2  or  .1  yearn,  and  .hould  bc- 

fnTne  ".  ";'"    ""    '"'"       ^'"^    y°"    ■"»""    »    not.    of    ,he 

inspection,  put  down  the  date  and  the  number  of  th.-  boiler 
and  anything  which  you  saw  that  ouKhl  to  be  menllunid  II 
everything  was  all  right,  say  so,  but  it  Ih  necf-Hnary  ih«l  you 
write  down  something  about  the  condition  of  the  "boiler  and 
the  setting,  for  your  own  information  and  also  to  uhc  Id  cane 
something  should  come  up  about  the  safety  of  the  boiler 
You  cannot  be  too  careful  in  making  complete  note,  erery 
time  you  examine  a  boiler. 

Heat  Loss  up  the  Stack.— Most  of  the  heat  Ik  ,  tb.- 

stack,  and  by  keeping  down  this  waste,  the  blKt  .■«  of 

coal  is  made.  A  number  of  different  things  cau««»  *.»«•  of 
heat  up  the  stack. 

If  there  are  holes  in  the  baffles,  some  of  the  gau  will  Ro 
straight  through  lo  the  stack,  without  giving  up  to  the  boiler 
all  the  heat  which  it  should  give  up.  This  makes  the  tem 
perature  of  the  gas  in  the  stack  higher  than  it  ought  to  be 
and  the  way  to  prevent  this  is  to  keep  the  baffles  tight 
Sometimes  when  tubes  are  taken  out,  holes  are  kuocked  in 
the  baffles  and  these  ought  to  be  fixed  after  the  new  tub«  U 
put  in. 

Another  cause  of  heat  waste  up  the  stack  is  dust  on  the 
tubes.  If  the  fire  side  of  the  tubes  is  not  kepi  fairly  fre«- 
from  dust,  this  dust  will  have  the  same  effect  as  If  the  heat- 
ing surface  were  covered  with  an  asbestos  sheet,  which  will 
keep  part  of  the  heat  from  passing  into  the  boiler.  The  ga» 
passes  from  the  fire  to  the  stack  very  quickly,  and  there  Is  no 
time  for  the  heat  to  soak  through  the  layer  of  dust,  as  It 
takes  much  longer  for  the  heat  to  pass  through  the  dust  than 
to  pass  through  the  steel  of  the  boiler. 

Blowing  the  dust  off  the  tubes  by  hand.  Is  something  that 
you  will  have  to  look  after  to  see  that  it  is  done  right.  Gen 
erally,  once  in  12  hours  will  be  often  enough,  but  It  ougbl 
not  to  be  put  off  any  longer  than  this.  Even  If  the  flue  blow- 
ers do  their  work  as  well  as  they  can.  there  will  be  some  cor- 
ners that  they  cannot  reach  right.  For  this  reason,  the  tube* 
ought  to  be  blown  off.  or  swept  off,  every  lime  the  boiler  U 
taken  out  of  service,  and  this  is  one  of  the  reasons  why  you 
should  inspect,  as  explained  above.  Do  not  let  them  blow 
water  into  the  setting  when  first  starting  lo  blow,  but  blow 
the  steam  into  the  air  until  the  blowing  pipe  ^ets  hot.  Wer 
steam  in  the  cooler  parts  of  the  setting  helps  to  bake  the 
dust  on  the  tubes,  so  that  it  will  not  blow  off.  If  the  boiler 
is  wide  and  you  can  blow  in  only  one  side,  it  is  better  to  use 
a  longer  lance  for  the  part  of  the  boiler  farthest  away,  and 
a  short  one  for  the  near  side.  Also  you  may  find  that  a 
curved  lance  will  help  to  reach  some  parts  of  the  selllnit 
Ho  not  be  afraid  to  use  your  head,  and  scheme  out  some 
things  which  will  help  the  men  to  do  their  work  right. 

Another  case  of  waste  up  the  slack  is  scale  or  mud  inside- 
the  boiler,  on  the  heating  surface.  This  has  the  same  effect 
as  dust  on  the  outside  of  the  boiler  In  keeping  the  heal  from 
passing  from  the  hot  gas  into  the  water.  It  is  e^sy  enou'ith 
to  keep  the  drums  clean  with  water-lube  boilers,  and  if  you 
<lo  not  let  it  go  too  long,  the  shells  of  fire-lube  boilers  can 
be  kept  clean.  The  tubes  have  to  be  looked  after  Ihe  mosl. 
especially  in  t'le  hottest  part  of  the  boiler.  It  is  not  hard  to 
keep  tubes  clean  if  the  work  is  done  regularly.  I'se  a  tur- 
bine cleaner,  and  be  sure  that  the  size  of  the  cleaner  Is  right 
for  the  size  of  the  tube.  If  the  cleaner  Is  too  small,  it  will 
push  through  and  leave  a  coating  of  hard  scale.  This  la  Iho 
reason  why  you  should  inspect  the  inside  of  the  tubes  after 
they  have  been  cleaned.  ~  Don't  allow  the  men  to  go  through 
the  motions  of  cleaning  tubes,  without  making  sure  that  they 
cut  out  the  stuff  that  is  in  the  tubes.  Always  keep  in  mind 
that  there  is  no  excuse  f-or  any  scale  in  the  drums,  and  no 
excuse  for  even  ^  in.  of  scale  in  the  tubes,  because  with  the 
good  turbine  cleaners  that  are  now  made,  the  scale  can  be 
kept  out  of  the  tubes  if  the  cleaners  are  used  often  enough. 
and  the  inside  of  the  tubes  inspected  after  the  men  are 
through  cleaning. 

One  of  the  greatest  causes  of  waste  of  beat  up  the  stack,  is 
air  leakage.     The  air  which  causes  the  greatest  loss  is  that 
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which  gets  into  the  setting  through  cracks  in  the  wall  and 
around  the  door-frames,  between  the  boiler  and  the  brick- 
work, between  headers,  and  around  the  flue-blowing  doors. 
All  the  air  that  gets  in  this  way  does  no  good  at  all,  as  it  has 
no  chance  to  burn  coal,  but  it  takes  some  of  the  heat  away 
from  the  hot  gas  and  carries  it  to  the  stack,  and  in  this  way 
keeps  this  part  of  the  heat  from  passing  into  the  boiler.  All 
kinds  of  cracks  in  the  walls  between  the  headers  and  around 
door-frames,  etc.,  ought  to  be  plugged  up  in  such  a  way  that 
they  will  stay  tight,  and  not  have  to  be  fixed  over  every  tew 
days.  Asbestos  rope  is  good  for  this,  but  it  ought  to  be 
driven  in  tight.  The  worst  leaks  to  stop  are  often  around 
flue-blowing  doors,  because  these  doors  have  to  be  opened  so 
many  times.  It  is  a  good  thing  to  have  a  bucket  of  asbestos 
plaster  mixed  up,  and  when  a  door  with  any  leakage  at  all 
is  closed,  plaster  up  the  cracks. 

Do  not  forget  that  any  air  that  gets  into  the  boiler  setting, 
except  through  the  fire,  is  causing  a  waste.  Holes  in  the 
fire,  or  thin  places  in  back  ends  of  stokers  and  chain-grates 
waste  heat  by  letting  in  air.  The  fireman  must  be  made  to 
keep  the  grates  covered  evenly,  to  keep  air  from  getting 
through  which  does  not  burn  coal,  but  only  carries  away  heat 
to  the  stack. 

Still  another  source  of  loss  of  heat  up  the  stack  is  due  to 
putting  too  much  water  on  coal.  Dampening  fine  coal  when 
it  is  used  in  some  kinds  of  stokers  and  on  chain-grates,  is  a 
good  thing  to  do,  but  it  is  very  easy  to  put  on  too  much 
water.  If  you  can  see  the  water  on  the  coal,  or  if  you  take  a 
handful  of  fine  coal  and  squeeze  it  and  it  balls  up  with  the 
water  running  out,  wetting  your  hand,  there  is  too  much 
water  on;  but  if  the  handful  of  coal  feels  damp  without  mak- 
ing your  hand  wet,  the  chances  are  the  water  is  about  right. 
A  little  water  is  a  good  thing,  but  it  is  very  easy  to  overdo  it. 

Heat  Lost  in  the  Ash-pit. — Do  not  fire  the  coal  in  big  lumps, 
no  matter  what  kind  of  grates  you  have.  It  is  better  in  every 
way  to  break  the  big  lumps,  when  the  coal  is  hand-fired.  If 
the  coal  is  fired  with  stokers  or  chain-grates,  it  will  be  passed 
through  a  crusher  before  it  comes  to  the  stoker  hoppers. 
The  crusher  ought  to  smash  it  up  so  that  the  big  lumps  will 
pass  through  a  ring  1  or  H4  in.  in  diameter.  With  chain- 
grates,  if  there  are  lumps  even  half  as  big  as  your  fist,  there 
will  be  coal  wasted  with  the  ashes,  because  these  biggest 
lumps  will  not  all  burn  out  from  the  time  they  catch  fire  at 
the  front  end  of  the  grates  until  ashes  and  all  are  dropped 
off  at  the  back  end  into  the  ash-pit. 

No  matter  what  kind  of  grates  you  have,  there  will  be 
some  fine  coal  and  coke  dropped  through  the  front  part. 
With  a  chain-grate  there  is  a  pan  which  runs  back  part  way, 
so  that  this  can  be  scraped  out  and  fired  over  again.  You 
shoirid  do  this  same  thing  with  a  hand-fired  grate  or  a  sloping 
grate  stoker.  Have  the  firemen  scrape  out  the  good  coal  in 
the  front  of  the  ash-pit  once  in  a  while  and  throw  it  back 
into  the  fui-nace.  Do  not  let  the  firemen  start  to  clean  fires 
with  fiat  grates,  with  a  lot  of  good  coke  lying  in  the  front 
part  of  the  ash-pits,  because  when  they  scrape  out  the 
clinkers,  these  will  fall  on  this  good  coke  and  cover  it  so  that 
it  cannot  be  used  again.  Have  the  good  coke  scraped  out 
and  fired  before  starting  to  clean. 

Once  in  a  while  you  should  look  at  the  ashes  as  they  are 
loaded  in  the  ash-car  or  wheelbarrow  to  take  them  out,  and 
if  there  seems  to  be  much  coke,  firul  out  what  boilers  it  came 
from  and  watch  the  firemen  that  have  charge  of  those  boilers. 

Keep  on  eye  on  the  grate-bars.  Sometimes  bars  burn  off 
and  leave  holes,  through  which  the  fine  coal  falls  into  the 
ashes.  Sometimes  the  openings  in  the  bars  or  between  the 
bars  are  too  wide.  In  hand-flred  grates  these  openings  ought 
not  to  be  more  than  y^  in-  wide,  and  on  stoker  grates,  it 
should  be  less  than  this.  If  the  openings  are  greater  than 
V2  in.  or  %  in.  at  the  outside,  for  clinkering  coal,  get  the  pat- 
terns changed.  The  waste  of  coal  in  the  ashes  can  be  kept 
down  very  low  by  paying  attention  to  these  things. 

Heat  Lost  in  the  Air  Around  the  Boiler  Setting  and  Pipes. — 
Every  metal  part  that  has  steam  on  one  side  and  air  on  the 
other  ought  to  be  covered  with  a  thick  pipe  covering.  Do 
not  be  afraid  to  get  the  covering  too  thick  on  boiler  heads, 
flanges,  etc.  It  ought  to  be  at  least  as  thick  as  the  covering 
on  the  pipes,  or  from  1%  to  2  in.  The  higher  the  pressure 
the  hotter  the  steam,  and  with  high-pressure  steam  inside 
and  cold  air  on  the  outside,  plenty  of  covering  is  needed  to 
keep  in  the  heat.  All  the  heat  that  escapes  from  pipes  with 
dry  steam  in  them,  causes  some  steam  to  condense  and 
makes  the  steam  wet.     The  water  in  the  steam  not  only  does 


no  good,  but  it  does  harm,  besides  wasting  the  heat  which 
was  taken  up  by  the  boiler.  When  any  covering  is  put  on, 
no  matter  where,  see  that  the  work  is  done  in  a  way  that 
makes  it  look  nice  and  adds  to  the  appearance  of  the  boiler 
or  piping. 

Firing.— In  hand-firing  do  not  let  the  fireman  fire  more  than 
one  door  at  a  time,  and  do  not  let  him  put  in  more  than  three 
or  four  shovels  of  coal  at  once.  A  scoop  shovel  will  hold 
from  15  to  20  lb.  of  coal,  and  over  one-third  of  the  coal  is 
roasted  out  as  a  good  gas  a  very  short  time  after  the  coal  is 
thrown  on  the  fire.  It  takes  a  great  deal  of  air  to  burn  this 
gas  that  comes  off  the  coal  first  and,  if  much  coal  is  put  on 
the  furnace,  not  enough  air  will  get  through  the  bottom  of 
the  fire  to  burn  the  gas  which  is  coming  off.  The  result  of 
this  is  that  a  good  deal  of  this  rich  gas  will  pass  to  the  stack 
without  being  burned  at  all,  and  this  causes  a  great  waste  of 
coal.     For  this  reason  do  not  put  on  much  coal  at  a  time. 

Do  not  have  the  fire  too  thick:  5  to  8  in.  is  thick  enough. 
A  thick  fire  wastes  the  good  gas  that  is  in  the  fresh  coal, 
by  keeping  the  air  from  getting  tlu-ough  to  burn  the  gas.  and 
it  also  keeps  the  grate-bars  too  hot  and  burns  them.  With 
some  kinds  of  coal  a  thick  fire  melts  the  ashes,  so  that  a 
thin  clinker  runs  over  the  top  of  the  grate.  Piling  in  coal 
and  making  a  thick  fire  does  not  make  the  boiler  steam  fast. 
Only  the  coal  that  burns  makes  steam,  and  the  coal  will  not- 
burn  fast  it  the  air  cannot  get  through  the  fire  to  burn  it,  or 
if  clinker  forms  and  stops  up  part  of  the  air  space. 

Keep  the  fire  even  in  thickness,  except  on  chain-grates  and 
mechanical  stokers,  where  it  ought  to  be  allowed  to  thin  out 
toward  the  ash  end.  The  fireman  should,  by  all  means, 
watch  the  fires  and  keep  them  from  getting  too  thick,  and 
keep  any  thin  spots  leveled  over.  A  thin  spot  lets  a  lot  of 
air  through  that  does  not  do  any  good,  because  it  has  no 
chance  to  mix  with  the  burning  coal  or  gas. 

Do  not  let  the  fireman  use  the  slice-bar  very  much,  except 
when  getting  ready  to  clean  fires.  Let  the  fires  alone,  keep 
them  from  getting  too  thick:  do  not  put  in  too  much  coal  at 
one  time,  and  the  coal  will  burn  and  make  a  hot  fire  without 
digging  and  poking  at  it  all  the  time.  Once  in  a  while  if 
the  ash-pit  gets  dark,  it  is  all  right  to  slide  the  bar  around 
on  the  surface  of  the  grate  and  make  the  fine  ashes,  which 
lie  right  on  top  of  the  grates,  fall  through  the  openings. 
This  lets  more  air  through  and  makes  the  fire  burn  better, 
but  do  not  let  the  fireman  force  down  the  end  of  the  bar  and 
turn  any  part  of  the  fire  up-side-down  and  mix  the  clinker 
with  the  good  coal.     This  will  cause  nothing  but  trouble. 

Be  careful  in  cleaning  fires.  Try  to  burn  out  the  clinker  as 
much  as  possible  before  it  is  dropped  in  the  ash-pit  or  pulled 
out  the  door.  In  cleaning  flat  grates,  throw  the  good  fire 
over  to  one  side  and  bar  up  slightly  the  clinker  that  is  left, 
and  then  close  the  furnace  and  run  for  a  little  while  until 
the  spots  in  the  clinker  commence  to  look  dark:  then  pull  out 
all  the  clinker  on  that  side  and  throw  over  the  good  fire  on 
the  empty  grates.  Put  several  shovels  of  coal  on  the  good 
fire,  and  burn  the  clinker  on  the  other  side  down  in  the  same 
way.  Do  not  let  the  fireman  try  to  clean  a  very  hot  furnace 
with  a  thick  fire.  It  should  be  burned  down  as  just  ex- 
plained, then  the  fireman  can  work  better  in  front  of  the 
furnace  and  not  much  coal  will  be  wasted. 

If  the  coal  is  very  dirty  and  commences  to  "pile  up"  in  the 
furnace  and  the  fire  gets  too  thick,  even  with  all  the  draft 
on,  it  ought  to  be  loosened  up  underneath  with  a  bar.  with- 
out pushing  the  bar  up  through  the  fire:  tlien  burned  down  as 
soon  as  possible  and  cleaned.  There  is  nothing  gained  by 
shoveling  coal  on  top  of  a  thick  fire  after  the  ash-pit  has 
gotten  very  dark,  but  a  great  deal  can  be  lost  in  this  way. 

Dampers. — When  you  want  the  boiler  to  make  less  steam, 
partly  close  the  damper.  Never  shut  the  ash-pit  doors,  as 
this  is  very  bad  in  many  ways.  Do  not  let  the  men  open  the 
front  doors  of  a  fire-tube  boiler  and  allow  the  cold  air  to  blow- 
in  on  the  hot  tubes.  This  is  bad  for  the  boiler  and  is  no 
way  to  slow  down  its  steaming.  Always  use  the  dampers, 
and  fix  them  so  that  they  can  be  used  easily  and  set  any 
place  you  want  them.  Do  not  have  a  damper  that  can  be  set 
only  two  places — wide  open  or  shut. 

After  the  fires  are  cleaned,  do  not  allow  a  big  pile  of  ashes 
to  lie  in  front  of  the  ash-pit  doors  and  keep  the  air  from  get- 
ing  into  the  ash-pit.  Also,  the  fireman  should  not  allow  coal 
that  has  fallen  in  the  ash-pit  to  lie  there  and  burn.  All  such 
things  keep  the  air  from  getting  up  through  the  grate  bars 
where  it  will  do  some  good. 

Number    of    Boilers    in    Operation. — A    very    good    way    to 
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waste  heat,  is  to  have  more  boilers  on  tliaii  what  are  needed 
for  the  load.  In  every  boiler  plant  the  boilers  have  a  certain 
horse-power  at  which  they  make  the  most  steam  per  pound 
of  coal.  With  ordinary  boilers  this  will  run  from  25  to  50 
per  cent  over  the  rating,  but  you  can  get  this  very  closely 
from  the  proper  persons.  From  the  number  of  boilers  on, 
and  the  pointer  and  also  the  curve  on  the  feed-water  meter, 
you  can  see  just  what  horse-power  each  boiler  is  averaging. 
From  this  you  can  judge  whether  there  are  too  many  boilers 
on.  Do  not  have  "loafing"  boilers  on  the  line,  as  this  only 
wastes  coal,  and  it  wastes  a  great  deal  of  coal  too.  It  is 
much  better  to  have  one  or  two  boilers  banked,  doing  noth- 
ing, and  the  rest  carrying  the  load  running  at  the  right  ca- 
pacity, than  it  is  to  have  them  all  running  and  each  one  with 
a  lower  load  than  it  ought  to  carry  for  best  economy  . 

On  Saturday  nights  and  Sundays  the  load  is  altogether  dif- 
ferent, and  a  good  deal  of  coal  will  be  wasted  at  this  time  if 
too  many  boilers  are  kept  on.  After  a  man  has  been  in 
charge  of  a  boiler  house  for  some  time,  he  can  easily  learn 
from  the  meter  about  what  the  Saturday  night  and  Sunday 
load  will  be.  The  boilers  which  carry  this  ought  to  run  in 
the  same  way  as  they  do  through  the  week.  It  is  altogether 
wrong  to  have  more  boilers  on  for  this  idle  load  than  are 
really  needed,  and  let  them  loaf  along  at  any  horse-power.  A 
little  study  of  the  Saturday  night  and  Sunday  load  will  make 
it  possible  to  run  at  good  economy,  summer  or  winter.  The 
main  thing  to  keep  in  mind  is,  that  boilers  running  at  one- 
half  or  two-thirds  of  their  rating  may  waste  more  coal  than 
when  they  are  being  forced  too  hard. 

Other  Heat  Losses. — There  are  a  number  of  other  ways  in 
which  heat  is  wasted  in  a  boiler  house.  All  the  steam  which 
blows  out  of  safety-valves  is  wasted.  When  the  load  is  heavy 
and  the  boilers  are  working  hard,  and  then  the  load  suddenly 
drops  off,  the  safety-valve  will  blow.  All  the  steam  lost  out 
of  the  safety-valve  means  wasted  coal.  Some  blowing  is  nee- 
esssary  at  times  for  safety,  but  there  is  no  need  for  blowing 
a  long  time.  This  is  where  easy  handling  of  the  dampers 
comes  in  right.  If  the  fireman  will  partly  close  the  dampers 
and  slow  down  the  feed  of  the  coal,  the  blowing  will  soon 
stop.  Of  course  you  must  know  the  load  conditions  so  that 
the  fires  do  not  cool  down  too  much,  and  are  then  not  right 
to  take  up  the  load  when  it  comes  on.  You  have  to  use  com- 
mon-sense in  this,  as  well  as  many  other  things  in  operating 
boilers,  as  to  just  how  much  to  slow  down.  You  can  often 
judge  from  the  way  the  mill  is  rolling  and  the  time  of  day 
the  stops  come.  There  is  no  use  in  safety-valves  blowing 
hard  for  a  half  hour  or  an  hour  right  along. 

All  leakage  of  hot  water  from  blow-off  valves  is  a  waste  of 
coal.  Generally  two  blow-off  valves  are  put  on  for  safety  rea- 
sons, but  both  of  these  can  be  used  for  economy  reasons  as 
well.  Of  course  there  is  a  waste  that  cannot  he  helped  when 
boilers  are  blown  down,  but  any  leakage  at  the  blow-off 
valves  when  they  are  closed  means  that  they  ought  to  be 
fixed  as  soon  as  it  can  possibly  be  done. 

Most  feed-water  heaters  have  recording  thermometers. 
You  ought  to  keep  an  eye  on  the  chart  which  shows  the  water 
temperature.  This  temperature  ought  to  be  200"  or  over. 
Every  10'  that  the  feed  water  is  heated  means  a  saving  of 
about  ]  per  cent  of  the  coal,  so  that  if  there  is  an  average 
temperature  of  150°  in  place  of  200°,  it  means  that  5  per  cent 
of  all  the  coal  used  is  taken  to  do  the  heating  which  ought 
to  be  done  in  the  feed-water  heater.  The  feed-water  heater 
also  helps  out  the  boilers,  as  when  the  boilers  are  getting 
hot  water  they  will  make  more  steam  in  an  hour  than  when 
they  are  getting  cold  water.  For  all  these  reasons,  do  not 
be  satisfied  wnth  a  feed'-water  temperature  that  is  under  200^ 
Of  course  you  may  go  up  as  high  as  2oS  or  210=.  as  the  water 
boils  at  about  212°,  and  it  cannot  be  Heated  above  the  boil- 
ing point.  It  is  not  a  good  thing  to  bail  the  water  in  the 
heater,  because  sometimes  the  pumps  give  trouble  aiid  there 
is  nothing  gained  by  it. 

Do  not  forget  about  steam  leaks,  as  all  the  steam  that 
leaks  out  is  wasted.  Also,  when  steam  leaks  at  one  place 
for  a  good  while,  it  will  cut  the  metal  and  make  the  joint 
or  stem  harder  to  keep  tight  afterwards. 

General.— In  carrying  out  some  things  that  have  been  ex- 
plained above,  you  will  need  help  from  outside  your  boiler 
house.  Do  not  be  afraid  to  take  up  these  things  with  your 
boss,  and  if  taking  them  up  one  time  does  not  do  any  good. 
take  them  up  again— only  be  sure  you  are  right.  If  you 
make  an  honest  push  to  get  things  right,  you  will  be  backed 
up  in  what  you  are  trying  to  do. 


66  Oils  and  Oiling  Pointers 

The  little  note.s  that  follow  cunluiii  i.leuH  ihal  «ill  be  ol 
service  to  everyone  intereBtcU  in  power  plani  eiiKlDi'^Hns 
The  pointers  were  selected  by  the  edliorH  of  Fow«r  from  Ibe 
columns  of  that  magazine: 

(ll  Special  mixtures  of  oil  an-  nect-HHary  In  »cim.-  ca»fi(. 
but  for  light  machinery  using  only  Hniull  ciuuniltir-«  :■  niu- 
ture  of  80  per  cent  light  mineral  and  2o  per  .  ■  .   It 

good   and   should   not   cost   more   than   3(i  ct    \n  H 

will  not,  however,  stand  heavy  bearing  prf88uru  or  lurui  a 
film  at  slow  speed.  Its  film  ihickneHs  on  nxtlul  Ih  aboul 
0.00(12   in. 

(2)  Mineral  shafting  oil  of  dark  color  and  medium  welsbt 
without  admixttire  with  animal  oil  is  found  HutlHfaciory 

(3)  Good  oil  without  adulteration,  if  uned  IntclllKenlly,  U 
cheaper  and  more  satisfactory  than  cheap  oil.  loaded  to  Klvr 
bulk  and   to  make  it  cost  less  per  gallon. 

(I)  Heavy  mineral  oil  with  an  addition  of  heavy  animal 
or  vegetable  oil  is  best  for  high-spoed  HbaftH  and  cUttrIc 
machines  having  considerable  weight  to  carry. 

(5)  Tallow  oil,  when  derived  from  fresh  tallow  from  prop- 
erly fed  animals,  is  a  good  lubricant,  but  lends  lUelf  read- 
ily to  adulteration  and  may  become  rancid  and  acid.  It 
forms  the  base  of  the  best  white  soap,  and  if  a  large  enuUKh 
percentage  of  soap  is  added  to  the  oil  it  becomes  a  grease. 

(C)  Cylinder  oil  containing  fatty  acid  should  be  avoided 
as  it  is  apt  to  injure  the  metal.  The  acid  absorbed  by  the 
piston  and  valve-rod  packing  sometimes  attacks  the  roda. 
when  the  engine  is  out  of  service,  to  a  serious  extent. 

(7)  Pure  mineral  oils  do  not  contain  fatty  acids,  so  thai 
even  a  trace  of  acid  is  pretty  conclusive  evidence  of  a  com- 
pounded oil. 

(8)  Viscosity  tests,  so  called,  do  not  necessarily  prove 
anything  of  the  lubricating  quality  of  an  oil.  since  roain 
or  other  viscous  oils  may  constitute  a  large  proportion  of 
the  whole  and  yet  have  no  lubricating  value. 

(9)  Flashpoint  determinations  have  no  definite  connec- 
tion with  lubricating  power.  None  of  the  lubricating  oils 
on  the  market  have  a  dangerously  low  flashpoint.  For  uaa- 
engine  cylinder  lubrication  a  reasonably  high  flashpoint  Is 
necessary. 

(10)  Testing  for  flashpoint  may  be  done  In  a  simple  man- 
ner by  heating  a  few  ounces  of  oil  over  a  gas  flame  and 
trying  a  lighted  match  over  the  surface  of  the  ail  until  a 
wave  of  flame  is  seen  to  flash  across  Its  surface.  The  tem- 
perature of  the  oil  when  this  occurs  Is  called  Its  flashpoint. 
Oils  whose  specific  gravities  are  below  0.S5  generally  have 
flashpoints  below  G0°  F.,  while  tho.se  whose  speclflc  ifravllles 
exceed  0.85  have  higher  flashpoints. 

(II)  Lubrication  is  applied  primarily  to  reduce  friction. 

(12)  The  effect  of  friction  is  to  convert  energy  Into  heat 

(13)  Heating  is  manifest  soonest,  with  the  same  expendi- 
ture of  energy,  in  small  bodies  because  they  are  not  capable 
of  absorbing  the  heat  generated,  therefore  feel  hot  to  the 
touch,  while  the  same  energy  expended  on  large  masses  will 
produce  only  a  slight  rise  In  their  temperature. 

(14)  Specific  heat  of  iron  is  o.oOSS  B.Lu.  per  iMiuiid  per 
degree  F.  rise  in  temperature  or  lb.  x  deg.  X  1"  '  u 
absorbed,  and  each  B.t.u.  equals  7TS  fU-lb.;  th'  ■  , x-h 
pound  of  iron  heated  1°  F.  has  absorbed  0.1138  X  778  =  Mi 
ft.-lb.  of  energy. 

(15)  Water  jackets  around  bearings  furnish  means  of  car- 
rying away  the  heat  generated  by  friction  In  proportion  lo 
the  pounds  of  water  multiplied  by  the  temperature  increase 
in  °  F.,  the  specific  heat  of  water  being  unity. 

(Ifi)  Air  circulation  conveys  heat  away  from  bearings  In 
proportion  to  its  amount,  specific  heal  and  temperature  In 
crease. 

(17)  Oil  flowing  through  bearings  conveys  away  a  portion 
of  the  heat  equal  to  its  weight,  speclflc  heat  and  temperature 

increase. 

(18)  An  occasional  squirt  of  oil  on  a  bearing  is  the  worst 
form  of  lubricant— a  feast-and-famine  process,  wasteful  and 
insufficient,  therefore   inefficient. 

(19)  Drop  feed  oiling  without  means  of  collecting  the  on 
after  going  once  through  is  wasteful,  although  otherwise 
satisfactorv  as  long  as  the  flow  is  not  interrupted. 

(90)  Self-oiling  bearings  have  the  merit  of  using  the  same 
oil  continuously  without  waste  other  than  by  slight  vaporiza- 
tion and  creeping,  but  proximity  to  a  heated  bearing  keeps 


.(23) 


:>x 


Engineering  and  Contracting  for  July  9,  1919. 


the   oil   at  a   higher   temperature   than    it   is   at  its   best  for  sure   an   ample   supply,   and    the   comparatively   cool  oil   con- 
lubricating,  veys    heat    tram    the    bearing    in    proportion    to    its    weight, 

(21)  Some    buy    the    lowest-priced    oil    because    it    is    the  specific   heat  and   temperature   rise. 

cheapest   (in  price):   others  buy  oil  best  suited  to  their  use  (49)   Oil  for  air-compressor  cylinders  should  have  a  flashpoint 

even  if  higher-priced,  because  it  is  the  cheapest  in  the  end.  of  550  to  GOO"  F..  according  to  the  air  pressure  and  rapidity 

(22)  Vegetable  oils  will  wash  out  of  fabrics,  but  mineral  of  compression;  for  steam  cylinders,  operated  with  super- 
oils  will  not.  heated   steam,  upward   of  600°.  according   to  the  amount  of 

(23)  Rosin  oil  is  cheap  and  its  specific  gravity  high,  there-  the  superheat.  Saturated  steam  will  not  disintegrate  oil  of 
fore  it  is  sometimes  used  to  adulterate  lubricating  oil.  When  5500  flashpoint.  For  internal-combustion  engine  cylinders, 
it  has  been  considerably  refined,  it  can  be  added  in  large  oil  of  as  low  flashpoint  as  will  do  the  work  should  be  used 
(luantities  without  much  chance  of  detection  except  by  a  (about  450°),  as  the  heavier  oils  are  apt  to  leave  a  sooty 
chemist;    but   since   it   has   no   lubricating   qualities,   the   ac-  residue. 

tion  of  the  mixture  will  be  unsatisfactory.  (43)   The  specific  gravity,  viscosity  and  flashpoint  of  various 

(24)  Oil  containing  paraffin  will  emulsify,  in  warm  water,  ojig  are  approximately  as  follows: 

more  readily  than  it  without,  and  on  being  allowed  to  stand  Viscosity  at      Flash- 

in  a  glass  vessel,  will  show  a  whitish  film  between  the  oil  ,^5""'-.        ,  ^  c?,P;^'no-c         oV?"  ^'^       ■tf^V^hnr. 

,      "  ,  ,    ,  Lisht    nuneial    0  S60  to  0.875  27  to    35         :M0  to  .S60 

and  water  when  cooled.  Medium    mineral    O.S75toO,890  44  to    47         :J80  to  400 

(25)  Cottonseed  and  corn  oils  are  sometimes  used  in  lubri-  Heavy  mineral O-S^O  to  0-910        ,1^°  „*ili        -SS  J"  f  r? 

.  .,        ,     ^    ,  .^         ,  ,•  ,  i       «  Cyhnclcr  mmeral    0.900  to  0.905         350  to  900         aOO  to  550 

catmg   oils,    but   have    merit   only    as   cooling   elements,   for  sperm    0.S75  to  0.885         35 

thread  cutting  and  the  like.     Their  high  specific  gravity   (92  Lard    0.910  to  o.92_0         60 

,  ,.  .  ,       ■,    t  u-   u    »!,„      Tallow    0  910  to  0.91a  65  475  to  oOO 

to   93   per   cent)    makes   the   mineral   oil   to  w^hich   they   are  Rape    o.9io  to  0.915         55 

added    deceptive    when    too    much    dependence    is    placed    on  Olive    0.915  to  0  920         60 

.,  r  r  Castor     0.960  to  0.970         270 

Viscosity.  Cotton   and    corn 0.920  to  0.930  55  600 

(2G)   Carrying  power  of  a  bearing  is  the  term  used  to  ex-  Rosin    0.960  to  I.OOO         50 

press  the  greatest  permissible  bearing  pressure.  (44)   Tests   are   best   conducted   on  the   individual   bearing 

(27)  Frictional  resistance  of  a  bearing  is  the  resisting  on  which  the  oil  is  required,  no  two  conditions  are  exactly 
torque,  or  so-called  moment  of  friction,  or  it  may  be  de-  alike.  In  practice  the  lubricant  to  select  is  that  which  is 
fined  as  the  quotient  of  the  resisting  torque  by  the  mean  the  best  for  the  average  of  a  given  class  of  bearings  operat- 
radius  of  the  journal.  ing  under  nearly  the  same  conditions,  to  minimize  the  grades 

(28)  A  filter   will   soon  recover   its   cost  in   oil   reclaimed.  or  kinds  to  be  kept  in  stock. 

Using  oil  repeatedly  without  throughly  cleansing  it  is  likely  (4.5)    Lubricating  chain  drives  is   best  done  with  thin  oil 

to  cause  trouble.  first,   to   penetrate   into   the   joints,   followed   by   heavier  oil. 

(29)  Oil  does  not  wear  out,  but  does  need  treatment  to  according  to  the  working  temperature  and  speed,  applied 
cleanse   and   purify   it.  with   a   brush   while    the   chain   is   running   slowly.     Greases 

(30)  The  lightest  oil  that  can  be   safely  run  usually   pro-  are  not  suitable  for  thorough  lubrication  of  chain  drives, 
duces  the  lowest  coefficient  of  friction  and  should  be  given  (46)  Durability  of  oil  depends  more  on  its   use,  or  treat- 
preference,  especially  where  power  cost  is  high.  ment,  than  on  any   inherent  quality  it  may  be  supposed   to 

(31)  Heavy  (viscous)  oil  may  fail  to  distribute  evenly  in  possess.  A  rapid  circulation  of  oil  through  the  bearing  so 
close-fitting  bearings  and  allow  some  parts  to  become  in-  that  it  will  not  become  overheated  and  vaporized  is  the 
jured  while  other  parts  are  flooded.  most  satisfactory  and  economical  treatment  for  the  oil. 

(32)  High  fire  test  oil  is  necessary  to  lubricate  bearings  (47)  Relative  value  of  lubricants  depends  on  first  cost, 
operating  at  high  temperature;  other  oil  may  actually  in-  wastage  of  the  lubricant,  difference  in  the  power  cost 
crease  the  bearing  temperature.  chargeable  to  them  and  the  cost  of  application  or  attention, 

(35)  The   lightest   oil   used   for   lubrication   has   a    specific  all  of  which  are  widely  variable  quantities. 

gravity  of  about  0.865  and  the  heaviest  about  0.930.  The  (48)  Necessary  qualities  in  oils  vary  to  some  extent,  but 
commercial  range  is  from  0.885  to  0.907.  first  of  all  always,  there  must  be  sufficient  body,  hiscosity. 
(34)  Throwing  water  on  burning  oil  spreads  the  flame  and  for  the  pressure  in  order  to  keep  the  surfaces  from  harm- 
makes  matters  worse.  Sand,  flour  or  sawdust  in  sufficient  ful  contact,  that  is  to  do  the  work.  The  other  qualities  may 
quantities  to  smother  the  flame  by  excluding  the  air  will  ,-ank  differently  in  importance  under  differing  conditions, 
extinguish  an  oil  fire.  They  are,  freedom  of  corrosive  acids,  fluidity,  minimum  co- 
OS)  Effect  of  viscosity  may  be  made  clear  by  remember-  efficient  of  friction,  high  flashpoint  (for  safety)  and  freedom 
ing   that   when  a   lubricant  adheres,   to  a  certain   extent,  to  from  oxidation  or  "gumming." 

two  surfaces  having  a  different   rate  of  motion,   a   shearing  (49)  Animal   and   vegetable  oils  all  have  two  characteris- 

stress  is  set  up  at  every  point  within  the  lubricant  in  split-  tics  in  common— they  oxidize  or  gum  on  exposure  to  the  air 

ting  or  separating  the  two   parts  from  each   other  and   the  and   they   will   cause   spontaneous    combustion    when    spread 

work  so  done  is  manifested  in  heat  generated.  thinly  over  inflammable  material.    Linseed  oil  is  an  example 

(36)  The  law  of  fluid  motion  is  that  the  force  required  to  of  a  gumming  oil  desirable  tor  paint  but  not  for  lubricating, 
shear   a   layer  of  fluid,   of  a   given   area   of   the   element  in  All  seed  oils  have  this  tendency  in  some  degree. 

plane  of  shear,  and  thickness,  normal  to  the  plane  of  shear,  (50)  Wick  or  capillary  oilers,  where  the  upper  end  of  the 

is    directly    proportional    to    the    relative    velocity    (surface  wick  is   in   contact   with  the  shaft  or  moving  part  and  the 

speed  of  journal  1   of  the  two  surfaces  and  to  the  area,  and  lower  end  is  immersed  in  the  oil,  feed  upward  by  capillary 

inversely  to  the  thickness,  of  the  fluid.  attraction— similar   to   an   oil   lamp.     Another  form   conveys 

(37)  Greases  are  used  for  extra  heavy  work,  although  the  oil  by  a  wick  by  the  same  principle  from  a  reservoir  to 
some  of  the  so-called  hard  oils  are  but  little  more  viscous  the  elevated  end  of  a  tube  into  which  the  wick  is  thrust 
when  heated  to  running  temperature  than  heavy  oil.  Gen-  thence  by  gravity  to  the  bearing  in  drops  similar  to  the 
erally  speaking,  it  may  be   made  from  almost  any  kind   of  drop-feed  oiler. 

mineral  oil  mixed  with  soap  until  it  is  of  the  desired  solidity.  (51)   Friction  of  lubricated  surfaces  Is  determined  by  the 

Various   other   substances    have    been   incorporated    in    such  nature  of  the  lubricant  rather  than  by  that  of  the  solids  or 

grease,   such   as   graphite,   sulphur  and   the   like   for   special  bearing   metals   themselves. 
work,  giving  good  success.  (53)   Projected  area  of  a  bearing  is  equal  to  the  diameter  of 

(98)  A   reliable  grease   may   be  made  from   good   cylinder  the  shaft  multiplied  by  the  length  of  the  bearing. 
oil  and  tallow  or  tallow  soap  mixed  to  suit.  (54)   Pressure    per   bearing   inch   is   the   total   pressure   di- 

(39)  Selecting  oils  may  be  best  done  by  trial,  like  the  pro-  vided  by  the  projected  area  of  the  bearing. 

verbial  pudding,  and  when  a  satisfactory  mixture  is  found,  (55)  Required  bearing  area  is  the  total  pressure  divided 
have  it  analyzed  and  require  the  same  ingredients  in  the  by  the  allowable  pressure  per  square  inch,  giving  the  re- 
same  proportions  in  future  purchases.  quired  projected  area  in  square  inches. 

(40)  A  little  good  oil  in  the  right  place  is  better  than  a  (56)  Required  bearing  length  is  the  total  pressure  divided 
whole   lot   elsewhere.  by  the  desired  pressure  per  square  inch,  and  this  again  di- 

(41)  Lubrication  by  forced  circulation  is  the  best  method  vided  by  the  diameter  of  the  shaft:  or  the  projected  area 
known,   where   the  oil   is   delivered   into  the  bearings  under  divided  by  the  shaft  diameter. 

pressure   in   a   copious   stream,   collected   and   returned   after  (57)   Allowable  pressure  per  square  inch  ranges  from  10  to 

being  filtered  and  cooled.     Pressure  and  large  passages  in-  ?,0   lb.    for   high-speed    shafts   in   babbitted   bearings,    to    100 

(24) 


lb.  for  large  slow-speed  shafts.     Engine  crankpins  often  sus- 
tain 1,000  to  3,000  lb.  per  square  inch.  Method  of  Banking  Fires 

(58)    Speed  of  minimum   friction   is  the   rate  of  motion  at  A"  e.xcellent  n.-thod  for  banking  nres  U  dcBc'rib«l  bv  Mr 

which.  If  varied  from,  either  faster  or  slower,  the  friction  Clifford  R  Danner  in  a  letter  in  Power  Jroin  whith  w«  auol» 
of  a    bearing   increases.     With   perfect   lubrication   it   is   be-      "'^  follows:  ■._  ^ 

Jipved  to  be  between  100  and  150  ft.  per  minute.  The  manner  of  banklnR  flres  dcpondH  lurgcl>   oi,   tb-  kind 

(5fi)   Morin's  "Laws  of  Friction"— (1)  The  friction  between       "^  ^'°''''  ^''®  ""'*"  ""^  "''''''  "''•-'  banked  and  th.-  .|i.  h 

two    bodies    is    directl.v    proportioned    to    the    pressure-    that       "''"^'^  ^'''^  banks  must  be  knocked  down  and  th.-  -n 

is,  the  coefficient  is  constant  for  all  pressures.  (2)  The  ""''•"''  ^^'">'-  Some  coals  Ignite  easily  ami  require  only  the 
coefficient  and  amount  of  friction  are  independent  of  the  ^°^  furnace  to  ignite  them,  but  with  other*  a  cerisln  ..i.„.iinl 
areas  in  contact,  pressure  being  the  same.     (3)   The  coeffi-      "'    ^^^^.  ■""'"*'   ^^  ''^f'   "PO"   «tilch   to   throw   ih.-  >l 

cient  of  friction   is   independent   of  velocity,  although   static       So"ief'nies  the  bank   has  to  be  covered   with   ;.  p 

friction    (friction    of    resti    is    greater    than    the    friction    of      "'^^ ''"'i'  f""""'  burning  out  and  running  up  tli-  b 

motion.  "  is   undesirable.     The    plant   under  <-onnldei.,  .,f 

(60)    Pressure   on    bearings-Slow-speed   alternate-     Crank       '""'."'  ""  ^'^"l}'  T*''""'"-"'''"''''"  boilers   with  C  x  .i-ll.  (land  Ured 
pins,   1,000   to   3,000;    crosshead,   1,000   to   1200-    main   hear       S"'^^'  ""'f  shakmg  and  stationary.     The  nreii  are  banked 

ings,  my  to  900: ;   guides,  etc.,  25  to  60;   lineshaft    10  to  30       '^V'f "'  ?'  ''  "?"'  '""''  ""-■  °'  ""■  •^•''"■ 

iRl>   F,-,vt,nn   ^f  i„hw„ot  ^  f  I.  iu  lo  ,5U.  Contrary  to  usual  practice  1  have  the  fires  bankr-d  „n  th» 

of    -snbd    fHcMnn      TTI  T'   approximates   to  that      front  of  the  grates.     The   live  coal   Is  pushed    -  "o 

-'fl     H  f     ?       ■         •/       «    ""y'"/  ''^'°"^'  ''•"^'  """^  *°  ">"  ""^  bridge-wall  and  all  ash  raked  out.     The  live  -  -  „ 

ot     fluid  tnct.on     as  it  is  flooded  with  oil.  pulled  to  the  front  and  green  coal  Is  piled  upon  .(.-  :" 

(62)  Antifriction    metals,   so   called,   are   useful    for   lininK  completely  covering  them  In  some  cases  and  oi,  -o 

bearings   chiefly    because   of   the   ease    with   which   they   can  at   other   times,   depending   on    the   coal.     The   bank   tan    b^ 

be  formed  (poured)  and  their  ability  to  permit  crushing  and  Placed   well   up   on   the  dead-plate    or  more    on    the    icrale, 

abrasion   without   a   great    increase   in   friction,   not   because  depending  on  the  kind  of  coal.    This  gives  a  certain  amount 

they  have  a  lower  coefficient  of  friction;   hence  antifriction  of  control  of  the  bank,  so  that  the  pressure  will  not  run  up 

is  a  misnomer.  and  cause  the  safety  valve  to  blow;    at  the  same  lime  the 

(03 1   Coefficient    of    friction    mean.s    the    proportion    of    the  '"'"^  '^^n  be  allowed  to  burn  well  through. 
pounds  pull    (or  push)    to   the  pounds   (weight)   being  moved  When  it  is  time  to  get  the  fires  going.  It  is  only  neceHiiary 

over  a  given  horizontal  surface;   that  is,  wood  on  wood  with-  *"  spread  the  bank  and  put  on  the  draft,  and  In  a  few  minutoi 

out  lubricant  may  have  a  coefficient  of  0.5,  or  require  %-Ib,  ^'"^  '^''^  '^  ^°°^  ''"''  *""'■  ready  to  make  steam  enough  to  pick 

pull  to  move  one  pound  along  slowly.     Or.  coffiecient  of  fric-  "P  ''"'f^  "  load.     .\nd  this  ability  to  get  under  way  quickly 

tion  is  the  ratio  of  the  force  required  to  slide  a  body  along  ''^  important  where  boilers  are  banked  in  readiness  to  supply 

a  horizontal  plane  surface  to  the  weight  of  the  body  steam  to  fire  pumps  in  case  of  a  fire  alarm  or  when  consider- 

(64)   Friction   in   an    engine,   as   determined   bv    three   sets  ^'"f  '"^Z'  ™""'  be  picked  up  'luk-kly      Some  bank  the   lire. 

of  tests,   is  distributed   approximately  as   follows-  ^"""^  ^^  ^^^^'  '""'  ''■'"'°  shutting  the  boilers  down,  by  covering 

-Main  bearings  47 1  35  4  35  n  1  !  t 'I  '"  .'  5^^".  '■°*'  '"l"  1"^"  ^'^aninK  '"hen  startlnx  up. 

Piston   and   rod .....■...■.■.■:.'.■;.'.';;.'.■.■     32.^  25  0  210  ^"^   '  ^°  "°'  '"'^^  f'"'''  method. 

<^r^"si'''"d   "' ^'^  ^'^1        '  '^'^^  quantity  ot  coal  required   to  bank  a   Are   under  each 

Vaivl^lnd 'rod.;.'.;;;!!.'.'.'.'.'.'.''"";.' 25  26  4  1         ^^'"  boiler  as  I  have  described  runs  from  BO  to  125  lb.     As  a  rule 

Eccentric  strap '.'.".'.'.'.'.".'.'.".'.'.!!!      Sis  4'.0J         22.0  90   lb.  is  sufficient.     Plants   requiring  as   much   as   one-third 

Link  and  eccentric ^0^1        ^0^        ^9^  ^j.  ^^^  j^j^,  ^.^j,,  consumption  for  banking  must  operate  but 

ion  100  100  3  small  part  of  the  time  or  else  the  fires  must  be  kept  burnlni: 

165)   Cylinder   oil   and    boiled    linseed   oil   equal   parts   are  slightly  in  order  to  supply  leaks  and  thus  hold  up  the  pressure 

said  to  have  given  good  results  on  a  hot  crankpin  in  one  in-  ^o   obtain    the    best    results    from    banked    fires   and    keep 

stance.  stand-by  losses  down,  it  is  necessary  that  steam  leaks  throuKh 

iri-\    A„-j  •       -1      ■!■  ,        .  ,  .  ,  valve?   and   traps,   also  hot-water   leaks,   be   kept   as   low   as 

(bii)  Acid  m  oil  will  cause  corrosion  when  in  contact  with  ,  .  , 

moisture.    The  presence  of  sulphuric  acid  mav  be  determined  ''"f,^!.     '  .,       .  ,.  1.1.        .11         >.     1.1  >.    1..  , 

,,,.   „    „„,   ,.  „   u     -  ,.,     -J  ,-^.,,  ",  \,  \\here  the  steam  lines  are  kept  hot.  nothing  should  be  io»l 

Trnn.  lfJl\        barium   chloride   in   distilled   water,   a  few  ^„,   ^„^  condensation,  and   some.lmes   It  I. 

tm  T\  r'  °"  T'         ""'-n'""  thinned  with  ^^.i^^^^Ie  to  cut  the  boilers  out  entirely.     It  Is  surprising  how 

nrec.n  ti.      f"     -^    •^'''     "^  /""  t'"^"''  I      ''^'''%^        T  "luch   water  a  holler  will  lose  on   account   of  a  few   s.e„m 

precipitate  if  acid  is  present.     In  the  absence   of  moisture  ,     ,  ,        ..  „  «„„  „,„  K„„b-»rf 

►!,„   „„!j    -         ,.  r.  ,  leaks  even  when  the  fires  are  banked. 

tne  acid  is   not   so  active  and  may  escape  notice. 

The   total   friction   of  a   given   engine   remains   practicallv 
constant  under  all   loads   and   should  not  exceed   5   to  8  per  Removal  of   Frazil   by   Electric  Current.-In  a   paper      l>o- 

cent   of   the    full-load    capacitv   ot   the    engine.     It    increases  sign    of    Hydroelectric    Plants  for  tonibating  Ice  Troubles. 
with  steam  pressure  from  30  io  70  lb.  after  which  only  slight    '  Presented    last    winter    before    the    Kngineering    Ins.ltule    of 

increase  is  noted.     Increased   speed  generallv  increases  the  ^'anada,  Mr.  R.  M.  Wilson  slated  thai  frazil  suspended  fmn. 

total  friction,  but  not  alwavs  "  f'e  surface  ice  could  be  removed  by  use  of  electric  . 

The  small  quantity  of  heat  generated  by  the  pn'sac* 
trie  current  between  electrodes,  inserted  thr^  •- 

How  to  Burn  Fine  Anthracite. — In  a  paper  read  before  th"  ice.  disintegrates  the  suspended  spongy  Ice  n,.. 

New   England  Waterworks  .Association   Mr.  Alfred  O.  Doane.  2.750  kw.  will  free  an  area  of  approximately   -i.ihm,  wj.  (1,  pf 

Division   Engineer  of   the   Metropolitan   Waterworks.   Boston,  this  spongy   ice,  having  an  average  depth  of  7  ft.,  in  about 

calls  attention   to   the  fact  that  in   some  localities  it  is  pos-  30   minutes.     The   voltage   required   with   a   spacing   bplw«.en 

sible  to  obtain   the   fine   sizes   of  anthracite,   mostly  washery  electrodes  of  32  ft.  is  6,000  volts. 

products,  at  prices  whifcb   will   show   important  savings  over  ■• 

hituminous  coal  in  the  cost  of  generating  steam.     He  states  Use  of  Explosives  in  Breaking  Up  Ice  Jama.  -Kxperlnient* 

that   unless  there   is   a  strong   draft,  no  large  proportion  ot  at  the  Cedar,  Que.,  hydroelectric  plant  of  the  Cedar  Rapid« 

the  fine  anthracite  can  be  burned  economically,  and   it  may  Mfg.    &    Power    Co..    in    breaking    up    Ice    jams    by    blasting 

he    necessary    to    install    forced    draft    and    otherwise    make  showed  that  the  best  results  were  obtained  with  an  explosive 

changes  in  the  equipment,  the  first  cost  and  carrying  charges  made  from  ammonia  nitrate,  having  a  streneth  equivalent  to 

f)n  which  must  of  course  be  considered.     It  is.  however,  pos-  :i0  per  cent  nitro-glycerine  dynamite,  made  up  in  sticks  :!  in 

sible  to  obtain  forced  draft  fans  directly  connected  to  steam  in  diameter  and  8  in.  long.     This  explosive  gave  a  large  ga» 

turbines   which   are   not   expensive,   are   easilv   installed,  and  volume,   was  slow   in   action,  and  gave   very  satlgfaclory  re 

will  furnish  sufficient  draft  to  successfullv  burn  all  grades  of  suits.     It  has  the  advantage  also  of  not  'reezlns  unless  the 

line  coal  and  at  the  same  time  add  gieatlv  to  the  fiexibility  temperature  is  5=   or  more  below  zero,    and  If    left    In    me 

of  the  plant  when  dealing  with  variable  loads.     When  forced  water   an   hour   or   longer   dissolves   and   Is   not   dangerous 

draft   is   used    with   a    vertical    boiler,   there   is   considerable  Tests  were  made  with  60.  40  and  ."{n  per  cent  nilro-glycerim- 

danger  of  burning  the  lower  tube  ends,  especially  if  holes  in  .lynamite  in  sticks  of  1  %  in.  in  diameter  and  S  in^  long,  man.- 

the  fuel  bed   cause  a   blow   pipe  effect.     A  grate   with   small  up  in  charges  of  7  to  8  sticks,  but  Ihey  were  all  too  faat  and 

air  spaces  will  reduce  this  danger.  would  only  pot-hole  the  ice. 

(25^ 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
HydrauHc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Suggestions  for  Improving  Specifi- 
cations 

By  HARRY  G.  PAYROW 

Sanitary  Engineer.   C.    E.   Department  Lehigh   University. 

In  issuing  specifications  it  does  seem  tliat  a  little  more  at- 
tention should  be  given  to  certain  phases  of  the  matter  so 
that  they  will  appear  attractive  in  the  sense  of  being  easily 
read,  of  convenient  size,  well  indexed  and  with  serviceable 
covers  and  binding. 

Generally  the  inspectors  and  field  men  desire  to  carry  a 
copy  of  the  specifications  in  their  pocket  but  if  of  the  usual 
typewritten  variety  they  are  easily  mutilated,  and  it  printed 
they  are  generally  so  bulky  that  one  cannot  find  a  suitable 
pocket  for  them.  Hence  the  field  men  are  discouraged  in 
this  respect  either  on  account  of  the  size  or  fragility  of  the 
specifications  or  both.  Thus  the  work  may  suffer  in  view  of 
the  tact  that  some  point  in  the  specifications  will  not  be  re- 
ferred to  at  all  as  either  the  inspector  has  not  time  to  return 
to  the  office  or  it  is  forgotten  in  the  whirl  of  the  day's  work. 

An  examination  was  recently  made  of  many  printed  and 
bound  specifications.  These  varied  in  size  considerably, 
many  being  very  large  (7%  in.  x  1014  in.)  while  the  majority 
were  6  in.  x  914  in.  and  in  a  few  cases  as  small  as  3%.  in.  x 
6%  in.  Typewritten  specifications  were  generally  8%  in.  x 
13  in. 

After  a  consideration  of  the  above  sizes  and  the  needs  of 
the  field  men,  a  size  is  suggested  that  is  deemed  convenient 
for  the  pocket,  with  a  length  and  breadth  of  good  proportions 
and  well  adapted  for  its  purpose.  The  bound  copy  should  be 
4%  in.  X  7  in.,  which  easily  slips  into  the  pocket  and  its  size 
would  not  render  it  too  bulky.  As  a  further  means  of  de- 
creasing its  fragility  the  corners  of  both  the  covers  and  pages 
should  be  rounded,  preventing  to  a  large  extent  the  tearing 
or  crumpling  of  the  leaves. 

The  covers  should  be  of  a  heavy  manila  paper  or  light 
cardboard  similar  to  the  material  of  which  heavy  paper  ship- 
ping tags  are  made.  This  material  makes  a  very  tough,  flex- 
ible cover  not  easily  torn.  The  binding  can  be  of  black  linen 
and  all  bound  securely  by  three  wire  binders. 

The  type  to  be  used  is  an  important  matter  and  affects 
both  the  size  or  bulk  of  the  book,  and  its  attractiveness. 
Again  upon  examination  of  several  specifications  it  was 
found  that  a  great  variety  of  type  was  used,  many  of  them 
being  so  small  as  to  render  rapid  reading  difiicult.  A  size 
suitable  should  be  similar  to  that  used  in  the  Engineering 
and  Contracting,  which  would  in  most  cases  keep  the  book 
from  being  too  bulky  and  yet  easily  read.  The  arrangement 
of  the  printing  also  needs  attention.  Liberal  margins  should 
be  allowed  so  that  notes  may  be  written  in  from  time  to  time, 
either  as  defects  in  the  present  specifications  to  be  corrected 
in  future  cases  or  perhaps  a  section  which  requires  special 
attention  may  be  easily  so  marked. 

Each   section    of   the   specifications    should    stand    out   dis- 
tinctly that  the  eye  may   easily  catch   the  title  or  sub-title, 
which  should  be  of  a  somewhat  larger  type,  as: 
Clearance  for  Forms. 

Tne  excavation,  whether  in  earth  or  rock,  shall  be  of  suf- 
ficient size  to  allow,  etc. 

As  a  further  means  of  clearly  defining  each  item,  and  sec- 
tion thereof,  a  decimal  method  of  numbering  each  may  be 
used  to  good  advantage.  As  an  illustration  the  following  will 
clearly  show  the  method. 

Item  lA 

Excavation — General  Earth 

Above  Elevation  G3. 

Section  1.1.  All  excavation  under  this  item  shall  include, 
etc. 


Unauthorized  Excavation. 

Section  1.2.     If  the  bottom  of  any  excavation,  etc. 
Maintenance   of   Excavation. 

Section  1.3.     The  contractor  shall  maintain,  etc. 
Payment. 

Section  1.9.  For  the  excavation  and  disposal  of  mate- 
rials, etc. 

Item  1-B. 
Excavation — Earth   Below   Elevation   C3. 

Section  1.10.     All  excavations  under  this  item,  etc. 

Every  section  under  1  has  a  consecutive  number  in  the 
form  of  a  decimal,  while  the  whole  number  represents  the 
Item.  As  can  be  seen,  Item  1  may  be  divided  into  any  num- 
ber of  parts,  each  receiving  an  alphabetical  letter.  Thus 
Section  1.16  is  contained  in  Item  1  and  is  a  sixteenth  section 
of  that  item. 

Item  2-A. 
Surface  Dressing  Work  to  Be  Done. 

Section  2.1.     Surfaces  of  refills  and   embankments,  etc. 
Payment. 

Section  2.4.     The  price  stipulated,  etc. 

This  method  positively  defines  a  section  especially  in  cor- 
respondence where  many  times  a  misunderstanding  arises  as 
to  just  the  section  mentioned  or  the  intended  section  is  mis- 
construed. 

The  additional  cost  of  printing  and  binding  specifications 
compared  with  typewritten  sets  may  in  many  cases  be  un- 
warranted but  will  depend  on  the  magnitude  of  the  work  or 
where  standardized  specifications  may  be  used  it  is  generally 
found  expedient  to  have  printed  and  bound  specifications. 

As  a  comparison  of  cost,  a  set  of  specifications  which  also 
included  information  for  bidders,  tender  and  contract  for  a 
pumping  station,  intake,  equipment  and  pipe  connections  con- 
tained 90  pages,  approximately  the  size  suggested  in  this 
article.  Covers  of  heavy  tag  page  and  (3  wire)  cloth  bind- 
ing. The  present  cost  of  which  would  be  approximately  as 
follows:      Fifty  copies.  $G3;    lOo  copies,  $72;    250  copies,  ?94. 

The  same  set  of  specifications  if  typewritten  would  cost 
for  fifty  approximately  $48;  100  copies,  $95,  and  250  copies, 
$138.  Thus  many  times  if  a  large  number  of  specifications 
are  to  be  produced  the  printed  form  after  all  is  the  most  rea- 
sonable while  for  a  limited  number  the  extra  expense  is  not 
so  very  excessive. 

To  further  facilitate  the  rapid  use  of  specifications  an  in- 
dex worthy  the  name  should  accompany  it. 

This  may  require  some  time  to  properly  index  or  cross-index 
all  titles  as  for  instance  testing  of  sand  might  well  be  indexed 
under  that  name  and  also  under  sand  tests  and  mechanical 
analysis.  There  is  nothing  so  disheartening  as  to  turn  to  an 
index  and  find  onl.v  listed  there  a  tew  titles  and  those  of  a 
general  character,  as  "excavation"  or  "testing."  followed  by 
perhaps  many  page  numbers,  which  means  that  one  must  go 
through  them  all  to  find  just  the  reference  needed. 

Another  method  used  is  to  make  up  the  index  consisting  of 
familiar  phrases,  just  lines  of  paragraphs  or  essential  words 
in  paragraphs.  As  an  illustration  the  following  have  been 
selected:  Page. 

Catch  basins  are  to  be  repaired  by 21 

Material  delivered  on  the  side  of  streets 25  ^ 

Pavements,  lines  and  grades 4 

Rubbish  removal  and  surplus  material 24 

Settlement,  defects  or  damages,  etc 22 

It  is  fitting  that,  as  specifications  play  such  an  important 
part  in  construction  work,  they  should  receive  more  atten- 
tion along  the  lines  of  this  article  than  they  have  apparently 
heretofore.  The  caliber  of  the  work  and  those  connected 
therewith  may  even  be  "sized  up"  by  the  completeness  of  the 
details,  of  which  this  subject  matter  is  only  one  of  the  many 
occurring  to  receive  careful  attention. 
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The  Business  and  Professional 
Library* 

By  LOUISE  B.  KRAUSE. 
I.iiirai-iaii.    H.    JI.    Byllesliy '  it    Co..    Chioago. 

The  Value  of  Periodicals. — Periodicals  are  the  most  fruit- 
ful source  of  information  for  any  business,  and  tliere  is  pe- 
riodical literature  of  value  being  issued  constantly  on  every 
conceivable  subject.  Every  industry  and  profession  has  its 
journals  and  in  them  will  be  found  the  latest  and  best  in- 
formation. 

The  value  of  periodicals  in  a  business  organization  was 
very  ably  stated  some  time  ago  by  the  secretary  of  an  elec- 
trical association,  and  as  this  testimony  is  not  from  a  libra- 
rian but  from  a  practical  business  man.  it  seems  worth  while 
to  quote  as  follows: 

The  technical  or  trade  Journal  of  today  is  the  livest  and  mosi 
•up-to-now"  assistant  a  Ijusiness  man  has.  It  is  carefully  edited, 
well  printed,  fully  illustrated  and  thoroughly  indexed  both  as  to 
literary  matter  and  advertisements.  It  is  the  "always  ready  ref- 
ei'ce"  of  the  minute,  and  the  official,  head  of  a  department,  oi 
even  workman,  who  does  not  use  it  to  its  fullest  capacity,  in 
neglecting  one  of  his  best  friends.  1  have  been  surprised  to  And 
how    many    of    the    larger    companies    are    actually    stinfry    when    it 
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Check   Cards  on    Periodicals   Which    Enable  the    Librarian   to    Know 

if    All    Copies   to    Date    Have    Been    Received.     On    the    Back    Is 

Noted  the   Date  of   Renewal  of  the  Subscription. 

comes   to   paving   out   money    for   suliscriptions   to   their   trade   ai^d 
technical  Journals.    The>-   talk  about  one.  two  or  three  dollars   per 
year  as  if  it  were  that  many  hundreds;  they  look  at  the  expend! 
ture    as    if   it   were    an   expense    instead    of   an    investment,    which, 
properly  handled,   will  bring  good   returns. 

In  ao  other  way  can  any  business  man.  no  matter  how  high  or 
low  his  Dosition,  keep  so  fully  abreast  of  the  times  in  his  business 
as  bv  earlv  and  careful  perusal  of  his  trade  and  technical  periodi- 
cal, from  its  front  to  its  back  cover,  and  from  no  other  source  can 
he  obtain  the  "immediately  useful"  so  well  as  he  can  from  a 
well  filled  and  indexed  present  volume  of  those  same  publications. 

"Printer's  Ink"  has  also  stated  the  case  as  follows: 

The  manufacturer,  desirous  of  keeping  his  finger  on  the  pulse 
at  Washington,  who  will  spend  $10.  or  $15.  or  $20  a  year  for  busi- 
ness papers  and  other  periodicals  that  specialize  with  respect  to 
business  news  from  the  national  capital,  can  be  pretty  well  assured 
that  he  has  everv  tip  that  could  come  to  him  via  the  intelligence 
office,  that  asks  a  fee  of  $50  or  $100  per  annum.  Indeed,  it  has 
before  it  was  sent  out  in  the  mimeographed .  "letters"  and  "bul- 
tial"    and    "not    for   publication." 

The  Contents  of  Periodicals.— Not  only  do  periodicals  con- 
tain lengthv  articles  on  special  subjects,  but  every  item  in 
them  from  cover  to  cover  is  of  value;  for  example,  in  engi- 
neering periodicals  the  business  library  is  greatly  aided  B> 
the  current  news  notes  on  books,  pamphlets,  meetings  and 
people;  information  on  state  and  federal  legislation;  prices 
of  materials  and  second-hand  material  for  sale  or  wanted  to 
purchase,  new  construction  notes,  new  devices  and  best 
makes  of  standard  supplies.  .    ^ 

The  brief  notes  found  in  current  periodicals,  announcin,, 
the  publication  of  trade  pamphlets,  reports  of  state  boards 
special   committees,   private   corporations  and   bulletins   puo- 
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lislied  by  universities,  lectures  (lellv<red  at  i  ullegek  und 
papers  presented  at  state  ineelincs  .,f  ..i,»oclaii.mii,  un-  im.M 
valuable  guides  in  collectinK  paniphlels.  which  althuutih  in 
many  cases  may  be  had  for  the  asking,  roin-esenl  u  collecHon 
of  valuable  data  which  can  not  be  replaced  by  the  expendi- 
ture of  any  amount  of  money  and  yet  mo«t  of  It  coiu  only 
a  polite  letter  of  request. 

Aids  in  Selection  of  PeriodicalB.— The  li  il..- 

business  librarian  will  lirst  of  all  desire  i..  :: 

cals    that   best   cover   the   needs   of   his   urKunizuti> 
wishes  to  ascertain  the  titles  of  periodicals   im   -i 
jects   in   order   to  obtain   sample  copies   t 
if  he  has  the  title  and  wishes  to  tlnd  the  ; 
the   place    of    publication   and    subscription    pru-f. 
several  books  that  give  such   information   and   w|ii. 
be  found  in  the  public  library  of  his  city.     It  Ik  ad\  i 
for  him  to  see  a  list  of  all  periodicals  which  are  on 
public  library  with  a  view  to  examining  those  which  in.o   Xx 
suited    to   his    immediate    needs.     The    following    IxMik*    will 
give  information  about  periodicals  on  special  subje.  ■ 

Aj'er  &  Sons'  American  Nt-wspaper  .\nnual  Ihrertor)-,  (mr 

N.  W.  Ayer.  ndladelphia.    J5.uO. 
1600   Business  Books,   publishcil   Ijy    H.    \V.  Wilson  Co,.   New    Vork 

1!>17.     Price    $1..50, 
Piverance    Guide    to    the    f'urrent    INric" 

I'nited    States   and    Canada.     .\    ne« 

shortly    by  George    Wahr,    Ann    Arboi 

new  edition  will  contain  a  list  of  IIou^  ib»: 

rnite<i  Slates.    A  recent  list  of  Ilrtu^-  ■  .1   In 

Printer's   Ink,  August  20,   191.'?,  and  sn; 
.A    list    of   periodicals    published    tiy    the    I'mieil    .-^i.ii.--    '^mriimem 

can   be   obtained    free   of  charge  from   Suiierinicndcnt   of   I)ocj- 

ments.    Washington.   P.    V, 

The  Checking  of  Periodicals. — The  care  of  peri' 
one  of  the  important  pieces  of  work  which  consuni- 
portion  of  the  business  librarian's  time.  All  periodicals  re- 
ceived by  the  business  library  are  stamped,  as  BOim  as  the 
mail  is  opened,  with  the  word  "Library"  and  the  name  of  the 
firm,,  and  checked  on  monthly  or  weekly  card  record,  ulie  :J 
by  a  in.,  specially  ruled  for  the  purpose  and  obtainable  from 
library  supply  firms.  This  card  record  enables  the  librarian 
to  know  if  all  copies  to  date  have  been  received  and  on  the 
back  of  the  card  also  provides  a  record  of  expirations  and 
renewals  of  subscriptions. 

The  Indexing  of  Periodicals.— After  the  perlodlcaU  are 
checked,  the  librarian  should  go  through  them  rapidly,  keep- 
ing well  in  mind  all  the  topics  of  particular  interest  to  the  or- 
ganization, and  also  special  requests  from  individuals  for  the 
latest  information  on  subjects,  which  they  have  designated  an 
being  of  present  value  to  them.  It  is  a  good  plan  also  to  a^k 
heads  of  departments  who  read  periodicals  regularly  .-v.-ry 
week,  to  call  the  attention  of  the  librarian  to  any  special 
articles  which  they  think  valuable  and  to  which  they  miKhl 
wish  to  refer  again.  This  strengthens  the  librarian'* 
reading  and  makes  doubly  sure  that  no  Information  of  Ini 
portance  is  overlooked. 

.\11  articles  or  items  of  importance  are  assigned  a  subject 
heading  (which  will  be  discussed  in  the  article  on  calaloK 
ing),  and  a  card  is  made  for  the  subject  card  Index  to  peri- 
odical material. 

Some  one  may  ask  at  this  point  why  it  Is  neceasan.-  for  the 
librarian  to  do  subject  indexing  to  periodical  artb  ' 
there  are  good  printed  indexes  to  them,  such  a 
Gu  de  to  Periodical  Literature.  Industrial  Arts  Index  .i.m  m- 
.\gricultural  Index,  published  by  H.  W.  Wilson  Co  ,  New  York 
City  and  in  addition  The  Engineering  Index,  re  ••'  ■ 
cuired  bv  the  American  Society  of  .Mechanical  Engi' 
published  monthly  in  the  .lournal  of  that  society.  1,,.,.  ..,-- 
several  reasons  why  subject  indexing  must  be  done  by  the 
iihiarian-  first  because  these  printed  indexes  do  not  Ind.  > 
ma  IV  of  the  periodicals  which  are  of  Importance  to  the  !  .  •■ 
ness' library  and  second,  because  In  the  periodicals  which  ur. 
covered  bv  these  indexes,  there  are  many  itemg  of  impor 
tance  to  business  firms  which  are  loo  short  to  be  enler«^  In 
the  general  printed  indexes.  The  time  eleinent  ih  also  an 
mportant  factor  in  the  business  library,  as  the  subject  ca.^ 
mlex  is  made  at  once  and  immediately  ready  for  re  «r^„ce^ 
vhne  the  printed  indexes  are  of  necessity  never  sir  ctly  "P 
o  date  For  example,  an  engineering  firm  was  dealrous  of 
kecpmg  up  o  date  on  all  increases  in  ga.  and  electric  rates 
fhrou"hou?  he  country,  due  to  the  increased  cost  of  produc 
ttn  on  account  of  higher  prices  of  materials,  V'^rx.us  jonr- 
nTs  "eported  such  items  esch  week,  sometimes  in  not  mo  e 
than  \  dozen  lines.  In  such  a  case  the  librarian  s  minute 
reading  and  quick  indexing  was  invaluable,  and  gave  a  se^ 
,ice  not  to  be  expected  of  the  printed  index. 
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A  word  should  be  said,  however,  at  this  point  in  regard  to 
the  value  of  printed  indexes,  for  example,  the  "Industrial 
Arts  Index."  Periodicals  are  sealed  books  without  indexes, 
and  printed  indexes  are  invaluable  working  tools,  first,  be- 
cause no  business  librarian  will  attempt  the  impossible  task 
of  making  a  subject  card  for  every  article  of  value  in  cur- 
rent periodicals,  and  second,  because  a  live  business  organ- 
ization in  these  days  of  sudden  changes  in  economic  condi- 
tions cannot  possibly  foresee  every  subject  in  which  it  may 
bo  interested.  When  these  unexpected  subjects  arise  tor 
which  the  business  librarian  has  not  made  provision,  the 
primed  inc'exes  come  to  the  rescue  and  serve  the  need  most 
admirably.  The  indexes  to  separate  volumes  of  individual 
periodicals,  which  the  publishers  issue  at  the  completion  of 
each  volume,  and  in  many  cases  do  not  send  unless  requested 
to  do  so,  are  not  of  great  value  because,  witli  few  exceptions, 
.lie  subject  indexing  is  poor.  Many  of  them  invert  the  title 
of  the  article  in  order  to  enter  it  under  the  most  striking 
word  which  it  contains,  without  consideration  of  its  real  sub- 
ject content,  and  without  further  consideration  of  the  three, 
four  or  more  subjects  on  which  the  article  is  very  likely  to 
contain  valuable  information. 


New  Sewer  Gleaning  Machine 

A  sewer  cleaning  machine  that  eliminates  the  necessity  of 
workmen  entering  the  sewer  has  been  invented  by  P.  J. 
Healey,  39  Cortland  st..  New  York  City.  The  cleaning  device 
consists   broadly   of  a   hollow   body   mounted   on   wheels   and 


Healey    Sewer   Cleaning    Machine. 

closed  at  its  rear  end,  and  provided  at  its  open  end  with  a 
shovel.  The  body,  when  filled,  is  raised  to  the  surface  by 
means  of  a  power  hoist  and  derrick,  brought  to  the  cart  and 
emptied.  The  machine  is  operated  from  the  surface  of  the 
ground  and  is  so  constructed  that  it  will  work  as  well  in  a 
sewer  full  of  water  as  in  one  that  is  dry. 


Unit  Cost  Estimates  for  Small  Hydro  Electric  Plants. — As 
a  consequence  of  the  high  cost  of  fuel  attention  is  being  de- 
voted to  the  investigation  of  many  small  water  power  possi- 
bilities. In  this  connection  the  following  data,  from  the 
Electrical  World,  based  on  an  estimate  of  the  construction 
cost  of  a  180-kw.  installation  in  Massachusetts,  are  interest- 
ing. The  total  estimated  cost  of  the  development  was  $50,- 
OOO,  or  about  $277  per  kilowatt  (March.  Wlfl,  prices).  The 
unit  costs  in  the  estimate  included: 

Earth  excavation,  per  cubic  yard $  l.oO 

Ledge  excavation,  per  cubic  yard 4.00 

Two  90-kw.   generators,   jier  kilowatt 40.00 

Installation  of  generators,  per  kilowatt 8.33 

Two  42-in.  turbines,  21.4-ft.  head,  per  kilowatt  of  plant  gener- 
ating' capacity   3S.S0 

Installation  of  turbines  per  kilowatt  plant  .Lrenerating  capacity  8.33 

Gates   and    racks,    per    kilowatt 2.7S 

Concrete  wheel  casing  and  drait  tnhe  installation,  per  kilowatt  5.5:"; 

Power   plant  building,  per  square   foot    (brick) 6. CO 

Concrete   canal    and   torebay.    per    kilowatt 28.80 

Concrete  penstock  (length  740  ft.,   inside  diameter  5  ft.  6  in.), 

per  kilowatt    55. 5C 

Kn.cincering    and    incidentals                                24.50 


Personals 

E.  I.  Heinrich  has  resigned  as  city  manager  of  Boulder,  Colo.. 
and  lias  accepted  the  position  of  professor  of  criminology  at  the 
University  of  California. 

Charles  E.  Henderson,,  formerly  District  Engineer,  United 
States  Housing  Corporation,  has  been  appointed  principal  assistant 
engineer  of  that   corporatioh. 

John  H.  Lance  has  opened  an  office  in  the  Second  National 
Bank  BIdg.,  Wilkes- Barre,  Pa.,  where  he  will  engage  in  a  consult- 
ing civil  engineering  practice. 

J.  M,  Lewis,  formerly  city  engineer  of  Sioux  City,  la.,  has 
opened  an  office  at  203  Trimble  Block,  Sioux  City,  and  will  engage 
in  engineering  and  contracting. 

E,  C,  Miller,  for  the  last  two  years  testing  engineer  for  the 
Kilbourne  &  Clarke  Manufacturing  Co.,  has  resumed  bis  former 
partnership  with  hi.'?  father.  G.  M.  Miller,  in  the  hydraulic  and 
general  engineering  field.  The  ofBces  are  in  Burke  Bldg.,  Seattle. 
Wash. 

W.  F.  Monfort,  Consulting  Chemist,  has  terminated  his  service 
as  acting  professor  of  sanitary  chemistry  at  the  University  of 
Illinois  and  has  resumed  his  practice  in  the  examination  and 
purification  of  potable  and  industrial  water  supplies.  His  ofBces 
are   at    506    N.    Vandeventer  Ave.,    St.    Louis,    Mo. 

W,  Thomas  Wooley,  formerly  City  Engineer  of  Alburn,  Hoosick 
Pails.  Sch?nectady.  .S.vracuse,  and  again  of  Schenectady,  a  gradu- 
ate of  R.  P.  I.,  Clas.'i  of  ItiOO,  has  recently  been  appointed  engi- 
neer in  charge  of  construction  of  the  new  state  prisons  at  Sing 
Sing  and  Wingdale.  The  appointment  was  made  by  State  Super- 
intendent   of   Prisons   Rattigan.      Mr.    Wooley   will   receive   $6,000. 

George  A.  Johnson,  whose  partnership  with  Major  W.  L.  Ben- 
ham  was  announced  in  this  column  a  short  time  ago.  was  pro- 
moted on  July  3  to  the  rank  of  Colonel.  Colonel  Johnson  entered 
the  service  in  the  spring  of  1918  as  Major,  and  was  promoted  to 
Lieutenant  Colonel  on  Novcmlier  7,  1918,  He  is  now  Second  in 
Command  of  the  Oiieration  and  Repair  Branch  of  the  Construc- 
tion Division  of  the  Army,  which  has  charge  of  the  operation  and 
maintenance  of  roads,  railroads,  buildings,  water  suppl.v,  sewerage, 
electrical  and  all  other  utilities  in  the  various  establishments  under 
the  jurisdiction  of  the  War  Department. 


Industrial  Notes 

The  Gauld  Supply  Co.,  Inc.,  has  taken  over  the  business  of  the 
Cauld  Co.,  Portland,  Ore.  The  directors  of  the  new  company  are: 
Wm.  P.  F.  Aver,  president:  Thos.  Nickerson,  vice-president;  G.  A. 
Kicker,  treasurer;  Theo.  W.  Little  and  Carl  T.  Keller,  all  of 
whom  are  prominently  connected  with  the  Walworth  Manufac- 
turing Co. 

The  Blaw-Knox  Co.,  Pittsburgh,  Pa.,  has  opened  offices  in  the 
Little  Bldg..  corner  Boylston  and  Tremont  Sts.,  Boston,  Mass., 
and  in  the  Owen  Bldg.,  Detroit,  Mich.  A.  W.  Ransome,  formerly 
of  the  New  York  ofbce,  assumes  the  duties  of  New  England  man- 
ager. H.  J.  Desson  bas  been  transferred  from  the  Pittsburgh 
ofTice  to  assume  the  duties  of  manager  of  the  Michigan  district. 

E,  A,  Hitchcock  has  become  connected  with  the  Bailey  Meter 
Co.  of  Cleveland.  ( i..  as  vice-president.  He  will  supervise  the 
training  of  technical  graduates  for  the  company's  service  and 
.sales  departments.  During  the  past  6  years  he  has  been  con- 
nected with  the  E.  W.  Clark  and  Company  Management  Corpora- 
tion as  advisory,  consulting  and  power  sales  engineer.  Previous 
to  that  time  he  was  profes.sor  experimental  engineering  at  Ohio 
State  I'niverpit>'. 
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San  Francisco's  Municipal  Railway 
Is  No  Gold  Mine 

Under  this  same  title  there  appeared  an  editorial  in  our 
issue  of  Feb.  19,  which  il.  M.  O'Shaughnessy,  City  Engineer 
of  San  Francisco,  criticised  :n  our  issue  of  May  21.  Mr. 
O'Shaughnessy  said:  "This  editorial  is  so  unfair  and  mis- 
leading, due  to  the  tone  and  the  suppression  of  part  of  the 
report,  that  I  can  not  let  it  pass  without  comment."  He  then 
undertook  to  prove  that  the  munifipal  railway  system  has 
been  "profitable,"  thus: 

"For  the  construction  of  tbese  municipal  railways  San 
Francisco  has  bonded  itself  for  3;.5.50(l.OOO.  From  the  oper- 
ating revenues  of  the  system,  in  addition  to  paying  all  oper- 
ating expenses  and  maintenance  charges,  the  city  has  paid 
the  interest  on  the  bonds  and  has  redeemed  the  bonds  as  they 
have  matured  to  the  extent  of  the  $404,000;  has  constructed 
extensions  to  the  sys- 
tem at  a  cost  of  .|800.- 

000.  and  has  created  a 
reserve  fund  for  depre- 
ciation and  insurance 
of   $1,000,000." 

Unquestionably  Mr. 
O'Shaughnessy  is  hon- 
est in  his  belief  that 
such  figures  refute  our 
contention  that  "the 
municipal  railway  is 
no  gold  mine."  And 
we  are  equally  sincere 
in  stating  that  the 
data  fail  to  substan- 
tiate his  belief.  We 
"suppressed"  no  data 
in  our  editorial  for  the 
purpose  of  misleading 
our  readers.  Elsewhere 
in    this    issue    appears 
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28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineenng 
periodicals.  Ours  is  the  same  size  of  type  and  t}pe- 
page  as  that  of  The  Literary  Digest-easily  read,  yet 
aiving  a  large  volume  of  reading  matter  per  page.  Uur 
28  pages  of  articles  would  fill  1 12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  98U 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


an  article  giving  the  data  by  years  for  5%  yearn,  so  analyz«ti 
that  any  one  may  judge  for  himself  a.s  to  the  fulmewi  of  our 
original  statement  that  this  municipal  railway  is  "no  told 
mine." 

.Mr.  O'Shaughnessy  is  not  an  expert  in  railway  econoniU'!'. 
The  editor  is.  Jlr.  O'Shaughnessy  is  an  advorate  of  rounli  1- 
pal  ownership.  The  editor  is  not.  \Vhll»  nodhpr  p.'rsfinal 
experiences  nor  beliefs  will  solve  such  •  ^ 

can  serve  to  direct  the  attention  oi  tht- 
importance  of  the  statistical  evidence. 

.Mr.  O'Shaughnessy  and  the  editor  differ  most  in  the  defini- 
tion  of   "true   net   earnings."     The   former   ■ 
charge  for  taxes,  equivalent  to  what  the  cU> 
paid  had  they  been  privately  owned.  Is  a 
The  editor  contends  that   it   is   no  more  fli 
charge   for  interest   on   the   entire   investm.!.!. 
object  is  to  show  the  relative  protltablent'ss  ol 
lailwav  as  compared  with  a  privately  owned  railway. 

.Mr.  O'Shaughnessy  also  differs  from  the  editor  aa  rpcard- 

thedepr-  ;i 

cbanse      II' 

"It  - 
out    tl 

prlvntel;.  "  ■  ii'-'! 
eraled    railway 
does  not  provld<'  .i  <!• 
preciation  rewrve  of  14 
per   cent    of    Itii    gro»« 
receipt.^  in  addition  to 
maintaining    the    prop- 
erty In  a  flmt  cla>«  op- 
erating    ronditlon.     In 
other    word-i.    there    l!« 
$^fi4.727    fin    the    year 
1917)   charged  Into  oi>- 
erating  expense*  In  the 
municipal    railway    re- 
port    as     deprP'-'-'-'"" 
which     Is     In 
money  transferr. 
reserve  fund." 
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In  the  article  elsewhere  in  this  issue  the  editor  points  out 
that  the  depreciation  annuity  plus  the  annual  expenditures 
for  currrent  repairs  has  averaged  only  7  per  cent  of  the  cost 
of  the  San  Francisco  municipal  railway.  This  is  no  more 
than  is  necessary  over  a  long  term  of  years.  Mr.  O'Shaugh- 
nessy  makes  the  very  common  mistake  of  regarding  the  an- 
nual maintenance  expenditures  on  a  new  plant — such  as  the 
San  Francisco  municipal  railway — as  being  comparable  with 
an  average  over  a  long  term  of  years. 

Mr.  O'Shaughnessy  points  to  the  fact  that  privately  owned 
railways  do  not  set  aside  depreciation  annuities.  Apparently 
he  fails  to  see  that  the  older  a  railway  becomes  the  smaller 
need  be  the  depreciation  annuity  in  excess  of  current  main- 
tenance expenditures,  for  with  greater  age  comes  greater  im- 
mediate expenditure  for  upkeep.  But  aside  from  this  fact 
the  failure  of  privately  owned  railways  to  set  aside  a  depre- 
ciation reserve  is  not  a  sound  argument  against  such  re- 
serves. A  depreciation  reserve  is  not  unlike  a  fire  insurance 
fund.  It  may  never  be  needed  in  its  entirety,  but  it  may  be 
needed  to  the  limit.  In  the  case  of  street  railways,  invention 
and  the  growth  of  the  business  have  repeatedly  rendered  ob- 
solete the  ma,jor  part  of  the  plant.  And  the  absence  of  de- 
preciation funds  has  often  compelled  railway  companies  to 
carry  in  their  capital  accounts  large  amounts  of  abandoned 
plant  Street  railways,  taken  as  a  whole,  have  not  yielded 
6  per  cent  true  net  earnings  on  the  invested  capital.  But  the 
American  public  has  seen  a  few  large  fortunes  made  in  street 
railway  securities  by  speculative  financiers,  and  has  leaped 
to  the  conclusion  that  street  railways  are  highly  profitable. 
Disillusionment  will  soon  occur  if  many  more  cities  follow 
the  example  of  San  Francisco  and  Seattle  and  try  to  make 
money  on  a  nickle  fare  where  companies  have  failed. 


The  Unfairness  of  Politicians  To- 
ward Street  Railway  Companies. 

Robert  M.  Sweitzer,  the  democratic  candidate  for  Mayor 
of  Chicago  at  the  last  election,  appealed  for  the  support  of 
the  voters  on  the  ground  that  he  would  oppose  raising  the 
street  car   fares.     He   said; 

"I  know  of  no  reason  why  the  city  should  guarantee  the 
revenues  of  a  public  utility  corporation  any  more  than  it 
should  guarantee  the  revenues  of  any  private  business 
house.  I  know  there  are  many  business  men  in  the  city 
who  would  be  delighted  to  have  the  city  guarantee  them 
against  loss,  but  I  don't  believe  that  many  of  them  have 
the  nerve  to  ask  it.  I  am  ready  to  fight  the  proposition  for 
an  Increase  to  the  last  ditch,  but  I  want  to  make  an  effective 
fight.  I  want  to  make  one  which  will  count  and  not  merely 
obtain  a  certain  amount  of  space  in  the  newspapers.  I  be- 
lieve that  I  can  do  it  and  I  ask  the  voters  to  put  me  in  a 
position    to    do   so." 

Unfortunately  Mr.  Sweitzer's  brand  of  politics  is  still  on 
the  market  in  other  cities  where  street  railway  fares  should 
be  raised.  In  Denver,  for  example,  the  city  authorities  have 
put  the  6  ct.  tare  back  to  5  ct.,  on  the  ground  that  because 
the  war  has  ended  the  city  need  no  longer  "guarantee"  ade- 
quate revenue  to  the  company.  It  is  a  favorite  argu- 
ment of  politicians  that  a  city  might  as  well  guarantee  the 
revenue  of  a  i)rivate  business  house  as  of  a  public  utility. 
The  fallacy  of  the  argument  lies  in  the  fact  that  private 
business  houses  are  free  to  raise  their  prices  whereas  pub- 
lic utility  companies  are  not.  Public  utility  companies  would 
gladly  give  up  their  claims  to  a  "guaranteed  revenue"  were 
they  free  to  establish  their  own  rates  or  prices.  But  since 
the  public  has  chosen  to  regulate  public  utility  rates,  it  fol- 
lows that  the  public  should  guarantee  a  fair  return  on  the 
value  of  the   property   used   in   public   service. 

Mr.  Sweitzer  said  in  his  appeal  for  votes: 

"I  intend  to  be  absolutely  fair  to  every  one  as  Mayor. 
I  am  not  going  to  take  a  stand  because  I  think  it  is  popular 
if  I  think  that  it  is  also  unjust. 

"At  the  present  time  the  local  transportation  companies 
are  making  a  demand  for  increased  fares,  based  solely  upon 
their  report  for  the  last  year.  That  report  shows  a  loss  in 
earnings  which  they  insist  can  only  be  met  by  an  increase 
in   fares. 

"I  do  not  believe  that  the  position  of  the  traction  compa- 
nies is  correct.  Even  taking  their  own  report  as  evidence 
and  admitting  a  loss,  what  is  more  natural  than  that  there 


should  be  one?  Other  companies  which  are  making  annual 
reports  show  losses  in  earnings." 

It  is  a  peculiar  brand  of  "fairness"  that  denies  to  a  public 
utility  company  an  increased  fare  because  "other  companies 
show  losses  in  earnings." 

Not  satisfied  with  sophistries,  Mr.  Sweitzer  mistated  the 
street  railway  company's  argument  for  higher  fares  when 
he  said  that  it  is  "based  soleJy  upon  their  (financial)  report 
for  the  last  year."  That  report  was  used  merely  as  evi- 
dence of  the  greatly  increased  cost  of  operation  and  the 
consequent  reduction  in  net  earnings.  The  main  argument 
for  increased  rates  is  based  on  the  permanent  increase  in 
operating  expenses  resulting  from  the  great  rise  in  wages 
and  prices. 

The  street  railways  of  Chicago  must  have  a  greater  reve- 
nue if  they  are  to  earn  a  fair  return  on  the  investment. 
Mayor  Thompson  recently  spoke  of  the  "watered  stock"  of 
the  traction  lines,  yet  he  should  know  that  the  properties 
were  all  appraised  several  years  ago,  and  that  there  is  no 
"water"  in  the  appraised  value  upon  which  the  company 
asks  for  a   fair  return. 

The  unfairness  or  ignorance — it  matters  little  which — of 
the  Chicago  politicians  who  have  opposed  rate  increases  will 
surely  lead  to  municipal  ownership  unless  steps  are  taken 
to  offset  it.  Yet  the  very  daily  papers  that  shout  loudest 
against  municipal  ownership  are  silent  when  it  comes  to 
editorial  discussion  of  the  inadequacy  of  the  5-ct.  street  car 
fare. 


The  Two  Theories  of  Freight  Rates 

American  freight  rate  schedules  are  complex  and  a  con- 
tinuous source  of  litigation.  For  12  years  one  city — Spo- 
kane— has  kept  up  with  its  fight  to  secure  as  low  rates  from 
the  east  as  are  enjoyed  by  Seattle  and  other  Puget  Sound 
ports.  To  the  merchants  of  Spokane  it  will  always  seem 
•unfair  that  they  pay  much  more  per  ton-mile  than  is  paid 
by  merchants  of  Seattle.  They  will  never  be  convinced  that 
"water  competition"  entitles  Seattle  to  lower  rail  rates. 

In  like  manner  there  are  scores  of  thousands  of  business 
men  who  will  not  be  persuaded  that  the  ton-mile  rate  on 
high  priced  goods  should  be  higher  than  that  on  low  priced 
goods.  What,  they  ask,  has  the  value  of  the  goods  to  do 
with  the  cost  of  handling  them  by  rail?  They  never  will  be 
satisfied  with  the  reply  that  "freight  rates  are  based  on 
what  the  traffic  will  bear,"  for  among  business  men  there  is 
an  abiding  belief  in  the  economic  theory  that  prices  should 
be  based  on  costs. 

Competition  among  railways  originally  led  to  basing 
freight  rates  on  "what  the  traffic  would  bear."  Will  this 
theory  of  rate  making,  which  is  based  on  "value  to  the  con- 
sumer" ever  give  way  to  the  theory  of  basing  rates  on  the 
cost  to  the  railways?  There  is  prospect  that  it  may.  .  If 
the  railways  are  returned  to  their  owners  under  a  plan  that 
will  perpetuate  their  present  co-operative  administration, 
competition  between  railways  will  practically  cease.  Of 
course  competition  between  business  men  and  communities 
will  remain,  and  for  a  time  that  may  serve  to  maintain 
freight  rates  based  on  "what  the  traffic  will  bear."  But  in 
its  efforts  to  satisfy  different  competing  communities  as  to 
the  fairness  of  freight  rates,  the  Interstate  Commerce  Com- 
mission is  likely  to  find  it  necessary,  more  and  more,  to 
adopt  the  theory  of  basing  freight  rates  on  cost. 

Viewing  the  rate  question  as  an  economic  problem  in 
which  the  greatest  economy  to  the  country  as  a  whole  is 
sought,  it  seems  that'  a  correct  solution  can  be  arrived  at 
only  by  basing  freight  rates  on  costs.  We  are  aware  of  the 
difficulties  that  are  involved  in  applying  the  cost  theory  of 
rate  making.  There  is,  for  example,  the  celebrated  illustra- 
tion of  the  two  railways  between  two  cities,  one  railway 
having  a  much  higher  cost  of  transportation  than  the  other. 
Shall  freight  rates  between  the  two  cities  be  based  on  the 
cost  of  transportation  over  the  more  costly  road  or  over 
the  less  costly  road?  This  question  is  "a  poser"  under  com- 
petitive conditions,  but  it  Is  more  easily  answered  under 
non-competitive   conditions. 

It  is  not  our  present  purpose  to  discuss  in  detail  the  so- 
lution of  such  problems.  We  wish  merely  to  direct  attention 
to  the  fact  that  if  Congress  should  decide  to  perpetuate  the 
non-competitive  system  of  railway  administration  that  the 
war  brought  into  existence,  the   old  theory  of  freight  rates 
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based  on  costs  will  be  revived,  and  may  eventually  drive  out 
the  present  practice  of  basing  rates  "on  what  the  traffic 
will  bear.  " 


E.  &  C.  Index  Furnished  Only   on 
Request 

Previous  to  last  year  it  had  been  our  custom  to  send 
the  index  of  our  articles  to  all  subscribers.  In  common  with 
many  other  publishers  we  now  have  adopted  the  practice 
of  sending  the  index  to  only  such  subscribers  as  reijuest  it. 
Therefore,  if  you  want  the  index  for  the  6  months  ending 
June  30  you  should  notify  us  at  once.  Those  who  requested 
the  index  for  the  previous  volume  have  been  listed  and  need 
not  notify  us  again. 


Accident  Prevention  at   Grade 
Crossings 

To  the  Editor:  While  approaching  a  railroad  crossing  the 
other  day  in  company  with  a  civil  engineer,  I  made  the  re- 
mark that  it  would  be  a  splendid  thing  for  both  automobil- 
ists  and  the  railroads,  if  the  railroads  would  construct  at 
each  grade  crossing  a  road  running  parallel  with  the  tracks, 
so  that  it  an  automobilist  was  threateued  with  collision  he 
couid  turn  his  car  to  the  right  or  left,  and  thus  avoid  hit- 
ting the  locomotive  or  moving  train.  Such  a  road  should 
be  banked  so  that  the  automobilist  could  make  a  short  turn 
without  difficulty,  even  though  the  car  was  traveling  as  fast 
as  30  miles  an   hour. 

This  civil  engineer  thought  so  well  of  the  idea  that  he 
urged  me   to  write  you. 

Experience  has  shown  me  that  it  is  impossible  for  the  au- 
tomobilist to  see  whether  a  train  is  approaching  from  either 
direction  at  99  grade  crossings  out  of  100,  until  his  car  is 
either  upon  the  tracks,  or  so  near  them  as  to  make  it  prac- 
tically impossible  for  him  to  stop,  should  a  train  be  approach- 
ing. 

A  banked  road  running  parallel  with  the  railroad  tracks 
on  both  sides  would  enable  an  automobilist  to  escape  acci- 
df'nt  in  the  majority  of  cases  and  need  not  be  more  than 
150   ft.   in  length. 

For  example:  A  chauffeur  turned  to  the  left  at  Leonia 
crossing  of  the  Northern  Railroad  of  New  Jersey  the  other 
day,  but  having  no  roadway  to  run  upon,  he  was  compelled 
to  take  to  the  rails  and  the  car  was  overturned,  killing  the 
chauffeur,  but  saving  the  lives  of  the  passengers,  none  of 
whom  were  seriously  injured.  Had  there  been  such  a  road- 
way as  suggested  above  he  could  undoubtedly  have  saved 
both  himself  and  his  machine. 

No  doubt  the  Maintenance  of  Way  Departments  of  the 
railroads  will  declare  that  in  a  great  many  cases  it  would  be 
impossible  for  the  railroads  to  build  such  a  roadway,  owing 
to  the  lack  of  room;  and  for  other  reasons,  but  where  there 
is  a  will  there  is  a  way. 

This  leads  me  to  point  out  another  fact,  which  is  com- 
mon to  the  experience  of  automobilists,  and  that  is,  that  the 
rattling  of  the  auto  makes  it  almost  impossible  for  one  to 
hear  the  crossing-bell,  should  a  bell  be  ringing;  for  which 
reason  the  railroad  should  place  a  signal  at  least  150  ft.  dis- 
tant from  the  railroad  tracks,  which  would  warn  the  auto- 
mobilist that  a  train  is  approaching. 

I  have  already  pointed  out  that  in  99  cases  out  of  100  it  is 
impossible  for  a  driver  of  a  car  to  see  whether  or  not  a 
train  is  approaching,  so  that  a  signal  of  this  kind  would  be 
a  very  great  advantage. 

Crossing  signals  consisting  of  red  lights  have  been  in- 
stalled by  the  electric  railway  between  Paterson  and  Suf- 
fern,  N.  Y.,  over  all  the  grade  crossings.  When  lighted,  even 
in  the  day  time,  the  red  lights  are  visible  at  a  considerable 
distance,  so  that  there  is  ample  time  for  a  driver  to  stop 
his  car.  and  a  signal  of  this  kind  should  be  installed  by  the 
railroads,  so  that  the  driver  may  depend  upon  his  eyes  for 
the  warning  signal,  rather  than  upon  his  ears. 

It  is  needless  to  argue  that  most  automobilists  are  reck- 
less, because  the  average  driver  has  no  desire  to  risk  his 
own  life,  or  the  lives  of  his  family  and  friends,  and  it  is  only 
a  verv  few  who  take  wilful  chances. 

ALBERT    L.    WYMAN. 
Secretary,  Employers  Association  of  Paterson. 


Has  the  Municipal  Railway  of  San 

Francisco  Shown  Adequate 

Profit? 

By  HALBEKT  1'.  UlLLIiTTE 
Kdltor  of  EngliM-frlni;  and  Contractlns 

The  San  Francisco  Municipal  Railway  hug  beru  oppraiinc 
614  years  under  sufficiently  favorable  condllloDK  to  give  «om«» 
idea  of  the  best  that  can  be  expected  o(  municipal  ownmblp 
of  street  railways  in  America.  This  railway  Hyiil<>m  "orv*-* 
well  populated  districts,  and  IIh  puHsenfcer  reveii'  • 
mile  has  averaged  32  ct.  for  5.5  yearn.  The  p<i| 
proud  of  its  municipal  lines.  favorlnR  them  at  the  ■  ; 

other  lines.     The  management  has  been  quite  U<  ■ 
litical    pulling    and    hauling.     The    entire    plant    lit    11 
broom,"  that  is  sweeping  as  vigorously  as  possible  In 
petition   with   the   privately   owned   "brooms."     Power  l»  »«• 
cured  at  a  very  low  rate. 

All  in  all,  this  municipal  railway  has  had  an  unusual 
tunity  to  show  an  excellent  profit  on  the  Investment. 
is  true  net  earnings  over  the  first  5%   years  of  Its  b 
have  averaged  only  5  per  cent  annually  on  the  avera. 
vestment  in  the  plant.     By  true  net  earnings  I  mean  the  l>al 
ance  remaining  after  deducting  current  operatInK  expenses, 
a  depreciation  annuity,  an  accident  insurance  annuity,  and  a 
sum  eq\ial  to  the  taxes  that  the  system  would  have  paid  bad 
it  been  privately  owned.     The  city  officials  deny  the  rigbt  to 
call  this  balance  "true  net  earnings."    They  use  the  expres- 
sion "lictitious  charges"  In  referring  to  the  charse  for  "lost 
taxes";  but  the  taxpayers,  who  have  had  to  go  down  Into  their 
own  pockets  to  make  good   the  taxes  that  this  city   railway 
system  would  have  paid  had  It  been  privately  owned,  would 
scarcely  call  their  payments  "fictitious." 

The  city  charter  provides  that  the  municipal  railway  muni 
annually  set  aside  14  per  cent  of  Its  gross  revenue  to  v< 
a  depreciation  fund  with  which  to  renew  the  plant  as  It 
out   or   becomes   inadequate   or   obsolete.     The   charter    pru 
vides  that  4  per  cent  of  the  gross  revenue  must  annually  be 
=et  aside  as  a  reserve  with  which  to  pay  for  accldenu      And 
it  provides  also  that  the  "lost  taxes"  mu.st  be  calculated  and 
shown  in  the  financial  reports  each  year.  In  order  that  the 
citizens     of    San     Francisco    may    not     be    deceived     as     to 
the     real     economy    of    municipal    venture.     But    so    ea«er 
are    the    city     authorities     to     prove     the     venture     10     be 
an    economic    success    that    they   call    these   lost   uxes    'rtc- 
titious    charges."     During    the    first    5^4    years    these    "ncll- 
tious    charges"    have    totaled    JT19.212.    or    JlSO.suo    a    y..«r. 
or  2.93  per  cent  annually  on  the  average  Investment  In  the 
plant.     Evidently  if  the  loss  of  these  taxes  is  purely  firtliloiii. 
loss,  as  the  city  officials  wish  the  public  to  believe,  another 
story   would   be  told.     But  the  fact   is   that   these  lost    ■ 
are  a  real  loss  that  should  not  be  called  "flctltlous"  e^. 
the  most  ardent  socialist. 

From  a  recent  financial  statement  Issued  by  the  Cltr  Engi- 
neer of  San  Francisco  1  have  compiled  Table  I  ^  •■ 
the  last  two  lines,  every  figure  in  this  table  I.- 
have  omitted  the  bond  interest,  .since  that  is  not  Kuru.aii.  in 
estimating  the  annual  percentage  of  true  net  eamlnes  In 
any  problem  involving  a  demonsiration  of  the  economic  re 
suits  of  operating  a  revenue  producing  plant,  the  customarj- 
method  is  to  show  the  annual  true  net  earnings  as  ■  per- 
centage of  the  investment  In  the  plant.  It  serves  only  to  be- 
cloud the  Issue  If  Interest  on  bonds  Is  Introduced,  for  some 
plants  are  not  bonded  at  all  while  other  plants  are  bonded  to 
the  full  extent  of  their  cost,  or  even  more  In  occasional  cases. 
This  municipal  railway  was  bonded  for  15.077.000.  June  .^O. 
191cS.  as  against  a  plant  cost  of  $fi.265.801. 

Table  I  shows  the  income  by  years.     The  following  table 

gives  the  total  income  for  the  entire  SViJear  period  ^^  ^^^  _ 

Operating  revenue  ■■ ;;   '  i.tfi.f^l 

Operating  expcnije   

ti.*t%.yu 

Net  revenue   •. •       7If.III 

I,ost  taxes   . — 

tutt.m 

True  nit  income  ;'cV"J^^i^\  Stt  MO 

Avf-raVe  annual  true  net  Income  (5H  ycarti)    -•   ^^,lSo 

viwinsrp  invostment  in   plant    ■ >"' '''''. 

Avera^4    tAfe    net    income    as    a    percentage    of    «^«W  5^5 

hivestmCTit     

This  average  true  net  Income  of  5.05  per  cent  would  barely 
palbond  interest  were  the  plant  bonded  to  lt»  full  a,.t.  ^^ 
the  San  Francisco  municipal  railway  system  ha.  been  her- 
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TABLE   I— INCOME   OF  THE   SAN"  FRANCISCO  MUNICIPAL.   RAILWAY  FOR  514  YEARS. 

Year  ending    Liec.  SI,                June  3U  June  30.  June  dO,  June  30,  June  ;;0. 

1013                         1914  1915  1916  1917  191S 

Miles  single  track    16. IS                      22. 62  -!3.04  46.63  46.63  '63.9.^ 

Cost  at  end  of  year  $1.65T,2.il             $2.654.5.'9  $5,042,331  $5,396,707  $5,838,791  $6, 265, SOI 

Revenue  per  car-mile   34.11  ct.                36.87  ct.  32.90  ct.  30.99  ct.  27.65  ct.  34.08  ct. 

Operating    revenue    %    444.748           t$    521.720  $1,638,664  $1,982,805  $1,477,911  $2,375,930 

Operating  expense   281,431                  366.597  1,226,115  1.525.875  1.240,281  1,832,554 

Net  revenue 153,316                  15.".. 123  412.54:i  456,930  237.630  543.376 

Lost  ta-\es 35  454                    44.13S  138,254  166,714  125,576  209,076 

True  net   income    117,862                tnO,9S5  274.295  290,216  112.064  334,300 

True  net  income  as  per  cent  of  average  cost  7.10                      t5.15  7.12  5.56  2.00  5.52 

Note:    In  estimating  the  "averag-e  co.st"  of  plant  for  each  year,    the  co.sts  at  the  first  of  the  year  and  at  the  end  of  the  year  are  added 
together  .ind  divided  by  two. 

•Includes  6.53  miles  of  Joint  track  and  operation  rights.     tFor  si.<:   months. 


aided  far  and  near  as  a  striking  proof  of  the  profitableness  of 
nninicipal  ownership!  Of  course,  it  can  be  made  show  a 
seeming  profitableness,  for  by  ignoring  the  "lost  taxes"  (2.93 
per  cent),  the  average  net  revenue  becomes  7.98  per  cent  on 
the  average  investment  during  the  5%  years. 

It  is  claimd  by  the  city  ofHcials  that  the  $1,180,000  set  aside 
for  depreciation  in  51/2  years  is  excessive.  It  is  equivalent  to 
about  4  8  per  cent  annually  on  the  cost  of  the  plant.  The 
maintenance  expenditures  (other  than  depreciation  charges) 
of  this  plant  have  annually  averaged  slightly  less  than  2.2  per 
cent  of  the  average  investment  in  the  plant.  Hence  if  we 
add  this  2.2  to  the  4.8  we  get  7  per  cent  for  combined  main- 
tenance and  depreciation.  As  a  result  of  my  appraisal  work 
and  operating  cost  studies  for  the  Washington  Railroad  Com- 
mission and  for  street  railway  companies,  1  have  come  to  the 
conclusion  that  fully  7  per  cent  on  the  entire  cost  of  an  elec- 
tric street  railway  system  should  be  allowed  annually  to 
cover  current  maintenance  and  depreciation  charges  over  a 
term  of  20  years  or  more,  even  where  the  depreciated  fund 
earns  5  per  cent  compound  interest.  This  conclusion  is  based 
on  actual  data  relating  to  plants  ranging  from  18  to  30  years 
in  age.  Included  in  the  necessai-y  7  per  cent  are  all  repair 
and  renewals  of  pavements,  ties,  rails,  rolling  stock,  etc.,  as 
well  as  provision  tor  a  depreciation  fund  equal  to  the  accrued 
depreciation  of  the  plant. 

It  is  true  that  street  railway  companies  have  rarely  built 
up  a  depreciation  fund  equal  to  the  accrued  depreciation, 
but  it  is  equally  true  that  the  economic  result  of  operation 
is  deceptive  unless  an  adequate  depreciation  annuity  is  con- 
sidered. It  may  be  wise  to  distribute  the  equivalent  of  the 
depreciation  annuity  in  the  form  of  dividends,  as  most  com- 
panies have  done,  although  1  doubt  the  wisdom  oi  such  a  pro- 
cedure. A  wiser  practice  would  be  to  invest  the  deprecia- 
tion fund  in  plant  additions  and  improvements,  as  has  been 
done  in  the  San  Francisco  Jfunicipal  Railway.  But  to  con- 
tend that  a  depreciation  annuity  need  not  be  earned  is  an 
economic  mistake. 

Probably  the  most  prosperous  of  all  large  utility  com- 
panies is  the  American  Telegraph  &  Telephone  Co.  (the  Bell 
system),  whose  practice  has  long  been  to  provide  a  deprecia- 
tion reserve  equal  to  the  accrued  depreciation,  so  that  the 
depreciated  value  of  the  plant  plus  the  depreciation  reserve 
equals  the  first  cost  of  the  plant.  The  depreciation  reserve  is 
usually  invested  in  plant  extensions.  Thus  the  stockholder 
is  protected  and  the  public  is  served  at  a  fair  price.  If  you 
choose,  you  may  regard  the  depreciation  reserve  as  a  surplus. 
There  appears  to  be  no  other  way  in  which  a  public  utility, 
whether  publicly  or  privately  owned,  is  likely  to  be  allowed 
to  earn  a  substantial  "surplus."  except  in  the  form  of  a  de- 
preciation reserve. 

The  street  railways  of  America  have,  as  a  whole,  never 
earned  enough  to  pay  fully  6  per  cent  on  the  cost  of  the  plant 
and  provide  also  an  adequate  surplus  or  depreciation  reserve. 
We  are  now  witnessing  their  financial  distress  consequent 
upon  the  false  economic  policy  of  living  from  hand  to  mouth. 
In  the  early  days,  the  development  cost  (or  deficit  in  fair  re- 
turn' on  the  investment)  led  to  the  policy  of  contending  that 
no  depreciation  reserve  need  be  provided.  In  later  days  the 
lengthening  haul  without  increase  in  fare,  perpetuated  this 
false  policy.  Now  we  see  a  fruition  of  disaster.  Public  ser- 
vice commissions  have  gladly  accepted  the  policy  that  no  de- 
preciation reserve  is  needed  for  railways.  They  have  never 
permitted  rates  that  would  provide  a  substantial  surplus.  So 
when  an  economic  storm  has  come,  we  find  all  railways — 
steam  and   electric — in  a  dangerous   condition. 

I  have  digressed  somewhat,  yet  the  digression  seems  war- 
ranted, for  the  city  officials  of  San  Francisco  seem  inclined 
to  regard   the  annual  depreciation  charge  of  14   per  cent  on 


gross  earnings  (equivalent  to  4.8  per  cent  on  cost  of  plant  I  as 
excessive.  My  contention  is  that  past  experience  justifies 
that  charge.  If  so,  the  San  Francisco  Municipal  Railway  sys- 
tem has  barely  earned  5  per  cent  annually  on  the  investment 
during  the  first  .51/2  years  of  its  existence.  Hence  it  has  not 
been  the  gold  mine  that  its  proponents  have  pictured  it. 
When  they  point  to  the  large  extensions  built  out  of  earnings 
after  paying  bond  interest,  they  deceive  themselves  and  the 
public  if  they  regard  that  as  evidence  of  profit.  Those  exten- 
sions are  in  part  built  with  the  depreciation  fund  and  in  part 
with  the  "charge  for  taxes."  These  "taxes,"  be  it  remem- 
bered, have  annually  averaged  nearly  3  per  cent  of  the  plant 
cost,  and  in  5^/^  years  have  aggregated  $719,000 — a  very  tidy 
sum,  yet  no  more  than  would  have  been  paid  into  the  city 
and  state  treasuries  had  a  company  operated  this  municipal 
railway. 

It  seems  to  me  that  if  the  citizens  of  San  Francisco  really 
wish  to  know  how  profitable  their  street  railway  is,  they 
should  demand  an  annual  report  by  an  independent  consult- 
ing engineer  experienced  in  appraisal  and  rate  matters.  Their 
city  engineer  is  an  honorable  man  but  not  an  expert  in  such 
matters.  The  officials  in  charge  of  the  railway  would  be 
more  than  human  if  they  did  not  put  the  most  favorable  in- 
terpretation on  all  the  data. 

Answering  the  question  that  heads  this  article,  my  reply  is 
that  the  .5  per  cent  true  net  earnings  of  the  San  Francisco 
Municipal  Railways  is  a  poor  return  on  the  investment  con- 
sidering the  risks  involved.  That  there  are  serious  risks  is 
shown  by  the  fact  that  for  the  year  1917  the  true  net  earn- 
ings were  only  2  per  cent.  It  is  further  shown  by  the  re- 
cent decision  (Apr.  16)  of  the  Board  of  Public  Works  to  draw 
upon  the  million  dollar  depreciation  fund  to  meet  the  12  per 
cent  increase  in  wages  of  the  platform  men.  The  wage  rate 
is  now  $4. .50  for  8  hours  and  there  is  no  doubt  that  it  will  go 
higher,  for  common  laborers  on  the  Pacific  Coast  are  earning 
$4  to  $.5  a  day. 

If  with  a  greater  density  of  traffic  than  the  private  lines 
in  San  Francisco  enjoy,  the  municipal  railway  barely  earns 
.5  per  cent  on  the  cost  of  the  plant,  even  during  the  "new 
broom"  period,  there  is  slight  prospect  that  municipal  owner- 
ship of  all  lines  in  the  city  will  be  adequately  profitable. 


Quarry  Accidents  in  the  United  States 

Accidents  at  quarries  in  the  United  States  during  1917, 
according  to  returns  made  to  the  U.  S.  Bureau  of  Mines, 
showed  a  decrease  in  the  number  of  fatalities  as  well  as  in 
the  fatality  rate  per  1,000  men.  The  fatality  rate  in  1917 
was  S3  per  1,000  workers  (300  day)  as  compared  with  2.20 
in  1916.  Non-fatal  injuries,  however,  increased  from  175.62 
per  1,1100  workers  (300  day)  in  1916  to  185.14  in  1917.  Of 
the  fatalities  1.27  was  due  to  accidents  in  and  about  the 
quarry  while  .56  was  owing  to  various  causes  outside  the 
quarries.  The  fatalities  due  to  the  use  of  explosives  in  the 
quarry  amounted  to  23.07  per  cent  of  the  class  total;  48 
per  cent  of  the  fatalities  resulted  from  premature  shots,  and 
19  per  cent  from  transportation.  As  regards  the  minor  in- 
juries, the  larger  percentage  w-as  from  returning  too  soon. 
The  fatality  rate  in  the  quarries  producing  building  stone 
was  1.04  per  1,000,  as  compared  with  2. OS  per  1.000  at  those 
producing  crushed  stone.  The  difference  in  fatality  rates- 
in  the  outside  works  is  similar,  the  figures  being  0.52  for 
building  stone  and  1.39  for  crushed  stone.  The  nonfatal  in- 
juries in  the  building-stone  quarries  were  190.50  per  1,000 
(300-day  workers),  whereas  in  the  crushed-stone  quarries 
they  were  193.35  per  1,000  (300-day  workers).  The  nonfatal 
injuries  in  the  outside  works  handling  building  stone  were 
153.96  per  1,000,  as  compared  with  297.25  per  1,000  in  the 
crushed-stone  industry. 
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Excavation  Methods  on  the  Miami 
Conservancy  Project 

By   G,   L,   TEEPLE, 
Assistant  Engineer,  Miami  Conservancy  District. 

The  flood  prevention  project  in  tlie  Miami  Valley.  Ohio, 
involves  the  construction  of  five  large  earth  dams,  behind 
which  flood  waters  will  back  up  in  retarding  basins.  The 
dams  will  be  pierced  at  the  base  by  concrete  outlet  conduits 
founded  on  solid  rock,  which  will  carry  the  ordinary  river 
flow  and  through  which  the  retarding  basins  will  empty 
themselves  after  flood.  The  project  involves  also  the  rais- 
ing and  strengthening  of  levees  through  the  cities  of  the 
valley  below  the  dams  and  the  deepening  and  widening  of 
the  river  channels  to  carry  enlarged  flow. 

The  project  thus  calls   for  a  very  great  amount  of  earth 


would  be  out  of  the  question.    The  rec-ouri><>   niKbi    u 
dredge,  cableway,  or  dragline  excuvator.    At  one  of  th*-  ■•  ' 
dams    (Taylorsvillei   also,  for  u  conKldeea^ble  sw.-ti 
borrow   pit,  the  same  condilionK  prevail     The  re: 
Taylorsville   is  necessary  excavation   on   the   '■    " 
connection  witli  the  outlet  conduit  Hyxlein.    A 
(Lockingtoni   the  entire  borrow  pit  In  si' 
slope,    l-'or  these  borrow   pits  on  iIih  h1o|m 
whole  best,  the  till  being  hydraulic  HII,  to  iiiaR.-   ■ 
tion  by  means  of  hydraulic  jem  or  monitors  Her*^ 
pressure  centrifugal   pumps.    By   the  nionltor 
places  a  total  of  about  l..'ii)o,00o  cu.  yd.  is  bein 

For  the  7,.iOo.OOO  cu.  yd.  of  river  work,  slfuu.   -n...,  i 
also  for  the  most  part  inapplicable  since  u  ver>-  lariffp"' 
of  the  excavation   must   be  taken  out  under  water     " 
at   the  borrow   pits  for  the  dams  situated  In  the 
toms,  either  dredge,  cableways,  or  dragline  excavuiui   imi-ir 


View      Taken   May   13,   1»1». 


Rock    Excavation    for   Outlet    Condu.ts   °*.7^>;  °"  "*.  °,we        'o"k  .ow.Tt.,  lA.-l  ut   .ln.«llne   tr-rk   «. 
,..   ....„_..,.„   «„   ,„.   „,„„„nr  ,n     ■"'''^['^^j^^'''^^^ ''right    is   for   hydraull.    Jun...   Imx,1   »<    f.-"    •■■ 

cofferdam  to  proWt   exca^Mtlon  from   Iloo,!   water.     M  . 


KOCK    txcavatiyii     iwi     vwni-w    ww..- --. 

View  is  UDStrt-am.  Excavation  for  hydraulic  fill  by  monitor  in 
bv  the  machine  without  blasting.  Below-  tliat  level  blasted,  ueej) 
works.  Miami  River  at  left.  Embankment  at  extreme  left  is  eartn 
electric  Class  M  Lid.?er\voofl. 

excavation.  The  dams  will  take  from  865.000  to  3,500,000 
cu.  yd.  of  earth  each,  totaling  for  the  five  close  to  8,500,000 
cu.  yd.  The  river  excavation,  much  of  it  through  the  manu- 
taoturing  cities  of  Dayton  and  Hamilton,  will  amount  to  about 
7.500,000  cu.  yd.  A  very  considerable  yardage  will  also  have 
to  be  moved  in  the  rebi>ilding  of  the  Baltimore  &  Ohio,  Erie, 
Big  Four,  and  Ohio  Electric  Railways,  which  had  to  be  re- 
located higher  up  on  the  valley  slopes  to  take  them  out  of 
the  limits  of  the  retarding  basins  where  they  would  be  sub- 
ject to  flood.  The  excavation  required  for  this  railway  woi-k 
totals  2,150,000  cu.  vd.  The  grand  total  of  earth  thus  required 
to  be  moved  in  connection  with  the  flood  prevention  project 
amounts  in  round  numbers  to  18.000,000  cu.  yd. 

For  the  railway  work  standard  methods  by  steam  shovels 
and  dump  cars  have  been  adopted.  About  700,000  cu.  yd.  of 
the  railroad  excavation  is  in  one  cut,  of  which  600.000  cu.  yd. 
is  rock.  A  considerable  quantity  of  this  rock  is  loose.  The 
rest  must  be  blasted. 

The  dams  are  to  be  built  by  hydraulic  fill,  as  giving  the 
most  impervious  structure  with  the  additional  advantage  ot 
least  cost.  At  three  of  the  dams  the  best  material  tor  the 
fill  is  found  on  the  rather  flat,  broad,  valley  floor,  much  ot  it 
below  ground  water  level  where  excavation  by  steam  sho\el 


in    Ibe 

I    to  5 

ft    )n 


be  used    As  between  the  three  methods  the  drnc 
the   job'  in    hand    decided    advantages   and    was 

adopted.  . ,  .    _._.i. 

There   are    some    21   of   these    machines   at    '•orK 
Conservancv   District,  with  buckets  varying  • 
yd    capacitv.  and  with  booms  ranging  iron, 
"length     Most  of  these   machines  are   driven   b> 
tors     GO    cvcle.   high    tension,   alternating    curr- 
Davton    Power    &    Light    Co  s    system    bei. 
almost  all  the  work  of  the  Conservancy  Dis.i 
trie   machines  give   excellent    service   and    in   ^oiii-    r.:.pctl^ 
have   decided   a'dvantages   over   steam   machine..    In    place,, 
howevtr   the  latter  have  advantages  and  a  number  ot  .team 

machines  are  in  use.  .     ,„,     , 

A.t  the  dams  the  creater  part  of  the  material  - 
the  draglines   is  transported   in   12-yd.  |!"™n  ^•" 
411-ton  locomotives  and  dumped  into  a     hog  box 
,s  washed  bv  hydraulic  jets  into  a  sump,  from  wh 
dredge  pumps  convey  it.  mixed  with  -««-  ^hn. 
the  hvdraulic  fill  on  the  top  ot  the  dam.    At  I»f 
Tavlo-svme    as   has   been   said,  a  considerable  had,     ■;   ma- 
ter   M^U  he  washed  directly  "V  h> "-""'^  j^'/;"'"  '"^  •"'• 
row  pit  to  the  dredge  pumps.    The  depth  and  r 
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Cut    for     Double     Track     Railway    Through     Huffman     Hill.       View    Taken   on   Feb.   18,   1919. 

Total  depth  of  cut.  119.6  ft.     Quantity  in  cut,  700,000  cu.  yd.,  ot   which  600.000  cu.  yd.  is  rocl<.     Work  done  by  steam  shovels  of  about 
70-ton   size. 

draglines  are  important  factors  on  certain  parts  of  the  con- 
servancy work,  as  in  excavating  for  the  hydraulic  pump 
pool  at  the  foot  of  the  outlet  works  at  the  dam.  At  the  Huff- 
man dam,  tor  instance,  a  dragline  has  excavated  to  a  depth 
of  60  ft.  below  the  dragline  track.  At  the  Taylorsville  dam 
a  dragline  is  expected  to  excavate  to  a  depth  of  about  75  ft. 
below  the  dragline  track. 

In  the  river  improvement  work  at  Dayton  and  at  Hamilton 
nnich  material  is  deposited  by  the  dragline  directly  from  the 
point  of  excavation  to  the  levee  or  spoil  bank.  Another  con- 
siderable fraction  is  deposited  in  place  by  two  handlings.  In 
the  latter  method  the  dragline  when  digging  in  midchannel, 
deposits  the  excavated  material  in  a  long  windrow  toward 
the  shore.  By  traveling  the  length  of  the  windrow  a  second 
time  between  it  and  the  bank,  the  machine  can  place  the 
material  in  its  final  position  in  the  levee.  By  two  handlings 
the  large  class  175  Bucyrus  draglines  in  use  on  the  work  in 
Dayton  can  place  material  500  ft.  or  more  from  the  point  of 
excavation.  Many  thousands  of  yards  have  thus  been  handled 
twice.  For  work  in  midchannel  in  deeper  water  the  dragline 
is  mounted  upon  a  scow  equipped  with  spuds.  A  part,  how- 
ever, in  both  places — 40  per  cent  in  Dayton  and  80  per  cent 
in  Hamilton — must  be  transported  from  the  point  of  excava- 
tion to  the  point  of  deposition  by  auxiliary  means;  in  Dayton 
by  scow  and  steam  tug.  and  in  Hamilton  by  dump  car  train. 

The  reason  for  the  difference  is  that  at  Dayton  the  river 
improvement   is   essentially   a  job   of  deepening  the  channel 
while    at    Hamilton    it    is    essentially    a    job   of   widening.     At       Excavation   for  Outlet   Conduit   at   Englewood    Dam.      View   Taken 
Dayton,   a    manufacturing   city    of    160,000    people,    the   river  September,  1918. 

before  work  began  already  occupied  practically  all  the  space  Excavation  was  done  with  the  Class  24  Bucyrus  dragline  shown 

between    the   two   levees    fhroueh    the    main    nnrt   nf   the   tnwn         '"  view.       The  rock  is  Cincinnati  shale.      The    upper    layers    were 
uei«eeri   iiie   mo   leveeb   inrougn   tne   mam   pan  01  me   town.       (,„„  ^^  dipper;   the  lower  layers  were  blasted  and  excavated. 


Finishing    Levee   Just   Below   Hamilton.      View   Taken    Feb.  7,   1910. 

blope  at  left  is  original  river  bank.     Slope  at  right  levee,  wlich  is  being  top   dressed   for  seeding.      Levee   built   from    Miami   River 
excavation    by   Class   24    Bucvrus   dragline. 


(6) 


Engineering  and  Contracting  for  July  16,  VJ19. 


The  width  thus  occupied  is  sufficient  for  the  enlarged  chan- 
nel. There  thus  remained  no  space  where  a  construction 
track  could  be  laid  alongside  the  river,  which  would  be  tree 
from  obstruction  of  buildings,  trees,  etc.,  and  at  the  same 
time  not  liable  to  flood  in  case  of  a  rapid  rise  of  the  mouth 
of  the  river  such  as  not  infrequently  occurs  during  the  spring 
season.  At  Hamilton,  on  the  other  hand,  the  river  flows  in 
a  constricted  width  through  the  main  part  of  the  city,  re- 
quiring in  fact  the  wrecking  of  buildings  along  the  banks 
in  several  places  in  order  to  give  sufficient  width  for  the 
proposed  improvement.  It  is  thus  easy  to  lay  a  construction 
track  on  this  comparatively  high  safe  shelf,  along  which 
material  excavated  from  the  channel  can  be  transported  with 
little  fear  from  high  water  during  the  flood  season.  During 
the  dry  season  the  tracks  at  Hamilton,  as  a  matter  of  easier 
convenience  in  loading,  will  be  carried  on  the  dry  portions  of 
the  river  bed  at  a  much  lower  level. 

The  scows  at  Dayton  used  for  transporting  the  material 
are  40  by  120  ft.,  6  ft.  deep,  and  will  carry  300  to  350  cu.  yd. 
of  material.  They  were  built  on  the  job.  They  are  loaded 
by  a  Class  175  Bucyrus  Dragline  mounted  upon  a  40  by  SO  ft. 
scow.  They  are  unloaded  into  the  levee  by  a  similar  dragline 
carried  on  the  usual  trucks  and  mats  on  shore.  This  dragline 
unloads  the  material  directly  from  the  scow  into  the  levee  or 
spoil  bank.  The  scows  are  pushed  up  and  down  the  river  by 
a  small  stern  wheel  steam  tug  of  the  Mississippi  River  type, 
20  by  70  ft.,  of  shallow  draft,  which  was  built  in  Dayton  for 
the  purpose. 

In  order  to  provide  sufficient  water  in  the  river  through 
Dayton  during  the  dry  season,  a  small  timber  dam  was  built 
across  the  river,  about  midway  in  its  course  through  the  city, 
raising  the  water  at  that  point  about  4  ft.  A  second  timber 
dam  at  a  lower  point  will  be  built  for  a  similar  purpose  to 
complete  the  second  stage  in  the  river  improvement.  For 
this  last  stage,  comprising  somewhat  more  than  half  the  total 
excavation,  the  scows  will  not  be  used.  The  material  will  be 
placed  in  the  levees  by  the  excavating  dragline,  either  di- 
rectly or  bv  double  handling  as  heretofore  described. 

The  entire  work  is  being  carried  out  under  the  direction 
of  Mr  Arthur  E.  Morgan,  chief  engineer,  to  whom  the  orig- 
inal inception  and  formulation  of  the  plans  for  flood  pre- 
vention are  due.  He  is  aided  by  Mr.  Charles  H.  Paul,  assist- 
ant chief  engineer,  and  by  Mr.  C.  H.  Locher,  construction 
manager,  who  exercises  general  superintendence  over  all 
the  work  of  construction. 


Rapid   Erection   of    Trolley  Poles 

Mr  F  B  Walker  Superintendent  of  Electrical  Construction 
tor  the  Chicago,  Milwaukee  &  St.  Paul  Ry.,  Seattle.  Wash., 
has  given  in  the  Electric  Railway  Journal  some  record  fig- 
ures on  a  rate  of  settting  up  trolley  poles  along  the  track  of 
the  above  railway. 

A  gin  pole  built  up  o.i  a  push  car  and  operated  along  the 
track  is  the  principal  feature  of  the  time-saving  method  em- 
ployed Using  this  device,  poles  up  to  50  ft.  long  have  been 
set  with  a  crew  of  four  linemen  and  about  three  helpers,  in- 
cluding a  teamster,  the  team  being  used  for  hoisting  the  trol- 
ley pole  and  moving  the  push  car  from  setting  to  setting. 
Additional  men,  of  course,  were  used  to  line  poles  and  back- 
fill, following  the  setting  crew. 

Wth  this  rig  the  rate  of  progress  has  been  as  high  as  lOb 
■settings  per  dav  and  has  averaged  about  70  poles  per  S-hour 
day      Before  the  portable  gin  pole  was  built  the  average  made 
bv  the  hand   method  ;ftas   about   50   poles   per  day,  and   this 
meant  hard  work  on  the  part  of  the  crew.     The  gin  pole  has 
a  total  length  of  about  IS  ft.  and  is  slung,  about  b  ft.  from  its 
lower  end.  on  a   horizontal  pin  supported  on  a  heavy  fram,^ 
built   up  from  an  ordinary   push  car.     The  gin  pole  itself  is 
strengthened  with  longitudinal  steel  cables  passing  over  cen- 
tral struts  so  as  to  form  trusses.  s^^^rti 
The  trollev  poles  are  laid  with  the  pickup  point  immedi- 
ately over  the  hole,  thus  making  it  possible  to  Pl^--^  t^h*^™ 
with  a  direct  lift.     The  use  of  this  rig  avoids  the  danger  of 
knocking  dirt  into  the  hole  in  course  of  erection  and  thereby 
decreasng  the  elfective  depth.                                      »„^,.io  slnnc 
The  hoisting  equipment  consists  of  a  block  and  tackle  ^lung 
from  the  upper  end  of  the  gin  pole  «^°°\  ^'^'^.^/^^^^^^  ^"^ 
line  runs  through  a  snatch  block  attached  to  the  rail  belo^. 
The  team  does  the  pulling.     The  gin  pole  ^^n  be  easily   re 
versed  in  its  supports  for  use  in  setting  the  poles  on  the  op 
posite  side  of  the  track. 


Experience  of  France  in  State  Op- 
eration of   Railways 

What  is  to  be  done  with  the  iall»ay»  ol  lUo  I'ni' 
Which   of  the   several   plans.   proiKiHed    by    men   ■,  .. 

speak  or  write  on  the  subject,  nhull  be  tried  out?    UUc^uiuu 
of  this   subject   is   desirable   at    Iblii    due   becauif   It    l«   id- 
mitted   that  the   present  state  of  ihiDRH  (hould  b.- 
soon  as   possible.     Our  government   huH  alr^itily  .. 

large  financial  burden  in  the  few  monlhi*  o(  It*  cunirul,   lUr 
relations  between  the  administration  and  the  emiiluven  ha<e 
been  far  from  ideal;   the  commercial  and   shlpploK  In'' 
have    with    good    reason    been    dissatlHlled    wlih    the    ■ 
rendered,  aside  from  any  delays  and  Inconvenience*  lni.ld«u( 
to  war  conditions. 

A  paper  presented  before  the  .American  Society  of  Civil 
Engineers  last  February  by  Mr.  Francis  Lee  Stuart  of  New 
York  City  has  brought  forth  some  Interegtlng  dUrumdon  by 
railway  engineers.  Mr.  A.  J.  County  of  New  York  City  In 
his  discussion  of  this  paper  quotes  at  lenKlh  the  (<-H(lmonr 
of  Mr.  Wni.  11.  Acworth  of  England  before  the  Joint  Sub- 
committee on  Interstate  and  Foreign  Commerce  of  the  Con- 
gress of  the  United  States,  as  being  pertinent  to  the  «ubjecl 
of  Government  control  and  ownership.  The  (ollowlnR  li 
taken  f'om  Mr.  County's  quotation: 

Systematic  Development  of  French  Railway  Syitem. — The 
railway  liistory  of  Frame  stands  by  Itself.  Nowhere  U  the 
Iiassion  for  logic  and  the  love  of  symmetry  which  dlmln- 
guished  the  French  genius  better  exemplllled  than  In  the 
history  of  the  French  rail«ay  system.  The  ground  plan  of 
the  policy  which,  broadly  speaking,  France  has  followed 
ever  since,  was  laid  down  in  a  law  passed  as  long  Mo  >» 
1S42.  There  were  important  developments  after  the  world 
crisis  in  1S57,  and  again  in  1878.  And  on  Jan.  1,  1909,  the 
Government,  by  taking  over  one  of  the  bIx  great  system*. 
the  Western,  upset  the  symmeto'  of  the  original  plan.  But. 
with  this  exception,  throughout  the  whole  history  the  original 
plan  has  stood  firm.  The  whole  country  was  divided  up 
among  six  great  companies,  five  of  which  radiate  from  I'arls. 
and  the  sixth,  from  the  Midi,  serves  the  extreme  South  ;ind 
Southwest.  The  development  of  the  railway  network  has  been 
systematic  from  the  outset;  trunk  lines  first,  then  Iniiionant 
branches,  then  the  less  important  ones,  and  finally  In  re- 
cent years  a  considerable  development  of  light  secondary 
lines.  Tbroughout,  the  state  has  guided,  subsidized,  and  con- 
trcUed.  Each  company  has  a  monopoly  of  Its  own  district 
So  far  as  possible,  the  points  where  the  great  systems  meet 
are  arranged  not  as  in  Holland,  or  formerly  In  Italy,  at  the 
great  towns,  but  precisely  at  the  points  of  least  ImiKiniince 
from  a  traffic  standpoint.     Where  traffic  Is  unav  m- 

petitive,  as,  for  instance,  from  Paris  to  Central  nd. 

which  can  be  reached  either  by  the  Eastern  or  by  the  I'arU 
&  Lyons  Ry.,  arrangements  are  deliberately  made  to  pre- 
vent competition.  The  Government  controls  all  rale»  and 
fares  charged  and  all  services  given,  and  the  Government 
approves,  not  merely  of  pools,  but  of  agreements  by  which 
shippers  attempting  to  consign  traffic  by  the  route  by  i»hlch 
the  railway  companies  have  agreed  the  traffic  shall  not  now 
are  deliberately  penalised  by  higher  rates. 

Why  the  Government  Took  Over  the  Western  Ry.  Among 
the  -reat  French  companies,  much  the  weakest  flnunrlally 
was  "the  Western.  A  large  portion  of  Its  mileage  was  In 
Brittanv,  one  of  the  poorest  dIstrlcU  of  the  country.  It  did 
serve  the  town  of  Rouen  and  the  very  Important  port  of 
Havre  but  the  canalization  of  the  Seine  diverted  from  the 
railwa'v  a  large  proportion  of  the  valuable  merchandise 
traffic  "between  Havre  and  Paris.  The  >>enoh  ««"="'"•«■"; 
guarantees  the  dividend  on  the  shares  of  all  Uie  French  rail- 
way  companies,  and  year  after  year  the  flench  Gover^- 
ment  had  to  find  a  considerable  portion  of  the  dividend  to 
the  Western  shareholders. 

Further,   large   new    capital    expenditure    was    ne^ed    ei^ 

pecially  to  cope  ^^rT ^r.rV::^^  l^^lr^l^X 
Tyb:"'  whrremSrs°'the  St.  Lazare  Station  In  P.H. 
wiU  know  The  necessary  capital  could  not  be  raised  w ith- 
r,  Covernment  approval;  and  Government  approval,  owing 
"rsfrong  Paruamen.ary  opposition,  could  not  be  obtained^ 
l^  nwhilP  the  service  was  going  from  bad  to  worse,  and 
fhrequTment  was'on  its  last  legs.     Something  had  to  be 
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done.  Once  more  the  knot  that  could  not  be  untied  was 
cut ;  and,  as  from  Jan.  1,  1909.  the  Government  exercised  its 
rights  under  the  concession,  and  took  over  the  railway,  con- 
tinuing to  ray  the  guaranteed  dividend  to  the  shareholders 
in  the  form  of  an  annuity  running  until  the  termination  of 
the  concession. 

The  political  history  of  the  transfer  is  distinctly  interesting 
The  employes  on  the  railway  itself  were  unanimously  in  its 
favor;  and,  as  subsequent  experience  proves,  with  good  rea- 
son; and  the  whole  strength  of  the  Socialist  Party  and  of 
socialist  sentiment  was  thrown  on  the  same  side.  A  ma- 
jority was  secured  for  the  bill  in  both  houses,  though  a  large 
majority  of  the  representatives  of  the  districts  served  by 
the  railway  voted  against  it.  The  bill  passed  the  Chamber 
in  December,  1906;  but  it  was  hung  up  in  the  Senate  for  18 
months,  until  June,  1908,  and  finally  only  passed  by  a  ma- 
jority of  3  votes,  after  M.  Clenienceau,  who  was  Prime  Min- 
ister at  the  time,  had  given  it  to  be  understood  that  unless 
the  bill  was  passed  he  would  resign;  and.  much  as  the  ma- 
jority of  the  Senate  disliked  nationalization,  at  the  moment 
they  disliked  the  resignation  of  M.  Clemenceau  even  more. 
It  may  further  be  added  that,  according  to  the  French  cus- 
tom, the  opinion  of  all  the  chambers  of  commerce  in  the 
country,  which  are  statutory  bodies,  was  invited  on  the 
measure,  and  that  not  one  single  town  of  more  than  third- 
rate  importance  reported  in  its  favor. 

Experience  of  State  Operation  in  France. — Here  in  broad 
outline  is  the  story  of  the  result  of  the  transfer.  In  the  5 
years,  1904-08,  before  the  transfer,  the  gross  receipts  rose 
steadily  from  $37,084,000  to  $42,145,000.  In  the  5  subsequent 
years,  1909-13  (the  war  upset  entirely  the  figures  for  19141, 
"the  gross  receipts  rose  from  $42,333,000  to  $48,701,000,  a 
slightly  greater  rate  of  increase.  In  the  5  years  before  the 
transfer,  the  operating  expenses  rose  from  $20,796,000  to 
$28,388,000,  this  last  figure  being  unduly  inflated  by  the  fact 
that,  from  the  date  the  chamber  voted  the  acquisition  of 
the  railway,  the  staft'  became  entirely  demoralized.  The 
first  year  after  the  acquisition  the  operating  expenses  were 
$30,304,000.  The  next  year  they  were  $34,921,000,  and  the 
year  after,  $39,454,000.  In  1912  they  had  reached  $41,800,000, 
and  for  1913  they  fell  back  to  $41,478,000.  In  other  words,  to 
earn  a  net  revenue  increased  by  31  per  cent  the  operating 
expenses  increased  by  100  per  cent.  The  net  revenue  was 
never  belov\"  $13,757,000  in  the  worst  year  of  company  rule. 
It  fell  to  $5,352,000  after  the  Government  had  been  in  pos- 
session 4  years.  The  operating  ratio,  which  had  risen  from 
.J6.4  to  67.8  under  the  company,  was  for  the  next  5  years 
as  follows:  72.7,  79.9,  87,  89.4  and  85. 2,  It  is  fair  here  to 
make  a  qualification.  The  operating  ratio  had  gone  up  on 
all  the  French  railways  between  the  two  periods.  It  aver- 
.Tged  50.3  for  the  other  five  great  companies  for  1905  and 
1906.  and  58.4  for  1912  and  1913;  but  a  rise  from  50.3  to  58.4 
is  one  thing;   a  rise  from  56.4  to  89.4  is  quite  another. 

A  main  argument  used  in  Parliament  in  favor  of  transfer 
from  the  company  to  the  State  was  that  the  company  never 
did,  and  never  could,  earn  its  guaranteed  dividend  in  full,  still 
less  the  extra  dividend  which  it  would  be  entitled  to  if 
earned;  that  the  company  was  accordingly  a  mere  care- 
taker, and  not  interested  in  financial  results,  and  did  not 
operate,  and  could  not  be  expected  to  operate,  with  economy. 
The  State,  on  the  other  hand,  would  have  a  direct  interest 
in  operating  economically.  That  was  the  argument.  Here 
are  the  facts;  During  the  last  10  years  of  company  man- 
agement, the  State  had  to  pay  an  average  of  $21,894,280  a 
year  to  meet  its  liability  under  the  guaranty  to  make  up  the 
deficiency  in  net  operating  income.  During  the  first  3  years 
after  the  transfer,  the  sums  it  had  to  find,  under  the  same 
head,  were  .56,753,320,  $8,875,792.  and  $14,934,484,  respectively. 
For  1913,  the  figure  was  $14,752,237. 

Nor  do  these  deplorable  financial  results  tell  the  whole 
story.  The  service  to  the  public  was  absolutely  demoralized. 
There  were  several  very  serious  and  numerous  smaller,  ac- 
cidents, and  the  staff  and  the  public  got  so  frightened  that 
the  express  trains  on  the  main  line,  already  the  slowest  in 
France,  were  decelerated  down  to  a  timing  that  had  been 
abandoned  as  inadequate  in  1896.  In  addition,  a  number  of 
trains  were  suppressed  altogether.  Punctuality  went  to  the 
winds.  Commuters  on  the  system  in  the  suburbs  of  Paris 
were  compelled  by  their  employers  to  live  elsewhere  because 
of  the  unpunctuality  of  their  arrival  at  their  work.  As  for 
the  service  in  general,  one  figure  will  suffice,    Compensation 


for  accidents,  loss  and  damage,  averaged  some  $400,000  or 
$500,000  a  year  in  the  last  days  of  the  company.  In  1911  the 
figure  was   $2,045,291. 

Causes  of  Unfavorable  Results  from  State  Ownership. — 
M.  Leroy-Beaulieu.  the  eminent  French  economist,  gives  the 
reasons  for  the  "deplorable  situation"  as  follows: 

In  the  first  place,  it  is  the  abuse  of  formalism  and  red 
tape,  with  all  the  delays  which  follow  and  which  are  di- 
rectly in  conflict  with  commercial  needs.  In  the  second  place, 
it  is  the  lack  of  stability.  The  director  and  all  the  chiefs 
of  the  service  change  at  the  will  of  the  ministers,  whilst  in 
the  private  companies  the  higher  personnel  is  maintained  a 
long  time,  fulfilling  the  same  functions.  It  is  next  the  po- 
litical infiutnce  which  enters  into  the  choice  and  advance- 
ment of  the  personnel.  It  is,  lastly,  the  lack  of  discipline 
which  also  results  from  the  political  influence  at  work.  From 
the  electoral  point  of  view,  the  lower  staff,  being  much  more 
numerous,  will  always  have  much  more  power  than  the 
superior  staff.  It  is  always  on  the  side  of  the  former  that 
many  deputies  will  be  systematically  ranged.  Above  all,  it 
is  impossible  to  be  at  once  controller  and  controlled.  If 
one  of  the  great  French  companies  under  private  manage- 
ment renders  poor  service,  the  public  opinion  is  not  slow  to 
move  the  public  power,  and  as  this  has  the  means  to  bring 
pressure  indirectly  but  in  many  ways  upon  the  companies, 
they  are  led  to  reform.  On  the  contrary,  when  complaints 
are  made  against  the  State  itself,  the  administration,  irre- 
sponsible, does  not  listen.  Rather,  it  seems  indignant  that 
particular  individuals  or  even  large  associations  should  dare 
to  find  that  all  is  not  perfect. 

From  all  points  of  view,  the  experience  of  State  railways 
in  France  is  unfavorable,  as  was  foreseen  by  all  those  who 
had  reflected  upon  the  bad  results  given  by  the  other  indus- 
trial undertakings  of  the  State,  such  as  telephones,  matches, 
and  many  others.  The  State,  above  all  an  elective  adminis- 
tration, cannot  be  a  good  commercial  manager.  It  works 
expensively,  and  is  powerless  before  its  employes.  The 
experience  which  we  iave  recently  gained  has  had  at  least 
one  result.  It  has  provoked  a  very  lively  movement,  not  only 
against  the  repurchase  of  the  railways,  but  against  all  ex- 
tension of  State  industry.  This  result  seems  to  me  fortunate. 
I  hope  this  opinion  will  be  maintained  and  that  not  only  we, 
but   our  neighbors,  may   profit   by  the   lesson   of  these  facts. 

M.  Leroy-Beaulieu  gives  examples  of  what  has  happened 
under  the  various  heads.  "As  for  formalism  and  red  tape," 
on  the  eve  of  the  handing  over  of  the  railway  to  the  State 
there  were  1,526  employes  in  the  central  office.  Within  three 
years  the  number  had  increased  to  2,587.  The  single  service 
of  the  accountant  general  was  increased  by  70  persons  direct- 
ly after  the  repurchase."  And  this  was  partly  due  to  political 
pressure  and  partly  to  excessive  red  tape.  For  example,  in  the 
Caen  Division,  the  preparation  of  the  pay  sheets  which,  under 
the  company,  took  9  persons  3  days  =  27  days,  under  the  State 
administration  took  12  persons  6  days  =  72  days.  "Accord- 
ing to  official  documents,  there  are  not  less  than  96  persons 
receiving  a  salary  of  more  than  $1,929.52  in  the  State  sys- 
tem" as  against  33  on  the  system  of  a  neighboring  company 
of  much  the  same  mileage,  but  with  much  higher  receipts. 
In  the  5  years  from  1908  to  1912  the  total  expenditure  in- 
creased $10,573,770,  of  which  $8,412,707  were  for  salaries  and 
wages.  In  1908,  out  of  every  $19.30  of  receipts,  the  com- 
pany paid  $7.24  in  salaries  and  wages.  In  1912  this  figure 
was  $9.70.  The  comparative  figure  for  the  five  great  com- 
panies is  only  $5.70.  In  1910,  per  $192,592  of  receipts,  the 
State  railways  employed  235  persons,  the  private  companies 
174. 


Plan  for  Reimbursing  Railroad  Administration  for  Equip- 
ment Bought  for  Railroads.— The  special  committee  of  bank- 
ers appointed  by  T.  De  Witt  Cuyler,  chairman  of  the  Asso- 
ciation of  Railway  Executives,  to  devise  a  plan  under  which 
the  Railroad  Administration  may  be  reimbursed  for  about 
$400,000,000  of  railroad  equipment  which  it  purchased  and 
has  in  part  allocated  to  the  railroads,  has  submitted  a  plan 
and  it  is  now  before  the  Director  General  of  Railroads  and 
his  financial  advisers.  It  provides  for  the  incorporation  of 
a  Federal  Company  which  shall  invest  $148,000,000  in  4% 
per  cent  cumulative  stock  which  will  be  liquidated  in  equal 
installments  over  a  period  of  15  years.  This  corporation  will 
issue  for  public  subscription  $280,000,000  in  equipment  trust 
certificates. 
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Concrete  Railway  Track  Support 

Various  types  ot  concrete  track  construction  that  have 
been  installed  on  American  railways  were  described  by  Mr. 
A.  C.  Irwin,  engineer  of  the  Structural  Bureau  of  the  Port- 
land Cement  Association,  in  a  paper  presented  .lune  28  at 
the  convention  ot  the  American  Concrete  Institute.  The 
matter  following  is  taken  from  Mr.  Irwin's  paper. 

Street  Car  Track  Construction  at  Anderson,  S.  C. — A  type 
of  track  construction  designed  by  Mr.  E.  R.  Horton.  Jr..  and 
used  in  Anderson  and  Greenville.  S.  C,  for  street  car  track 
construction  is  shown  in  Fig.  1.    This  is  in  reality  the  longi- 


Fig.     1 — Concrete     Street     Railway     Track     Construction     at     Ander- 
son,   N.   C. 

tudinal  girder  principle.  The  rails  are  embedded  in  the  con- 
crete and  rest  on  a  continuous  plate.  Rail  clips  and  hook 
bolt  anchors  are  used. 

Recent  inquiry  in  regard  to  the  condition  of  this  track 
after  4  years'  service  indicated  that  the  construction  has  been 
found  satisfactory  in  every  particular,  that  vibration  has  not 
caused  deterioration  of  the  concrete  and  that  even  the  pav- 
ing between  the  tracks  is  in  good  condition.  To  adapt  this 
design  to  steam  railroad  requirements,  states  Mr.  Irwin,  it 
would  only  be  necessary  to  deepen  the  girders  and  widen 
them  out  at  the  base  for  additional  bearing  area  and  to 
change  the  paving  in  between  tracks  to  diaphragms  at  inter- 
vals below  the  base  of  rails. 

Installation  on  Long  Island  R.  R.  at  Jamaica,  N.  Y. — Exam- 
ples of  the  type  involving  a  concrete  slab  carrying  ballast 
in  which  ordinary  track  ties  are  embedded  is  shown  by 
Fig.  2.  This  construction  was  placed  under  49  crossings, 
switches  and  slips  on  the  Long  Island  R.  R.  at  Jamaica,  N.  Y. 
The  work  was   put   in   during   the  winter  of  1912-13  on  em- 
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Fig.    2 — Section     of    Concrete     Slab,     Jamaica     Improvement,     Long 
Island   R.   R. 

bankments  composed  of  sand  averaging  20  ft.  high.  Portions 
of  the  slabs  were  placed  without  allowing  time  for  the  em- 
bankment to  settle  and  the  traffic  over  these  slabs  has  been 
extremely  heavy  from  the  day  they  were  put  in,  running  as 
high  as  1,300  train  movements  per  day.  After  3%  years  the 
general  manager  of  the  Long  Island  R.  R.,  J.  A.  McCrea, 
reported  that  there  had  been  practically  no  maintenance  on 
the  track.  Mr.  McCre^  goes  on  to  say  that  the  great  ad- 
vantage of  the  slab  is  that  the  bearing  surface  on  the  natural 
ground  is  increased  about  three  times  over  the  usual  method 
without  taking  into  consideration  its  continuity  and  that 
examination  of  these  experimental  slabs  showed  that  there 
were  no  cracks,  at  least  in  the  vicinity  of  the  points  of  ex- 
amination. It  will  be  noted  that  these  slabs  are  not  rein- 
forced and  that  they  are  only  S  in.  thick.  It  should  also  be 
noted  that  they  liave  been  subjected  to  the  pounding  that 
occurs  at  crossings  and  frogs. 

It  has  become  very  common  practice  to  use  reinforced  con- 
crete slabs  to  form  the  decks  of  deck  girder  railroad  bridges. 
These  slabs  are  usually  about  1  ft.  thick.  5  ft.  long  and  span 
the  distance  between  girders.  The  ballast  is  retained  by 
curbs  at  the  ends  of  the  slabs.  The  testimony  of  raUroad 
officials  in  regard  to  this  construction  is  that  when  the  ties 
are  once  embedded  they  stay  in  place  and  that  maintenance 
is  very  greatly  reduced. 


Bergen     Hill     Tunnel     Trackt,     Delaware,     Lackawanna     * 
Western   R.  R.— Thn  new   BLTReii   Hill  Tuuii.1  ot  tbe  U     I.    «■ 
\\'.  R.  R    was  canii)U^ted  In  190!<     Tlif  Irmkh  in  ihU   ■ 
are   carried   on    reinforced   concretp   ulabh,   de(«il»   of 
arc  shown  in  Fig.  3.    Thii;  conslrimlon  wah  d^HiKi 
Lincoln  Bush,   who  was  then  chief  enKlnc^'r  ot  lb. 
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Fig.   3 — Concrete   Track   Construction    Used    in    Bergen    Hill   Tunnel 
of    O.    L.   Sl   W.    Ry. 

Under  date  of  Oct.  3,  1916,  Mr.  Bush  reported  as  follow  s  lo 
regard  to  this  construction; 

"It  was  completed  and  turned  over  for  service  in  Febru«r>-. 
1909.  The  roadbed  in  the  new  tunnel  has  stood  up  exceed- 
ingly well  and  none  of  the  creosoted  tie  blocks  havf  bm'n 
renewed  so  far  as  I  have  learned  on  recent  Inquiry. 

•'My  idea  in  getting  out  this  design  was  If  railroad  track 
could    be    made    perfectly    rigid    and    unyielding     "  '    " 

would  be  no  pounding  or  unusual  stress  in  rail.   1 
in    the   new   tunnel   referred   to   has   been   in   servi.  •■     wm.-i 
the   heaviest   kind   of  traffic   since   February,    lyoy.   and   ha» 
demonstrated  fully  that  it  track  is  made  perfectly  rigid  (bat 
it  will  stand  up  against  the  heaviest  kind  of  traffic. 

"I  am  convinced   that  with  a  perfectly  rigid  *n-r-  ■  n 

there  will  be  no  poundine  and   serious  dainuKe  I 
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4_Concrete    Track    Construction    »1    Pennsyivan'i     T-.rm.r,,. 
New  York. 


track  unless  some  defect-  existed  such  as  flat  wb 
conditions,  however,  are  corrected-when  they  do 
the   railroad  rolling  stock.    I   have  felt   for  soidp   time  ib»i 
with  the  heavy  rolling  stock  that  the  best  ballasted  track  had 
nracticallv  reached  the  limit  of  loading  and  If  the  heavy  rail 
is  used  the  supports  of  same  on  tie  ballasted  irark  |=  not 
like  the  abutment  of  a  bridge  3.-=  ties  yield  causlnc 
in  the  rails  and  it  will  be  found  that  even  with  a  ,  ■■  • 

the  -tress  mav  be  greater  in  the  rail  than  with  a  light  and 
less  ""stiff  rail  'section  which  lends  itself  more  readllr  to  de- 
flection." 


(0) 


66 


Engineering  cnul  Contracting  for  July  16,  1919. 


The  tie  blocks  are  notched  at  the  outer  end  to  form  a 
shoulder  and  are  in  place  when  the  concrete  is  poured.  A 
wedge  is  driven  in  between  the  concrete  and  the  opposite 
side  of  [he  block,  preventing  the  block  from  being  disen- 
gaged  from   the   shoulder   under   traffic.    The   blocks   are   re- 
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Fig.   5— Concrete   Track   Construction    on    Ciiicago   Junction    Ry. 

placed  by  removing  the  wedge,  pushing  the  block  longitudinal 
of  the  track  so  as  to  disengage  the  shoulder,  and  slipping  it 
from  under  the  rail.    This  work  can  be  done  by  one  man. 

Track  Construction  in  Pennsylvania  R.  R.  Terminal  Station, 
New  York. — Figure  4  shows  the  concrete  track  construction 
in  use  in  the  Pennsylvania  R.  R.  terminal  station.  New  York. 
A  single  track  length  of  14,600  ft.  of  this  type  was  laid  ad- 
jacent to  platforms.  In  general  the  concrete  was  laid  on  the 
rock  of  the  subgrade  but  where  the  subgrade  consisted  of 
loose  rock  backfilling  the  concrete  slab  was  reinforced.  A 
length  of  720  ft.  of  similar  construction  is  in  use  in  two  of 
the  East  River  tunnels  (Nos.  1  and  2)  immediately  east  of 
the  Long  Island  shafts.  These  sections  of  track  are  sub- 
jected to  high  speed  traific. 

The  Chicago  Junction  Ry.  Track. — In  1911,  500  ft.  of  con- 
crete track  support  was  installed  on  the  Campbell  Ave.  line 
of  the  Chicago  Junction  Ry.  where  it  crosses  the  Illinois  and 
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Fig.  6 — Type  1  of  Northern   Pacific  Ry.  Concrete  Foundation. 

Michigan  Canal.  Details  of  this  construction  are  shown  by 
Fig.  5.  This  construction  is  patented  by  Mr.  Louis  H.  Evans 
of  Chicago  and  was  installed  on  the  Chicago  Junction  Ry. 
as  an  experimental  stretch  of  track,  the  location  being  se- 
lected with  a  view  to  subjecting  it  to  very  heavy  and  con- 
tinuous traffic.  A  majority  of  the  stock  trains  going  to  the 
Chicago  Stock  Yards  pass  over  this  concrete  track.  These 
trains  are  usually  drawn  by  heavy  locomotives  and  make 
more  than  usual  freight  train  speed.  A  thorough  examina- 
tion of  the  track  indicates  that  although  transverse  cracks 
appear  in  the  portion  of  the  concrete  above  the  base  of  rails, 
these  cracks  do  not  extend  down   into   the  supporting   slab. 


Fig.  7 — Type  2  of  Concrete   Foundation   on   Northern   Pacific   R> . 

In  tact,  the  construction  seems  to  have  suffered  practically 
not  at  all  from  the  heavy  traffic  which  it  has  carried.  Mr. 
G.  W.  Hegel,  chief  engineer,  the  Chicago  Junction  Ry.,  ad- 
vises that  there  has  been  no  maintenance  on  this  stretch  of 
track  excepting  to  renew  a  few  of  the  tie  blocks.  The  tie 
blocks  are  spaced  34  in.  centers.    So  great  a  spacing  would 


not  be  allowed  with  the  usual  ballast  and  tie  type  of  con- 
struction but  with  this  unyielding  track  foundation  such  a 
spacing  has  been  found  to  be  practicable,  since  the  majority 
of  the  deflection  in  railroad  track  is  due  not  to  the  lack  of 
rail  stiffness  but  rather  to  the  lack  of  any  sort  of  rigid  sup- 
port. Mr.  Evans  sums  up  the  comparison  of  this  construc- 
tion with  the  usual  type  as  follows;  Weight  of  train  dis- 
tributed over  three  times  the  surface  saves  .6  of  the  ties. 
The  cost  for  20  years  is  one-fourth  of  rock  ballasted  track. 

Northern  Pacific  Ry.  Track, — On  the  Point  Defiance  Line 
of  the  Northern  Pacific  Ry.  in  the  State  of  Washington,  there 
was  constructed  about  5  years  ago,  2,000  ft.  of  track  with  a 
concrete  slab  foundation.  Details  of  the  three  types  used  are 
shown  by  Figs.  6,  7  and  8.  In  general,  these  types  consist 
of  a  reinforced  concrete  slab  provided  with  recesses  or 
troughs  for  the  reception  of  wood  blocks  or  stringers  to  carry 
the  rails.    Details  of  Type  No.  1  are  shown  by  Fig.  6.    The 


Fig.  8 — Type  3  of  Concrete  Foundation  Used  on  Northern  Pacific  Ry. 

short  tie  blocks  rest  on  two  longitudinal  3  by  6  pieces  in  the 
bottom  of  a  trough  at  each  side  of  the  slab.  The  space  in 
between  tie  blocks  is  filled  with  ballast.  Drainage  of  the 
troughs  is  provided  at  intervals.  There  is  a  total  of  594  ft. 
of  Type  1  construction.  The  slabs  are  cast  in  lengths  16 
ft.,  5%  in. 

Type  No.  2,  Fig.  7,  is  6  in.  wider  than  Type  No.  1  or  No.  3, 
and  is  distinguished  by  a  curb  practically  equal  to  height  of 
rail  along  each  side.  There  is  also  594  ft.  of  single  track  of 
this  type  in  service.  In  this  type  recesses  are  cast  into  the 
slab  into  which  the  tie  blocks  are  placed  and  wedged  into 
position.  The  rails  are  fastened  in  the  usual  way  with  tie 
plates  and  screw  spikes.    In  the  bottoms  of  the  tie  block  re- 
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Fig.    9 — Design    of    A.    D.    Whipple    and    A.    C.    Irwrln    for    Concrete 
Tracl<   Support. 

cesses  3  in.  of  sand  is  placed  to  afford  a  cushion.  In  top  of 
this  sand  cushion  the  creosoted  tie  block  is  placed  and  wedged 
at  the  inner  end  of  the  block.  L-shaped  malleable  iron  shims 
are  used  at  the  other  end  of  the  tie  blocks  with  one  leg  of 
the  L  resting  on  top  of  and  fastened  to  the  tie  block.  This 
allows  lining  and  gauging  of  track.  These  slabs  are  cast  in 
widths  of  32  ft.,  11  in. 

Typo  No.  3  is  shown  in  detail  on  Fig.  8.  The  distinguishing 
features  of  this  type  are  that  the  concrete  is  carried  up  3V& 
in.  near  the  inside  of  each  rail  and  sloped  to  center  of  track 
for  drainage,  and  that  the  rail  rests  directly  on  a  continuous 
longitudinal  stringer  of  6  by  10  in.  creosoted  fir.  These 
stringers  are  fastened  at  intervals  by  long  lag  screws  driven 
into  wood  anchor  blocks  embedded  in  the  slab.  The  slabs 
have  a  depth  of  18  in.  at  the  center  and  were  moulded  in 
lengths  of  16  ft.,  SVa  in.  There  is  a  total  of  810  ft.  single  track 
of  Type  3. 

While  neither  the  first  cost  of  the  concrete  track  founda- 
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tion  on  the  Northern  Pacific  R.  R.  nor  the  annual  maintenance 
cost  of  it  are  available,  yet  the  railroad  company's  officials 
say  that  the  maintenance  has  been  far  below  that  of  track 
of  the  ordinary  type  of  construction  on  the  same  line.  The 
greater  part  of  this  maintenance  concerns  the  wooden  blocks 
to  wliich  the  rails  are  fastened  especially  with  Type  3.  In  this 
type  the  key  blocks  out  in  spite  of  the  fact  that  they  are 
spiked    to  the  tie  blocks. 

New  Design  for  Concrete  Track  Support. — Figure  9  shows 
a   suggested   design   for  concrete   track   support   prepared  by 
Mr.  A.   D.  Whipple  and  Mr.  Irwin.    The  form  work  required 
for  this  slab  is  of  the  simplest  sort.    The  design  of  the  slab 
is  based  on  Cooper's  E-60  loading  with  100  per  cent  impact. 
This    design    does    not   require    any    radical    departure    from 
the  usual  type  of  rail  fastenings,  that  is,  a  rail  clip  is  used 
similar  to  those   now   standard.    There   is,   however,   a  very 
great  difference  between  this  rail  fastening  and  the  usual  cut 
or  screw-spike  used  with  wooden  ties.    In  this  concrete  de- 
sign  a    U-shaped   casting   is   embedded   in   the  concrete   and 
the    upstanding    legs    of    the    U    are    tapped    to    receive    the 
threaded  end  of  holding  down  bolts  which  pass  through  the 
rail  clips,  tie  plate  and  tie  block.   A  positive  fastening  which 
has  great  strength   against  lifting  the   rail   is  thus   secured. 
The  use  of  a  block  of  wood  under  the  rail  in  this  design  is  at 
once   a   concession   to   the   prevalent   idea   that   some   elastic 
medium  must  always  Intervene   between  a  track  rail  and  a 
solid  foundation  and  a  means  for  easy  adjustments  of  the  rail 
both  vertically  and  horizontally  to  provide  for  whatever  in- 
equalities may  exist  in  the  top  of  the  slab  eithe-  at  the  time 
of   placing   or    subsequent    thereto.     The   latter   is   the    only 
sufficient  reason  for  using  this  tie  block,  and  where  the  slab 
is   placed    on   a   well   compacted    subgrade   the   rail    may   be 
anchored   directly   to   the   concrete,   with   possibly   the   inter- 
vention  of   a  longitudinal   steel   plate   between   the   rail   and 
the   concrete   surface,    thus    affording   the   rail   a   continuous 
'   support.    In  the  latter  case  drainage  would  be  taken  care  of 
by  finishing  the  slab  to  a  slight  pitch  between  the  rails  and 
furnishing  openings  beneath  the  rails  at  intervals. 


How  to   Reduce    Risks    in    Earth- 
work* 

BY   HALHKUT    i'.   GILLETTE. 
Editor   Enelneerlne  and   Conuacilnc. 

Few  classes  of  construction  ure  ku  difllcult  to  coiitrul  eco- 
nomically as  earth  excavation.     Halny   or  frt^ezInK   we»lh«-r 
m:iy   completely   upset   the   best   laid   planH  and  < 
vere  financial  loss.     Usually  most  of  the  workln>r 
common  laborers,  quite  irreH|)onnlble,  quItllDK  at   u,.-   ojigm 
ost  provocation,  often   with  no  provocation. 

The  character  of  the  earth  Itself  may   vary   Kr  ! 

week  to   week   or  even  from  hour  to  hour.     Th> 
haul   is  seldom   constant  even   for  one  day. 
then,  that  no  ordinary  class  of  contracting  Ih  . 
than   earthwork. 

Experience  and   Work   Necessary    in   Estimating. — Th»  flrmt 
great   risk   is    taken    when   the   estimate   Is   made   a«    ' 
classification  of  the  excavation.     Here  it   is  that   exp- • 
counts  so  much  in  favor  of  an  older  man.  and  lack  of  tipcri 
ence  hits  a  younger  man  so  hard.    But  a  young  contractor  U 
not    necessarily    without    means   of   self-protection.     He   can 
employ  an  experienced  superintendent,  he  can  dig  test  pits 
and  make  earth  soundings. 

When  I  first  went  Into  the  contracting  businesi,  I  toon 
learned  never  to  bid  on  excavation  until  1  had  "prospected" 
the  job  pretty  thoroughly.  It  Is  surprising  how  much  can 
be   accomplished   in   a   short   time   in   this   manner. 

Sounding  with  rods  is  an  expeditious  way  of  ascertaining 
the  depth  to  ledge  rock  or  to  hardpan.  and  It  will  also  dis- 
close the  existence  of  boulders.  But  In  an  unfamiliar  coun- 
try, it  often  is  necessary  to  dig  test  pits  or  small  wells,  so 
that  the  toughness  of  the  earth  can  be  Judged  by  obser\-- 
ing  the  resistance  to  a  pick. 

Often  there  is  insufllclent  time  to  prospect  the  ground 
thoroughly.  Then,  if  the  work  is  In  a  section  when*  your 
experience  has  been  limited,  don't  bid  at  all  If  the  earth- 
work  is  extensive. 


Method  of  Blasting  Green  Stumps 

In  blasting  green  stumps  it  is  desirable  to  use  a  blasting 
machine  and  electric  blasting  caps.  This  enables  the  op- 
erator to  place  his  charges  at  several  vulnerable  points  un- 
der the  stump  and  to  fire  them  all  exactly  together.  This  is 
impossible  when  cap  and  fuse  are  used.  First,  use  a  thin 
steel  probe  with  sharp  point  to  locate  the  main  roots.  Lo- 
cate one  charge  under  each  of  these  main  roots  placed  a  few 
feet  out  from  the  trunk  of  the  tree.  This  places  the  main 
lifting  charge  directlv  under  the  center  of  the  trunk,  leaving 
from  1  to  4  ft.  of  earth  between  the  stump  and  the  charge. 
If  it  is  a  large  stump  5  to  8  ft.  in  diameter,  the  mam  lifting 
charge  should  be  down  about  4  ft.  If  it  is  a  small  stump 
of  12  or  18  in  1  to  2  ft.  will  be  sufiicient.  When  it  is  neces- 
..arv  to  use  more  than  two  cartridges  for  the  main  lifting 
charge,  a  half  cartridge  should  be  fired  in  the  bore  hole  first 
to  make  a  little  pocket  into  which  a  larger  charge  may  be 
loaded.     Time  should  be  given  for  the  pocket  to  cool  before 

lofldi*is  it 

The  size  of  the  charge  depends  upon  the  size  of  the  stump 
and  the  nature  of  the  soil.  For  a  green  stump  of  3-ft.  diam- 
eter in  a  dense,  moist  soil,  about  8  lb.  of  dynamite  will  be 
required.  If  the  soil  is  loose  and  dry,  12  to  14  lb.  would  be 
nearer  the  correct  charge.  . 

If  the  charge  is  8  ib.  and  there  are  three  nmin  roots,  it 
would  probably  be  best  to  load  about  5  lb.  >n  the  fep  hole 
under  the  center  and  place  1  lb.  in  each  of  t^e  holes  tinder 
the  three  roots.  If  the  charge  used  is  12  or  15  lb.,  it  can  be 
apportioned  in  about  the  same  ratio.  „„,nin2 

Whatever  the  charge,  it  is  important  that  he  tamp  ng 
should  be  as  tight  as  possible.  The  better  the  tampmg.  the 
less  dynamite,  is  the  general  rule. 

It  is  difficult  to  tamp  dry  loose  soil.  Pour  w-ater  down  the 
bore  holes,  if  possible,  and  use  wet  though  ^f^amp-ng  ma- 
terial. Aim  to  make  the  soil  as  compact  as  it  was  before 
the  bore  holes  were  put  down  and  in  case  of  loose,  sandj 
soil,  even  more  so.  .     -pHpq 

Of  course.  Ihe  charges  should  be  connected  "P  >°  ^/"^j' 
by  means  of  the  blasting  cap  wires  ^«f°5%t^^J''^f  f  ^Ce 
chine  is  operated.  If  the  charges  are  fi'-^'^,  °"%f„^*.  V"^^ 
even  with  a  blasting  machine,  no  better  results  are  obtained 

than  with  cap  and  fuse. 
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Prospecting  for  Facts.— Some  years  ago,  a  Brm  of  young 
contractors  in  New  York  City  asked  me  to  assist  them  In 
estimating  the  cost  of  a  large  job  of  excavation  In  New 
York  State.  The  cuts  and  fills  were  heavy,  and  the  engi- 
neers had  made  no  soundings.  The  engineers  had  estimated 
that  the  excavation  would  be  75  per  cent  solid  rock  and  IS 
per  cent  earth  After  walking  over  the  line,  I  asked  ono  ct 
the  contractors  what  he  thought  of  the  "three  to  oi:. 
sification  the  engineers  had  made.  He  replied  that  !• 
to  be  "any  man's  guess."  but  that  he  presumed  ''  ■'» 

were  approximately  right  as  they  had  been 
months  on  the  surveys  and  In  plannlnK  th.- 
Had  he  known  more  about  common  englneerlm-- 
would  have  had  little  faith  in  that  guess  as  to 
I  explained  to  him  that  about  the  last  thing  th;.- 
engineer  does  on  such  a  survey  is  to  estimate  ' 
tion  and  that  then  he  usually  guesses,  often  «. 
.aid  the  contractor,  "we  want  to  bid  on  the  Job.  -ua  U.  too 
iate  now  for  us  to  do  more  than  guess  also.^  He  »•"•'''•• 
r.rised  when  1  assured  him  that  In  the  two  days  remaining 
before  the  bids  would  be  opened,  we  should  be  able  to  esti- 
mate pretty  accurately  what  percenUge  of  the  oxcav.t^n 
was  solid  rock.  Since  many  of  the  cuts  were  .,0  to  60  ft.  deep. 
Id  quite  long,  it  looked  like  an  Impossible  Job  to  do  much 
Lundins  in  two  days;  as  for  adequate  test  pit  sinking,  that 

^^"/ut'^g  torn  the  surface  of  the  earth  at  frequent  LjtemO. 
was  rock  (gneiss,  that  appeared  to  be  ledge  rock.  *»-'-" 
tWs  appearance  that  had  led  the  engineers  to  estlmae  .S 
Ler  cent  solid  rock.  I  pointed  out  to  the  contractor  that  ledge 
^nnk^n  southern  New  York  State  Is  usually  grooved  In  » 
north  and  south  direction  as  a  result  of  the  grinding  action 
iLtnt  glaciers-  but  that  none  of  the  outcropping  rocks 
thaH-e  '  ad  seen  on  that  job  were  grooved  or  scratched  In 
that  we  .lau  =>^^  ^       probably   were  boulder.v 

that   ^^sular   mann.,.         nee  ^P^^  ^^^  ^^  ^^  ^^^  ^^^ 

There  v.'ere  other  ^^^  ,^,^^^^^^  ^^^„„j 

conclusion,   but  u   -  i   lu  k 

^7  had   noticed  along  the  line  seve; 

.ater  to   fanners,   and   these.   I   believed,   would   b 
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deep  dug  wells — real  test  pits  for  our  purpose.  We  were  able 
to  find  the  men  who  had  dug  some  ot  these  wells,  and  to 
learn  from  them  that  they  had  dug  oO  to  80  ft.  without  strik- 
ing solid  rock,  and  that   they  had  encountered  few  boulders. 

In  order  to  confirm  this  testimony,  we  put  several  small 
gangs  of  laborers  at  work  sounding  with  rods.  The  results 
of  that  sounding  showed  that  there  was  no  ledge  rock  at  all 
in  any  ot  the  cuts.  The  subsequent  excavation  proved  this 
conclusion  to  be  substantially  correct. 

Naturally  these  contractors  bid  a  fairly  stiff  price  on  earth 
and  very  low  on  rock,  and  were  the  lowest  bidders. 

Adequate  Plant  Reduces  Weather  Risk.— In  estimating  both 
the  classification  of  e.xcavation  and  the  toughness  of  the 
materials,  any  nearby  cuts  should  be  examined;  and  local 
men   who   have   done  any   excavation   should   be   interviewed. 

Having  secured  the  .lob.  it  is  important  to  reduce  the  bad 
weather  risk  by  starting  excavation  as  quickly  as  possible, 
and  by  using  enough  plant  to  rush  it  through  before  the 
autumn  rains  start.  Here  it  is  that  the  inexperienced  con- 
tractor is  apt  to  err.  He  may  not  order  all  his  plant  until 
he  signs  the  contract;  then  he  usually  orders  neither  enough 
plant  nor  spare  parts.  Delays  occur  in  getting  the  plant  on 
the  job,  and  several  weeks  of  good  weather  may  be  lost  be- 
fore the  work  is  going  "full  swing."  Even  then  the  "swing" 
is  not  "full"  enough  because  of  pennywise  attempts  to  save 
money  on  plant  investment. 

I  recall  that  a  certain  contractor  on  the  deepening  of  the 
old  Erie  Canal  in  1S96  made  a  profit  where  his  neighbor 
contractors  lost  money,  simply  because  he  bought,  begged 
and  borrowed  a  lot  of  equipment  so  that  he  was  able  to 
linish  before  the  ground  froze. 

Have  a  liberal  surplus  of  plant  capacity,  for  surplus  plant 
is  the  best  investment  on  an  earth  moving  job. 

Fit  the  Plant  to  the  Job. — The  next  important  risk  to  elim- 
inate is  the  risk  of  using  a  relatively  uneconomic  method 
or  machine.  There  is  no  better  way  of  reducing  this  risk  than 
by  having  daily,  weekly  and  monthly  reports  of  the  yardage 
moved  by  each  gang.  This  is  often  not  so  easy  of  accomplish- 
ment as  it  sounds.  Usually  the  only  practical  way  of  esti- 
mating the  daily  yardage  is  by  counting  the  loads;  but  loads 
may  vary  considerably  in  size,  and  it  may  not  be  easy  to 
keep  tabs  on  the  number  of  loads. 

Carloads  and  wagonloads  vary  because  of  differences  in 
the  kind  of  earth,  differences  in  the  resistance  to  traction, 
difference  in  attention  given  to  the  loading,  etc.  Study  every 
cause  of  variation  in  size  of  loads  with  a  view  to  learning 
how  to  estimate  the  "place  measure"  size  of  a  load  under 
given  conditions. 

Estimate  Yardagie  Accurately. — Your  own  estimates  of 
yardage  based  on  the  count  of  loads  should  be  compared 
with  monthly  cross-section  estimates  made  by  engineers.  Do 
not  think  the  engineer  is  necessarily  wrrfng  because  his 
monthly  estimate  is  far  below  your  estimate.  Perhaps  your 
"tally"  is  wrong.  More  probably  you  have  estimated  too  lib- 
erally as  to  the  size  ot  the  average  load.  Buy  2  mechanical 
counters  or  "tally  machines"  for  use  at  the  pit  and  dump. 

My  brother,  W.  A.  Gillette,  has  devised  a  satisfactory 
method  of  estimating  the  daily  yardage  handled  by  drags, 
fresnos  and  wheelers.  A  timekeeper  on  horseback  rides  from 
gang  to  gang,  spending  about  20  min.  at  each  gang,  during 
which  time  he  counts  the  number  of  scraper  loads  moved 
by  the  gang.  Three  or  more  such  counts  are  made  every 
day  for  each  gang,  and  upon  these  counts  is  based  an  esti- 
mate of  the  yardage  excavated  each  day  by  every  gang.  The 
accuracy  of  this  intermittent  timing  method  of  estimating 
yardage  is  astonishing.  The  engineers'  monthly  estimate 
seldom  differs  more  than  5  per  cent  from  the  estimate  thus 
made  by  the  timekeeper.  The  great  merit  ot  such  daily  esti- 
mates of  yardage  consists  in  showing  at  once  the  relative 
efficiency  of  different  methods,  machines  and  men. 

Compare  Labor  Costs  with  Machine  Costs. — I  have  men- 
tioned the  unreliability  of  most  common  laborers  on  grading 
work.  This  unreliability,  coupled  with  the  high  wages  now- 
paid  to  common  laborers,  is  leading  to  a  greater  use  ot  ma- 
chinery than  ever  before,  even  on  small  jobs.  In  China,  with 
wages  at  15  ct.  a  day,  machinery  could  seldom  compete  with 
hand  work,  for  the  interest,  repairs  and  depreciation  on  the 
plant  alone  exceeded  the  cost  of  doing  the  work  by  hand,  in 
most  cases.  That  is  one  extreme.  At  the  other  extreme  we 
now  have  Amrican  unskilled  labor  getting  30  to  60  ct.  an 
hour,  the  average  being  about  40  ct.    Skilled  labor  has  risen 
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about  60  per  cent  in  price  as  compared  with  a  rise  of  about 
100  per  cent  for  unskilled  labor.  Machinery  has  not  risen 
in  price  as  much  as  skilled  labor,  and  excavat'Qg  machiner.v 
grows  better  every  year.  Hence  it  is  that  nearly  all  of  us 
must  revise  our  pre-war  ideas  about  the  use  of  machinery. 

High  wages  lead  inevitably  to  a  greater  use  of  machinery. 
This  has  long  been  evident  on  the  Pacific  Coast  where  con- 
tractors found  it  profitable,  long  before  the  war,  to  use  more 
machinery  than  was  customary  in  the  Central,  Southern  and 
Eastern  States.  Wages  on  the  Pacific  Coast  averaged  about 
$2.d0  a  day  for  common  labor  prior  to  the  war,  whereas  $1.7-5 
was  the  average  in  the  East.  That  difference  alone  justified 
the  greater  use  of  machinery  in  the  far  West.  Is  it  not  clear, 
then,  that  with  common  labor  wages  double  what  they  were 
five  years  ago,  there  must  be  a  greatly  increased  use  of 
machinery  in  construction  work? 

Hereafter  the  slogan  ot  the  far-sighted  contractor  will  be: 
More  pov\er  and  less  muscle;   fewer  men  and  greater  hustle. 


Repairing  Manganese  Special  Track  Work 
by  Welding  With  Electric  Arc 

All  classes  of  worn  and  broken  niansanese  special  work 
are  repaired  with  satisfactory  results  and  with  a  large  sav- 
ing in  labor  and  material,  on  the  Montreal  tramways,  as 
described  by  ilr.  Julian  M.  Scott  in  a  recent  issue  of  the 
Electric  Railway  Journal. 

In  the  fall  of  1916  the  diamonds  of  a  90  deg.  double  track 
cast-manganese  crossing  were  found  to  be  practically  worn 
out;  all  the  floors  were  broken  through  and  most  of  the  cor- 
ners missing.  The  usual  method  of  rebuilding  floors  and 
corners  was  applied  and  with  a  small  amount  of  filling  done 
periodically  this  crossing  will  be  kept  in  service  until  at 
least  1921.  For  the  5  years  these  repairs  will  have  deferred 
an  expenditure  of  $6,000  and  made  a  net  saving  of  $.5, -500  on 
interest  and  depreciation  charges,  at  a  cost  of  less  than  $200. 

Another  valuable  and  highly  successful  class  of  repair  is 
that  of  replacing  pieces  broken  from  the  tread  and  other 
portions  ot  switches,  mates,  crosses,  etc.  In  this  same  class 
might  be  included  the  building  in  of  badly  cupped  ends  on 
these  same  pieces. 

Sometimes  a  perfectly  good  mate  is  found  with  a  large 
piece  of  metal  shelled  out.  Ordinarily  this  mate  would  have 
to  be  immediately  scrapped,  but  in  this  case  it  was  returned 
to  lull  working  life,  as  indicated  in  the  next  illustration. 

The  points  of  frogs  and  mates  when  worn  short  and  off 
center  are  readily  replaced.  Switches  and  mates  on  which 
the  bulk  of  the  traffic  takes  the  curve,  become  worn  low  on 
one  side,  causing  derailments,  etc.  This  trouble  can  be  miti- 
gated for  a  time  by  grinding,  but  before  long  the  only  cure 
is  replacement.  The  trouble  is  remedied  by  building  the 
tread  up  to  the  original  height  and  shape. 

To  illustrate  the  saving,  the  following  figures  are  an  ap- 
proximation of  the  value  of  such  work  to  this  road  during 
1918.  All  figures  are  based  on  the  assumption  that  the  life 
ot  each  piece  of  special  work  is  prolonged  one  year,  thus  de- 
ferring expenditures  and  earning  the  depreciation  and  inter- 
est charges.  No  allowance  is  made  for  pieces  saved  from  the 
scrap  pile  and  returned  to  remaining  working  lite. 
52i;  pieces  of  .special  work  treated  representing  a  value  o(. .  .$159,000 
Interest   for  one  vear  on   the   deferred   investment   at    r,   per 

cent   9.540 

Depreciation  at  12V4   per  cent  per  year   19,870 

%  29.415 
Total  cost  of  tlie  work— all  charge.?  included    1,200 

.'having  effected  %  28.215 

This  is  a  very  substantial  saving  and  proves  beyond  ques- 
tion the  value  of  repairing  special  work. 

Special  work  of  the  hard-center  type  is  treated  in  exactly 
the  same  manner  and  with  equally  satisfactory  results.  The 
method  and  materials  are  ot  the  simplest.  When  building  in 
large  breaks  or  holes,  the  first  material  used  is  bare  '4-iu. 
round  common  mild  steel  electrodes.  The  wearing  top  is 
built  on  with  bare  14-in.  round  electrodes  ot  low-grade  tool 
steel  having  a  carbon  content  ot  0.85  to  0.95,  which  has  proved 
to  be  good  material  at  a  reasonable  price.  The  current  is 
kept  at  the  lowest  point  which  will  give  proper  fusion,  and 
is  about  140  amp.  at  30  to  40  volts  across  the  arc.  No  welding 
operations  are  ever  carried  on  at  250  volts,  and  the  standard 
resistance  welders  deliver  about  70  volts,  which  will  give  35 
to  40  volts  across  the  arc. 
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World  Is  on  Higher  Price  Level.* 

By    T.   S.   HOLDEK, 

In\  esti5,ator    Economics    Section,    Division    of    Public    Works    anJ 
Constructive     Developments,     U.     S.     Department     of     U-illor. 

What  Are  "Normal"  Prices  and  Wages?— In  our  capacity 
;:s  buyers  of  commodities  we  have  proceeded  on  the  assump- 
tion that  it  was  desirable  for  prices  to  fall.  Falling  prices 
rarely  stimulate  business.  They  usually  stimulate  waiting 
for  further  declines.  A  period  of  falling  prices  is  usually  a 
period  of  business  depression.  The  past  6  months  has  been 
remarkable  for  the  small  number  of  business  failures.  It 
is  entirely  possible  that  a  sharp  decline  in  prices  might  have 
been  accompanied  ty  a  greater  number  of  business  failures 
than  there  has  been,  attended  with  a  much  greater  menace 
of  unemployment.  A  financial  panic  might  have  been  within 
the   bounds  of  possibility. 

Many  of  those  who  have  been  deferring  building  projects 
and  the  resumption  of  production  of  commodities  have  stated 
that  they  were  waiting  until  prices  and  wages  should  have 
returned  to  •'noi-mal."  The  word  "normal"  has  been  used 
e-\tensively  in  this  connection  and  most  of  those  who  have 
used  it  have  not  appreciated  the  true  meaning  of  the  word. 
Not  only  in  connection  with  prices  and  wages  has  this  term 
been  used  incorrectly,  but  courts  and  public  utility  commis- 
sions have  used  the  term  losely  when  speaking  of  valuations 
of  properties.  It  is  worth  while  to  determine  just  what  this 
word  means  in  connection  with  prices,  wages,  and  property 
values,  not  in  the  interest  of  accademic  precision  but  simply 
to  aid  clear  thinking  on  this  subject. 

A  paper  entitled  "Appraisals  and  Rate  JIaking"  was  read 
on  JIarch  20  at  the  annual  meeting  of  the  Illinois  Gas  Associa- 
tion by  Mr.  Cecil  F.  Elmes,  an  eminent  engineer.  In  this  paper 
Mr.  Elmes  presented  with  the  utmost  clarity  and  force,  certain 
aspects  of  the  price  situation  as  affecting  valuations  of  pub- 
lic utility  pi-operties  and  the  principles  of  rate  making.  In 
the  course  of  his  discussion  Mr.  Elmes  dwelt  at  some  length 
ou  the  misconception  of  the  term  "normal."  He  presented 
curves  showing  the  fluctuations  of  prices  in  England  on  five 
basic  articles:  wheat,  iron,  lead,  cattle  and  sheep,  cover- 
ing a  period  of  six  centuries.  He  also  presented  curves 
showing  fluctuations  of  artisans'  wages,  both  in  terms  of 
money  and  in  terms  of  the  quantity  of  wheat  the  wages 
would  buy,  covering  the  same  extended  period.  He  pointed 
out  that  in  the  case  of  each  one  of  these  curves  the  fluctua- 
tions are  so  erratic  that  it  is  impossible  to  draw  a  horizontal 
straight  line,  an  oblique  sti'aight  line,  or  a  mathematical 
curve  which  could  in  any  sense  serve  as  a  median  about 
which  the  prices  or  wages  fluctuate.  Consequently  it  is  not 
possible  to  define  mathematically  in  terms  of  past  experience 
the  "normal"  price  of  a  given  commodity,  or  "normal"  wages. 
Neither  is  it  possible  to  thus  define  a  "normal"  rate  of  in- 
crease in  prices  or  wages. 

Not  everyone  has  the  ipportunity  to  consult  the  records 
of  the  British  museum,  as  Mr.  Elmes  has  had,  for  the  pur- 
pose of  studying  this  subject.  There  is,  however,  another 
authority  which  is  readily  accessible  to  all.  Webster's  Dic- 
tionary. Webster  defines  the  term  in  connection  with  eco- 
nomics as  follows: 

"Pertaining  or  conforming  to  a  more  or  less  permanent 
standard,  from  which,  if  the  individual  phenomena  deviate 
on  either  side,  such  deviations  are  to  be  regarded  as  self- 
corrective.  Thus,  in  economics,  the  normal  price  is  a  price 
which  corresponds  to  the  cost  of  production." 

Relation  of  Price  an'cl  Cost. — The  standard  to  which  a  price 
must  conform  is,  therefore,  not  necessarily  a  price  that  we 
are  accustomed  to  or  that  we  were  accustomed  to  5  years 
ago.  Mr.  Elmes  has  shown  that  past  experience  has  estab- 
lished no  mathematical  standard  to  which  a  price  may  be 
expected  to  conform.  Webster  says  that  the  standard  is  the 
cost  of  production.  In  1919  the  standard  is  the  cost  of  pro- 
duction in  1919.  and  not  the  1914  cost  of  production.  There 
is  no  justification  for  assuming  that  $12  is  an  unfair  price 
for  a  pair  of  shoes  today  simply  because  the  same  pair  of 
shoes  might  have  been  bought  in  1914  for  $6.  The  only 
criterion  for  the  present  price  of  shoes  is  the  present  cost 
of  production  of  the  shoes  plus  a  reasonable  margin  of  profit 
to  those  concerned  in  the  making  and  the  selling  of  the 
shoes. 
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Similarly    'normar'    wages    in    :!tli(    mu«t    D..'  tv 

conform  to  the  wag,-  scale  of  1914.     "Normal"  «  ■.!!. 

must  cover  the  cost  of  llvInK  in  1S1»  wUh  a  reasonable  mar- 
Similarly,  the  fact  that  the  cusioinor>-  „ 
the  past  has  been  3  ct,  is  not  necesKarlly  .,  .,^, 
a  5  ct.  fare  is  the  "normal"  fare  in  isiy.  ah  in  (hi.  ca»e  of 
prices  and  wages,  ihe  standard  of  the  mtr  r.,  •„.  ,,.,!,]  f^^ 
the  services  rendered  by  any  public  ,^ 
not  fundamentally  the  rate  tlie  publl.  ,  ,* 
to  pay,  but  Ihe  cost  of  production  of  Un-  . 
being  sold,  whether  U  be  gas.  electric  i>o». 
tion. 

It  is  also  ti-ue  that  the  normal  valuation  In  Iftl'i  r.f  any 
piece  of  property,   whether  it   be   Improved   real  « 

public  utility  is.  fundamentally,  the  total  com  -  ,un 

of  that  property  under  the  conditions  of  material  prices  and 
wages  in  1919. 

Purchasing  Power  and  Value  of  the  Dollar.  Another  ele- 
ment of  confusion  has  arisen  in  the  nilndh  of  ^.m,..  In  the 
attempt  to  draw  a  distinction  between  the  purcl,  ,.r 

of  the  dollar  and  the  value  of  the  dollar.     It  ha-  ed 

that  the  purchasing  power  of  the  dollar  nieaHun-d  in  com- 
modity prices  has  been  cut  in  half,  but  the  value  of  the  dol 
lar,  which  should  be  measured  in  terms  of  the  wealth  or 
the  country,  consisting  of  real  and  personal  property  ha« 
not  risen.  On  the  basis  of  this  distinction  It  was  arRU.-d 
that  prices  must  fall  in  order  that  the  purchasing  power  or 
the  dollar  might  become  commensurate  with  the  value  of 
the  dollar.  It  appears  to  be  an  economic  fallacy  to  draw 
such  a  distinction.  John  Stuart  .Mill  dednes  values  as  fol- 
lows: 

"The  value  of  a  thing  is  its  general  power  of  purchase. 
Ihe  command  which  its  possession  gives  over  purchasable 
commodities  in  general." 

In  other  words,  the  value  of  the  dollar  Is  the  piirchaslnc 
power  of  the  dollar.  Furthermore,  contrary  to  the  aritu- 
ment  outlined  above,  prices  have  remained  hieh  and  renii' 
and  properly  valuations  have  been  increasing  since  the  time 
the  statement  refened  to  above  was  made. 

The  owner  of  a  house  and  lot  may  slate  to  the  tax  iu<ses»ur 
that  the  value  of  his  property  is  J10,00o.  In  making  a  state- 
ment of  his  assets  and  liabilities  for  the  purpose  of  securlnp 
ci-edit  he  may  place  the  value  of  his  property  at  {n.CKMi.  in 
his  own  mind  he  realizes  that  these  valuations  are  more  or 
less  fictitious,  though  perhaps  justified  by  custom  How- 
ever, if  he  knows  that  the  price  which  he  can  get  for  the 
property  is  J12.000,  he  knows  that  the  actual  value  of  Ihe 
property   is   $12,00ii. 

In  connection  with  valuations  of  public  utilities  and  tb<- 
fixing  of  rates,  although  the  basic  principle  which  appllm 
to  the  price  of  commodities  and  wages  of  labor  nnd  vnluy- 
tion  of  real  estate  constitutes  the  standard  of  i  li 

is    fully    realized    that,    in    practice,    restrlcilop-  ■  d 

otherwise,  opei'ate  to  modify  the  application 
However,  it  is  evident  to  all  that  so  long  a-  •  ^ 

are  owned  and  operated  by  private  intercatb  ih«  return 
must  ultimately  be  in  proportion  to  the  cost  of  production 
of  that  which  is  sold  to  the  public.  When  operated  by  the 
public  through  Government  olflclals.  if  the  rates  paid  for 
the  service  are  not  sufficient  to  cover  the  costs,  tbe  deHrc 
has  to  be  paid  out  of  public  funds. 

It  has  been  pointed  out  above  that  the  curi  ■ 
tion  of  prices  of  any  particular  commodity 
period  of  years.  Is  so  erratic  that  it  is  impo,-...il<Ii-  to  U-  !ln«- 
from  it  either  a  "normal"  price  of  the  comniodiiy  or  a  "nor 
mal"  rate  of  increase  In  price.  However,  If  the  curve  repre- 
senting the  average  of  prices  of  a  great  number  of  basic 
commodities  be  drawn,  the  fluctuations  are  much  less  marked 
than  those  of  any  particular  commodity. 

Prices  and  productioi]s  costs,  which  constitute  the  norm 
of  prices,  are  measured  In  terms -of  money.  Wages  and  the 
cost  of  living,  which  is  the  norm  of  wages,  are  measured 
with  the  same  yardstick,  money. 

A  chart,   covering  a   period    of    46    years   In   the    United 
States,   shows   that  the  curve  of  the   price   Index   for  basic 
commodities  keeps  very  close  to  parallelism  with  the  cor 
representing  the  stock  of  legal  tender  in  the  country. 

Early  in  March  Professor  Fisher's  paper  entitled  "The 
New  Price  Revolution"  was  published  by  the  Department  of 
Labor.    Owing  to  the  fact  that  this  was  probably  the  flrrt 
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announcement  to  the  public  that  prices  would  not  fall,  the 
statement  contained  in  the  paper  commanded  universal  at- 
tention. This  paper  pointed  out  as  the  cause  of  the  new 
price  level  the  increase  in  the  amount  of  money  and  credit 
instruments  in  the  civilized   world. 

Professor  Fisher's  statement  was  followed  a  month  later 
by  a  bulletin  of  the  Division  of  Public  Works  and  Construc- 
tion," Development  of  the  Department  of  Labor,"  which 
briefly  summarized  all  those  facts  concerning  the  records  of 
foreign  prices  during  the  war  period,  the  experience  of  the 
Civil  War,  and  the  war  history  of  prices  of  basic  commodi- 
ties in  this  country,  which  had  a  bearing  on  the  present  sit- 
uation. These  facts  were  strictly  in  accord  with  Professor 
Fisher's    announcement. 

Present  Price  Level  Accepted  by  Public. — During  the  past 
few  months  there  has  been  evident  a  growing  tendency  on 
the  part  of  the  public  to  accept  present  prices  and  to  wait 
further  only  for  some  assurance  that  prices  would  not   fall. 

The  investigating  committee  appointed  by  the  Illinois 
State  Legislature  in  its  report  published  May  6,  stated  defi- 
nitely that  all  the  facts  it  had  learned  concerning  wages  and 
production  costs  and  prices  were  in  accord  with  the  theory 
that  a  new  price  level  had  been  established.  As  evidence  ot 
its  complete  acceptance  of  this  fact,  the  Legislature  immedi- 
ately authorized  the  letting  of  contracts  for  650  miles  of  roads. 

The  growing  volume  of  building  operations  throughout  the 
country  indicates  that  the  public  has  largely  given  over  its 
policy  of  waiting.  The  Department  of  Labor  is  daily  in  re- 
ceipt of  statements  from  leaders  in  business  and  finance  at- 
testing the  correctness  of  the  statements  it  has  published 
concerning   prices. 

The  Federal  Reserve  Bulletin  for  May  states: 

"The  underlying  and  most  general  factor  tending  to  sus- 
tain the  present  high  level  of  values  is  the  credit  and  bank- 
ing situation,  inflated  as  it  is  throughout  the  world.  So 
long  as  the  condition  ot  inflation  referred  to  continues  to 
exist  as  at  present  it  must  be  expected  that  reductions  of 
price  will  occur  slowly  as  a  result  of  changes  in  the  de- 
mand for  and  supply  of  commodities.  This  will  in  some 
cases  bring  about  reductions  in  the  levels  of  values,  but  in 
others  will  produce  corresponding  and  offsetting  variations 
in  the  opposite  direction.  Prices  will  thus  be  subject  to 
temporary  oscillations,  but  in  order  to  bring  about  any 
broad  and  far-reaching  readjustment  afl'ecting  the  relation- 
ship of  all  commodities  to  the  unit  of  purchasing  power.  In- 
flated credit  conditions  must  be  eliminated,  and  the  busi- 
ness community  must  be  placed  upon  practically  the  foot- 
ing in  relation  to  credit  and  money  which  it  is  normally  to 
occupy." 

One  of  the  factors  that  has  tended  to  delay  building  opera- 
tions has  been  the  tendency  on  the  part  of  bankers  to  refuse 
advances  of  money  on  the  basis  of  valuations  computed  in 
terms  of  present  prices  of  materials.  It  is  hoped  that  the 
statement  of  the  Federal  Reserve  Board  will  influence  the 
bankers   to   pursue   a   more   liberal   policy. 

Maximum  Level  of  Prices  Not  Yet  Reached. — According  to 
figures  of  the  Bureau  of  Labor  Statistics  the  maximum  level 
of  wholesale  prices  of  basic  commodities  was  reached  in 
September,  1918,  the  index  figure  being  207.  This  figure  is 
based  on  the  average  for  the  year  1913  as  100.  The  index 
figure  for  the  month  of  February  was  197,  for  the  month  of 
March  it  was  200,  for  the  month  of  April  it  was  203.  Weekly 
quotations  continue  to  show  more  commodities  advancing 
than  declining.  Thus  it  is  seen  that  the  price  level  is  again 
within  hailing  distince  of  the  maximum.  The  question  today 
is  not  whether  prices  will  fall  or  how  much  they  will  fall;  it 
is  rather,  how  much  higher  will  they  go?  The  principal 
commodities  that  have  advanced  recently  are  foodstuffs. 
Although  there  is  a  surplus  in  this  country,  there  is  a  world 
to  be  fed;  and  the  world  supply  is  short.  Mr.  Herbert  Hoo- 
ver has  been  quoted  as  stating  that  wheat  would  probably 
go  to  $3.50  a  bushel  if  all  restrictions  were  removed.  The 
cost  of  living  is  still  increasing  and  the  dollar  is  still  on  the 
decline.  The  problem  is  to  arrest  this  decline  in  the  pur- 
chasing power  of  the  dollar. 

People  want  to  know  today  what  future  prices  are  likely 
to  be.  It  is  impossiljle  to  prophesy,  but  it  is  possible  to  view 
facts  that  will  have  a  bearing  on  future  prices.  From  these 
facts  it  may  be  possible  to  indicate  future  price  tendencies. 

It  took  13  years  after  the  Civil  War  for  wholesale  prices 
to  get  back  to  the  prewar  level.     The  circumstances  ot  that 


period  were  much  more  favorable  for  price  reductions  than 
they  appear  to  be  at  the  present  time.  As  compared  with 
the  war  just  ended  the  Civil   War  was  a   purely  local  affair. 

The  reason  why  the  present  situation  has  been  so  diffi- 
cult to  understand  is  the  fact  that  it  is  a  world-wide  phe- 
nomenon. The  scope  of  the  economic  changes  has  been  as 
wide  as  the  war  itself.  In  January  ot  this  year  the  Bureau 
of  Labor  Statistics'  Index  figure  for  wholesale  prices  of  all 
commodities  showed  an  increase  of  102  per  cent  over  the 
year  1913.  At  the  same  time  the  price  level  in  England 
was  117  per  cent  higher  than  in  1913;  in  France  it  was  249 
per  cent  higher.  It  is  a  significant  fact  that  France,  which 
showed  such  a  marked  rise  in  the  price  level,  resorted  to 
inflation  to  a  much  greater  extent  than  did  either  England 
or  the  United  States.  In  England  and  in  America  it  has 
been  considered  wise  to  pay  a  large  proportion  of  the  ex- 
penses of  the  war  through  the  levying  of  heavy  taxes,  thus 
minimizing  the  necessity  for  extension  of  the  public  debt 
and  the  inflation  of  currency.  In  those  countries  where  it 
was  considered  expedient  to  avoid  high  taxation  and  to  re- 
sort to  inflation  the  people  are  now  paying  the  piper  through 
the  high  prices  they  are  obliged  to  give  for  the  necessities 
of  life. 

Whether  you  believe  with  the  majority  of  economists  that 
the  price  level  is  the  result  of  the  amount  of  money,  or 
whether  you  agree  with  the  minority  that  the  quantity  of 
money  accommodates  itself  to  the  price  level,  the  present 
condition  of  world-wide  high  prices  accompanied  by  a  world- 
wide increase  of  money  and  credits  must  be  considered. 
Either  prices  in  the  future  will  be  less  because  of  a  contrac- 
tion in  the  amount  of  legal  tender,  or  lower  prices  in  the 
future  must  be  accompanied  by  a  decrease  in  the  amount 
of  legal  tender.  Hence  the  problem  of  future  prices  depends 
upon  the  solution  of  the  financial  problems  and  a  solution 
of  that  can  not  be  wholly  controlled  by  any  one  country. 

Lord  D'Abernon,  an  eminent  British  financier,  has  been 
quoted    as    follows: 

"If  there  were  to  be  any  attempt  today  to  bring  about 
a  rapid  return  to  the  gold  currency  basis  of  1914  it  would 
almost  double  the  weight  of  the  world's  indebtedness  and 
would  certainly  lead  to  the  bankruptcy  of  many  nations.  The 
governments  which  have  borrowed  cheap  money  would,  in 
the  case  of  contraction,  have  to  repay  with  dear  money. 
Individuals  who  have  borrowed  cheap  money  would  have  to 
pay  back  with  dear  money.  It  is  extremely  unlikely  that 
the  Governments  of  the  world  can  be  reasonably  expected 
to  decrease  appreciably  the  world  inflation  within  a  brief 
period  of  years." 

Condition  Not  to  Be  Avoided. — The  conditions  that  have 
brought  about  infiation  and  the  rise  in  the  price  level  in 
this  country  could  only  have  been  avoided  if  all  trade  re- 
lations with  Europe  had  ceased  at  the  outbreak  of  the  war. 
What  has  happened  has  been  that  we  have  shipped  enor- 
mous quantities  of  goods  to  Europe.  These  goods  have  not 
been  used  in  production,  but  have  been  consumed  or  de- 
stroyed. We  have  received  in  return,  not  goods,  but  money. 
These  transactions,  in  the  aggregate,  have  approximated 
$15,000,000,000.  Before  the  war  this  nation  was  indebted  to 
Europe  to  the  extent  of  $6,u(i0.iioo.000.  We  are  now  Europe's 
creditor  to  the  extent  of  $9,000,000,000. 

A  serious  problem  at  the  present  time  is  concerned  with 
the  conditions  surrounding  future  ti'ade  relations  with  for- 
eign countries.  If  America  continues  to  ship  goods  to  Eu- 
rope, receiving  in  return  only  money  or  promises  to  pay 
there  is  danger  that  the  disparity  between  the  amount  of 
commodities  and  the  amount  of  money  in  this  country  will 
continue  to  grow,  resulting  in  a  level  of  prices  even  higher 
than  that  obtaining  at  the  present  time.  In  view  of  this, 
some  people  think  today  that  it  may  become  advisable  to 
restrict  exports  to  such  an  extent  that  they  may  be  paid  for 
in  commodities  rather  than  in  money.  Such  a  regulation 
could  scarcely  be  put  into  eifect  all  at  once.  It  might  not 
be  practical  at  all.  It  would  appear,  however,  that  Europe's 
debt  to  us  must  ultimately  be  paid  in  goods. 

Any  consideration  of  future  prices  must  necessarily  in- 
volve a  consideration  of  the  probable  tariff  program.  With- 
out going  into  the  controversial  aspects  ot  this  subject,  it  is 
well  that  these  phases  of  it  which  are  likely  to  affect  prices 
be  noticed  here.  It  is  a  serious  question  whether  it  is  de- 
sirable that  a  tariff  schedule  be  framed  in  such  a  way  that 
we  shall  continue  to  ship  goods  away  and  receive  in  return 
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only  money  or  promises  to  pay.  What  used  to  be  consid- 
ered a  favorable  balance  of  trade,  may  not  be  considered 
so  favorable  in  the  future.  The  ideal  condition  in  foreign 
trade  is  the  exchange  of  commodities  for  commodities,  money 
being  used  merely  as  that  which  facilitates  the  exchange. 
It  is  true  that  it  would  not  be  desirable  to  have  foreign  goods 
sold  in  this  country  in  such  a  way  as  to  demoralize  our 
markets.  It  is  none  the  less  true  that  we  do  not  want  fur- 
ther increases  in  our  stock  of  money  to  such  an  extent  that 
its  purchasing  power  will  continue  to  decline. 

This  problem  is  engaging  the  serious  attention  of  some 
of  the  best  informed  leaders  in  business,  economics,  and  state- 
craft. It  is  to  be  hoped  that  their  reasoned  opinions  will 
have  a  great  influence  on  our  future  tariff  policy.  Even 
though  past  tariff  policies  may  have  been  successful,  any 
new  policy  must  be  framed  after  thorough  consideration  of 
a  large  body  of  new  facts.  A  wise  program  can  not  be  eX' 
pected  if  it  is  made  solely  as  a  compromise  between  the 
claims  of  short  sighted,  selfish  interests.  It  can  not  be  ex- 
pected if  the  problem  is  viewed  only  in  the  light  of  before 
the  war. 

There  are  many  far-sighted,  thoughtful  men  among  our 
leaders  of  business  and  our  public  men.  There  are  men  ex- 
pert in  this  intricate  subject  among  our  practical  econo- 
mists.    It  is  to  be  hoped  that  the  ideas  of  these  groups  will 

prevail. 

Although  foreign  trade  relations  have  been  so  largely  re- 
sponsible for  the  conditions  we  face  at  present,  and  though 
these  relations  may  be  of  great  importance  in  the  future,  it 
is  possible  to  concentrate  too  much  upon  the  problems  they 
involve.  These  problems  can  not  be  settled  at  once.  France 
has  been  obliged  to  await  the  settlement  of  the  Peace  Treaty, 
and  has  deemed  it  expedient  to  place  drastic  restrictions  on 
imports  during  the  waiting  period.  Great  Britain  has  raised 
the  barriers  against  foreign  goods  for  the  duration  of  such 
time  as  is  necessary  to  get  her  industrial  house  in  order. 
The  period  of  readjustment  in  Europe  must  be  necessarily 
prolonged. 

In  the  meantime,  should  the  people  of  the  United  States 
sit  idly  bv  and  watch  their  dollars  shrink?  Must  prosperity 
wait  until  foreign  markets  are  opened  to  us?  When  the 
wheels  of  American  industry  are  turning  and  every  able- 
bodied  worker  has  a  job  that  brings  him  a  substantial  wage, 
there  is  a  prettv  extensive  market  for  American  goods 
among  the  110,000,000  people  of  America.  The  best  way  for 
Americans  to  set  about  arresting  the  shrinkage  of  the  dol- 
lar is  to  produce  more  goods,  thus  remedying  the  existing 
disparity  between  commodities  and  money. 

Prices  of  Building  Materials  Likely  to  Increase.— The  na- 
tion's shortage  has  been  estimated  at  1.000,000,000  houses. 
At  the  beginning  of  the  year  the  building  of  homes  was 
urged  on  the  grounds  of  patriotism.  At  present,  it  is  an  ab- 
solute necessity  that  they  be  built  to  fill  an  urgent  need. 
Furthermore,  in  the  light  of  present  information  concerning 
prices,  it  can  be  shown  tnat  money  spent  on  building  is 
money  well  invested. 

Considered  in  relation  to  prices  prevailing  in  the  year  pre- 
ceding  July  1914,  bdilding  materials  are  cheaper  now  than 
most  other  commodities.  By  the  end  of  191S  lumber  had  ad- 
vanced 73  per  cent  above  ihe  pre-war  level;  mill  prices  on 
Portland  cement  had  risen,  on  the  average,  74  per  cent;  t.  o. 
b  plant  prices  on  mineral  aggregate  (sand,  gravel  and 
crushed  stone)  had  risen,  on  the  average,  73  Pe^ J^ent;  build^ 
ing  stone,  on  the  average,  64  per  cent;  common  brick.  92  per 
cent.  The  building  materials  group  (not  includmg  any  metal 
products)  rose  84  per  cent.  Compare  this  with  a  rise  of  113 
per  cent  in  all  other  commodities,  and  with  a  rise  of  m  Pe> 
cent  in  the  group  of  farm  products.  The  cost  o  construction 
of  buildings  on  the  average  has  increased  about  62  pe  cent^ 
Little  evidence  is  in  sight  pointing  to  a  decline  of  P^^es  in 
general.  There  is  even  less  likelihood  of  declines  in  price, 
of  building  materials.  The  index  for  the  group  was  tUyame 
for  the  first  quarter  of  this  year  as  for  the  last  Q^^^t^^f  ^^^^'^ 
Slight  declines  in  some  materials  have  ^^'^^  °^^\llf'^^l 
advances  in  others.     As  a  group  the  prices  have  been  prac 

ticallv  stabilized.  ,,.  . .  .     a,,- 

in  the  nature  of  things,  prices  of  ^uiWing  materials  fluc- 
tuate less  than  the  prices  of  those  '^f^'^f^'^'lZlZZl 
consumed  from  day  to  day,  such  as  fo^-^f  f  Vhicji  ^^'^^'f^^ 
and  of  those  commodities  such  as  the  ^''t^'^' .^^^^J" J"Xj 
(he  raw  materials  of  industry.     During  the  Civil  ^\  ar  buildmg 


materials  advanced  less  rapidly  than  did  other  cr.i - 

and  they  failed  to  reach  the  high  l»veli!  of  other  c 

In   fact   they   remained   above   the   gt-ner&l   l«"vel   i.i    a,;   .  au 

moditles  unlil  1874.     It  building  materialH,  Inatead  of  flucluat 

ing  in   price,  had  declined  from   ibe  hiKh  point   .'    ' 

lSt)5,  at  a  uniform  rate  of  four  per  cent  per  annuu  i 

they  would  have  reached  their  actual  1S74  level, 

the  same  as  the  general  level  of  all  coinmodltloii  fo; 

A  decline  of  4  per  cent  per  annum  In  price*  ui  Kiifiui- 
would  probably  not  involve  an  annual  depreciation  in  value 
of  a  building  of  more  than  2 '4  per  cent.  The  fact  in  that 
present   conditions  do  not  Indicate  that  the  next  few   year* 

will  see  declines  in  building  material  prU-eg  :i •-•  to  a* 

much  as  four  per  cent   a  year.     It  is  more  ■  that 

building  materials,  on  the  average,  will  not  d.-.  ..i..  i.i  all  for 
a  considerable  period.  Present  IndlcatlonK  are  that  buililing 
materials  are  more  likely  to  be  somewhat  higher  on  the  aver- 
age in  1920,  than  at  present,  rather  than  lower 

Not  only  is  the  demand  for  houHes  Imperative  .ii-'  ■' -t 

of  construction  cheap  in  proportion  to  prices  of  i  * 

in  general,  but  there  Is  every  prospeci  that  the  ret  i.i,.  ...  ,.,.,»* 
who  invest  in  building  now  will  adequately  cover  pre»ent 
construction  costs. 

Rents  and  Property  Value. — Renta  and  properly  values 
have,  naturally,  been  slow  in  adjuatlng  themselves  to  the 
nfcw  price  level.  It  was  reported  at  the  beginnInK  of  the  year 
that  in  52  cities  rents  on  the  average  have  increased  105  per 
cent.  In  some  cities  they  had  Increased  40  per  cent  to  50 
per  cent.  That  was  merely  the  beginning.  Rents  have  ad 
vanced  everywhere  since  January,  and  real  estate  valuations 
have  advanced  in  proportion  to  the  advances  In  rent. 

Placing  cots  in  churches  is  only  a  temporary  measure  of 
relief.  Appointing  committees  to  Investigate  rent  profiteer- 
ing may  ameliorate  the  inconveniences  of  the  adjustment  to 
new  rent  levels.  Perhaps  some  people  have  profited  by  the 
situation  who  have  little  claim  In  Justice  to  the  profits.  Ad- 
justments to  new  economic  conditions  are  not  always  accom- 
plished easily.  The  only  practical  solution  of  the  problem  of 
the  shortage  of  housing  facilities  is  the  building  of  house*. 
The  ultimate  solution  of  the  problem  of  high  rents  is  the  re- 
sumption of  all  business  activities  to  the  extent  that  the  ten- 
ants can  earn  enough  money  to  pay  the  renu. 

There  is  little  likelihood  that  the  building  of  new   ■ 
will  cause  rents  to  decline,  for  the  rents  on  the  new   ; 
will  have  to  be  adjusted  so  as  to  give  an  adequate  return  ou 
the  amount  invested  in  the  ne^fk-  buildings. 

Not  only  is  the  need  for  building  actively  pressing.  Scarcely 
second  to  this  need  is  the  necessity  of  making  many  repair* 
and  improvements  in  our  various  systems  of  tranaponatlon 
and  other  public  utilities. 

The  problem  of  the  railroads  Is  being  carefully  studied  by 
riilroad  men  and  public  officials.    The  owners  of  ..tl,..r  nubile 
utilities  are  asking  the  public,  through   its  dul.v 
officials,  to  grant  them  relief  from  the  unfavorabU       .. 
under  whl<h  they  have  been  operating. 

The  public  has  a  right  to  expect  that  Its  ser^-anta  will  aafe- 
"uard  its  proper  interests  In  whatever  adjustment  of  rates  la 
made  The  owners  of  puolic  utilities  have  equally  a  right  to 
expect  the  public  ofliclals  to  take  Into  consideration  operating 
conditions  and  costs  that  prevail  in  1919. 


d 

na 


Detroit   Street   Railway    Builds    I.arac 
Crusher   Plant 

In  an  effort  to  effect  large  economies  the  Detroit  Vnlte«J 
Railwavs  placed  in  operation  last  year  a  crusher  plant  for 
The  production  of  concrete  aggregate  and  ballaat.  I.  wa. 
estinia"ed  that  about  25.000  cu.  yd.  of  the  latter  ina.erUl 
would  be  needed  in  a  normal  year  for  the  construction  and 
maintenance  of  interurban  lines.  U  was  believed  that  .5.000 
^,  vd  0°  this  could  be  furnished  from  salvaged  waste  ma- 
terial such  as  broken  concrete,  old  brick,  and  paving  blocks. 
nTterial  which  formerly  had  been  for  the  most  part  hauled 
to  a  dump  and  used  for  filling  In.  The  Electric  Railway  Jour- 
nal IZi  which  the  above  figures  are  Uken.  states  th. 
nract  ca  V  all  the  material  crushed  is  waste  material  and  Is 
'^  1  frimerurban  track  ballast.  One  foreman  and  tiree 
met  operate  thfpLnt  and  with  dump  car,  can  handle  500 
cu.  yd.  per  day. 
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Commercial  Sizes  of  Crushed  Stone 

Early  in  1917  the  Bureau  of  Public  Roads  began  a  survey 
of  crushing  plant  practice  for  the  purpose  of  securing  data 
to  be  used  in  the  development  of  a  system  of  standard  sizes 
and  uniform  nomenclature  of  crushed  stone  products.  The 
1917  survey  covered  plants  in  the  New  England  and  the 
Middle  Atlantic  States.  During  the  summer  of  1918  this 
work  was  extended  to  the  states  of  Ohio,  Kentucky,  Ten- 
nessee, North  Carolina  and  Georgia.  The  results  of  the 
191S  survey  are  described  by  Mr.  F.  H.  Jackson,  and  Mr.  C. 
W.  Mitman,  in  "Public  Roads,"  from  which  the  notes  fol- 
lowing are   abstracted. 

Plants  Visited. — Of  the  65  stone  crushing  plants  inspected 
in  the  last  field  season,  .34  are  located  in  the  western  half 
of  the  state  of  Ohio  and  extend  from  the  edge  of  Lake  Erie 
southward  to  the  Ohio  River.  The  rock  quarried  throughout 
the  state  is  a  dolomitic  limestone,  occurring  in  perfectly 
horizontal  beds  varying  in  thickness  from  3  in.  to  5  and  6 
ft.  and  lying  within  6  in.  to  2  ft.  of  the  surface.  Six  plants 
were  visited  in  Kentucky.  All  of  the  plants  crush  limestone 
of  the  same  character  as  that  found  in  Ohio.  Five  plants 
were  visited  in  Tennessee.  The  rock  crushed  is  a  limestone 
of  good  quality  when  it  can  be  obtained  free  from  bands  of 
shale  or  "rotten  rock"  as  it  is  called  locally. 

Six  plants  were  visited  in  Georgia,  all  located  within  a  50- 
mile  zone  of  Atlanta.  Three  of  these  crushed  granite  as  a 
by-product  to  the  stone-block  industrj'.  Two  crushed  a 
bastard  limestone  and  one  a  granite  gneiss  rock.  All  the 
plants  visited  have  a  small  output  and  (with  the  exception 
of  one  of  the  plants  crushing  limestone),  make  crushed  stone 
almost  an  incidental  industry. 

Seven  crushing  plants  were  visited  in  North  Carolina, 
distributed  north  and  south  of  an  imaginary  line  extending 
from  Asheville  to  Raleigh.  All  the  plants  crush  granite 
rock,  two  making  the  crushing  industry  incidental  to  the 
stone  block  and  monumental  stone  industry. 

Procedure  in  Making  Survey. — The  most  important  ele- 
ment in  the  equipment  of  a  crushing  plant,  in  so  far  as 
quality  of  grading  is  concerned,  is  the  screen.  Screening 
methods  therefore  were  given  first  consideration  in  the 
study  of  each  plant.  The  data  collected  included  the  length 
over  all,  diameter,  pitch,  and  speed  of  revolution  of  each 
screen,  the  number  of  screens  in  operation,  and  the  length 
and  diameter  of  each  section  of  screen.  If  gravity  or  pul- 
sating screens  were  used.  tli.eir  dimension,  pitch,  and  size 
or  holes  in  each  compartment  was  obtained;  the  nominal 
diameter  (or  dimensions,  if  square  holes)  of  each  section 
of  the  screen  at  the  time  of  inspection  was  recorded,  to- 
gether with  the  total  length  of  each  section  having  the  same 
size  holes.  In  addition,  information  was  obtained  pertain- 
ing to  crushing  and  elevating  machinery  such  as  would  pres- 
ent a  complete  flow  sheet  of  operations. 

The  general  condition  and  operation  of  the  plant  as  a 
whole  was  noted  and  recorded.  A  record  was  made  of  each 
commercial  size  of  crushed  stone  produced,  including  the 
name  under  which  each  size  is  sold,  and  the  limits  in  size 
within  which  each  grade  is  supposed  to  lie. 

Finally,  a  sample  of  each  commercial  grade,  available  at 
the  time  of  inspection,  was  obtained,  and  a  mechanical  an- 
alysis ot  each  sample  was  made  on  the  spot.  Samples  of 
grades  smaller  than  %  in.  were  mailed  to  Washington  for 
mechanical   analysis. 

Screening  Methods  in  Use.— All  the  plants  visited  are 
equipped  with  revolving  screens,  but  a  few  in  Ohio  have  in 
addition  pulsating  screens  installed  in  various  stages  of 
the  operation.  Revolving  screens,  in  the  majority  of  cases, 
are  used  to  obtain  the  larger  sized  products,  while  the 
smaller  grades  are  obtained  with  the  pulsating  screens. 

In  its  simplest  form  the  pulsating  screen  consists  of  two 
or  three  rectangular  frames  constructed  of  wood  and  hung 
one  beneath  the  other,  each  frame  having  a  perforated 
metal  or  wovenwire  screen  attached  to  the  under  side.  The 
three  frames  are  in  turn  hung  in  frame  work  and  rocked 
to  and  fro  by  means  of  eccentrics.  If  a  three-tier  screen  is 
used  the  upper  has  the  largest  perforations  and  the  lowest 
the  finest.  All  grades  discharge  from  the  screen  opposite 
to  the  feeding  end.  These  screens  may  be  set  either  in  a 
horizontal  position  or  may  be  inclined,  combining,  in  the  lat- 
ter case,  the  principles  of  the  gravity  screen  and  pulsating 
scieen. 


General  Results  Obtained.— An  analysis  of  the  results 
of  the  mechanical  analyses  leads,  in  general,  to  the  same 
conclusions  as  were  noted  in  the  1917  survev.  Thus,  varia- 
tions in  pitch  and  speed  of  revolving  screens,  contraiT  to 
the  general  idea,  appear  to  affect  the  grading  very  little. 
Likewise,  it  may  be  noted  that,  except  in  a  very  general 
way,  the  dimensions  of  the  screens  themselves  have  little 
influence  on  the  sizes  of  the  products.  This,  of  course,  does 
not  mean  that,  in  any  individual  case,  the  diameter,  pitch, 
or  speed  ot  the  screen  does  not  influence  the  grading  of  the 
material  produced.  It  does  seem  to  indicate,  however,  that 
there  are  other  influences  at  work  which  overshadow  the 
effect  of  these  variables. 

The  rate  of  feeding  the  stone  into  the  screen,  which,  of 
course,  varies  continually  during  the  screening  operation 
and  therefore  can  not  be  recorded,  probably  influences  the 
grading  to  a  marked  degree. 

Standard  Requirements  in  Ohio.— In  Ohio,  practically  all 
the  operators  are  producing  stone  nominally  in  accordance 
with  the  state  requirements  for  size.  These  requirements 
have  been  standard  for  some  years,  and,  inasmuch  as  lime- 
stone is  quarried  throughout  the  state  under  practically  the 
same  conditions,  it  would  seem  that  to  produce  these  sizes 
revolving  screens  of  the  same  diameter  of  perforations 
should  be  used  in  the  various  plants.  As  a  matter  of  fact, 
this  is  far  from  true.  For  instance,  of  the  12  plants  in  the 
state  producing  the  Ohio  No.  1  standard  size  limestone 
(21/^ — 3%  in.  or  2% — 4  in.),  or  its  equivalent,  by  means  of 
revolving  screens,  one  plant  has  2-in.  holes  in  its  screen 
retaining  the  product,  two  plants  have  214-in.  holes,  six 
have  2y2in.  holes,  two  have  2%-in.  holes  and  one  has  3-in. 
holes.  Likewise,  in  the  case  of  the  No.  2  Ohio  standard  size 
(2%— IV^  in.),  in  the  11  plants  producing  this  material  the 
same  relative  variations  in  size  of  perforation  may  be  noted. 
Thus  in  a  state  where  standard  sizes  for  broken  stone  used 
in  rado  construction  have  been  in  use  for  a  number  of  years, 
revolving  screens  with  13  different  sizes  of  holes  are  used 
to  produce  three  grades  of  stone. 

Screening  Efficiency  Greater. — For  the  purpose  of  making 
comparisons  between  the  nominal  and  actual  sizes  of  prod- 
uct. Table  I  was  prepared. 

It  is  interesting  to  note  that  the  average  efliciency  of 
screening  operations  is  somewhat  greater  among  the  plants 
visited  in  1918  than  among  those  in  New  England  and  the 
:Middle  Atlantic  States.  As  recorded  in  the  original  report, 
34  per  cent  of  all  the  plants  visited  in  1917  produced  the 
ordinary  commercial  sizes  with  less  than  5  per  cent  varia- 
tions from  th°  nominal  size  of  perforations  in  their  retain- 
ing screens.  Table  I  shows  that  37  per  cent  of  the  plants 
visited  in  1918  produced  stone  within  this  limit  of  variation. 
Again,  whereas  approxi.iiately  one-half  of  all  the  plants  in- 
spected in  1917  showed  less  than  10  per  cent  variation  from 
the  nominal  sizes,  62  per  cent  of  the  operations  studied  in 
1918  were  equally  as  efficient.  This  latter  average  is 
laised  considerably  by  reason  of  the  very  efficient  grading 
observed  in  the  states  of  North  Carolina  and  Georgia.  The 
average  results  for  the  state  of  Ohio  are  practically  the 
same  as  were  obtained   daring   1917. 

Specifications  Purely  Theoretical. — The  reason  for  analyz- 
ing the  data  obtained  in  this  manner  is  to  secure  figures 
ba;jed  on  actual  screening  operations,  which  might  be  used 
in  framing  practical  specifications  for  stone  sizes.  The 
average  specification  covering  the  size  of  crushed  stone 
products  is  purely  theoretical.  It  usually  requires  stone 
graded  betvi-een  certain  fixed  limits  without  any  allowance 
for  imperfect  screening.  It  is  the  custom,  therefore,  of  most 
operators  to  use  screens  with  openings  slightly  larger  than 
those  specified,  so  as  to  obtain  approximately  the  sizes  de- 
sired. This  custom  results  in  the  production  of  more  or 
less  inJefinitely  graded  products,  which  sometimes  do,  but 
much  more  frequently  do  not,  meet  the  letter  of  the  specifi- 
cation. 

Uniformity  in  Nomenclature. — With  the  exception  of  the 
state  of  Ohio,  there  is  practically  no  uniformity  in  the 
nomenclature  used  in  designating  crushed-stone  products.  The 
state  of  Ohio  has,  for  some  years,  used  a  standard  system 
of  stone  sizes,  each  size  being  designated  by  a  number.  The 
majority  of  the  crushing  plants  in  Ohio  which  were  visited 
use  the  state  system  of  numbers  in  designating  their  product. 
This  is  about  as  far,  however,  as  the  uniformity  extends, 
because  even  the  operators  who  use  the  same  nomenclature 


(16) 


Engine>;ii}i(j  and  Contracting  for  Julii  10,  1919. 


TABLE     I.— EFFlCIKNCr     OF 


I'LAXT     .SCREF.NINO, 
Proportion  of  plants  show- 
ing  tlie    t'ollowins   varia- 
tions from  nominal  sizt. 
Less       Less       Less 
than 


Stale. 

<ijiio. . . 


Georgia. 


Num- 
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plants 
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Approximate 
size  of 
product 
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%  to  li  in 
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57 
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63 
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73 
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.77 

79 

100 

100 


Over 

15 
per 
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26 
37 
37 
27 


25 
33 


21 
0 
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General    av. 
TABLE  IL— ACTUAL  SIZES  OF  PRODUCTS  OF  OHIO  PLANTS. 
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r!o  not  always  use  the  same  screens  for  obtaining  nominally 
the  same  product,  nor  do  the  products  themselves  have  al- 
ways the  same  grading.  This  latter  point  is  brought  out  in 
Table  II,  in  which  the  actual  sizes  of  crushed-stone  products 
sold  by  plants  using  the  state  nomenclature  are  compared. 

That  portion  of  the  mechanical  analysis  included  between 
the  vertical  lines  in  each  subdivision  gives  the  proportion 
of  the  total  product  which  meets  the  state  requirements  tor 
size.  Some  extremely  wide  variations  from  the  state  re- 
quirements are  shown.  The  general  tendency  is  to  produce 
larger  stone  than  that  specified.  This  table  shows  that  just 
3  out  of  the  35  products  indicated  meet  the  state  require- 
ments for  size  as  called  for  by  the  number  under  which  each 
is  sold. 

One  point  in  connectipn  with  the  standardization  of  stone 
sizes  which  has  not  been  discussed  is  the  effect  of  charac- 
ter of  stone  on  the  maximum  size  allowable  in  various  types 
of  construction.  It  is  recognized,  for  instance,  that  the  sizes 
should  be  somewhat  larger  in  the  case  of  limestone  than 
where  granite  or  trap  is  used.  It  may  be  necessary,  there- 
fore, to  modify  the  proposed  system  of  sizes  to  cover  this 
point. 


American  Shipyards  Turn  Out  422,000  Tons  of  Boats  in 
June.— During  the  month  of  June  American  shipyards  turned 
out  272  vessels,  aggi-egating  422,889  gi'oss  tons,  according  to 
estimates  of  the  Bureau  of  Navigation  of  the  Department  ot 
Commerce.  Of  this  amount  of  new  shipping  the  Department  s 
figures  showed  that  72  of  the  vessels  were  steel  boats  and 
totalled  329,981  gross  tons:  39  wood,  totalling  82,362  gross 
tons,  and  161  vessels  non-seagoing,  totalling  10,546  gross  tons. 


The  Coming  of  the  Self-Propelkd 
and    Trackless   Street  Car 

Under  the  abovr-  iiu>-,  .\li    U    j    i.ork.-.   .mi'u,.   .■      .  ,     ■. 
Municipalities."  makes  siiine  Inti^rphtiiit;  ubi>i<i 

has  been  done  with  Ibe  iruckb-HH  slr<?«?t  tar  uii        _..,      .- 

expected  (roni  it  in  the?  future.     The  (ulluwing  ti>  Kbiinclad 
from  his  article: 

Sonic  time  ago  in  the  city  u(  Luiii:  Beach.  Calif  ,  a  (ran- 
chise  was  applied  for  and  subi<ei|uently  huIiI  .i.  .  ..niliiL-  tu 
state  law  authorizing  ihe  recl|ileni  lo  run  Jin  i 

two  streets  of  that  clly,  the  diKtume  rovered 
miles  in  each  case.     The  successful  Ulddi*r  i  >i 

for  th"  Iranchise,  In  addition  to  which  Iw-  .it  .  :  .- 

city   annually   :;   per  cent   of   the   gron.--  Ui»on    ibr 

granting  ot  the  francise  an  ordinance  w.i     .  ,  ')>  th<-  .h\ 

prohibiting   all   other  jitneys   fruui   operaiInK   on   the 
which   Ihe   franchise  covered.     The  enterprise  ttirn.-il 
be  a  good  business  venture  apparently,  as  the  r- 
been   operating   the   bus   system  continuously   au'i 
with  profit  ever  since  he  procured  It.     Is  the  iiiclileni  a  pn? 
cursor  of  what  may  happen  in  other  cities? 

The  jitney  bus  was  popular  from  the  outset.     However.  It 
immediately  brought  in  Its  train  many  annoying  an.!  .M-ml.-i 
ing  problems  for  city  ollicers  to  solve,  while  In  il 
the  street  railway  companies  greiv   more  and   n!' 
daily  as  the  jitneys  cut  into  their  business  and  ■  •> 

reduce  their  daily  receipts.     Many  of  the  conipani.  .    id 

big  prices  for  their  franchises,  and  the  compeilton  of  the 
busses  operated  at  a  manifest  Injustice  aKaln^t  them  In 
most  cases  the  companies,  as  part  consideration  of  their  fran- 
chises, had  been  obliged  to  pave  the  street  betW'-'-n  tln-lr 
tracks  and  2  ft.  on  either  side,  and  they  were  ther-  •  d 

in  the  anomalous  position  of  having  furnished  .i  .  'U 

of  the  smooth   roadway   which   their  conip'  ■•   now 

using  against  them,  and   without   which  th- .  •••    ab- 

solutely unable  to  operate  at  all. 

Municipal  ordinances  were  hastily  prepared  i  "f 
situation.  Most  of  them  demanded  certain  morii  i- 
cal  qualifications  of  the  driver,  while  nearly  all  i- ■,,.,■■.  an 
indemnity  bond  to  be  furnished.  Others  prohibited  the  busses 
from  nnning  on  streets  having  street  car  lines.  The  re- 
quirement of  an  indemnity  bond  increased  the  cost  of  oper- 
ation greatly,  and  resulted  in   many  operators   ■.;■'•■ of 

business,  while  provisions  which  prohlbted  the  ■  ■( 

jitneys  on  streets  having  street-car  lines  put  man  a 

of  commssion.     In  some  cases  the  jitney  drivers  mi- 

posible  to  secure  the  required  indemnity  bond.     1 

in  Washington   the  Supreme   Court   refused   to   i 

junction  to  200  jitney  drivers  of  SeattI' 

vent  the   prosecuting  attorney   from   hi 

court  holding  that  if  the  jitney  men  coul 

of  a  bond  defined  by  the  statute  they  would  not  lie  entitled  to 

the  privilege  ot  using  the  streets. 

With  trackless  cars  tfle  routes  may  be  easily  chanced  to 
suit    public   convenience   or   their   termini   >■ 
additional  expense.     Not  so.  however,  with  ■ 
street  car.     Il   is   conlined   to  iu  track.s.  an 
verted   nor  have   its   route  extended   until  the  tracks,  pole* 
and  wires  have  first  been  constructea  and  lusUlled. 

As  to  the  economical  phase  of  the  question.  It  1»  only  l*»r 
to  sav  that  the  first  cost  of  the  auto  street  car  or  bus.  In 
proportion  to  passenger  capacity.  Is  somewhat  more  than 
the  ordiuarv  street  car.  but  the  greater  cost  Is  offset  by  the 
large  inv«stn)ont  required  for  a  power  ho"»e  and  machlnory 
On  the  other  hand,  the  expensive  roadbed,  switches,  tnickii. 
poles  and  overhead  wires,  represent  a  vast  InvcJitment  of 
capital  that  it  entirely  unnecessary  In  the  case  of  bu.aei. 
The  city  of  San  Francisco  recently  Install*^  quite  a  num- 
ber of  auto  busses  to  ser.ve  as  extensions  to  the  municipal 
street  car  lines.  These  busses  arv  operated  by  one  man. 
who  drives  the  machine  and  also  collects  fares 
paying  as   they   enter.     They 


1 « .    the 
Uv  kind 


ly 


n- 
II 


seat  18  pa- 
il is  possibfe  for  others  to  stand  by  the  aid  of  san:..l^^ 
Fleciric  light  route  signals  on  the  roof  of  the  bus  desig- 
nate th.  terminal  points.  Electric  push  button  slop  «.gna  « 
a?e  Placed  opposite  each  seat.  The  use  of  the  bu.s«.  b 
cougS  to  the  outskirts  of  the  city,  and  consequently  they 
h°nde  onlv  the  most  unprofitable  part  "'  ^he  business  .he 
resul     being   that   their  operation  is   conducted   at   •  sUght 
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loss.  The  same  situation  obtains  in  Fresno  with  respect 
to  the  auto  busses  operated  there  as  auxiliary  extensions  to 
the  street  car  lines  of  that  city.  They,  too,  handle  only  the 
unprofitable  part  of  the  business,  with  a  like  result.  Such 
cases,  however,  cannot  be  taken  as  a  criterion. 

At  an  address  recently  delivered  in  San  Francisco,  the 
City  Engineer  of  that  city  stated  that  certain  statistics  kept 
by  his  office  indicated  that  the  busses  operated  by  the  city 
cost  15  ct.  a  mile,  including  depreciation,  as  compared  with 
a  cost  of  25  ct.  per  mile  for  the  municipal  street  cars.  In  re- 
sponse to  a  query,  ie  voiced  the  opinion  that  the  hilly  con- 
dition of  San  Francisco  would  probably  prevent  the  com- 
plete   substitution   of   busses   for   street   cars. 

The  officials  of  the  company  which  is  now  operating  auto 
busses  under  a  franchise  at  Long  Beach,  Calif.,  claim  they 
made  an  initial  mistake  in  purchasing  light  cars  and  using 
pneumatic  tires.  Soon  after  commencing  operaton  they  dis- 
covered their  mistake  and  at  once  produced  larger  cars  and 
had  them  fitted  with  solid  rubber  tires.  All  the  former 
jitney  bus  operators  in  Long  Beach  were  given  an  oppor- 
tunity to  Invest  their  money  in  this  new  company  so  that 
to  some  extent  it  represents  a  consoliation  of  the  former 
independent  operators.  The  company  is  now  perfecting  its 
system,  with  results  which  some  of  the  city  officials  claim 
are  marvelous.  Under  the  franchise  the  busses  are  required 
to  run  on  schedule  time.  This  has  proved  advantageous  to 
the  company  as  well  as  the  public,  and  passengers  can  de- 
pend on  such  schedules.  The  company  claims  to  be  making 
money   and   paying   dividends   regularly   to   its   stockholders. 


Bond   Premiums  on  Government 
Contracts 

The  form  of  "cost-plus"  contract  used  by  the  construc- 
tion division  of  the  war  department  during  the  war  provided 
in  Article  II  under  the  heading  of  "Cost  of  Work"  for  reim- 
bursement of  the  contractor's  actual  net  expenditures. 
Among  the  various  items  was  the  following: 

"(h)   Such  bonds,  fire,   public  liability,  employer's  liability, 
workmen's    compensation    and    other   insurance    as    the    con- 
tracting officer  may  approve  or  require." 
Article  IX  provided  that 

"the  contractor  shall,  prior  to  commencing  said  work,  fur- 
nish a  bond  with  sureties  satisfactory  to  the  contracting 
officer." 

Notwithstanding  these  provisions,  the  comptroller  of  the 
treasury  has  recently  held  that  the  form  of  cost-plus  con- 
tract in  use  by  the  construction  division  does  not  authorize 
the  reimbursement  to  contractors  of  the  cost  of  premiums 
on  their  bonds.  This  ruling  has  been  adhered  to  in  the  face 
of  strong  objections  by  the  chiefs  of  the  construction  di- 
vision. 

Upon  inquiry  of  representatives  of  the  construction  di- 
vision, it  is  ascertained  that  it  is  quite  certain  that  all  con- 
tractors having  unsettled  contracts  tor  work  under  that  di- 
vision and  money  due  them  under  such  contracts  will  now 
have  deducted  from  any  balance  due  them  the  sum  of  all 
payments  heretofore  made  to  them  covering  reimbursement 
of  premium  on  bonds.  This  will  probably  include  not  only 
their  unsettled  contracts  but  such  payments  made  upon 
other  contracts  of  this  class  upon  which  settlements  have 
already  been  made.  It  is  not  possible  to  say  whether  those 
who  have  no  current  construction  contracts  will  be  called 
upon  to  refund  all  such  sums  heretofore  reimbursed  to  them. 
This  will  depend  upon  the  discretion  of  the  disbursing  offi- 
cers of  the  war  department  and  the  orders  of  the  account- 
ing officers  of  the  treasury. 

This  matter  is  one  of  wide  Importance  to  contractors  and 
accordingly  the  officers  of  the  Associated  General  Contrac- 
tors of  America  have  taken  up  the  subject  for  conference 
with  King  &  King,  Attorneys,  Washington,  D.  C.  As  a  re- 
sult of  very  careful  consideration  the  Associated  General 
Contractors  have  issued  a  Special  Bulletin  under  date  of 
July  2,  from  which  we  quote  as  follows: 

If  the  amount  of  premium  bonds  already  is  deducted  from 
moneys  otherwise  due  upon  current  contracts,  the  contrac- 
tors  should   accompany  the  voucher  covering  any  such  pay- 


ment and  showing  such  deduction  with  a  letter  containing 
substantially  the   following  language: 

"It  is  to  be  understood  that  in  accepting  payment  evi- 
denced   by    the    attached    voucher    under    our    contract    of 

,   for  constructing,    

we  do  so  without  in  any  wise  waiving  our  legal  rights  to 
full  reimbursement  under  the  terms  of  our  contract  of  all 
sums  paid  by  us  as  premium  on  bonds.  We  expressly  re- 
serve our  rights  to  reimbursement  of  all  sums  paid  by  us  on 
such  account." 

This  letter  should  be  pasted  to  the  voucher. 

2.  Those  who  are  called  upon  to  refund  any  payments  of 
the  kind  noted  should  decline  to  do  so  absolutely  and  leave 
the  Government  to  take  such  action  as  it  may  deem  advisa- 
ble  looking  to   a   recovery. 

The  attorneys  named  have  given  us  their  opinion  that  the 
contracts  entitle  the  contractors  to  reinbursement  of  these 
premiums,  that  the  deduction  is  unlawful,  and  that  it  can 
be  recovered  by  future  proceedings  in  the  treasury  depart- 
ment or  before  the  court  of  claims. 

The  opinion  of  the  comptroller  above  referred  to  was 
given  as  an  advance  opinion  to  several  disbursing  officers. 
This  will  govern  the  action  of  all  disbursing  offiters  for  the 
future,  but  it  is  not  conclusive  even  in  the  comptroller's 
office.  The  matter  can  be  brought  before  the  comptroller 
again  upon  a  claim  duly  presented  by  any  contractor.  This 
claim  must  be  filed  with  the  auditor  for  the  war  depart- 
ment and  will  be  disallowed  by  him  and  then  appealed  to 
the  comptroller.  The  comptroller  will  then  hear  legal  ar- 
gument upon  the  merits  of  the  question.  The  opinion  already 
rendered  will  be  considered  by  him  as  prima  facie  correct, 
but  he  will  not  hold  it  to  be  finally  binding  upon  him,  if 
convinced  to  the  contrary  by  any  arguments  then  presented 
to  him.  There  are  numerous  precedents  for  the  comptroller 
reversing  in  a  claim  thus  brought  before  him,  an  advance 
opinion   rendered    to   a   disbursing   officer. 

Should  the  comptroller  decide  this  test  case  favorably, 
the  other  claims  will'be  paid.  If  the  comptroller  adheres  to 
his  unfavorable  decision,  a  test  case  can  then  be  taken  be- 
fore the  court  of  claims.  If  the  court  of  claims  decides  in 
favor  of  the  contractor  in  the  test  case,  the  comptroller  will 
probably  reverse  his  decision  and  allow  other  claims  of  the 
same  nature,  if  they  have  not  already  been  brought  before 
him  and  adversely  decided. 

It  is  also  possible  to  test  this  question  by  insisting  upon 
a  suit  being  brought  against  a  contractor  by  the  United 
States.  It  may  be  thought  best  to  take  this  course,  but  at 
present  it  Is  thought  best  to  make  the  test  by  a  suit  in  the 
court   of  claims. 

It  is  not  probable  that  any  contractors  will  be  pressed 
for  payment  of  premiums  already  paid  to  them  under  set- 
tled contracts  unless  a  decision  should  be  rendered  by  the 
court  of  claims  adverse  to  them.  Such  a  result  is  not  ex- 
pected. If  that  is  adverse,  there  will  still  be  an  opportunity 
for  defense  to  such  claims  under  the  provision  of  Article 
IV  of  the  contract  providing  that  the  monthly  statement  of 
coats  and  "all  payments  made  thereon  shall  be  final  and 
binding   upon    both    parties   hereto." 

This  association  expects  to  take  up  this  matter  as  an 
association  matter  on  behalf  of  the  contractors  interested. 
Nearly  all  of  them  are  already  members  of  the  association 
and  it  is  hoped  that  all  others  interested  will  join  the  asso- 
ciation in  order  to  bear  their  fair  share  of  the  movement.  It 
is  very  important  that  contractors  should  leave  the  handling 
of  this  matter  to  the  association,  as  independent  action  may 
interfere  with  the  orderly  handling  of  the  test  case  in  the 
manner  above  outlined. 

All  contractors,  whether  members  of  the  A.  G.  C.  or  not, 
are  asked  to  send  to  the  Secretary,  111  'W.  Washington  St., 
Chicago,  111.,  copies  of  their  correspondence  on  this  subject, 
both  letters  received  from  the  officers  of  the  Government  and 
their  replies. 


Texas  Association  of  General  Contractors. — An  association 
comprising  contractors  engaged  in  general  construction  work 
in  Texas  has  been  organized  and  has  opened  offices  in  the 
First  National  Bank  Bldg.,  Houston.  The  officers  are:  Presi- 
dent, George  F.  Horton;  vice-presidents;  George  W'atson  and 
Robert  J.  Potts;  treasurer,  Charles  M.  Davis;  secretary, 
Jerome  Cochran,  Houston. 
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Enginefrnuj  and  Contracting  fur  July  lo,  1919. 


Blasting   Practice    in  Joplin    Zinc 
District 

Blasting  practice  in  the  Joplin  district  is  interesting 
because  it  is  unique.  It  is  unique  because  the  ore  bodies 
present  unusual  conditions,  which  affect  drilling  and  blast- 
ing. A  characteristic  practice  has  been  brought  down  from 
the  days  of  hand  drilling,  which,  to  the  mine  operator  com- 
ing from  other  mining  districts,  seems  at  first  wasteful  and 
inefficient,  but,  upon  close  application  to  the  details,  it  will 
be  found  very  well  adapted  to  the  conditions  met  in'  mining 
the  cherty,  water-course  ores  of  the  Joplin  district.  An  in- 
teresting description  of  the  blasting  methods  in  this  district 
is  given  by  Mr.  R.  H.  Summer  in  the  July  Du  Pont  Magazine, 
from  which  the  matter  following  is  taken: 

The  Joplin  district  takes  in  a  territory  adjacent  to  Joplin, 
including  the  Webb  City  sheet  ground  deposits  and  the  mines 
of  Ottawa  County,  Oklahoma  and  Southeastern  Kansas. 

In  describing  the  blasting  practice  of  this  district,  the 
mines  may  be  divided  into  two  classes,  namely,  the  "sheet 
ground,"  which  embraces  most  of  the  Joplin-Webb  City  sec- 
tion, and  the  irregular  deposits  or  "runs'  which  apply  to 
most  of  the  Oklahoma-Kansas  mines. 

The  ore  deposits  of  the  "sheet  ground"  lie  in  horizontal 
sheets  of  a  generally  uniform  thickness  and  extend  over  large 
areas.    The  mineral  content  is  more  or  less  uniform,  the  zinc 


opening,  and,  again,  iht-  bor-  hole  musl  be  pUced  ai  .  dU- 
advantage  because  of  a  known  trevlce  or  pocket  The  char- 
acter of  (he  material  blasted  i«  r-HponHibk-  for  the  pr.cllce 
of  chambering,  locally  known  as  "Miulbblng."  thf  \.uu-  bule. 
so  that  a  greater  quantity  of  explosives  can  be  ,.d 

hence  more  tonnage  realized  per  fool  of  drilllDK  .. « 

has  demonstrated  that  the  Incriahed  quantity  of  ex'ploiilveii 
used  IS  often  more  than  conipenBaied  for  by  the  aitvlos  tn 
drill  steel  and  labor  costs. 

Breaking  the  ore  In  the  headinns  may  be  divided  Into  three 

classes: 

Drilling   and   Blasting   in   Low  Ore   Facet.— \Vh.  .re 

face  is  low   (see  Kig.  1».  from  7  to  12  ft,  the  n.  -i 

Is  drilled  so  as  to  blast  out  the  entire  facif  nl  i.i,.-  -.-.iinj 
From  four  to  eight  holes,  8  to  12  ft.  dt-ep.  are  drUled  per 
round.    This  class  applies  chiefly  to  sheet  ground  depoHln. 

Five  holes  is  an  average  round  with  two  brcoHi  holen.  two 
roof  holes  and  one  lifter,  locally  called  a  "mope"  hole.  ThU 
is  somewhat  confusing  as  there  is  no  dlfTerenilatlon  In 
nomenclature  of  the  real  "slope"  hole  and  the  boltom  bole 
in  the  heading  or  cutting  In  round.  A  round  of  bole*  of  tbli 
kind  is  drilled  ordinarily  a  liltle  deeper  than  the  helrht  of 
the  heading  being  driven  and  are  burdened  so  that  the  round 
will  break  almost  as  much  across  the  toe  as  the  depth  of  the 
hole.  The  holes  are  chambered  and  blown  out  by  the  drill 
man  and.  later,  charged  and  fired  by  the  powder  man 

Drilling  and   Blasting   in   High  Ore   Facet.     In  blKher  fuce» 


'■^  •''A>^-y-*r  ;.'     li'.""  ^« 


Drilling   Methods   in   Joplin  Zinc  District. 


aud    lead   sulfids   occurring   imbedded   between   the   layers  of 
chert  and  in  crevices  or  small  openings. 

The  "runs"  or  irregular  deposits,  which  are  characteristic 
of  the  Oklahoma-Kansas  mines,  are  richer  in  mineral  content 
and  vary  to  a  great  degree  in  all  dimensions.  These  elongated 
deposits  usually  follow  old  underground  water  courses  where 
often  huge  crystals  of  zinc  sulfid,  lead  sulfid  and  calcium  car- 
bonate have  been  deposited  on  the  walls  of  openings,  form- 
ing rich  caves,  varying  in  size  from  small  pockets  to  those 
of  a  hundred  feet  or  more  in  length.  The  gangue  or  non- 
valuable  material  in  the  "runs"  is  chiefly  flint  and  limestone, 
sometimes  in  layers  resembling  "sheet  ground,"  but  more 
often  in  a  conglomerated  bouldery  and  brecciated  mass  with 
the  mineral  values  filling  in  the  interstices.  The  vertical 
extent  of  irregular  ore  bodies  is  higher  than  the  sheet 
ground,  varying  up  to  70  ft.  "Sheet  ground"  varies  from  6 
to  20  ft.  in  thickness. 

Shafts,  usually  5  by  7  ft.,  are  sunk  a  depth  of  from  175  to 
300  ft.  to  the  bottom  of  the  ore  Ixjdy.  Electric  blasting  is  now 
used  almost  entirely  for  shaft  work.  The  center  cut  system 
is  used,  usually  with  four  cut  holes,  four  relief  holes  and  tour 
corner  or  squaring  up  holes.  Instantaneous  electric  detonators 
are  used  in  the  cut  holes:  first  delay  electric  igniters  in  the 
relief  holes  and  second' delays  in  the  corner  holes. 

Gelatin  dynamite  of  35  per  cent  and  40  per  cent  strength  is 
used  in  charging  the  holes.  When  charging  is  complete,  the 
shots  are  all  connected  in  series  and  fired  by  blasting  ma- 
chine after  all  men  are  well  away  from  the  shaft. 

Drifts  are  run  out  from  the  shaft  into  the  ore  body  in  all 
directions,  except,  of  course,  in  the  narrow  "run"  deposits 
where  the  drifts  follow  the  ore.  Pillars  from  20  to  40  ft.  in 
diameter  are  left  to  support  the  roof,  spaced  according  to 
the  height  of  the  ore  body  and  the  condition  of  the  overlying 
material. 

Air-hammer  drills  with  water  attachment  are  used  almost 
exclusively,  although  there  are  some  piston  drills.  The  start- 
ing bit  is  from  2%  to  3  in.,  gauged  every  2  ft.  down  to  from 
1%  to  1%  in.  The  hard,  brittle  flint  wears  steel  exceedingly 
fast  This  fact  along  with  the  open  ground,  drilling  into 
crevices    and    changing    ground    makes   drilling   difficult   and 
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affects  the  blasting  practice  to  a  great  degree.  Often  a  well- 
balanced  round  is  spoiled  by  drilling  Into  an  unforeneen 
of  ore  (see  Fig.  2),  from  12  to  70  ft.,  the  heading  Ih  driven 
at  the  top  of  the  ore  body  with  machine  mounted  on  6  to  &  fl. 
posts.  The  material  left  on  the  bench  below  is  taken  up  bjr 
underhand  sloping  in  one  or  more  benches,  depending  on  the 
vertical  extent  of  the  ore.  The  heading  Is  carried  ahead  of 
the  slope  just  far  enough  lo  permit  ihe  machine  men  to  work 
In  this  way  the  blasted  material  from  the  heading  rolls  down 
the  slope  by  gravity  and  obviates  shoveling  In  the  h<>adlng 
From  five  to  eight  holes,  0  to  10  ft.  deep,  are  drilled  per  roun 
in  the  heading. 

After  drilling  is  completed,  the  machine  man  cbambers. 
when  his  judgment  or  that  of  the  powder  man  Indicates,  with 
from  1  to  2%  lb.  of  explosives.  Each  hole  Is  then  v:<iAn  nut 
with  a  blower  attached  lo  the  compressed  air  li  15 

the  holes  clean  and  free  from  the  cushioning  en.  -t 

or  rock  particles.  In  some  mines  where  the  material  is  easier 
breaking,  chambering  is  found  unnecessar)-  In  the  heading 
holes. 

The  horizontal  holes  (slope  holes)  driven  In  the  bench 
below  are  12  to  14  ft.  deep  and  carry  a  burden  from  10  to 
12  ft.  A  slope  hole  of  this  kind  fairly  squared  up  on  the 
collar  will  break  from  150  to  200  Ions. 

Slope  holes  are  chambered  once,  twice  or  more  times  »s 
the  burden  on  the  hole  and  hardness  of  material  may  A-. 
mand.  The  best  judgment  of  the  mine  foreman,  powder  man 
and  machine  man  must  be  used  in  chambering  slope  hole*. 
particularly  in  the  irregular  deposits  of  Oklahoma,  for  one 
hole  may  be  bottomed  in  a  solid  chert  or  dolomite  boulder. 
while  the  next  may  be  in  a  soft  orf  pocket  or  even  In  a  care. 
The  size  of  the  pocket  governs  the  quantity  of  explosives 
charged,  and  it  is  dimcult  to  secure  approximately  Just  the 
right  size  chamber.  Because  of  this  variable  condition,  a 
hole  will  sometimes  be  lost,  due  to  underloading,  and.  again. 
a  hole  will  be  charged  with  a  much  greater  quantity  than  Is 
actually  needed.  It  also  happens  in  open  crevlcy  ground  that 
an  opening  near  the  toe  of  the  hole  will  cause  the  explosive 
force  of  the  gases  generated  by  detonation  to  be  uselessly 
dissipated. 
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Modified  Overhead  Sloping  Method. — When  the  ore  face  is 
in  material  of  sufficient  hardness  so  that  the  overhanging 
rock  will  not  slab  or  tall  down  (see  Fig.  3».  a  modified  over- 
head stoping  is  economically  used.  It  is  almost  the  reverse 
of  the  method  just  described:  the  heading  being  advanced 
at  the  bottom  of  the  ore  body  on  a  6  to  8  ft.  machine  post. 
When  the  heading  is  advanced  from  15  to  25  ft.  ahead  of  the 
overhanging  material,  holes  called  "glory  holes"  are  drilled 
10  to  12  ft.  deep  pointing  baclvward  and  upward  45°  from 
the  face.  This  is  an  ideal  practice  when  conditions  permit 
tor  an  ore  face  from  15  to  20  ft.  high.  The  heading  holes  and 
"glory  holes  '  are  chambered  and  prepared  for  charging  as 
described  above. 

Kind  and  Strength  of  Explosives  Used  in  Joplin  District. — 
About  every  kind  and  strength  of  dynamite  made  has  been 
used  from  17  per  cent  "straight"  nitroglycerin  up  to  SO  per 
cent  gelatin  dynamite.  The  tendency  the  last  two  years  has 
been  toward  the  use  of  lower  grade  dynamites  with  a  stronger 
detonator.  The  results  produced  indicate  this  to  be  good 
practice  provided  the  grade  is  not  too  low,  causing  the  miners 
to  do  more  chambering.  The  "extra"  grade  dynamites  of  30 
per  cent  and  33  per  cent  have  proved  very  efficient  when 
used  with  a  No.  8  detonator.  They  are  of  just  about  the 
right  quickness  tor  the  material  blasted,  and  the  heaving 
effect   produced   is    especially   desirable    in    stope    work. 

In  wet  or  close  work,  when  ventilation  is  poor,  in  shaft 
sinking,  raises  or  drifts,  gelatin  dynamites  are  used.  In  open 
stope  work,  30  per  cent  and  35  per  cent  gelatin  will  usually 
meet  all  requirements.  Shaft  sinking,  raising  or  drifting 
usually  require  35  per  cent  or  40  per  cent  gelatin. 

Since  the  introduction  of  lower  grade  "extra"  and  gelatin 
djTiamites,  fatal  accidents  have  been  materially  reduced,  due 
to  these  explosives  being  more  insensitive  to  shock  than  the 
straight  dynamites.  There  still  exists,  however,  in  some 
mines,  the  bad  practices  of  "short  fusing"  on  the  chambering 
shots,  and  chambering  on  shift.  These  practices  go  hand  in 
hand  as  the  object  of  "short  fusing"  is  to  shorten  the  time 
wasted  by  all  men  within  range  of  the  shot.  When  chamber- 
ing is  done  at  the  end  of  shift,  longer  fuse  is  used  and  the 
men  are  not  exposed  to  mine  air  contaminated  by  fumes 
from  explosives. 

Method  of  Loading  Bore  Holes.— The  charging  of  the  bore 
holes  is  usually  done  by  a  powder  crew  after  the  drilling, 
chambering  and  blowing-out  of  holes  is  completed  by  the  drill 
man.  The  dynamite  cartridges  are  slit  and  stuck  on  a  capper 
spike  inserted  into  the  e^id  of  the  wooden  tamping  bar.  held 
on  by  a  copper  ferrule,  which  also  serves  to  keep  the  bar 
from  being  quickly  worn  by  the  sharp  projecting  points  of 
chert.  The  deep  jagged  bore  holes  necessitate  this  method 
of  lodging  the  dynamite  in  the  back  end. 

Tlie  primer  cartridge  is  usually  placed  near  the  top  of  tlie 
charge  with  two  or  three  cartridges  tamped  on  top.  B\ise  is 
cut  in  S  or  10  ft.  lengths  and  trimmed  at  least  6  in.  to  effect 
the  proper  rotation  of  shots.  Tamping  material  or  stemming 
is  rarely  used,  and  there  are  "some  logical  reasons  for  this 
fact.  First,  there  is  an  absence  of  a  good  tamping  material, 
the  best  available  is  to  flU  tamping  bags  with  fine  tailings 
from  the  concentration  tables.  If  these  are  absolutely  dry 
they  make  very  poor  tamping,  and.  if  damp,  the  bag  breaks 
and  is  pushed  into  the  rough  bore  hole  with  attendant  diffi- 
culties. Secondly,  in  the  general  practice  there  are  always 
some  holes  nearby  that  are  as  heavily  burdened  near  the 
collar  as  on  the  toe.  If  the  material  is  soft  or  crevicy  at  the 
toe  and  the  hole  is  tamped  or  stemmed  there  is  a  good  chance 
of  shooting  out  the  back  end  and  leaving  the  front  part  of 
the  hole  "hanging  in  the  wall."  ^ 

In  tight  work,  however,  as  in  drifts,  shafts,  or  raises,  there 
is  unquestionably  a  fair  portion  of  the  effect  of  the  explosive 
gases  lost  by  the  failure  to  confine  them  with  suitable  ma- 
terial. 

The  primer  cartridge  is  almost  always  made  by  lacing  the 
fuse  transversely  through  the  cartridge  and  inserting  the  cap 
diagonally  into  the  side.  A  safer  and  more  efficient  manner 
is  to  tie  the  fuse  to  the  cartridge  with  a  piece  of  string  and 
eliminate  the  liability  of  igniting  the  charge  from  a  spit  size 
of  the  fuse. 

Cost  of  Blasting. — Explosive  costs  per  ton  of  material 
broken  vary  considerably  throughout  the  district,  and  also 
vary  from  month  to  month  in  the  same  mine,  particularly  in 
the  Oklahoma  section  where  the  mining  conditions  vary  so 


greatly,  due  to  changing  conditions  of  the  ground.  The  cost 
of  caps  and  fuse  is  included  in  the  explosives  cost. 

At  the  present  market  price  of  dynamite,  tLe  costs  range 
from  13  to  30  ct.  per  ton.  with  the  average  approximating 
around  18  to  20  ct.  A  better  way  to  state  explosive  costs  is 
in  terms  of  pounds  of  dynamite  per  ton  of  rock  broken,  and 
add  a  cent  per  ton  to  cover  caps  and  fuse. 

Some  mines  are  averaging  0.75  lb.  of  explosives  per  ton, 
which  is  about  the  lower  limit.  The  high  limit  is  approxi- 
mately 1.75  lb.  with  a  few  occasionlly  exceeding  that 
amount. 

In  most  cases  where  the  practice  is  good  and  the  proper 
explosive  particularly  adapted  for  the  conditions  met  is  used, 
an  explosive  consumption  of  from  %  to  IVs  lb.  can  be  ob- 
tained and  is  within  the  law  of  good  practice.  More  than 
this  amount,  while  sometimes  unavoidable,  is  usually  bad 
practice  and  is  due  to  improper  storage  or  use  of  explosives, 
or  due  to  using  an  explosive  not  adapted  to  that  particular 
work. 


Rules  for    Construction    Superintendents 
and  Foremen 

The  Construction  Section  of  the  National  Safety  Council. 
Chicago,  has  issued  recently  the  following  "safety  first" 
rules   for  superintendents   and   foremen; 

First  Convince  Yourself  that  accident  prevention  is  worth 
while.  It  reduces  accidents  75  per  cent  or  more,  it  reduces 
labor  turnover,  and  increases  efficiency.  Others  have  ob- 
tained these  results  on  jobs  both  large  and  small;  resolve 
that  you  will  obtain  them  on  your  work. 

Get  the  Men  to  Think  and  Act  Safety.  Instruct  all  new 
men  in  safety  when  they  are  hired.  Appoint  safety  com- 
mittees and  safety  men.  Install  safety  signs,  warning  signs, 
and  safety  bulletin  boards.  Invite  the  men  to  suggest  safety 
rules  and  cautions.  Stimulate  the  instinct  of  self-preserva- 
tion. 

Use  Safe  Methods  in  Doing  the  Work.  See  that  all  safe- 
guards are  used,  that  materials  are  safely  moved  and  well 
piled.  Do  not  overload  equipment,  floors,  falsework  or  scaf- 
folds. Keep  passageways  open  and  the  entire  job  clear  of 
rubbish.  Do  not  let  bolts,  nuts  or  small  tools  lie  around  to  be 
knocked  off  or  tripped  over,  nor  boards  with  projecting  nails 
to  be  stepped  on.  Permit  no  one  to  stand  or  work  under  a 
load  or  to  ride  a  load  being  hoisted,  and  do  not  hoist  a  heavy 
load  with  a  horizontal  boom.  Prohibit  horseplay  and  prac- 
ti<:al  jokes  and  see  that  they  are  eliminated.  The  public 
should  be  excluded  from  the  job.  Do  not  let  any  one  take 
a  chance. 

Use  Good  Tools  and  Equipment.  Inspect  frequently  and 
keep  them  in  good  condition.  Guard  all  gears,  pulleys,  belts, 
electrical  apparatus,  etc.  Provide  goggles  when  needed  to 
prevent  eye  injuries.  Remember  that  the  goose  neck  and 
gudgeon  pin  are  the  critical  points  of  a  derrick.  Discard  all 
poor  equipment  at  once.  The  strength  of  guys,  hoisting 
lines,  ropes,  blocks,  hooks,  chains  and  slings  and  thpir 
fastenings  should  be  beyond  question.  Keep  tools  sharp 
and  handles  and  striking  faces  in  good  condition. 

Use  Good  Timber,  Well  Framed  and  Sway  Braced  for  false 
work,  scaffolds,  shores  and  temporary  supports.  Prevent 
falls  and  injuries  from  falling  objects  by  providing  hand 
rails,  toe  boards  and  wire  screens  around  elevated  struc- 
tures, scaffolds,  openings  and  pits.  Keep  ladders  and  run- 
ways  in  good   condition. 

Do  Not  Work  if  Conditions  Are  Unfavorable  because  of 
high  wind,   poor  light,   storm,  heat   or  cold.   etc. 

Fit  the  Man  to  His  Job.  Do  not  let  a  reckless,  drunken 
or  sick  man  work  for  you. 

Be  Vigilant.  Instruct  your  men  to  be  watchful  for  the 
safety  of  themselves   and  fellow-workmen. 

Be  Prepared  for  Accidents.  Secure  a  first  aid  kit  and  learn 
why  and  how  to  use  it.  W^hen  starting  a  job  find  out  about 
doctors,  hospitals  and  ambulances  and  post  the  information 
near  the  telephone.  Learn  the  prone"  pressure  method  of 
resuscitation  from  drowning,  asphyxiation  and  electric  shock. 
Treat   all   small   cuts   and   scratches   to   prevent   infection. 

Ask  Your  Home  Office  or  the  National  Safety  Council  for 
assistance  if  you  need  it.  They  will  gladly  give  suggestions 
that   will   assist   you   to   solve   your  safety   problems. 
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MANAGEMENT  AND    OFFICE    SYSTEM 

This  section  IS  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering    as  applied  in  the  civil  engineering  and  construction  fields 


Expediting  the  Engineering  Work 

of  the  Construction  Division 

of  the  Army 

By  A.  B.  .McDAMEL, 

Pvincipal   Engineer,   Construction  Division  of  the  Army. 

After  accomplishing  the  feat  of  building  32  training  camps 
in  9(1  days  for  our  rapidly  developing  army  during  the  fall 
of  1917.  the  construction  division  of  the  army  was  confronted 
with  the  task  of  supplementing  this  initial  construction  with 
a  great  variety  of  projects  for  the  use  of  the  various  branches 
of  the  service.  These  projects  included  terminals,  army 
supply  bases,  quartermaster  interior  depots,  docks,  piers, 
aviation  fields,  plants  for  the  manufacture  of  ordnance,  mu- 
nitions, acids,  etc.,  housing  for  manufacturing  plants,  etc. 
This  work  comprised  535  operations  at  442  different  and 
widely  separated  locations,  employing  200,000  men  at  one 
time  in  the  field  and  expending  (exclusive  of  maintenance 
and  repair  work)  well  over  $1,000,000,000. 

Early  yjn  the  fall  of  1917  it  became  evident  that  some  pro- 
vision would  have  to  be  made  for  the  establishment  of  an 
engineering  organization  for  the  standardization  of  the  draw- 
ings, specifications,  schedules,  and  estimates  prepared  in  the 
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Fig.  1 — Organization  Chart  of  Engineering  Division. 

office  of  the  division,  or  received  from  outside  sources:  for 
the  coordination  of  the  work  of  the  engineering  and  building 
branches  of  the  division,  and  the  expeditious  handling  of 
the  engineering  work  through  the  office. 

The  engineering  branch,  under  the  direction  of  Colonel 
F.  M.  Gunby,  had  early  established  various  sections  for  the 
preparation  of  general  building  plans,  the  designs  and  esti- 
mates for  various  utilities,  the  preparation  of  schedules  and 
materials,  and  the  other  phases  of  engineering  work  prepara- 
tory to  actual  construction  by  the  building  branch.  With  the 
tremendous  expansion  of  the  work  for  the  army,  the  need  of 
the  co-ordination  of  the  various  activities  of  these  various 
sections  became  increasingly  important  and  resulted  in  the 
establishment  of  an  expediting  office  under  the  direction  of 
Major  H.  J.  Burt.    The  chief  function  of  the  expediting  office 


was  the  correlation  of  the  work  of  the  various  offices  of  the 
advisory  engineers,  advisory  architect,  scheduling  section 
estimating  section  and  drafting  sections,  and  served  as  the 
point  of  contact  with  the  building  branch.  This  general 
scheme  has  been  developed  gradually  and  systematU-aJy 
during  the  past  16  months  and  has  resulted  in  securing  a 
close  cooperation  of  the  various  departments  of  the  engineer- 
ing division,  a  definite  systematization  of  the  plans,  speclfi- 
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cations,  schedules  of  material,  and  estimates,  and  especially 
in  bringing  about  the  more  expeditious  handling  of  the  work. 

Duties  and  Functions  of  the  Organization. — Figure  "1" 
shows  the  general  character  of  the  organization  as  it  has 
been  finally  developed  during  the  last  few  months.  In  order 
to  understand  the  organization  and  functions  of  the  engineer- 
ing division,  its  duties  should  be  primarily  understood.  It 
receives  from  the  various  bureaus  of  the  war  department  a 
statement  of  their  construction  requirements  in  this  country, 
establishes  fundamental  engineering  policy  for  all  construc- 
tion work,  and  provides  the  necessary  surveys,  drawings, 
schedules,  estimates,  technical  details  and  such  other  engi- 
neering data  as  may  be  required.  It  has  a  number  of  other 
functions,  such  as  the  preparation  of  estimates  and  furnish- 
ing data  upon  which  to  base  requests  for  appropriations  or 
authority  for  construction  work.  etc. 

The  executive  office  of  the  engineering  division  is  under 
the  direction  of  the  principal  engineer,  who  co-ordinates  and 
expedites  all  the  engineering  work  for  projects  handled  by 
the  construction  division.  All  the  sections  of  the  division 
function  through  this  office,  it  furnishes  information  to  the 
other  divisions  with  reference  to  engineering  work,  draw- 
ings, specifications,  and  estimates.  The  principal  engineer 
reports  to  the  officer  in  charge  of  the  division,  who  is  the 
administrative  head  of  the  engineering  division  and  the 
liaison  with  other  divisions  and  with  the  chief  of  the  con- 
struction division. 

The  advisory  engineers  prepare  fundamental  plans  and 
specifications  for  the  utilities  at  the  various  projects.  They 
prepare  such  estimates,  reports,  recommendations,  and 
schedules  of  material  as  are  required,  and  are  responsible 
for  the  securing  of  the  necessary  field  and  office  data  for 
these  purposes,  .^s  will  be  seen,  from  an  inspection  of  the 
organization  chart.  Fig.  1,  there  are  at  present  1.3  different 
sections,  each  of  which  has  its  peculiar  duties,  but  all  are 
working  in  close  cooperation  and  function  through  the  office 
of  the  principal   engineer.    The  title  of  each  office  gives  a 
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general  idea  of  the  character  and  scope  of  the  work  which  it 
performs,  but  a.  more  definite  understanding  may  be  secured 
from  the  following  statement: 

The  advisory  architect  is  consulted  on  matters  of  military 
building  requirements,  correct  size,  character,  design  and 
location  of  building,  and  sundry  construction  details. 

The  supervising  architect  acts  as  the  medium  by  which 
requirements,  furnished  through  the  office  of  the  principal 
engineer,  are  developed  into  working  drawings.  He  is  re- 
sponsible tor  architectural  design. 

The  advisory  engineer  on  surveys,  maps,  roads  and  rail- 
roads makes  the  necessary  surveys,  topographical  and  other 
maps  and  provides  for  the  designs  and  layouts  of  roads  and 
pavements,  railroad  tracks,  turnouts,  yards,  trestles,  and  coal 
storage  facilities:  he  investigates  and  reports  as  to  the  ad- 
visability and  economy  of  installing  industrial  railroads  for 
the  transportation  of  camp  supplies. 

The  advisory  engineer  on  camp  planning  compiles  and 
lists  the  building  requirements  for  camps,  cantonments  and 
losts,  and  prepares  the  general  layout  and  maps. 

The  drafting  section  prepares  all  plans,  and  maps,  working 
drawings,  layouts,  schedules  and  details,  under  the  direction 
of  the  architects  and  advisory  engineers. 

The  specification  office  has  charge  of  the  preparation  of 
all  specifications  written  in  the  division,  and  of  the  revision 
and  approval  of  the  specifications  received  from  outside 
sources. 

The  advisory  engineer  on  water  supply  and  fire  protection 
provides  the  necessary  engineering  information  for  water 
supply  and  distribution  for  all  purposes  including  fire  pro- 
tection. He  also  has  charge  of  all  other  fire  prevention 
measures. 

The  advisory  engineer  on  sewerage  and  sanitation  has 
charge  of  the  engineering  work  relating  to  sewerage  sys- 
tems, sewage  pumping  stations,  sewage  treatment  plants, 
surface  and  sub-soil  drainage  systems,  transfer  stations  for 
waste,  garoage  disposal,  incinerator  plants,  etc. 

The  advisory  engineer  on  heating  and  plumbing  has  charge 
of  the  engineering  work  in  connection  with  heating,  ventila- 
tion, plumbing  work  and  also  the  design  and  specifications 
tor  bakery  and  kitchen  equipment. 

The  advisory  engineer  on  electrical  work  and  illumination 
performs  the  engineering  work  in  connection  with  lighting, 
power  installation  for  all  projects,  the  selection  of  special 
electrical  equipment,  communications  with  central  station 
companies,  and  inspection  of  electrical  systems. 

The  advisory  engineer  on  mechanical  equipment  and  re- 
frigeration has  charge  of  the  selection  and  design  of  ma- 
chinery and  mechanical  equipment  for  various  projects  and 
the  designing  of  coal  handling  machinery,  icemaking  plants, 
cold  storage  and  other  facilities. 

The  section  on  estimates  and  schedules  prepares  the  pre- 
liminary estimates  of  cost  and  schedules  of  material  which 
arc  necessary  for  the  securing  of  authority  for  new  construc- 
tion, or  repairs  on  existing  work  and  for  the  letting  of  con- 
tracts. 

The  expediters  are  a  part  of  the  office  of  the  principal 
engineer  and  the  points  of  contact  between  the  engi- 
neering division  and  the  building  division,  receiving  requests, 
information  and  data  from  the  field  through  the  building 
division  or  other  agencies,  and  after  the  necessary  steps, 
deliver  plans,  specifications,  schedules,  estimates  and  bills  of 
material  to  the  constructing  branch,  in  every  case  function- 
ing through  the  office  of  the  principal  engineer. 

Method  of  Operation. — The  metljpd  of  routing  work  through 
the  engineering  division  and  its  relation  to  outside  agencies 
is  clearly  shown  by  the  accompanying  chart.  Fig.  2.  It  should 
be  noted  that  requests  may  emanate  from  three  sources: 
from  other  bureaus  of  the  war  department:  from  the  con- 
structing quartermaster  with  relation  to  new  construction  in 
the  field  and  from  the  utilities  officer  with  relation  to  re- 
pairs and  maintenance  of  existing  work  in  the  field.  All 
requests  coming  to  the  office  of  the  construction  division  of 
the  army  are  sent  directly  to  the  central  requirements 
division  where  they  are  reviewed,  recorded,  and  then  sent 
directly  to  the  division  concerned.  Requests  for  new  con- 
struction would  come  from  the  requirements  division  to  the 
building  division  and  thence  to  the  engineering  division. 
Requests  for  work  in  connection  with  existing  construction 
would    be    routed    to    the    engineering   division    through    the 


maintenance  and  operation  division.  Usually  requests  of  a 
general  character  received  from  other  bureaus  of  the  war 
department  would  be  routed  directly  to  the  enginering 
division. 

All  mail  forwarded  to  the  engineering  division  is  received 
in  a  mail  and  file  room,  where  it  is  stamped  with  the  time 
and  date  of  arrival,  and  a  record  made  of  any  cases  requir- 
ing special  action.  From  the  mail  room,  all  correspondence 
goes  to  the  office  of  the  principal  engineer,  where  the  assist- 
ant principal  engineer  reviews  each  case,  makes  a  suitable 
record  of  the  same  and  forwards  it  to  the  officer  concerned. 
Matters  relating  to  new  construction  are  sent  to  the  expe- 
diter who  has  the  work  in  charge,  while  correspondeace  re- 
lating to  specific  matters  are  routed  to  the  advisory  archi- 
tect or  advisory  engineer  for  consideration,  recommendation, 
or  action. 

The  expediting  engineer,  upon  receipt  of  the  request,  pro- 
ceeds to  gather  together  all  available  information  concerning 
the  case  and  this  often  requires  the  securing  of  further  data 
from  the  field  or  other  bureaus  of  the  war  department.  It 
then  becomes  the  principal  duty  of  the  expediting  engineer 
and  his  assistants  to  correlate  the  preparation  of  the  plans, 
so  that  all  parts  of  the  work  will  proceed  with  all  due  ex- 
pedition. Suitable  information  is  furnished  by  them  to  the 
advisory  engineers,  camp  planning  department,  general 
drafting  room,  survey  office,  and  such  other  agencies  as  are 
concerned  in  the  co-operative  effort  to  secure  the  proper 
preparation  of  the  plans  and  specifications. 

As  soon  as  the  information  is  available  in  the  office  of  the 
advisory  engineers,  it  is  assembled  by  the  expediting  en- 
gineer to  form  a  complete  case,  consisting  of  plans,  specifi- 
cations, list  of  buildings,  estimate  and  supporting  papers. 
Each  advisory  engineer  is  held  responsible  for  the  prepara- 
tion of  the  layout  plans,  schedule  of  materials  and  estimate 
for  his  particular  utility:  water  supply,  sewerage,  poads  and 
railroads,  fire  prevention,  mechanical  equipment,  refrigera- 
tion, heating  and  plumbing,  or  electric  power  and  illumina- 
tion. 

When  the  case  has  been  prepared  for  outside  parties,  it  is 
forwarded  to  the  office  concerned.  When  an  estimate  is  nec- 
essary, a  request  is  prepared  on  the  standard  form,  which 
serves  to  combine  the  information  for  a  request  to  the  esti- 
mating section  for  an  estimate  and  the  necessary  data  and 
request  to  the  director  of  operations  for  the  approval  of  the 
project  and  the  authorization  for  the  allotment  of  funds  for 
the  use  of  the  building  division  in  connection  therewith.  This 
formal  request  is  accompanied  by  a  schedule  form  which 
gives  a  list  of  the  various  types  of  construction,  buildings, 
etc.,  and  other  utilities,  distributed  under  the  several  ac- 
counts: B  and  G,  Buildings  and  Grounds:  W  S,  Water  Sup- 
ply: R  S,  Regular  Supplies:  C  and  R  of  H.  Construction  and 
Repair  of  Hospitals:  R  W  W  D,  Roads,  Walks,  Walls  and 
Docks:  M  P  E,  Military  Post  Exchange,  etc.  This  division 
of  funds  is  for  the  use  of  the  requirements  division,  which 
has  charge  of  the  distribution  and  allotment  of  funds. 

An  interesting  feature  of  the  work  in  the  past  during  the 
emergency  period  before  the  signing  of  the  armistice  was 
the  issuance  to  the  various  departments  of  the  construction 
division  of  an  advance  information  sheet,  familiarly  known 
as  the  "pink  sheet."  This  sheet  was  issued  as  soon  as  any 
information  on  a  particular  case  was  available,  and  served  as 
a  memorandum  as  to  the  character  and  the  scope  of  the  work 
contemplated.  Originally  this  sheet  was  a  more  or  less  con- 
fidential circular  containing  the  earliest  available,  but  often 
meager,  information.  Later  it  contained  an  approximate  es- 
timate of  the  amount  of  principal  materials  and  other  In- 
formation which  would  be  needed  by  the  procurement  di- 
vision, war  industries  board  and  other  governmental  agencies. 
An  interesting  feature  connected  with  the  "pink  sheet"  was 
the  advance  preparation  of  drawings,  bills  of  materials  and 
estimates  on  projects  which  were  of  a  tentative  nature,  and 
on  which  the  authorization  from  the  secretary  of  war  had  as 
yet  not  been  secured.  In  most  cases  it  enabled  the  prepara- 
tory work  to  be  completed  and  much  of  the  finished  work, 
drawings,  etc.  In  a  few  instances  complete  preparations  were 
made,  materials  ordered  subject  to  cancellation  and  field 
forces  organized,  so  that  when  the  authorization  was  finally 
received  actual  construction  work  was  started  on  the  job 
within  24  hours  of  the  receipt  of  the  first  authoritative  news 
that  the  work  was  to  be  done.  In  a  few  instances  of  course 
this  resulted  in  wasted  effort  when  the  prospective  job  failed 
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to  materialize:   but  these  cases  were  so  few  that  the  system 
was  fully  warranted  by  the  results  obtained. 

The  general  office  of  the  principal  engineer  has  instituted 
and  maintained  a  system  of  records  and  files  which  fur- 
nishes a  definite  and  accurate  record  of  all  authorizations,  all 
requests  for  schedules  and  a  record  of  the  date  of  completion 
of  every  drawing  and  revision  or  addition  to  drawings,  in- 
cluding utilities.  A  chart  record  showing  the  progress  of  the 
preparation  of  the  drawings  and  schedules  has  been' kept  for 
reference  use. 

Functions  and  Operations  of  Drafting  Section. — The  func- 
tions of  the  drafting  section  comprise  the  preparation  of 
designs,  working  drawings,  plans  and  sketches  for  the  con- 
struction and  repair  work  coming  under  the  jurisdiction  of 
the  construction  division.  The  preparation  of  drawings,  etc., 
is  started  by  means  of  a  standard  form  which  is  tilled  out  by 
the  expediting  engineer  handling  the  work.  This  request. 
addressed  to  the  chief  draftsman,  gives  the  subject,  author- 
ization or  project 'number,  location  and  description  of  the 
work  and  is  accompanied  by  such  available  information  as 
will  assist  in  the  execution  of  the  work.  The  request  is  pre- 
sented by  the  chief  draftsman  to  the  'squad  leader"  who  is 
to  be  entrusted  with  the  preparation  ot  fhe  designs  and  draw- 
ings of  that  particular  project.  The  squad  leader  assigns 
various  phases  of  the  work  to  his  assistants,  and  the  drafting 
work  from  then  on  is  conducted  under  the  general  super- 
vision of  the  supervising  architect  for  building  drawings  and 
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Fig.  3— Front  of  Typical    Route   Card. 
Karnes   of   diartsmen    woikir.g    on    the   drawing   and   ."^ates  of   their 
work    are    entered    on    baoU    ot   card.      Space    also    is   allowed    for 
•Remarks,  etc."     Actual  size  of  card,  4  in.  x  b  in. 

advisory  engineers  for  the  layouts  of  utilities.  The  advisory 
engineers  review  the  preparation  of  the  drawings  and  fur- 
nish such  additional  information  as  comes  to  hand  in  their 
respective  branches  of  the  work. 

At  the  initiation  of  a  project  'he  squad  leader  decides  upon 
the   number   of   drawings   necessary   to   complete   the   design 
and  procures  from  the  chief  file  clerk  an  assignment  of  draw- 
ing numbers  and  "route  cards."    The  function  of  a  route  card 
is  to  furnish  a  record  ot  the  drawing  from  its  inception,  and 
thus  it  is  attached  to  and  remains  with  the  drawings  up  to 
the   time  of   final  approval.    On   this  route  card   is   noted   all 
the    information    necessary    to    record    the    progress    of    the 
preparation   ot   the   drawing.    The   cards   are   numbered   con- 
secutively for  ease   of  identification   in  the   files.    The  route 
card  numbers  are  noted  on  the  corresponding  drawings.    An 
estimate   of  the  time  for   the   completion  of  the  drawing  is 
made  when   the  route  card   is   issued,  co-operatively   by   the 
route   card    clerk   and   squad   chief.     Causes   of  delay   in   the 
completion  of  the  design  are  noted,  if  necessary,  on  the  card 
and  a  copy  of  the  route  card  is  kept  in  the  office  of  the  chiet 
draftsman   so    that   the    latter   can    be    acquainted   with    the 
progress   of   the   work   at   all   times   and   the   history   of   the 
drawings   ascertained   at   any   time.     The    route   cards   have 
proved  to  be  of  invaluable  assistance  in  maintaining  efficiency 
of  operation  of  the  drafting  office.    Every  morning  the  route 
card    clerk   makes   a   personal   visit   to   each   draftsman   and 
compares  his  card  record  with  the  actual  status  of  the  work 
in  this  way,  any  lagging  or  unnecessary  delays  are  noted  and 
steps  taken  at  once  to  expedite  the  work.     Figure  3  shows  a 
tvpical  route  card. 

"On  completion  of  the  drawing  the  squad  chief  checks  and 


signs  it  if  conect.  The  drawing  is  then  banded  to  the  -.uper 
vising  architect  or  advisory  engineer  concerned,  who  in^pectB 
it  and  accepts  it  with  his  signature  if  the  plan  rulfllls  the  re- 
ciuiieinents  of  the  design.  The  drawing  with  the  route  card 
jttaciied  is  then  sent  to  the  ofUce  of  the  principal  engineer, 
who  reviews  It  and  approves.  Upon  approval,  the  drawing 
is  immediately  recorded  by  the  chief  clerk  of  the  expediting 
office  and  then  forwarded  to  the  blue-printer  with  orders  as 
to  the  number  of  prints  required  and  instructions  as  to  for- 
warding. From  here  the  tracing  is  sent  to  the  oflice  of  the 
chief  file  clerk,  who  makes  the  proper  records  and  places  the 
drawing  in  the  permanent  tile,  where  It  is  available  for 
further  printing  and  revisions,  when  necessary. 

The  revision  of  a  drawing  follows  practically  the  same 
procedure  as  noted  above  for  the  preparation  of  the  new 
design.  The  route  card  is  obtained  from  the  card  file  and 
accompanies  the  drawing  until  approved  by  the  principal  en- 
gineer. Upon  the  approval  ot  the  revised  drawing  the  route 
lard  is  signed  and  returned  to  the  file  for  record. 

All  drawings  are  numbered  in  accordance  with  the  decimal 
system  used  by  the  war  department  in  the  filing  of  its  cor- 
respondence. Thus  organization  charts  receive  the  number 
320.2,  preceded  by  the  letters  J.  O.  (job  order).  The  various 
plans  are  numbered  consecutively,  starting  with  number  1. 
In  addition  to  the  general  assignment  of  job  order  numbers 
for  standard  drawings,  each  project  is  assigned  a  number 
and  all  drawings  pertaining  to  that  job  are  given  the  job 
order  number  followed  by  a  drawing  number.  These  job 
order  numbers  start  with  6,100  and  run  consecutively  up  to 
6,500,  allowing  for  400  main  projects. 

Two  classes  ot  drawings  are  kept  on  permanent  file  In 
the  file  room  of  the  drafting  section:  linen  tracings  and  blue 
prints.  The  former  are  generally  prepared  in  the  drafting 
office  of  the  division,  and  the  latter  are  sent  in  from  draw- 
ings made  at  the  job.  All  drawings  referring  to  one  project 
are  kept  in  a  separate  folder,  which  is  filed  in  proper  nu- 
merical order,  in  a  steel  vertical  filing  case.  Four  standard 
sizes  of  drawings  are  used:  8  x  10V4  in..  14  x  20  In..  18  x  24  In. 
and  24  x  36  in.  Larger  drawings  are  made  of  maps  and  large 
general  projects. 

The  record  of  drawings  is  made  first  in  the  loose  leaf  book 
in  which  an  alphabetical  index  of  projects  and  drawings  is 
kept  up  to  date.  Later  these  records  are  transferred  to  a 
card  index  which  contains  a  white  card  for  each  tracing  and 
a  blue  card  for  each  blue  print.  This  index  is  arranged 
numerically  in  accordance  with  the  various  projects. 

When  a"  drawing  is  received  by  the  file  clerk  the  chief 
diaftsman  and  the  supen-ising  constructing  officer  interested 
are  notified  that  the  plan  is  being  placed  on  file  and  prmts 
can  be  secured  upon  application.  One  print  on  cloth  is  pre- 
pared for  the  reference  file  and  one  print  on  paper  is  sent  to 
the  supervising  constructing  officer  for  his  file.  On  written 
request  by  the  supervising  constructing  officer,  blueprints 
arc  I  repared  and  sent  direct  to  the  officer  in  charge  of  con- 
struction in  the  field,  who  is  usually  known  as  the  'con- 
structing quartermaster." 

Bv  the  system  herein  outlined  in  a  general  way,  means 
have  been  developed  for  the  systematic  handling  ot  the  ma- 
chinery for  engineering  services  of  a  large  organization 
which  works  with  considerable  precision,  a  minimum,  of 
contusion  and  lost  motion  and  a  consequent  saving  of  time. 
A  considerable  organization  has  been  necessary  to  insure 
the  proper  functioning  of  the  system,  but  it  has  been  found 
fully  warranted  by  the  speed  with  which  the  work  has  been 
accomplished  and  the  great  economy  as  to  the  -o^^  ""T  «ng^ 
neering  services.  This  last  item  has  been  very  much  less 
than  i'..  experienced  in  private  engineering  practice. 


New   Engineering   Socleties.-The  South  Carolina  Associa- 
ticm   of  nvil   Engineers  was  organized  July  8  at  Co  umbia. 
S   C    with  about  75  members.    J.  E.  Sirnne.  Greenville.  S.C 
Ts  nresdenf  G.  E.  Shand,  Columba.  first  vice-president;  W.  L 

eeSirter  second  vice-president,  and  John  McCrady.  of 
Charle  ton  S.' c..  secretary  and  treasurer.  The  Western 
Xonh  Carolina  Engineers'  Association  was  organized  Ju>, 
;t  /V.heville  X.  C.  The  temporary  officers  include  C.  H.  Neal, 
chairman  and  acting  president:  D.  M.  Williams,  secretao 
and  T  M  Howerton,  assistant  secretary.  A  committee  was 
apjoint^d  to  draw  up  a  constitution  and  this  probably  will 
be  adopted  at  a  meeting  to  be  held  July  19. 
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T  Jlhnr     Fffiripnrv     in      RililrrmH  "*®  °^  percentages,  oe  comse,  means  a  great  deal  of  office 

a^aiJKJL      i_/iiiv,iciiv,j'      111     xvaiiiwavi  ^routine  in  the  preparation  of  the  summaries.     As  far  as  the 

lyf rtir|*-gr»Q|-|PP  operating  statistics   section   is  concerned,  liowever.   much  of 

this    routine    is    limited    to    checking.     Only    percentages    in 

Mr.    F.    S.    Schwinn,   Engineer   for   Receiver,    International  the  totals  for  districts  and  regions  actually  have  to  be  com- 

&   Great   Northern   Ry..   in   the   Railway   Review,   makes   an  puted.   as   figures   for  the  individual   roads  are   already  com- 

analysis  of  some  statistics  on  railroad  labor,  and  draws  some  puted    on    the    O.    S     forms.     Not    only    percentages,   but   all 

interesting  conclusions,  the  most  startling  of  which  is  that.  figures  derived  from  basic  data  must  be  checked  before  they 

owing   to   various   causes,   the   '-inefficiency"   of   the   present  are  entered  on  the  summaries,   and  this  constitutes  a  large 

day  labor  in  the  maintenance  departments  is  causing  an  an-  part   of  the   work  of   preparation. 

nual  loss  to  the  railroads  of  1108,000,000.    His  method  of  ar-  a   chart   that   has   proved   very   useful   in   this   work   is   de- 
riving at  this  conclusion  is  abstracted  below:  scribed    by    Mr.    William    Wyer.    Statistician.    U.    S.    Railroad 

Records  of  railroad  maintenance,  during  the  .5  or  10  years  Administration.  Operating  Statistics  Section,  in  a  recent 
preceding  1918,  have  indicated  that  the  e.xpenditures  for  issue  of  the  Railway  Age,  to  which  we  are  indebted  for  the 
labor  bore  a  fixed  or  constant  ratio  to  the  total  maintenance  matter  in  this-  article.  The  chart  is  not  only  an  absolute 
expenditures,  regardless  of  increased  costs  of  both  labor  and  chock  on  percentages  computed  in  a  certain  way,  but  is 
material.  In  other  words,  the  number  of  hours  or  days  of  also  an  indirect  check  on  all  figures  affecting  the  percent- 
labor  required  to  use  or  apply  a  certain  amount  of  material  ages  in  question.  The  chart  applies  to  the.  following  general 
remained  the  same.    This  condition  was  probably  due  to  the  case: 

fact   that,  after  years  of  practice,   maintenance  officials  had  suppose  that  one  basic  figure  is  divided  bv  another  basic 

evolved  definite  annual  plans  for  the  upkeep  of  the  property  jjg^,^^    ^^    ^,,,^5^^    ^„    average.     Suppose,   fu.'ther  than   both 

which    Mere    based    upon    the   most   economical   and   efficient  ^asic  figures  are  given  for  two  consecutive  months  or  vears. 

methods   peculiarly   adapted   to   the   circumstances   surround-  ^he   average   will   then    be   computed   for   these   two   periods, 

ing  the  property  m  their  charge.     Efficiency  was  compulsory  ^nd   there  will,  of  course,  be  percentages  of  increase  or  de- 

in  order  to  meet  the  ever  increasing  and   burdensome  limi-  ^^^^^^  applving  to  both  of  the  basic  figures  and  to  the  aver- 

tations  upon  railroad  operation  resulting  from  the  numerous  ^g^     ^he  set  of  related  figures  numbers  nine,  as  shown  in 

laws   and   regulations   of  the  various   legislative   and  control-  jj^^   following   illustration: 
ling  bodies. 

^    ,.,,.,,.,    „                         ,            .      ,       i.         .,          ,  -V     B.    X     RAILROAD. 

But,   with   the   advent   of  Government    control   of   railroads,  December,     December.       Per  cent 

there  was  presented  an  opportunitv  to  secure  rights  without  ,      ^.  ^'*!"-        .,                                  ,„,':?„l.*„„        „l'lI-„           char.ge. 

.,                  ,    ;     «    ,fi,,          »     .  J    »•          \„u           .         1   t      J  ^      ^et    ton    miles    124.337.000     108.808,000             14.?. 

the  complete  fulfillment  of  duties.    The  natural  tendency  was  2.    Train    miles    307,000          278,000           in. 4 

to  gravitate  toward  the  path  of  least  resistance.     The  result  3.    Net  ^on   miles   per   train    miie            ' 
was   an   enormous   increase   in  compensation   with   a   surpris- 
ingly large  decrease  in  the  individual  eftorts  put  forth.     Ad-  Referring    to    the    chart,    and    following    the    instructions 
vantage   was    taken   of  the   Governments   desire   to   improve  thereon,  its  application  as  a  check  on  the  above  figures  may 
conditions,  and  wages,  so  as  to  more  nearlv  conform  to  the  readily   seen. 

advanced  cost  of  living;    there  was  an   attending   slackening  Starting  at   the   center    (or  origin)    where   the   heavy   lines 

of  eftorts   in  all  departments,  and  especiallv  in   the   mainte-  "°ss.  move  straight  to  the  right   (along  the  horizontal  axis) 

nance  department  where  the  standards  of  efficiencv  had  been  ^*-^  spaces,  thence  straight  up   (parallel  to  the  vertical  axis) 

so  high  before  Jan    1    1918  ^"-^   spaces.     The   point   arrived   at  is   about   seven-tenths  of 

The   operating   statistics   section   of   the   division   of   opera-  ^he    distance    from    the    diagonal    line    marked    zero    to    the 

tion.    United   States   Railroad   Administration,   recentlv   made  f^'^gonal   line   marked    five,  and   is  below   the  zero  line.    The 

public   a   statement   giving   the  number  of  railroad   employes  P^r  cent  of  change  ^in  the  train  load  should,  therefore,  be  an 

and   their  compensation   for  the   month  of  January,   1919,  as  increase   of   about    3. .5    per   cent. 

compared   with   the   month   of   December,   1917.    An   exaniina-  This  simple  operation  not  only  checks  the  three  computed 

tion  of  this  statement  will  give  some  very  interesting  facts  percentages,   but   is   also   a   close   indirect   check   on  the   two 

concerning    the    efficiency    of    labor    under    Government    con-  computed    figures    for    net    ton    miles    per    train    mile.      The 

trol.     It  shows  that,  although  material  was  and  still  is  com-  operation   of  the   chart   can   be   mastered   with   a   very  little 

paratively   hard   to  obtain   in  anything  like  sufficient  quanti-  practice;    and   by   interpolation   to   tenths   between   the   diag- 

ties    for   adequate   and   proper   maintenance,   the   amount    of  onal   lines,  the   reading  on  the  cnart,  will  never  vary  more 

labor   employed   was   not   correspondingly   reduced,   but    was  than    two-thirds    of     1     per    cent     from      the      correct     cal- 

actually   increased.    It  would  be  absurd  to  suppose  that  any  dilated  figure.     A  very  slight  mistake  in  any  one  of  the  four 

considerable    part   of   this    labor    could    be    employed    to    ad-  computed  figures  on  which  the  final  percentage  depends  will 

vantage    without    the    necessary    material,    as    maintenance  change  this   final  figure  more  than  two-tenths  of  1  per  cent, 

required  the  combined  use  of  labor  and  material.     Then  the  Any   variation   of  more   than   two-tenths  of   1   per  cent  is   at 

conclusion  must  be  that  the  efficiency  of  labor  has  suffered.  once      investigated.      Errors    of    a    smaller     magnitude    than 

We  find  an  increase  of  8.R  per  cent  in  the  days  and  hours  this  are  negligible, 
worked  by  employes  in  the  maintenance  of  way  and  struc-  In  constructing  the  chart,  all  the  diagonal  lines  represent- 
tnres  department  in  January,  1918.  There  was  practically  no  ing  fixed  values  of  P.  the  final  percentage,  start  at  a  limit- 
change  in  the  operated  mileage  which  could  cause  this  in-  ing  point  where  both  of  the  first  two  percentages  are  minus 
crease.  Neither  was  it  caused  by  variation  in  the  amount  loO.  This  is  natural;  for.  if  both  the  basic  factors  on  which 
of  traffic  handled,  nor  by  the  amount  of  material  used,  as  the  average  depends  decrease  100  per  cent  (that  is.  become 
both  of  these  items  show  a  considerable  decrease  as  com-  zero),  no  computation  is  possible  of  the  average  or  its  per- 
pared  wiih  December,  1917.  Then  this  8.6  per  cent  can  only  centage  of  change,  which  are  thus  made  "indeterminate." 
represent  inefficiency  of  labor.  Another  point   on   each   diagonal   line  is  fixed  bv  the   fact 

In  the  maintenance  of  equipment  department,  we  note  that  ^^^^^^  ji^^gg  jj^g^  ^.^^g,^  jl^^  ^^3,.^.  horizontal  line  at  equal 
there  is  an  increase  of  8.2  per  cent  in  days  and  hours  worked.  intervals.  Thus  the  diagonal  line  along  which  P  is  alwavs 
The  amount  of  repairs  made  per  locomotive  and  per  car.  3,^  increase  of  2.1  per  cent,  crosses  the  horizontal  axis  25 
coupled  with  the  lack  of  available  material,  was  less;  and  ^^^^^^  ^^  (i,^  ^.^^^^^  ^f  the  center.  The  logic  of  this  mav  be 
the  traffic,  necessitating  the  repairs  to  equipment  through  ^^g,,  jj  ^,.g  consider  that  with  no  change  in  train  miles,  for 
wear  and  tear,  had  fallen  off  over  10  per  cent.  But  these  example,  the  train  load  will  follow  fluctuations  in  net  ton- 
facts  appeared  to  have  no  effect  upon  the  amount  of  mechan-  ,„i,gg  gxactlv.  Or.  mathematicallv.  if  P  (per  cent  change 
ical  department  labor  required.  Why?  We  are  confronted  j,.  j,.^;,,  ^^jip^,  j,  ^g,.„  ,,.g  ^^^  ^^^y  „,ove  backward  or  for- 
with  inefficiency  as  the  only  logical  answer  to  the  question.  ^,.3,.^,  ,j,^  ^^^^  horizontal  axis;   and  if  the  train  load  is  to  vary 

exactly  with  changes  in  net  ton  miles,  the  diagonal  line  with 

^^1           l*^T>                    4-     ^            U.               /^l-.<-  ^'ilue  30  must  cross  this  axis  at  value  30.  and  so  on. 

Checking     r  erCentageS     by     a   dnart  ^    should   also   be   noted   that   when   the   two   basic   figures 

The  principle  that  statistics  must  be  reduced  to  significant  show   identical   increases  or  decreases,  the  chart   will  give  a 

percentages   in  order  to  attain  their  maximum  value  is  gen-  reading   on    the    zero    line.      This   is   simply   another   way   of 

erously  illustrated  in  the  summaries  of  the  operating  statis-  saying  that  when  net   ton  miles  and  train   miles  increase  in 

tics    section    of    the    railroad    administration.      Such    a    large  the   same    proportion,    the    train    load    is    stationary. 
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Where  coii-.r^aiative  figures  are  given  for  two  years  and  one  item 
percentage  of  increase  or  decrease  of  the  first  and  second  item 
or  derived  unit,  can  be  read  from  the  chart.  Bead  the  percentase 
a'ons  the  vertical  axis,  and  from  this  point  move  parallel  v.itn 
crease  of  the  second  item  (P.).  The  point  found  related  to  the 
derived  unit  (P).  Increases  for  P,  are  measured  up.  and  decreases 
the  left.  All  points  to  the  right  or  above  the  diagonal  zero  Imc 
line  give  minus  values  for  P. 


Percentage  of  Change  Chart. 

is  civ.dcd  bv  a  second  to  obtain  a  derived  unit,  and  « here  the 
Lre  known  the  percentage  of  increase  or  decrease  o  the  thud 
of  increase  of  the  first  item  (Pi)  from  the  center  of  the  chart 
°he  hoH^rn,:.  axis  to  the  left  the  amount  of  the  P--ntase  .n- 
1  Lonal  lines  will  show  the  percentage  increase  of  the  third  or 
own  Ii>-eases  for  P=  are  measured  to  the  right.  "^r-^J^ J^" 
»t^e   plus   values   frr   P.      AM    point.«    below   or   to   the   left  of   .his 
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Progress  Report  of  Am.    Soc.   C. 
E.  Development  Committee 

At  a  meeting  of  the  Board  of  Directors  of  the  American 
Society  of  Civil  Engineers  held  June  16  at  Minneapolis, 
Minn.,  the  Committee  on  Development  submitted  its  second 
progress  report.  The  basis  of  the  report  is  the  work  of 
the  four  sub-committees  which  were  appointed  at  the  No- 
vember meeting.  Inasmuch  as  the  report  contains  certain 
fundamentals  which  the  committee  anticipates  will  form 
the  basis  of  its  ultimate  report,  it  is  reprinted  below: 

A.  RELATIONS     WITH     OTHER     NATIONAL     SOCIETIES 

AND    RELATED   ORGANIZATIONS. 

It  is  the  opinion  of  your  committee  that  the  identity  of 
the  four  existing  national  societies  should  be  preserved. 

The  committee  believes  that  the  American  Society  of  Civil 
Engineers  should  continue  to  pursue  the  objects  for  which 
it  was  formed  as  expressed  in  the  constitution,  namely; 

"The  advancement  of  engineering  knowledge  and  practice 
and  the  maintenance  of  a  high  professional  standard  among 
its  members"  and  that  it  should  devote  its  chief  endeavors 
to  the  performance  of  these  objects.  It  feels,  however,  that 
the  time  has  now  came  when  this  society  should  adopt  the 
principle  of  becoming  an  active  national  force  in  economic, 
industrial  and  civic  affairs.  This  can  only  be  done  effec- 
tively, however,  by  active  co-operation  with  other  engineer- 
ing organizations  of  the  country. 

To  this  end  the  committee  recommends  that  a  compre- 
hensive  organization   be  formed   embracing; 

First — The  local  affiliation  of  the  branches  of  the  na- 
tional  technical   societies   and   the   local    technical   societies. 

Second — A  state  council  composed  of  representatives  from 
the  local  affiliations. 

Third — A  national  council  consisting  of  representatives  of 
the  national  technical  societies  and  of  the  state  councils  or 
state   group   organizations   in   lieu   thereof. 

The  object  of  the  council  shall  be  to  increase  the  useful- 
ness of  the  engineering  profession,  to  bring  about  greater 
co-operation  and  to  advance  the  welfare  of  engineers. 

The  council  shall  have  an  executive  committee,  shall  main- 
tain a  central  office  and  shall  hold  at  least  one  meeting  each 
year.  It  would  be  desirable  that  a  bulletin  of  general  engi- 
neering interest  be  published  by  the  council.  The  council 
shall  be  supported  by  a  per  capita  contribution  or  in  such 
other  manner  as  may  be   determined. 

B.  INTERNAL  RELATIONS  AND  LOCAL  ASSOCIATIONS. 

Your  committee   makes   the  following  recommendations: 
Local  Associatons. —  (a)  That  every  member  of  the  society 
be  a  member  of  a  local  association. 

(b)  That  there  be  created  in  each  geographical  district 
of  the  society  an  organization  consisting  of  representatives 
of  the  local  associations  in  that  district. 

(c)  That  local  associations  and  district  organizations  shall 
operate  under  uniform  constitution  provisions  to  the  extent 
only  that  the  same  are  necessary  or  desirable  to  insure  uni- 
form relations  with  the  society. 

(dl  That  the  representatives  of  each  district  on  the  board 
of  directors  and  the  nominating  committee  of  the  society  be 
elected  by  ballot  by  the  corporate  members  resident  in  such 
district. 

(e)  That  it  be  the  duty  of  each  director  to  visit  each  local 
association  in  his  district  at  least  once  during  each  calendar 
year. 

(f)  That  the  nominating  committee  select  candidates  tor 
the  offices  of  president,  vice-presidents,  and  treasurer,  the 
election  of  which  officers  shall  be  by  the  ballots  of  the  cor- 
porale   members. 

(g)  That  there  be  an  annual  conference  of  representatives 
from  the  local  associations  for  the  purpose  of  discussing  the 
welfare  of  the  society  and  its  members. 

(h)  That  there  be  allotted  a  percentage  of  the  dues  of  the 
society  to  each  district  organization  and  each  local  associa- 
tion for  the  payment  of  their  expenses. 

(i)  That  the  board  of  direction  refer,  tor  recommendation, 
each  application  for  membership  to  the  local  association  in 
whose  jurisdiction  the  applicant  resides. 

(j)  That  the  present  jtrovisions  of  the  constitution  relat- 
ing to  the  discipline  and  expulsion  of  members  be  so  re- 
vised as  to  make  them  more  effective. 


(k)  That  it  be  the  obligation  of  each  local  association  to 
bring  about  within  its  territory  a  close  affiliation  of  all 
branches  of  the  national  and  of  the  local  tecnnical  organiza- 
tions for  the  purpose  of  advancing  the  status  of  the  engi- 
neer. 

(1)  That  in  communities  where  members  are  too  few  to 
form  a  local  association,  it  be  their  obligation,  in  addition 
to  that  of  their  district  local  association,  to  affiliate  with  the 
resident  members  of  other  technical  societies,  and  other 
engineers,  where  such  affiliations  will  promote  the  organiza- 
tion to  a  local  affiliate  bod}'. 

(m)  That  the  local  affiliations  be  the  basis  for  compre- 
hensive  state   and   national   organziation. 

Rearrangement  of  Grades. — That  the  grades  of  member- 
ship be  more  clearly  defined  and  that  changes  be  made  in 
the  grades  of  associate  and  fellow. 

Student  Societies. — That  it  be  the  duty  of  the  local  asso- 
ciations to  organize  and  assist  student  engineering  societies 
in  neighboring  engineering  schools,  to  provide  carefully  se- 
lected speakers,  and  to  maintain  personal  contact  with  such 
societies. 

(Note;  The  above  is  recommended  in  lieu  of  establish- 
ing the  grade  of  student  member  and  of  establishing  stu- 
dent   branches.) 

Young  Men  of  the  Profession. — That  it  be  the  duty  of  the 
local  associations  to  provide  for  the  welfare  of  the  younger 
members  of  the  profession  by; 

(a)  Reasonable    representation    on    the    active    committees. 

(b)  Encouraging  their  discussion  of  the  general  problems 
of  the  society. 

(c)  Arranging  excursions  to  works  of  engineering  inter- 
est, and 

(d)  Promoting  social  intercourse  between  them  and  the 
older  members. 

Personal  Service. — That  a  personal  service  bureau  be 
maintained  by  each  local  affiliation,  so  organized  as  to  op- 
erate in  connection  with  a  central  service  bureau  to  be  main- 
tained by  the  national  council. 

American  Engineers  in  Foreign  Service. —  (a)  That  it  be 
tl;e  duty  of  members  resident  in  foreign  countries  outside  of 
North  America  to  form  associations  and  to  promote  an  affil- 
iation with  the  resident  members  of  other  American  tech- 
nical societies. 

(b)    That   the   board   of   direction   consider   the    feasibility 
of   keeping   on   record,    and    providing   to   American    consuls 
abroad,   the   names,   addresses,  and   brief  professional   quali- 
fications of  members  of  the  society  resident  abroad. 
C.     TECHNICAL    ACTIVITIES. 

Meetings. — That  local  associations  should  hold  not  less 
than  four  stated  meetings  per  year  and  encourage  joint  meet- 
ings  with   kindred    societies. 

That  the  fornightly  meetings  of  the  parent  society  should 
be  discontinued. 

That  the  semi-annual  meetings  of  the  parent  society  should 
be  supplemented  by  the  addition  of  a  spring  and  a  fall  meet- 
ing held  successively  in  different  sections  of  the  country 
under  the  auspices  of  a  local  association. 

Papers. — That  the  present  system  of  securing  papers  de- 
pends wholly  upon  voluntary  offers  and  results  in  a  limited 
variety  of  subjects.  Committees  of  the  parent  society  and 
local  associations  should  be  formed  and  charged  with  the 
responsibility  for  promoting  greater  activity  and  discussions. 
Simultaneous  discussions  of  important  papers  by  local  asso- 
ciations is  desirable. 

That  the  use  of  the  monthly  proceedings  should  be  ex- 
tended to  include  editorial  work,  abstracting  and  reviewing 
important  engineering  articles  and  subjects  of  popular  in- 
terest to  the  great  majority  of  engineers. 

Committees. — That  there  be  created  advisory  standing 
committees  of  the  board  to  promote  the  study  of  important 
engineering  subjects  and  charged  with  outlining  and  co-ordi- 
nating the  work  of  like  committees  of  the  local  associations. 
Three  members  of  the  board  should  constitute  a  standing 
advisory  committee  on  each  subject.  Local  associations 
should  urge  the  younger  members  to  identify  themselves 
with  local  committee  work. 

That  local  associations  should  suggest  names  of  vplun- 
teers  possessing  necessary  qualifications  for  special  commit- 
tee service,  and  that  tenure  of  committee  membership  shall 
terminate  automatically  on  account  of  absence  or  inactivity. 

That   the   society   support   an   active   program   of  research 
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work,  co-operating,  if  practicable,  with  existing  research 
agencies. 

That  the  chairmen  of  the  standing  advisory  committee  of 
the  board  should  constitute  the  publication  committee. 

That  to  effectively  carry  out  the  intent  of  these  recommen- 
dations, a  technical  editorial  staff  under  the  direction  of  the 
publication   committee   should   be  established. 

Sections  or  Divisions  of  the  Society  for  Specialized  Lines 
of  Work. — It  is  not  recommended  that  the  work  either  of  the 
parent  society  or  the  local  association  be  divided  in  this  way. 
The  object  apparently  sought  liy  such  divisions  will  be  bet- 
ter met   by  the   work  of  strong  committees. 

Co-operation  with  Specialized  Engineering  Societies  and 
Other  Organizations. — Much  of  value  has  been  accomplished 
in  the  past  in  this  way  and  it  is  recommended  that  such 
work  be  continued  and  extended. 

Standards  in  Engineering  Practice. — There  exists  at  the 
present  time  a  committee  known  as  the  American  engineer- 
ing standards  committee,  composed  of  representatives  of 
the  national  engineering  societies.  This  line  of  co-operation 
and  advice  is  approved  and  it  is  recommended  that  it  be 
continued  and  extended  but  the  idea  of  developing  this  com- 
mittee into  another  association  is  deprecated. 

It  is  recommended  that  a  book  of  recommended  practice 
and  standards  be  compiled  which  will  be  revised  periodically 
to  follow   the  development  of  engineering. 

D.      RELATION    TO    PUBLIC    AFFAIRS. 
Definition  of  Engineering. — That  the  three  main  ideas  in  a 
complete  detinition  of  engineering  should  be  as  follows: 

(a)  A   general   and   descriptive   statement. 

(b)  The  content  of  the  profession — the  things  that  en- 
gineering does. 

(cl   The  aims  and  motives  the  profession  should  have. 

Ethics. — That  a  short  code  of  ethics  of  broad  scope,  gen- 
eral character,  and  positive  rather  than  negative  injunction 
be   prepared. 

Engineering  Education. — That  a  standing  committee  of 
seven  be  created  to  consider  questions  of  educational  policy, 
and  offer  advice  and  guidance  in  carrying  out  such  policy. 
The  aims  of  engineering  education,  fundamental  require- 
ments, changes  in  curricula,  indicated  by  changing  social 
and  industrial  conditions,  the  qualifications  of  teachers,  and 
the  standardization  of  degrees  are  a  few  of  the  topics  which 
such  a  committee  should  rightly  consider.  Further,  that 
local  associations  appoint  similar  committees  of  three  or 
five  to  co-operate  with  educational  institutions  in  their  re- 
spective territories. 

Licensing. — That  the  society  in  co-operation  with  the  other 
founder  societies  prepare  a  standard  form  of  bill  for  the 
licensing  or  registration  of  engineers,  to  be  used  in  the 
framing   of  legislation. 

Arbitration  and  Expert  Testimony.— It  is  the  belief  of  the 
committee  that  the  present  practice  with  regard  to  expert 
testimony  and  arbitration  is  not  satisfactory,  and  it  is  rec- 
ommended that  a  committee  of  the  American  Bar  Associa- 
tion be  asked  to  co-operate  with  the  joint  committee  from 
the  four  founder  societies  in  order  to  develop  better  prac- 
tice along  these  lines. 

Publicity.~It  is  recommended  that  the  preparation  of 
general  articles  on  engineering  subjects  be  encouraged  and 
assisted  by  the  profession,  especially  with  a  view  toward  hav- 
ing  such  articles   published   in   the   standard   magazines. 

Legislation  and  Development  of  Natural  Resources. — It  is 
recommended  that  the  national  council  maintain  an  agency 
in  Washington,  D.  C,  or  elsewhere,  for  the  purpose  of  keep- 
ing advised  of  all  proposed  federal  legislation  and  depart- 
mental rulings  and  regulations  involving  directly  or  indi- 
rectly questions  of  engineering;  and  that  such  agency  keep 
the  society  or  its  locals  advised  from  time  to  time  of  such 
matters.  It  shall  also  be  the  duty  of  the  various  locals  to 
keep  advised  on  all  proposed  state  legislation  affecting  en- 
gineering matters  and  the  said  locals  shall  actively  interest 
themselves  to  the  end  that  proper  legislation  may  be  en- 
acted. It  is  also  recommended  that  such  agency  and  the 
state  and  national  councils  shall  keep  advised  as  to  the  pro- 
posed creation  of  federal  and  state  commissions,  whose  ac- 
tivities may  affect  engineering  enterprise:  and  that  the  in- 
fluence of  the  locals  and  the  society  at  large  shall  be  directed 
towards  securing  the  appointment  of  engineers  upon  such 
commissions. 


The  Service  of  the  Enqineer  to  the  Community,  State  and 
Nation. — The  engineering  profession  owes  a  duly  to  the  pub- 
lic which  it  is  believed  can  best  be  discharged  by  the  active 
participation  of  every  engineer  In  the  civic  work  of  his  lo- 
cality. To  this  end  it  is  urged  that  the  engineer  Join  the 
civic  body  of  his  community,  and  if  there  be  no  such  or- 
ganization, that  he  should  then  endeavor  to  organize  the 
community  for  civic  work  in  sympathetic  co-operation  with 
the  governing  body.  The  engineer's  duty  to  the  public  also 
requires  that  he  give  his  best  efforts  to  matters  of  state,  in- 
terstate and  national  character,  calling  upon  the  various 
engineering  bodies  for  assistance  and  co-operation  when 
necessary. 

Patent  Law. — Inasmuch  as  a  nation-wide  society  of  in- 
vrnlors  has  been  formed,  composed  largely  of  engineers,  one 
of  whose  objects  is  to  handle  the  subject  of  patent  law,  it  Is 
recommended  that  no  action  be  taken  on  this  subject  at  the 
present  time. 

Co-ordination  of  Government  Activities. — It  is  recommend- 
ed that  the  influence  of  the  entire  membership  of  the  society 
be  directed  toward  the  creation  of  a  federal  departmnt  of 
public  works,  the  secretary  of  which  shall  be  technically 
ciualified  and  a  member  of  the  president's  cabinet,  and  that 
the  law  creating  such  department  shall  provide  for  the  co- 
ordination of  all  Government  engineering  activities. 

Industrial  Affairs.— That  fundamentals  of  industry  and 
their  inter-relation  are  based  on  engineering  principles 
which  should  form  a  part  of  the  education  of  the  engineer. 


Cost  of  Hetch  Hetchy  R.  R. 

The  Hetch  Hetcliy  R.  R..  built  by  Sau  Francisco,  Calif.,  for 
the  primary  purpose  of  transportation  of  materials  for  the 
construction  of  its  Hetch  Hetchy  water  supply  project,  was  In 
operation  during  the  fiscal  year  ending  June  30,  1918.  The 
railroad  is  a  single  track  line  about  68  miles  in  length. 

Due  to  financial  dlHiculties  encountered  by  the  contractor, 
who  was  unable  to  complete  his  contract  under  the  provisions 
of  the  specifications,  a  provisional  acceptance  of  the  railroad 
was  made,  with  the  understanding  that  the  city  would  com- 
plete it.  deducting  from  the  final  payment  thereto  the  actual 
cost  of  completion.  The  principal  work  which  the  city  under- 
took under  this  agreement  was  ballasting  the  roadbed. 

At  the  beginning  of  the  past  fiscal  year,  the  amount  that 
had  been  expended  on  the  railroad  was  $1,437,411.  During 
the  p.ast  fiscal  year,  the  track  laying  was  completed  to  Hetch 
Hetchy  Damsite,  and  the  total  estimated  amount  due  the  con- 
tractor was  $1,613,178. 

The  itemized  account  of  ihe  work  performed  by  the  con- 
tractor, according  to  the  annual  report  of  M.  M.  O'Shaugh- 
nessy,  City  Engineer,  for  the  year  ending  Nov.  30,  1918,  was 

as  follows:  .    „  >,  .   ,-,.  c..o 

trading,  excavation  1.161.M7.2  cu^  >;ds^  i     0.67  ,    7.|.S3| 

firadingr.  overhaul   "S'ols  finft  90  2  921 

culverts.    12-in 3,249  I  In.  f  .  .90  ^-.^21 

Culverts,    24-in ,Tnr-  i U   ff  2.S0  3  2«5 

Culverts,    30-in 1.30G  In.  ft  2-50  3.Z  5 

Culverts,    36-in '     1 291  mUes  600  00  3.774 

TnXl:  ^"onight::::::::      35:l?};S!lll       67o.oo      21.306 

^'^''^'i  ,„i.  1  04''  miles  .562.08  '    SS.t 

ilcJl^a^Il.: 1.000         cu.yds.  .85  8.0 

Track  Construction:  TO  130  mile.s  8.450  00  692.0S 

Track  laid^ 27    ^ts  140.00  3.780 

Switoh  se  s -\2      lin.  ft.  .62  1.751 

Guardrails '-^-1^^-        '^- "•■  jgg  50 

Point    castings ,  ^^0         ">^-  .„  ^91 

Rail    braces -■''>-         P^  •  j,  349 

Anti-creepers    t.''6|         r^|-  jj  jo  7B 

Derails -^         \^°-  1500  1.200 

Cattle   guards 60         pes.  10 

Redwood  water  tanks «         P^^- 

Tuolumne  River  Bridge:  ^.^  jS.SlT 

Truss     73'56'          bs  -052  3.825 

Girders..... :;;■■••  'Sto  192-?  t   M  B  M  40.00  26.823 

Trestles,   lumber,    erect....  ,,  J;???'' Jbg*  05  2.1.'!4 

Iron   in    trestles r^'^'cu   vds  12.00  17.910 

Masonry,  concrete ''I34  9      sq.' vas.'  2.00  269 

Dry  rubble •;••••••■  ■       50^63  miles  575.00  28.958 

Telephone  line  complete....  "fo-l  m   es  380.00  2.993 

On  poles  already  set  ....  jP'^^'t,  16.00  160 

Station  insts.  installed...  >"         sei.-i 

^^M^  2924-50,  driving  7-ft.  tunnel    130  ft.  at  »13. . . .  1.690 

f^^^^l^S^l^^  ^^^-  t"rlil?Sad  wort  o^y: !  i !  _34^ 

t»1.612,178 
.-if,  ner  cent  complete.     tThis  amount  does  not  Include  J190.630 
paid  inTgiS    forTading  9  miles   of   roadbed   from   Hog  Ranch   to 
Hetch  Hetchy. 
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News    Letter 

St.  Louis  Items. 
The  L  J.  Smith  Construction  Co.  oi  Kansas  City  weif  awarded 
thf  contract  for  tilling  five  bridges  on  the  White  River  branch  ot 
the  Missouri  Paciiic  R.  F:..  near  Hollister.  Mo.  These  Ijridges  aver- 
.age  SO  ft.  high.  They  are  shipping  one  shovel,  four  locomotives. 
42  16-vd.  cars,  a  spreader  and  10  boarding  cars  on  this  job.  Have 
a  year  to  fmish  it  in.  Scott  and  Clarence  Mitchell  will  be  in  charge 
of  W'orlv. 

J.  W.  McMurrav  Contracting  Co.  of  Kansas  City  are  C-Oing  to  put 
in  about  1.000  yd.  of  leinforoed  concrete  on  the  L.  J.  Smith  Con- 
struction Co.  job  on  the  White  River  branch  of  the  Missouri  Pa- 
cific P..   R. 

W.  A.  Ross  of  Kansas  City  was  awarded  5  miles  of  bitummous 
macadam  road  work  from  Home  St.  south  to  Red  Bridge  road,  just 
outside   of  Kansas  City. 

J.  W.  McMurrav  is  tearing  dowji  an  old  4-story  apartment  house 
thiit  he  owns  at  loth  and  Harrison  St.  and  putting  up  a  modern 
concrete  garage.     Doing  the  A\-orlv  himself. 

C.  R.  Cimimins  Co..  Cleveland.  r)hio.  were  awarded  contract  for 
building  belt  line  around  Detroit,   ^lich. 

The  Crane  Construction  Co..  Burelsa  Springs,  Ark.,  can  use  some 
."  to  10-team  outfits  on  State  Highway  construction  near  that 
point. 

Ward  Bros,  have  their  outfit  at  work  on  a  big  reservoir  at 
Bellevue.   Ohio. 

W.  A.  Gierke  has  finished  his  job  on  the  Burlington  R.  R.,  near 
Avers.  Ill  .  and  moved  on  to  a  new  job  at  Weston.  JIo. 

The   Fred   R.    Jones   Co..    of   Chicago,    is   constructing   the   pump 

house  and  laving  pipe  for  the  new  big  reservoir  at  Bellevue.  Ohio. 

Cameron.   .Tc.vce    &   Co..   17   S.    7th    St.,    Keokuk,   la.,   have   about 

30.000  yd.  of  good  machine  work  in  Tazwell  County,  111.,  to  sublet. 

Thev  state  thev  can  pay  a  good  price  for  this. 

Frank  Cook  has  moved  :Mrs.  Eby's  outfit  on  to  a  county  road 
job  near  Lincoln.  Neb.,  that  he  subbed  from  Cook  &  O'Brien. 

A.  D.  Thompson  &  Co.,  100.5  Jefferson  Bldg.,  Peoria,  111.,  have 
15.000  cu.  vd.  of  excavation  and  about  29.000  cu.  yd.  of  borrow  on 
road  work  just  north  of  Green  Valley.  111.,  to  sublet.  They  are 
offering  33  ct.  for  borrow  and  45  ct.  for  excavation. 

M.  Hayes  &  Sons.  Montrose.  111.,  have  between  40.000  and  50,000 
cu.  vd    of  wheeler  and  fresno  work  to  sublet. 

Cook  &  O'Brien.  Kansas  City,  Mo.,  were  awarded  3  miles  of 
county  ri.ad  work  near  Lawrence,  Kan.  Their  figures  are  in  the 
neighborhood  of  5120,000  for  this  job. 

E.  C.  Freeniole  has  started  a  machine  outfit  on  the  Lancaster 
county  road  work  near  Lincoln.  Neb.  Freemole  subbed  this  job 
from  Cook  &  U'Brien.  ot  Kansas  City. 

J.  E.  Lyman,  another  one  of  the  good  old  time  contractors,  has 
passed  away.  Lyman  died  here  of  heart  disease  on  Monday,  June 
16th.  at  the  ase  of  71  years.  Lyman,  in  his  day.  was  probably  one 
of  the  best  iinown  and  popular  contractors  in  this  part  of  the 
country. 

P.  J.  Murphy  informs  us  that  his  work  on  the  Wabash  has 
shut  down  temporarily.  He  has  12  teams  in  the  pasture  that  he 
would  like  to  place  on  some  work  in  this  part  of  the  country. 

Newt.  Paisley  has  been  appointed  manager  of  Koenig  Labor 
Agenc.v-  i;i  Kansas  City,  vice  Chas.  A.  Peppers,  resigned.  Con- 
tractors when  in  Kansas  City  are  invited  to  come  in  and  get 
acquainted  with  Newt.  He  can  post  you  on  all  new  W'ork  in  that 
part   of  the  coi:ntry. 

Mulvill  Bros..  Alton.  111.,  have  a  dandy  job  of  railroad  work  to 
sublet,   suitable  for  an   5.  or  10-team  outfit. 

Stresenreuter-Cotton  &  Co..  S60  Old  Colony  Bldg.,  Chicago.  111., 
have  100.000  vd.  of  grading  on  State  Road  work  just  outside  of 
Kffingham.  111.,  to  sublet.  This  work  runs  about  25,000  yd,  per 
mile  and  considered  a  very  fine  piece  of  team  work. 

The  assets  of  the  Southern  Traction  Co..  of  Illinois,  were  sold 
at  auction  in  East  St.  Louis  to  Claude  K.  Rowland,  an  attorney 
representing  H.  D.  ^lephan.  original  promoter  of  the  road,  anrl 
several  New  York  capitalists,  for  $400,000.  on  July  10th.  A  plan  to 
extend  the  lines  to  a  majority  of  the  larger  towns  in  south  Illinois 
eventually  reaching   Cairo  Avas  announced. 

A.  B.  KOENIG. 


tor  J.  Smith.  301  W^ebster  Ave.,  .Tersey  City,  rodman;  Oliver  New- 
man, Belmar,  draftsman:  Henry  J.  Sackender,  55  Second  St.,  Wee- 
hawken,  draftsman,  and  L.  A.  Francisco,  422  Bergen  Ave.,  Jersey 
City,  draftsman. 


Personals 

Albert  M.  Traugott  ha,<  been  appointed  acting  chief  engineer  of 
the  Virj-'inia  R.   VI..  with  headquarters  at  Norfolk.  Va. 

The  Aberthaw  Construction  Co.,  of  Boston,  Mass..  has  opened  a 
permanent  ofhce  in  Atlanta,  Ga.,  which  will  be  under  the  direction 
of  N,   McL.   Sage. 

D.  K.  Orr,  formerly  assistant  chief  engineer,  has  been  ap- 
pointed superintendent  of  the  Monongahela  R.  R.,  with  offlces  at 
Brownsville,  P'a.  The  duties  of  assistant  chief  engineer  will  be 
assumed  by  G.  H.  Burnette.  assistant  engineer. 

■  The  American  Engineering  Service  Co.,  of  1221/2  State  St  . 
Beardstown.  111.,  has  lieen  organized  with  W.  W.  Phillips  of  St. 
Louis,  as  president,  and  L.  A.  Cormick,  St.  Louis,  as  secretary,  and 
will  engage  in  a  general  engineering  and  construction  business, 
specializing   in    public   utility   work. 

Lieut.  Robert  J.  H.  Worcester,  having  been  discharged  from  the 
Army  _^la\-  tUh.  has  returned  to  his  former  position  as  engineer 
and  superintendent  of  Roads  and  Bridges  for  the  Town  of  Concord. 
Mass..  June  1st.  Lieut.  Worcester  served  with  the  42nd  (Rainbowl 
Divisional  Engineers  at  St.  Mihiel,  the  Argonne  and  in  the  Army  of 
Occupation. 

George  Ellery  Hale,  director  of  the  Mount  Wilson  Observatory 
and  foreign  secretary  of  the  National  Academy  of  Sciences,  who 
has  been  for  the  last  10  years  a  correspondent  of  the  Academie 
des  Sciences,  Institut  de  Prance,  has  received  the  unusual  honor  of 
election  as  Associe  Etranger.  taking  the  place  of  Adolph  von 
Baeyer.  declared  vacant  hy  the  Academy.  The  Foreign  Associates 
are  limited  to  twelve,  and  the  high  distinction  has  been  held  bv 
only  two  Americans — Simon  Newconib  and  Alexander  Agassiz.  The 
National  Research  Council,  upon  the  presentation  and  acceptance 
of  Dr.  Hale's  resigiiation  as  its  chairman  and  the  election  of  James 
R.  Angell  as  his  successor,  created  and  bestowed  in  perpetuitv 
upon  Dr.  Hale  the  title  of  Honorary  Chairman  in  recognition  of  his 
services  to  the  National  Research  Council. 

Clifford  M.  Holland,  chief  engineer  of  tha  Hudson  River 
Vehicular  Tunnel  Commission.  115  Broadway.  New  York  City,  has 
announced  the  follow'ing  additional  appointments  to  the  engineer 
staff:  George  S.  Y'eomans.  24  Northfield  Ave.,  West  Orange  as- 
sistant designing  engineer;  Jo.seph  C.  Imhoff.  130  Bostwick  Ave 
Jersey  City,  architectural  draftsman:  Major  Charles  S  Gleim' 
Camp  Eustis,  Va.,  chief  of  party:  Henry  G.  Babcock,  Fanwood  in- 
strument man;  George  B.  Heilner,  54S  North  Broad  St,,  Elizabeth 
level  man:  Anson  B.  Moran,  Bernardsville,  rodman,  at  $1200-  Vic- 


Industrial  Notes 

E.  A,  White  is  leaving  as  the  head  of  the  Division  of  -Agri- 
cultural Engineering,  fniverslty  of  Illinois,  and  on  Aug.  1  will  be 
connected  with  the  Holt  "Caterpillar"  Tractor  Co.  at  Peoria,  Illi- 
nois, as  Chief  of  its  Research  Division. 

The  Dew/ey  Cement  Gun  Co.  has  been  reorganized  and  its 
naine  changed  to  Traylor-Dewey  Contracting  Co.  The  officers  are: 
S.  AV.  Traylor.  Chairman  Board  of  Directors:  C.  L.  Dewey,  Presi- 
dent: W.  J.  Roberts.  Vice  President;  H.  B.  Battersey,  Treasurer;  F. 
W.  Hopkins.  Secretary;  R.  H.  Gillespie,  General  Manager  and  Chief 
Engineer;  B  C.  Collier,  Consulting  Engineer,  and  W.  L.  Stancliffe, 
General   Superintendent. 

The  Blaw-Knox  Co.,  Pittsburgh,  Pa.,  announces  the  appoint- 
ment of  L.  C.  INIurray  to  its  corps  of  engineer-salesmen,  in  the 
"KNOX"  department.  Mr.  Murray,  a  graduate  of  Penn  State  Col- 
lege, was  for  many  years  connected  with  the  Carnegie  Steel  Co., 
both  at  the  Edgar  Thompson  Works.  Bessemer.  F'a.,  and  in  the 
sales  department.  His  activities  will,  for  the  most  part,  be  de- 
voted to  the  steel  plants  in  the  Pittsburg'h  district. 

The  Holt  Manufacturing  Co.,  of  Peoria.  111.,  builders  of  "Cater- 
pillar" tractors,  announces  the  appointment  of  l-'red  W.  Jones  as 
ad^'ertising  man.'iger,  effecti^'e  July  10,  1019.  Mr.  Jones  goes  to  the 
Holt  Co.  from  the  advertising  department  of  the  International 
Harvester  Co.  of  America  at  Chicago,  wiiere  for  the  past  eight 
years  he  has  had  charge  of  tiie  copy  for  farm,  trade  and  newspaper 
advertising  placed  by  that  firm,  and  has  taken  an  active  part  in 
the  development   of  their  sales  force. 

The  Massey  Concrete  Products  Corporation,  Peoples  Gas  Bldg.. 
Chicago,  announces  the  following  appointments:  Paul  Kircher. 
resident  manager,  of  the  eastern  district,  including'  Eastern  Canada, 
with  headquarters  at  50  Church  St.,  New  York;  G.  H.  Redding, 
resident  manager,  in  charge  of  sales  in  the  central  district,  with 
headquarters  in  Chicago;  H.  E.  Burns,  resident  manager,  in  charge 
of  sales  in  the  southwestern  district,  with  headquarters  in  the 
Sumpttr  Bldg..  Dallas,  Tex. 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment  of 
L.  C.  SpragTie.  formerly  district  manager  of  sales  at  New  York,  as 
manager  of  western  railroad  sales,  with  headquarters  at  Fisher 
Bldg.,  Chicago,  and  H.  G.  Barbee  as  manager  of  eastern  railroad 
sales,  with  headquarters  at  52  Vanderbilt  Ave.,  New  Y'ork  City.  Nel- 
son E.  Gatch.  formerly  district  manager  of  sales  at  Chicago,  has 
been  appointed  district  manager  of  sales  at  New  York,  succeeding 
Mr.  Sprague.  .Announcement  of  Mr.  Gatch's  successor  at  Chicago 
will  be  made'  later. 

The  Corrugated  Bar  Co..  Inc.,  of  New  York,  announces  that  it  1 
has  taken  over  the  entire  assets  and  liabilities  of  the  Corrtigated  ' 
Bar  Co.,  a  Missouri  corporation,  and  is  continuing  the  business  of 
the  latter  coinpany.  which  is  in  process  of  dissolution.  'This 
means  the  retirement  by  purchase  of  the  Garrison  interests,  which 
held  the  majority  of  the  stock  of  the  Missouri  corporation  from 
its  inception,  in  i.SOl,  until  the  recent  reorganization.  The  control 
now  passes  to  .\.  L.  Johnsnn.  who  has  been  connected  with  the 
Company  since  .July,  1895.  The  officers  and  hoard  of  directors  of  the 
new  corporation  are:  A.  L.  Johnson,  President:  W.  H.  Kennedy. 
Vice  Pres.  and  Treas..  Ralnh  McCarty.  Secretary;  A.  E.  Lindau, 
Gen'l   Mgr.    of    Sales;   Lyman    Ba.ss.    Counsel. 


10  Volumes  of  Volume 
46,  Engmeering  and 
Contracting.  Volume 
46  includes  the  last  half 
of  the  year  1916.  Will 
pay  $2.00  per  volume 
for  bound  or  unbound 
copies.     Address 
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The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.  ('52  in  all)  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the  four 
special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year  (or  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."  The  articles  in  the  first  two  issues  of  each  month  i  1st  and  2nd 
Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  articles  in  the  3rd  and  last  issues  of  each  monih  (3rd  and 
4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
the  "mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract  news. 


Roads   and  Streets — 1st  Wednesday 


la)    Roads 
(b)    Streets 


(c)  Street    Cleaning 

(d)  Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers    and    Sani- 

tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and   Drainage 

(d)  Power    and    Pumping 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation    and  ic)    Quarries   and    Pits 

Dredging  (d)   Railways,    Steam   and 

(b)  Rivers  and   Canals  Electric 

(e)   Management  and  Office 
System 

Buildings  and  Structures — 4th  Wednesday 


(a)    Buildings 
<b)   Bridges 


tc)    ILirhor    Structures 

(d)    Miscellaneous  Structures 


(e)   Properties  of  Materials 
Copyright,    l!)lt>,    by    the    Engineering    and    C'ontrarting    Piihn>,hing    Company. 
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How  Political  Economy  May  Be- 
come a  Science 

The  engineer  who  delves  much  into  literature  on  political 
economics  is  impressed  with  the  deluge  of  theories  and  the 
scantiness  of  data.  Current  periodicals  are  quite  as  unsatis- 
factory as  the  classical  treatises  on  this  branch  of  knowl- 
edge. When  an  engineer  thinks  of  economics  he  thinks  of 
costs  and  values;  but  the  typical  writer  of  papers  on  political 
economics  seems  to  think  mainly  of  theories.  Does  he  dis- 
cuss the  distribution  of  wealth,  then  look  for  a  dissertation 
on  the  "single  ta.x  theory"  or  the  Uke.  Occasionally  he  may 
show  signs  of  regret  at  his  lack  ot  data,  amid  his  abundance 
of  phrases,  as  witness  this  paragraph  from  an  article  by 
William  Kent  on  "Land  Tenure  and  Public  Policy"  in  the  Yale 
Review : 


more  than  a  century  the  world  has  been  flooded  with  pam- 
phlets, papers  and  periodicals  on  political  economy  written 
by  men  gifted  with  the  gift  of  tongues  but  without  "the  head 
for  figures."  They  have  pumped  our  libraries  full  of  dilute 
theories  of  an  unscientific  sort.  The  term  "economics"  has 
come  to  be  almost  a  synonym  for  long-winded  babble  and 
angry  debate.    Economics,  of  all  words,  thus  to  degenerate! 

Professors  who  could  not  correctly  interpret  a  balance 
sheet,  much  less  solve  a  simple  cost  etjuation.  have  set  them- 
selves up  as  teachers  of  the  most  complex  business,  the  busi- 
ness of  government.  Such  facts  as  they  use  in  their  argu- 
ments are  usually  non-statistical  and  therefore  of  little  if 
any  worth  in  solving  an  economic  problem.  Very  frequently 
their  "facts"  are  not  even  half  truths,  often  picked  up  from 
a  source  whose  reliability  they  never  have  questioned.  Thus 
in  the  article  by  Mr.  Kent,  above  referred  to,  we  read: 

■In   city   and   country   alike,   speculative   land   holding   ha« 


'I    wish   some    young   man   with    a    head    for   figures   would       warped   the  progress  of  orderly  development-     In   Seattle  an 


ispend  a  year  in  dis- 
covering h  o  w  much 
unearned  rent  goes 
into  the  cost  of  a  ham 
that  the  man  who  is 
digging  in  the  city  sewer 
would  like  to  buy,  if  he 
had  sufficient  wealth. 
Farm,  stockyard,  rail- 
road, and  city  tenancy 
would  all  contribute 
their  quota." 

To  Mr.  Kent's  mod- 
est wish  we  add  the 
more'  ambitious  hope 
that  many  a  young  en- 
gineer, "with  a  head 
for  figures,"  will  apply 
engineering  science  in 
the  writing  of  worth 
while  literature  on  po- 
litical   economics.      For 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


Interurban  company  de- 
liberately raised  its 
round  trip  fares  from  15 
to  40  ct.,  and  thereby 
destroyed  all  value  in 
a  large  working  peo- 
ple's settlement.  The 
same  outfit,  by  a  de- 
liberate shift  of  trans- 
port a  t  i  o  n  facilities, 
changed  the  values  in 
the  center  of  the  city 
so  as  to  favor  real  es- 
tate which  it  specula- 
tively held." 

The  editor  happens 
to  be  familiar  with  the 
ca.se  mentioned  by  Mr. 
Kent,  and  knows  that 
lie  misrepresents  the 
facts,  doubtless  without 
intent.     But    this   very 
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honesty  of  purpose  and  sincerity  of  utterance  malie  all  the 
more  reprehensible  his  carelessness.  But  it  seems  to  be 
habitual  with  the  non-scientific  writer  to  be  careless  about 
his  data  so  long  as  his  utterances  are  striking  and  his  sen- 
tences well  polished. 

Quantitative  facts  are  dug  out  of  experience,  and  the  dig, 
ging  is  both  tiresome  and  costly;  whereas  verbiage  is  easily 
spun  out  of  the  imagination,  and  fills  paper  as  completely  as 
if  it  were  reliable  data.  Engineers  and  scientists  are  trained 
to  dig.  Most  political  economists  are  trained  to  talk,  and 
the  weight  of  their  pages  already  sags  the  shelves  of  10,000 
libraries.  Let  engineers  that  have  the  ability  to  talk  as  well 
as  to  dig.  undertake  to  make  a  real  science  of  political 
economy. 


Some  Fallacious  Arguments  for 
Municipal  Ownership 

There  is  no  doubt  that  municipal  ownership  of  public  utili- 
ties is  increasing  in  America,  in  spite  of  the  fact  that  it  has 
not  been  demonstrated  to  be  more  economic  than  private 
ownership.  Has  the  force  of  British  and  European  exam- 
ple lead  to  this  result?  Is  it  because  of  the  spread  of  social- 
istic doctrines?  Neither  foreign  example  nor  socialism  seems 
to  account  for  the  trend  toward  municipal  ownership.  Amer- 
icans are  not  given  to  following  foreign  precedents,  and  with 
only  one  socialist  in  Congress  it  can  hardly  be  said  that 
socialistic  propaganda  has  led  nearly  one-third  of  all  "cen- 
tral station"  electric  plants  to  fall  into  the  hands  of  munici- 
palities. 

The  cause  of  this  drift  toward  municipal  ownership  is, 
like  every  cause,  a  plurality  of  forces  and  not  a  single  force. 
One  of  the  main  forces  at  work  is  the  desire  of  political  office 
holders  to  wield  more  power.  Contributory  to  the  effect 
— municipal  ownership — is  the  prevalent  ignorance  of  the 
principles  of  economics.  Even  engineers  and  other  educated 
men  are  so  commonly  ill-informed  in  economics  and  so 
poorly  trained  in  logic  that  they  are  easily  deluded  by  the 
specious  arguments  and  the  data  presented  in  favor  of 
municipal   ownership. 

In  a  recent  issue  of  American  Municipalities,  G.  C.  Long, 
city  manager  of  Webster,  Iowa,  urges  municipal  ownership 
of  electric  light  and  power  plants.  He  summarizes  his  con- 
clusions thus: 

"In  drawing  this  paper  to  a  conclusion  I  wish  to  state 
a  few  points  that  apply  not  only  to  our  particular  case,  hut 
to  municipal   ownership   in   general. 

"1.  We  (in  Webster)  have  not  experienced  the  inevitable 
conflict  between  private  ownership  and  public  welfare  which 
made  itself  so  manifest  in  the  past  year. 

"2.  We  did  not  find  it  necessary  to  increase  our  rates 
on  account  of  the  war. 

"3.  We  do  not  have  to  pay  dividends  on  watered  stock. 
"4.  We   do   not   have   to   pay   interest   or   dividends   at   all. 
The  people  enjoy  the  benefits  by  a  direct  reduction  in  rates. 
"5.  We  have  lower  rates  than  any  privately  owned  steam 
plant  in  the  State  of  Iowa. 

"6.  We  do  not  operate  to  make  enormous  profits  and  what 
profits  we  do  accumulate,  go  into  the  public  funds  for  the 
benefit  of  the  commonwealth  instead  of  into  private  pockets. 
"7.  Last,  but  not  least.  I  believe  that  because  of  municipal 
ownership  we  have  better  social  and  industrial  conditions. 
We  pay  better  wages,  have  shorter  hours  and  have  more 
progressive  improvements  of  labor,  than  is  found  in  private 
ownership.  Further  because  the  people  derive  directly  the 
benefits  of  municipal  ownership  the  resultant  effect  is  the 
diffusion  of  a  wealth  to  which  the  people  are  justly  entitled." 
"If  it  is  right  for  municipal  ownership  of  one  utility  then 
it  Is  right  that  a  municipality  should  own  the  others.  One 
of  the  great  advantages  of  a  municipally  owned  plant  for  us 
is  the  co-ordination  of  our  public  utilities,  as  our  water 
works  system  is  operated  in  conjunction  with  our  light  plant, 
though  both  are  maintained  separately,  yet  the  economy 
and  service  rendered  in  the  combination  is  very  valuable." 
Note  particularly  Mr.  Long's  item  4,  "We  do  not  have 
to  pay  interest  or  dividends  at  all."  Elsewhere  in  his  ar- 
ticle he  says: 

"A  still  further  advantage  makes  itself  manifest  when  we 
take  into  consideration  the  fact  that  when  the  interest  bear- 
ing  indebtedness  of  municipal   plants   is  being  paid   off,   the 


interest  to  be  paid  falls  off  in  direct  proportion.  A  public 
plant  does  not  have  to  pay  interest  after  the  plant  is  once 
fully  paid  for.  This  is  an  advantage  for  municipal  ownership 
which  is  apparently  impossible  for  a  private  plant  to  meet." 
He  states  that  although  the  15,580  municipal  electric  plants 
in  America  represent  an  investment  of  $77,000,000,  there  are 
only  $31,000,000  of  oustanding  bonds  on  which  interest  must 
be  paid:  and  his  argument  is  that  the  rates  charged  for  elec- 
tricity need  not  be  high  enough  to  pay  interest  on  the  re- 
maining $46,000,000  invested  in  the  plants..  This  is  economic 
sophistry  of  the  worst  sort. 

So  long  as  money  commands  interest,  interest  should  be 
charged  against  every  investment,  whether  public  or  pri- 
vate, and  prices  or  rates  should  be  high  enough  to  earn  in- 
terest on  the  entire  investment.  Otherwise  there  results 
inequality  of  benefits  to  the  rate  payers.  Let  us  take  an 
extreme  case  to  make  clear  this  point.  Assume  a  small 
growing  city,  in  which  the  investment  in  the  electric  plant 
has  been  completely  amortized,  and  in  which  the  power  plant 
has  excess  capacity  for  present  needs.  Now  let  some  manu- 
facturer sell  his  steam  plant  and  substitute  for  it  all  the 
excess  electric  power  that  the  city  has.  The  manufacturer 
would  thus  escape  paying  interest  on  the  city's  power  plant 
that  he  would  use;  but  in  a  short  time,  due  to  growth,  the 
city  would  have  to  build  additional  plant.  The  interest  on 
this  additional  plant  would  be  spread  over  all  consumers,  to 
the  advantage  of  the  manufacturer. 

Any  number  of  similar  illustrations  can  be  given  to  show 
the  inequity  of  rates  that  do  not  include  a  proportionate 
charge  to  cover  interest  on  the  plant.  But  perhaps  a  more 
striking  demonstration  of  the  inequity  is  had  from  a  consid- 
eration of  the  question  of  amortizing  an  investment.  When 
bonds  are  amortized  out  of  earnings,  whose  money  is  used 
to  retire  the  bonds?  Evidently  the  money  of  the  rate  pay- 
ers. If  those  rate  payers  are  to  be  always  the  same  people, 
year  after  year,  till  the  blast  of  Gabriel's  horn,  there  might 
be  no  inequity  in  retiring  the  bonds  with  their  money  and 
thereafter  charging  them  lower  rates.  But  if  not — if  those 
rate  payers  are  to  change  or  to  die — then  every  dollar  taken 
from  them  to  amortize  the  investment  in  a  plant  to  be  used 
by  other  people  is  a  dollar  unjustly  extorted. 

Slipshod  reasoners  speak  of  "the  public"  as  if  it  repre- 
sented an  unchanging  aggregation  of  human  beings;  whereas 
each  member  of  "the  public"  should  be  regarded  as  a  stock- 
holder in  public  utilities  to  the  extent  that  he  has  contributed 
money  to  pay  for  them,  whether  the  payment  is  by  taxation 
or  by  rates  high  enough  to  amortize  the  investment  prior 
to  the  end  of  its  useful  life. 

Having  established  a  false  economic  method  of  rate  mak- 
ing, by  eliminating  interest  charges  on  at  least  part  of  the 
plant,  it  should  be  easy  for  the  advocates  of  municipal  own- 
ership to  show  lower  rates  under  municipal  than  under  pri- 
vate ownership.     Mr.  Long  says: 

"In  investigating  the  rates  charged  for  electric  light  and 
power,  I  find  that  the  rates  for  municipal  ownership  are  from 
10  per  cent  to  20  per  cent  lower  than  for  private  ownership. 
In  covering  the  whole  field  it  is  found  that  the  average  rate 
is  1.39  ct.  per  K.W.H.  less  for  municipal  than  for  private  own- 
ership. The  total  output  by  private  companies  is  approxi- 
mately 11,000.000,000  K.W.H.  per  year,  and  the  saving  would 
be  over  $150,000,000  annually  if  this  current  were  purchased 
at  the  present  average  rates  under  municipal  ownership." 

On  the  face  of  it  this  looks  quite  favorable  to  municipal 
ownership,  but,  according  to  Mr.  Long,  the  municipal  plants 
pay  interest  on  but  slightly  more  than  40  per  cent  of  this 
cost.  The  investment  in  private  electric  plants  is  about 
$2.100.000.000— or  28  times  that  in  municipal  plants— and  if 
60  per  cent  of  that  investment  paid  no  interest,  then,  at  6 
per  cent  interest,  the  private  plants  would  save  $75,000,000 
a  year,  or  half  the  alleged  saving  that  Mr.  Long  claims 
would  occur  were  the  rates  of  private  plants  lowered  1.39  ct. 
per  K.W.H.  This  would  still  leave  an  apparent  saving  of 
$75,000,000  a  year  by  adopting  municipal  ownership,  or  about 
70  ct.  per  capita  per  annum,  or  one-fifth  cent  per  day  per 
person.  Even  the  entire  saving  of  $150,000,000  a  year  claimed 
by  Mr.  Long  is  only  two-fifths  of  a  cent  daily  per  capita! 

We  call  this  "an  apparent  saving"  that  might  be  effected 
by  municipal  ownership.  There  are  several  reasons  why 
it  is  not  a  real  saving.  First,  it  is  notorious  that  municipally 
operated  plants  do  not  ordinarily  show  all  the  real  operat- 
ing expenses   in   their  accounting  statements.     Usually  they 
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have  an  inadetiuate  charge  for  depreciation,  and  frequently 
none  at  all  save  the  little  that  occurs  in  current  maintenance 
expenses.  Second,  many  municipal  plant  employes  occupy 
public  buildings  without  rent.  Third,  municipal  plants  pay 
no  taxes,  which  alone  wipes  out  one-third  the  "apparent  sav- 
ing" that   Mr.   Long  claims. 

Finally,  the  average  price  of  electric  current  had  steadily 
and  rapidly  fallen  for  33  years  until  the  world  war.  This  is 
attributable  mainly  to  the  invention  of  more  economic  plant. 
to  aggressive  and  better  business  management,  and  to  better 
load  factors  resulting  therefrom  and  from  the  growing  use 
of  electricity.  The  advocates  of  municipal  ownership  claim 
that  municipal  competition  was  the  main  factor  in  lowering 
electric  rates,  but  the  fact  is  that  average  rates  fell  almost 
as  rapidly  in  cities  without  as  with  municipal  competition. 
Public  service  commissions  have  also  forced  lower  rates, 
and  in  this  respect  have  been  a  far  more  important  factor 
than   municipal   competition. 

Although  31  per  cent  of  the  "central  station"  power  plants 
are  municipally  owned,  only  3  per  cent  of  the  total  capital  is 
invested  in  municipal  plants.  It  is  the  small  cities  that  lean 
most  strongly  toward  socialistic  experiments  of  this  sort. 
Nevertheless  there  is  an  unmistakable  drift  toward  municipal 
ownership.  Many  politicians  favor  it.  Labor  unions  advo- 
cate it.  Socialists  shout  for  it.  The  Hearst  press  and  other 
papers  of  similar  character  clamor  for  it.  "Public  owner- 
ship of  public  utilities"  is  a  slogan  that  has  a  convincing 
ring  to  it.  The  fundamental  question,  however,  should  be: 
In  the  long  run  is  municipal  ownership  more  profitable  to 
the  average  citizen  than  private  ownership?  This  question 
can  not  be  answered  by  slogans  or  by  specious  claims  and 
non-quantitative  facts.  It  can  be  answered  only  by  cost  and 
profit  data.  Mr.  Long  has  it  to  his  credit  that  he  does  not 
rely  entirely  upon  talk  but  produces  some  figures  in  his  at- 
tempt to  answer  the  question.  In  fact  his  is  the  best  attempt 
that  we  have  seen  to  prove  the  case  for  municipal  ownership. 
¥et,   when   analyzed,   his  data   tail   to  carry   conviction. 


The   Attitude  of  Civil  Engineers 
Toward  Inventions 

"A  contemplation  of  history,"  says  The  Chemical  Engi- 
neer, "reveals  how  few  of  the  truly  epochal  scientific  achieve- 
ments are  the  products  of  any  one  mind.  Also  it  appears  to 
be  true  that  the  length  of  time  consumed  in  working  out 
such  achievements  varies,  as  a  rule,  inversely  with  the  num- 
ber of  minds  at  work  upon  them."  For  example,  10  ingenious 
men  will  perfect  an  invention  in  one-tenth  the  time  required 
by  a  single  inventor. 

Here  is  a  case  where  "too  many  cooks"  do  not  "spoil  the 
broth."  Invention  is  a  novel  combination  of  old  "elements." 
Each  ingenious  mind  that  works  on  a  problem  brings  to 
bear  certain  elements  of  knowledge  possessed  by  no  other 
mind  at  work  on  the  same  prob'em.  Moreover,  a  spirit  of 
rivalry  tends  to  stimulate  each  of  a  group  of  men  working 
on  the  same  improvement. 

Among  chemical,  electrical  and  mechanical  engineers  there 
has  been  more  co-operative  inventing  than  among  civil  en- 
gineers, and  there  has  been  faster  progress  in  those  three 
branches  of  engineering  than  in  civil  engineering.  The  most 
inventive  civil  engineers  have  usually  worked  on  their  prob- 
lems alone,  or  with  but  slight  aid.  Altogether  too  often  the 
inventions  of  civil  engipeers  have  been  opposed  by  their 
fellow  engineers.  In  fact  the  inventor  of  a  new  pavement, 
or  bridge,  or  sewage  purifier,  is  invariably  forced  to  fight  to 
get  it  adopted  by  municipalities.  Then  if  it  is  an  economic 
success,  he  must  carry  the  fight  into  the  courts  to  collect 
royalties.  If  at  last  the  courts  sustain  his  patents,  he  is  apt 
to  see  other  and  inferior  designs  specified  by  city  engineers. 
So  great  is  the  opposition  to  the  inventor  of  civil  engineer- 
ing structures  that  it  is  questionable  whether  it  is  worth 
while  patenting  such  structures. 

We  know,  of  course,  the  usual  argument  that  is  raised 
against  inventions  of-  a  civil  engineering  nature,  namely 
"lack  of  novelty,"  The  same  argument  if  supported  by 
enough  expert  testimony  would  kill  almost  any  patent,  for 
nothing  conceived  by  the  mind  of  man  is  entirely  novel.  The 
inventor  of  the  first  process  of  making  paper  from  wood 
pulp  could  have  been  shown  to  be  merely  an  imitator  of  the 


wasp,  tor  the  nest  of  that  insect  is  made  of  wood  fibre 
ground  to  a  pulp.  And  the  inventor  of  the  HrBt  suspenHiou 
bridge   merely   imitated   the   spider. 

Unfortunately  there  is  no  distinct  dividing  line  between 
a  new  combination  that  the  courts  will  regard  as  patentable 
and  a  new  combination  that  they  will  declare  "could  have 
been  conceived  by  any  one  skilled  in  the  art."  Civil  engi- 
neers have  too  often  been  very  narrow  in  their  attitude  to- 
ward inventions,  regarding  any  foreshadowing  of  an  Inven- 
tion as  sufficient  proof  that  any  one  skilled  In  the  art  might 
readily  have  effected  the  improvement.  Had  civil  ongineers 
been  more  accustomed  to  working  co-operatively  on  inven- 
tions, and  had  they  been  more  accustomed  to  regard  an  in- 
vention as  an  improved  design  rather  than  as  a  'stroke  of 
genius,  it  is  probable  that  there  would  have  been  more  for- 
tunes made  by  civil  engineering  inventors,  and  consequently 
greater  progress  in  the  design  of  civil  engineering  structures. 


Nelson  Method  of  Paying  Building 
Contractors  for  Bidding 

in  the  long  run  excessive  competition  increases  prices.  If 
six  milk  dealers  deliver  milk  over  the  same  routes,  the  price 
of  milk  is  higher  than  it  would  be  were  there  only  two  deal- 
ers. If,  on  the  average,  10  contractors  estimate  the  cost  of 
each  building  in  detail,  the  prices  of  buildings  are  greater 
than  they  would  be  were  there  less  competition. 

J.  B.  Warrack,  president  of  the  Northwest  Master  Build- 
ers' Association,  recently  said: 

"I  know  of  one  case  where  40  bidders  were  given  plans 
on  which  to  figure,  where  five  bids  would  have  been  sufficient. 
Forty  contractors  spent  tbeir  time  on  this  job.  which 
amounted  to  approximately  ?25,000,  and  took  at  least  five 
days  for  each  bidder  to  estimate  properly.  The  material 
dealers  sent  40  quotations  on  various  items  to  the  40  con- 
tractors and  probably  every  sheet  metal  shop,  plumber,  elec- 
trician, sash  and  door  factory,  and  lumber  yard  in  the  Pacific 
.Xorthwest  was  troubled  with  a  dozen  requests  for  prices  on 
the  work. 

"The  time  and  energy  consumed  by  the  contractors  and 
material  men  in  figuring  on  this  work  was  at  least  eight 
times  that  really  required  to  obtain  a  sufficient  number  of 
competitive  bids,  and  at  least  39  of  the  contractors  were 
out  the  time  and  expense  devoted  to  the  work  of  supplying 
figures. 

"There  is  only  one  way  to  correct  this  vicious  system,  and 
that  is  for  the  owner  or  prospective  building  investor  to  pay 
for  what  he  receives,  to  pay  the  bidders  on  his  job  for  the 
labor  in  making  up  an  estimate  orf  cost  of  the  work,  whether 
the  contract  is  let  or  not.  The  owner  or  inventors  would 
then  get  as  much  competition  as  he  was  willing  to  pay  for. 
and  the  cost  would  be  met  by  the  proper  party  in  place  of 
being  saddled  on  other  people  who  build. 

"Personally.  I  favor  the  adoption  in  Seattle  of  the  sys- 
tem of  paying  contractors  for  bids  embodied  in  the  plan  of 
H.  W.  Nelson,  of  Moline.  111.,  followed  by  the  contractors 
in  that  section. 

"The  owner  or  architect  calls  for  bids  from  such-  contrac- 
tors as  he  desires  to  compete,  then  10  days  after  the  bids 
are  all  in,  whether  or  not  the  contract  has  been  awarded. 
the  owner  is  obligated  to  pay  each  bidder  whose  bid  does 
not  exceed  by  more  than  25  per  cent  the  amount  of  the  bids 
upon  which  the  contract  is  awarded,  or  the  lowest  legitimate 
bid  it  the  contract  is  not  awarded,  a  fee  arrived  at  by  tak- 
ing the  square  root  of  the  average  of  all  bids  received  mul- 
tiplied by  seven-tenths.  In  case  the  average  of  bids  should 
be  $90,000,  the  fee  arrived  at  under  this  system  would  be 
S210  for  each  contractor,  not  an  exorbitant  fee  for  the  work 
involved  or  for  the  service  rendered. 

"This  system  works  out  so  as  to  cover  the  contractor's 
cost  of  figuring  jobs,  large  and  small,  without  any  hardship 
to   the  owner." 

For  many  years  building  contractors  have  contended  that 
architects  should  prepare  bills  of  materials  for  each  build- 
ing, so  as  to  reduce  the  contractors'  expense  of  estimating 
the  cost.  If  the  Nelson  method  were  universally  adopted, 
it  would  inevitably  lead  to  the  making  of  a  "qantity  sur- 
vey" of  each  building  by  the  architect  or  engineer  in  charge 
of  it.  in  order  to  reduce  the  payment  by  the  owner  to  each 
contractor  invited  to  bid. 
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Standard   Methods  of  Pennsylvania    State    Highway   Department   for 
Placing  Road  Surfaces  on  Concrete  Bridge  Floors 
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Bituminous  Surface  Class  A, 
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^y[fo  the  ore  of  a  circle 
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Bituminous  Surface  Classes  B,  C,  D,  E,  F. 
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Patnf  with  far  or  asphalt 
^12  J  Concrete 
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1  to  the  an:  of  a  circle 


^Reinforcement  - 


One  Course  Portland  Cement  Concrete  Surface. 


9-0 


t8''0'  Koadway 


i'fponoionj^nl, her. gro,^  filler i„„e<l  -^i^,,, 2: Cro^nto  zonfo, 
^y Cement  eniAond Bed  t\io  the  arc  of  o  circle 

I  j-Vitnf led  Brick        j^ 

-■: : ■         ^.     ^    .  ■*      y     ^     *    -■> ".-    --■■■1     ^*  A 


'Vitrified  Brick  Surface 
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Th<3  surface  to  consist  of 
broken  stone  and  biturrfihous 

binder  wi^h  o  bituminous  seal 
coat  and  si'o^e  chip  covering 
on  o prepared  roughened 
concrete  slot  _ 
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•- Concrete ^^JP 


One  Course  Portland  Cement  Concrete  Surface. 

UNIMPROVED  ROAD, 


Concrete  base  coarse  m  everi^  cose  on  improved  rood 
to  be  r«,nforced  of  the  direction  of  the  [Engineer  m  order  /o 
bridge  Over  any  settlement  of  earth  back  of  abutments.     Rem-     li 
forcement  to  consist  of  i  'diom  bars  6  "center  to  center  lonqi  ■      j^ 
tudmo/Zy     7d  24  'center  to  confer  transversely.      Length  of 
j/ob  to  be  determined  bu  the  fngmeer.  ' 


When  necessary,  on  unimproved roaas,  use  a  rem  fored con- 
crete auxiliary  slab  S' thick  with  reinforcement  as  gn-en^abo^e 
Length  of  slab  to  be  determined  by  tha  Engineer 

Thickness  of  floor  sys  tern  "A  "  'o  be  that  shown  on  standard 
bridge  fioor  plana  for  any  particular  span  regardless  of  type  of 
surfacing  used. 
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Advantages  and  Disadvantages  of 

Various  Methods  of  Letting 

Contract  Work 

By  J.  A.  L.  WADDELL. 

Consulting    Engineer,   Kansas  City,    Mo. 

Much  has  been  said  of  late  concerning  the  different  meth- 
ods of  letting  contracts;  and  it  appears  at  present  to  be  a 
fad  to  endorse  that  of  cost  plus  a  percentage  or  cost  plus  a 
lump  sum.  As,  in  the  last  three  decades.  I  have  tried  a  num- 
ber of  ways  of  letting  contract  work,  I  deem  myself  com- 
petent to  pass  an  opinion  of  some  value  upon  the  question, 
and  I  felt  constrained  to  do  so  through  the  medium  of  your 
paper. 

The  most  common  ways  of  contract  letting  are  the  follow- 
ing: 

A.  Lump  sum  for  complete  construction. 

B.  Schedule  rates  for  all  materials  in  place. 

C.  Actual  cost  plus  a  percentage,  with  some  kind  of  allow- 
ance for  overhead  expenses. 

D.  Actual  cost  of  labor  and  materials  plus  a  percentage, 
with  no  allowance  for  overhead  expenses. 

E.  Actual  cost  plus  a  lump  sum,  with  some  kind  of  allow- 
ance for  overhead  expenses. 

P.  Actual  cost  of  labor  and  materials  plus  a  lump  sum, 
with  no  allowance  for  overhead  expenses. 

G.  Various  methods  of  profit-sharing  between  the  client 
and  the  contractor. 

Method  A  generally  appeals  best  of  all  to'  the  client,  be- 
cause it  fixes  in  advance  what  the  construction  is  going  to 
cost  him,  unless,  perchance,  there  be  variations  in  the  esti- 
mated total  quantities  of  materials,  due  to  lack  of  sufBcient 
preliminary  information  or  to  the  encountering  of  conditions 
that  could  not  well  have  been  foreseen.  But  it  is  by  no 
means  as  satisfactory  to  the  contractor,  who  has  to  run  the 
risk  of  being  actually  out  of  pocijet  on  the  job,  in  addition  to 
the  loss  of  personal  time  and  effort. 

Method  B  is  quite  an  improvement  on  Method  A.  in  that 
the  contractor  does  not  have  to  guarantee  the  correctness  of 
the  estimated  quantities  of  materials;  but  the  prime  objec- 
tion to  Method  A  holds  good  for  Method  B,  as  the  laUer  does 
not  prevent  the  contractor  from  losing  money  on  the  venture. 

Method  C  is  wholly  objectionable  to  the  client,  in  that  it 
places  him  entirely  at  the  mercy  of  the  contractor  and  hi? 
men.  The  allowance  for  over-head  may  be  either  an  assumed 
percentage,  or  the  actually  computed  amount  in  complete  de- 
tail, the  former  being  generally  the  less  objectionable.  Even  if 
the  contractor  be  perfectly  honest  and  have  the  best  will  in 
the  world  to  keep  down  the  cost  for  the  benefit  of  the  client 
his  employes  will  not  have  that  desire.  In  effect  they  say  to 
themselves  and  to  each  other,  "What  is  the  use  in  my  exert- 
ing myself  unduly?  The  more  the  work  costs  the  more 
money  the  'old  man'  makes."  I  know  this  to  be  the  case,  for 
some  years  ago  I  had  to  let  a  large  contract  for  foreign  work 
at  cost  plus  a  percentage;  and.  although  the  contractors 
themselves  tried  to  do  the  honest  thing  at  all  times,  their 
men  '■.soldiered"  to  such  an  extent  that  the  final  cost  of  the 
construction  was  atrociously  high,  and  I  had  occasionally,  on 
my  own  responsibility,  to  discharge  some  of  the  contractors' 
employes,  including  once  their  field  superintendent.  This 
method  of  letting  work  involves  asking  too  much  of  frail 
human  nature.  It  is  on  a  par  with  leaving  small  sums  of 
money  lying  around  among  darkey  servants. 

Method  D  involves  less  labor  in  cost  keeping  than  does 
Method  C,  but,  otherwise^it  is  open  to  the  same  general  ob- 
jection. 

Method  E  is  almost  as  unsatisfactory  to  the  client  as 
Methods  C  and  D,  except  that  the  contractor's  reward  for  his 
iniquity  is  a  fixed  quantity  and  not  in  direct  proportion  to  the 
extent  of  that  iniquity. 

Method  F  involves  a  slight  improvement  on  Method  E,  but 
only  to  the  extent  of  a  little  simplification  in  bookkeeping 
and  perhaps  a  reduced  opportunity  for  squeezing  the  client. 

Under  the  heading  "G"  a  number  of  methods  of  profit-shar- 
ing have  been  tried  and  have  proved  to  be  more  or  less  satis- 
factory. All  of  them  necessarily  presuppose  a  careful  ac- 
counting of  cost  from  start  to  finish.  Unless  the  contract 
between  the  two  parties  clearly  indicate  how  every  main  de- 
tail of  cost  is  to  be  computed,  there  will  be  trouble  before 
the  work  is  finished.     For  instance,  in  respect  to  plant — does 


the  contractor  furnish  it  free  of  charge,  or  does  he  receive 
rental  for  it,  with  the  rental  charged  as  one  of  the  items  of 
cost  of  the  work?  How  about  paying  for  repairs  and  re- 
newals to  plant?  Who  stands  the  expense  of  these  items- 
does  the  contractor,  or  is  it  charged  as  an  item  of  cost  of 
doing  the  work?  Again,  if  extra  work  is  done  under  the 
contract,  how  is  it  to  be  counted  In  when  making  the  Onul 
settlement? 

It  requires  the  service  of  an  expert  consuUing  engineer  or 
those  of  an  experienced  contractor  to  draft  a  contract  which 
will  provide,  in  a  manner  satisfactory  to  both  parties,  for  all 
possible  contingencies.  With  such  a  contract,  however,  anl 
with  a  close  system  of  cost  accounting,  this  method  of  profit- 
sharing  is  the  most  satisfactory  scheme  for  contract-letting 
which  can  be  evolved. 

The  best  manner  for  letting  contracts  on  the  co-operativi- 
basis  is  a  modification  of  the  Graff  method.  Humorous  asd 
captious  readers:  please  do  not  try  to  perpetuate  a  pun  by 
calling  it  the  Graft  method;  for,  in  my  opinion.  It  is  the  most 
P3rfect  anti-graft  one  that  can  be  evolved.  It  is  named  aftei 
the  inventor,  Mr.  C.  F.  Graff,  president  of  the  Graff  Construc- 
tion Co.,  of  Seattle,  Wash.,  and  is  described  in  detail  on  pages 
1584  to  1586  of  my  book  on  "Bridge  Engineering."  It  con- 
sists in  guaranteeing  a  limiting  lump-sum  expenditure  to  the 
client  for  the  work,  at  which  figure  for  actual  expenditure  the 
contractor  s  profit  will  be  zero  (as  his  total  cost  and  his  total 
payment  would  be  equal  I.  and  arranging  for  a  sllding-scalc 
method  of  dividing  any  profits  there  may  be  0.  e.,  the  dif- 


Diagram   Showing   Basis  for  pivlsion  of  Profits  Between  Contractor 
and  Client. 

ference  between  the  named  limiting  sum  and  the  actual  total 
cost)  on  the  basis  of  the  client's  receiving,  up  to  <  certain 
point,  a  gradually-augumenting-percentage  share  of  the  said 
profits.  Thus  the  client  is  protected  by  bond  against  exces- 
sive expenditure,  and  the  contractor  is  given  the  best  pos- 
sible incentive  for  keeping  the  cost  down  to  the  lowest  prac- 
ticable limit.  Naturally,  when  the  client's  share  reaches  one- 
half  of  the  whole  saving,  the  increment  in  his  percentage 
should  cease,  and  the  two  parties  should  share  equally  there- 
after; for,  otherwise,  it  would  involve  a  hardship  to  the  con- 
tractor to  deprive  him  of  more  than  one-half  of  his  profits. 
It  can  readily  be  seen  that,  if  the  client's  percentage  were  to 
keep  on  increasing,  a  point  could  be  reached  where  the  con- 
tractor would  get  no  profit  at  all. 

In  calling  lor  tenders,  the  specifications  should  indicate. 
preferably  by  diagram,  the  method  to  be  adopted  for  divid- 
ing any  difference  there  may  be  between  the  lump  sum  named 
and  the  grand-total  actual  cost  of  the  construction;  .ind  each 
bidder  should  name  a  lump  sum  as  the  superior  limit  of  his 
payment,  no  matter  bow  much  larger  than  it  the  tofal  cost 
may  prove  to  be.  In  comparing  bids  the  only  point  to  con- 
sider would  be  the  limiting  amounts  named;  provided,  of 
course,  that  all  the  bidders  are  capable  and  responsible  par- 
ties. 

The  lines  on  the  accompanying  diagram  are  suggested  as 
giving  an  equitable  basis  for  the  division  of  profits  beween 
contractor  and  client.  An  analysis  of  the  diagram  shows 
that  when  the  total  saving  is  5  per  cent,  the  contractor  gets 
4  per  cent  and  the  client  1  per  cent.  When  it  is  10  per  cent, 
the  respective  shares  are  7  per  cent  and  3  per  cent.  When 
it  is  15  per  cent,  they  are  9  per  cent  and  6  per  cent,   and 
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when  it  is  20  per  cent,  they  are  10  per  cent  and  10  per  cent. 
For  any  greater  total  saving  the  shares  of  both  parties  are 
equal. 

In  order  to  adjust  properly  the  partial  payments  as  th" 
Avork  progresses,  and  in  order  to  take  care  of  any  increase 
or  diminution  in  the  estimated  quantities  of  materials,  thf 
estimated  quanties  should  be  listed  in  the  specifications; 
and  each  bidder  should  be  required  to  apply  to  these  such 
properly-adjusted  schedule  rates  as  will  make  the  sum  total 
exactly  equal  to  the  limiting  cost  given  in  the  said  bidder's 
tender  If  these  estimated  quantities  are  found  to  differ  from 
the  actual  ones  (as  they  nearly  always  will),  the  schedule 
rates  quoted  are  to  be  applied  to  the  said  actual  quantities, 
and  the  corresponding  total  value  is  to  be  computed.  It  it 
exceed  the  limit  set  in  the  tender,  that  limit,  when  making 
the  final  settlement,  is  to  be  increased  so  as  to  correspond 
with  the  paid  total  value;  but  if  it  be  less  than  the  said  set 
limit,  the  latter  is  to  be  reduced  by  only  .SO  per  cent  of  the 
difference  between  the  said  set  limit  and  the  said  computed 
value.  The  object  of  the  latter  arrangement  is  to  avoid  th'=i 
injustice  to  the  contractor  which  would  be  done  by  failing  to 
lecognize  properly  his  overhead  expenses,  were  the  reduction 
in  the  set  limit  rqade  equal  to  the  full  amount  of  the  differ- 
ence between  that  limit  and  the  aforesaid  computed  value. 

Again,  if  there  be  extra  work  done  on  the  contract,  of  a 
type  not  listed  therein,  the  actual  cost  of  labor  and  materials 
thereon,  without  any  allowance  for  superintendence  or  over- 
head, is  to  be  recorded;  and  to  it  is  to  be  added  25  per  cent  of 
its  amount  to  allow  for  superintendence,  overhead  and  profit. 
This  sum  is  to  be  added  to  the  amount  of  the  limit  of  cost  set 
in  the  agreement,  so  as  to  find  the  corrected  limit  to  be  used 
when  making  the  final  settlement. 

I  trust  that  this  article  may  be  the  means  of  inaugurating 
in  your  columns  a  thorough  discussion  of  the  important  ques- 
tion of  the  best  possible  method  of  contract-letting. 


Life   of  Creosoted   Piles 

The  need  for  creosoting  piles  to  prolong  their  life  and  pro- 
tect them  from  the  ravages  of  marine  borers  is  well  known 
to  engineers.  The  eflficiency  and  economy  of  creosoted  piles 
is  beyond  dispute.  Furthermore,  it  has  been  shown  by  ex- 
perience that  some  of  the  first  piles  creosoted  in  this  coun- 
try were  creosoted  in  a  remarkably  thorough  and  efficient 
manner,  considering  how  much  more  we  think  we  know 
nowadays  than  was  known  then  concerning  the  various  ma- 
terials and  methods  used. 

From  time  to  time  as  structures  are  demolished  to  make 
way  for  extensive  improvements  there  is  afforded  an  op- 
portunity for  observing  on  a  large  scale  the  behavior  of 
treated  piles.  An  instance  of  this  kind  is  noted  in  the  Elec- 
tric Railway  Journal,   from  which   the   following   is  taken: 

A  wharf  of  the  Southern  Pacific  Railroad  on  San  Fran- 
cisco Bay  was  removed  to  make  room  for  port  improvements. 
The  wharf  was  the  oldest  creosoted  pile  structure  which 
thus  far  had  been  dismantled  on  the  Pacific  coast  and  con- 
tained about  14.000  creosoted  piles  which  had  been  in  serv- 
ice for  periods  ranging  from  18  to  29  years.  Of  these  piles, 
interest  centers  particularly  in  600  which  were  of  Douglas 
fir,  well  seasoned  before  being  treated  with  creosote  by 
the  Bethel  process  in  the  fall  of  1S89,  and  were  driven  in 
1S90.  Records  show  that  under  a  pressure  of  200  lb.  per 
square  inch  and  a  temperature  of  260°  F.,  the  piles  absorbed 
14.17  lb.  of  creosote  per  cubic  foot. 

Of  these  600  piles,  33  were  selected  at  random  for  test  pur- 
poses when  the  wharf  was  dismantled.  Out  of  this  number 
22  (67  per  cent)  were  entirely  sound;  2  (9  per  cent)  had 
been  slightly  attacked  by  borers;  6  (IS  per  cent)  had  been 
severely  attacked  and  2  (6  per  cent)  were  so  damaged  as 
to  be  unfit  for  further  use.  These  percentages  were  typical 
of  the  entire  lot,  it  is  reported,  and  about  70  per  cent  of  the 
600  Eire  to  be  redriven  just  as  they  are.  In  fact,  this  per- 
centage of  poles'  suitable  for  redriving,  it  is  reported,  ap- 
plies approximately  to  the  entire  14.000  piles.  Those  not  as 
suitable  showed  damage  only  between  mud  line  and  high- 
water  mark,  and  other  portions  of  these  piles  were  in  good 
condition. 

The  results  of  this  study  are  believed  to  confirm  the  theory 
that  a  creosoted  pile  is  absolutely  immune  from  attack  of 
marine  borers  such  as  exist  in  Pacific  Coast  waters,  so  long 
as  the  shell  or  portion  of  the  pile  impregnated  with  creosote 
remains   intact. 
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Magnetic  Analysis  of  Steel 

Methods  of  inspection  of  high  grade  steels  are  far  from 
being  perfect.  Heating,  quenching,  and  drawing  of  steel  are 
done  in  a  more  or  less  haphazard  manner.  Any  test  which 
will  differentiate  without  destroying  the  material  between 
ordinary  and  exceptional  products  made  from  the  same  stock 
should  be  worth  very  much  in  the  economical  and  safe  manu- 
facture of  steel. 

Magnetic  analysis  as  a  criterion  of  the  quality  of  steel  an.i 
steel  products  was  the  substance  of  a  paper  presented  before 
the  American  Society  tor  Testing  Material,  at  its  22d  annual 
meeting,  held  at  Atlantic  City.  June  24-27,  1919. 

The  paper  indicates  no  definite  conclusions  but  points  out  a 
very  promising  field. 

From  the  large  mass  of  more  or  less  isolated  data  presented 
in  the  paper  two  important  generalizations  are  brought  out: 

1.  The  principle  that  there  is  a  very  close  relationship  be- 
tween the  magnetic  and  the  mechanical  characteristics  of 
steel  is  established  on  a  firm  basis. 

2.  Laboratory  tests  show  that  the  commercial  application 
of  magnetic  analysis  to  shop  routine  practice  is  practicable. 

Magnetic  analysis  may  be  applied  to  the  study  of  the  effects 
of  heat  and  mechanical  treatments  and  of  the  changes  that 
occur  during  or  as  a  result  of  alternating,  repeated  or  con- 
tinued stresses.  It  may  be  used  to  detect  the  presence  of 
flaws  in  raw  iiiaterial  or  in  the  finished  product.  It  may  be 
used,  at  least  in  part,  as  a  method  tor  testing  high  grade 
steel  products  such  as  cutlery,  tools,  springs,  rails,  automo- 
bile parts,  etc. 

The  general  applicability  of  this  method  is  limited  by  the 
two  facts:  fir.^t.  that  certain  shapes  are  difficult  to  test;  and 
second,  that  more  data  on  the  correlation  of  the  magnetic  and 
mechanical  properties  of  steel  are  still  required. 

Actual  methods  of  the  application  of  the  magnetic  analysis 
are  described  in  detail  as  used  in  manufacture  of  knife  blades, 
and  similar  cutlery  tools,  drills,  steel  rails,  ball  bearing  races 
and  rifle  barrel  steel.  A  complete  survey  of  new  rails  and 
failed  rails  was  made.  The  overloading  and  overstraining 
action  in  the  straightening  of  rails  between  48-in.  supports 
as  compared  with  the  corresponding  action  when  supports 
60-in.  apart  are  used  was  very  well  brought  out  in  the  case  of 
new  rails.  In  a  number  of  instances  the  experimenters  were 
enabled  to  locate  the  interior  transverse  fissures  definitely 
in  the  case  of  failed  rails. 

Mr.  P.  H.  Dudley  in  his  part  of  the  paper  makes  the  fol- 
lowing statement: 

Magnetic  surveys  and  analyses  furnish  a  fund  of  informa- 
tion which  cannot  be  secured  by  any  other  method  of  test- 
ing. The  fact  that  the  materials  can  be  tested  without  de- 
struction is  of  prime  importance.  It  is  this  feature  of  mag- 
netic analysis  which  makes  it  possible  to  find  in  advance 
those  rails  which  after  injury  under  the  straightening  press 
would  develop  in  service  into  a  complete  interior  transverse 
fissure. 

Mr.  C.  Nusbaum  in  recapitulating  the  work  done  in  these 
investigations,  briefly  summarizes  the  essential  points  of  his 
paper  as   follows: 

1.  That  the  magnetic  properties  of  a  steel  are  indicative 
of  the  transformations  which  it  undergoes  with  heat  treat- 
ment. 

2.  That  such  properties  furnish  suitable  criteria  from  which 
the  metallographic  structure  of  such  material  may  be  in- 
ferred. 

3.  That  no  simple  relationship  exists  between  the  mag- 
netic and  other  physical  properties  of  a   steel  product. 

4.  That  by  using  "limiting  values"  of  suitably  chosen  mag- 
netic constants  the  mechanical  properties  of  such  a  material 
are  uniquely  defined. 


Method  of  Checking  Shape  of  Arch  Ribs  of  Bricks.— The 
shape  of  the  arch  ribs  for  the  Bloor  St.  viaduct  at  Toronto 
Ont.,  were  checked  by  means  of  diagrams  of  the  halt  rib.s 
made  for  the  different  spans.  These  showed  the  distance 
between  the  crown  and  heel  pins  as  well  as  the  perpendicular 
distances  of  all  upper  and  lower  chord  panel  points  from 
this  line.  The  members  of  each  halt  rib  were  then  laid 
down,  the  whole  leveled  up  and  the  joints  drawn  tight.  A. 
piano  wire  was  then  stretched  across  the  pin  centers  and  the 
shape  ot  the  half  rib  checked  by  means  of  the  diagram. 
After  adjustments  had  been  made,  the  rivet  holes,  which 
had  been  punched  3/16  in.  small,  were  reamed  to  size. 
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Analysis  and  Tests  of    Statically 
Indeterminate   Structures 

The  analysis  of  statically  indeterminate  structures  is  a 
very  interesting  study  for  the  structural  engineer.  Such 
structures  have  been  built  for  many  years,  but  their  design 
has  usually  been  accomplished  by  the  principles  of  statics 
augmented  by  certain  simplifying  assumptions  which  had  the 
sanction  of  good  engineering  practice,  and  little  attempt  has 
been  made  to  reduce  the  problem  to  a  strictly  scientific  basis 
ty  the  application  of  the  elastic  theory  or  the  principle  of 
least  work.  Just  as  the  triangle  is  the  elemental  figure  of  all 
truss  design,  so  the  rigidly  connected  frame  is  the  element  of 
design  for  certain  conditions  of  loading  in  high  building  con- 
struction, -nhether  of  steel  or  reinforced  concrete. 

"Analysis  and  Tests  of  Rigidly  Connected  Frames,"  by 
Mikishi  Abe,  has  been  issued  as  Bulletin  107  by  the  Engineer- 
ing Experiment  Station  of  the  XTniversity  of  Illinois. 

Dr.  Abe  makes  the  following  statement  with  reference  to 
the  use  and  advantage  of  the  rigidly  connected  reinforced 
concrete  frame: 

Use  and  the  Advantages  of  the  Rigidly  Connected  Rein- 
forced Concrete  Frame. — Since  about  1903  reinforced  con- 
crete frame  construction  has  been  extensively  used  in  conti- 
nental Europe.  Many  examples  can  be  found  in  the  German 
texts  and  magazines.  In  England  also  frame  constructions 
of  reinforced  concrete  viaducts  and  other  structures  have 
been  built  in  recent  years.  There  is  also  a  tendency  in 
America  to  use  reinforced  concrete  frames  for  buildings  and 
bridges. 

The  field  of  the  application  of  rigid  frames  is  almost  un- 
limited, for  most  reinforced  concrete  structures  are  composed 
of  elements  of  rigid  frames.  It  covers  such  constructions  as 
buildings,  bridge  structures,  trestles  and  viaducts,  culverts 
and  sowers,  subway  construction,  retaining  walls,  and  reser- 
voirs and  water  tanks.  In  these  structures  rigid  connections 
are  used  between  members  and  in  many  or  most  of  them  the 
bending  moments  are  statically  indeterminate. 

It  is  clear  that  every  building  construction  of  reinforced 
concrete  may  be  considered  as  a  rigidly  connected  frame,  for 
columns,  girders,  beams  and  slabs  are  all  rigidly  connected 
with  each  other,  even  though  the  effect  of  this  condition  is 
not  fully  considered  in  the  design.  In  continental  European 
countries  it  is  most  common  to  use  frames  in  building  con- 
structions, each  as  roofs,  balconies,  towers,  and  the  building 
as  a  whole.  In  the  design  the  requirements  and  the  advan- 
tages of  the  frame  are  taken  into  account. 

Bridge  structures  are  in  the  field  of  the  rigid  frame. 
Arches,  beam  and  bent  construction,  and  most  bridge  struc- 
tures can  be  designed  as  frames  on  a  rigid  analytical  basl.s. 
In  highway  bridges,  for  example,  a  spandrel-braced  arch  is 
freqently  used.  In  such  a  case  columns  are  rigidly  connected 
to  the  arch  ribs  and  to  the  superstructure,  and  therefore  the 
design  should  be  made  as  a  rigidly  connected  frame.  The  de- 
signing of  trestles  and  viaducts  aj  a  frame  will  secure  safety 
and  at  the  same  time  obtain  the  best  proportioning  parts. 

Box  culverts  and  the  box  type  of  construction  for  subways 
give  sections  which  are  examples  of  the  rigidly  connected 
frame  and  which  may  not  be  rationally  designed  without  a 
sufficient  knowledge  of  rigid  frames. 

In  water  tanks  and  reservoirs  of  a  rectangular  or  a 
polygonal  form,  the  unknown  negative  bending  moment  due 
to  a  rigid  connection  of  wall  to  wall  or  base  to  wall  will  exist 
at  each  comer.  These  moments  are  modified  by  the  relative 
thickness  of  walls  and  the  other  dimensions  o&  the  structure. 
A  knowledge  of  the  rigid  frame  will  suggest  the  proper 
method  of  solution. 

It  can  thus  be  seen  that  most  monolithic  construction  falls 
within  the  field  of  the  rigid  frame.  A  study  of  the  rigid 
frame  will  assist  in  developing  judgment  for  use  in  the  de- 
sign of  such  construction. 

In  building  and  structural  design,  insufficient  attention  is 
often  given  to  the  bending  of  columns  caused  by  the  rigidity 
of  connections.  The  bending  moment  for  a  beam  is  fre- 
quently taken  as  an  assumed  fraction  of  PI  (where  P  is  the 
load  and  1  is  the  span)  while  bending  moments  at  the  ends 
and  in  the  columns  are  disregarded  entirely,  thus  leaving  the 
structure  inadequate  or  making  one  part  stronger  at  the 
expense  of  the  other. 

The  reinforced  concrete  frame  is  advantageous  in  that  ma- 


terial can  be  saved,  and  a  much  ijetter  result  obiamed  irom 
the  theoretical  and  structural  point  of  view.  In  ordinary  con- 
crete building  construction  the  element  of  rigidity  is  usually 
not  fully  taken  advantage  of.  With  the  concrete  frame  con- 
struction, however,  the  rigidity  of  the  connection  of  the  mem- 
bers iflay  be  used.  The  rigid  frame  is  capable  of  exact  de- 
sign, and  therefore  the  economical  distribution  of  materials 
can  bo  realized. 

One  reason  why  some  engineers  hesitate  to  use  concrete 
frames  extensively  is  that  they  hardly  believe  in  the  con- 
tinuity of  the  parts  of  the  structure  and  doubt  the  effect  of 
the  rigidity  of  the  connection.  The  question  Is  also  natur- 
ally raised  if  the  formulas  deduced  from  the  elastic  work  of 
deformation  of  a  non-homogeneous  material  like  teinforced 
concrete  will  hold  good  for  such  composite  members  with 
fair  agreement;  furthermore  the  secondary  stresses  may  act 
to  modify  the  results.  Under  actual  conditions,  as  is  well 
known,  in  fundamental  assumptions  which  underlie  the  static 
considerations  can  seldom  be  more  than  partially  fulfilled 
even  under  carefully  prepared  specifications  and  well  exe- 
cuted designs.  These  things  must  be  considered  before  com- 
ing to  a  conclusion  as  to  the  reliability  of  rigidly  connected 
reinforced  concrete  frames.  It  is  evident  that  reinforced  con- 
crete frames  will  be  reliable  if  there  is  perfect  continuity  or 
complete  rigidity  of  joint,  close  agreement  between  theory 
and  experiment,  and  a  small  effect  of  stresses  of  a  secondary 
character.  It  is  not  known  that  an  experimental  study  of 
this  subject  has  before  been  made.  It  may  be  expected  then 
that  careful  experiments  and  investigation  will  give  informa- 
tion which  will  help  to  settle  these  questions. 

In  the  bulletin  formulas  for  several  types  of  statically  In 
determinate  structures  which  have  been  deduced  by  the  use 
of  the  principle  of  least  work  are  given.  For  vertical  load  the 
following  cases  have  been  analyzed:  (1)  single  story,  single 
span;  (2)  single  story,  three  spans;  (3)  trestle  bent  with  tie. 
single  span;  (4)  building  frame  with  several  stories  and  sev- 
eral spans;  and  (.">)  bridge  trestle.  For  horizontal  load  the 
following  cases  have  been  analyzed:  (1)  single  story,  single 
span;  (2)  octagonal  reservoir  or  tank;  and  (3)  rectangular 
reservoir  or  tank. 

In  order  to  put  to  practical  test  the  reliability  of  these 
formulas  for  reinforced  concrete  structures,  eight  test  frames 
designed  according  to  the  formulas  found  by  the  analyses 
v,-ere  made,  and  the  deformations  produced  in  the  various 
parts  of  the  members  by  the  series  of  test  loads  were  meas- 
ured. In  the  design  of  the  frames  requiremnts  not  touched 
upon  by  the  analyses  referred  to  were  provided  for  in  a 
practical  way.  The  analyses  and  the  results  of  the  tests 
have  been  subjected  to  critical  study  and  discussion.  The 
specimens  were  made  in  November  and  December,  1913.  and 
January,  1914,  and  were  tested  in  January.  February,  and 
March,  1914.  In  making  these  tests  the  purpose  was  to  ob- 
tain experimental  information  along  the  following  lines  which 
have  a  bearing  on  the  design  of  rigidly  connected  reinforced 
concrete  frames: 

(1)  The  amount  and  the  distribution  of  stresses  In  the  rein- 
forcement and  in  the  concrete 

(2)  The  continuity  of  the  composing  members  of  a  frame 
(."!)   The  location  of  sections  of  critical  stress 

(4)  The  reliability  of  a  reinforced  concrete  frame 

(5)  The  applicability  of  the  theoretical  formulas  in  the  de- 
sign of  frames. 

Eight  frames  comprising  five  different  types  were  selected 
for  this  series  of  tests.  The  cross  section  of  the  members 
varied  from  8  bv  8  in.  to  8  by  17%  in.  The  figure  shows  a 
line  diagram  of  the  eight  frames  with  positions  of  loads  and 
dimensions.  The  letters  A,  B  and  C  mark  the  points  used 
for  a  comparison  of  the  computed  and  observed  stresses. 

Conditions  Considered  in  Comparing  Test  Results  with 
Analysis.— The  following  conditions  were  considered  in  the 
comparison  of  tests  with  analysis: 

(1)  Th''  quality  of  the  concrete  was  not  uniform  over  the 
cross-section  of  the  member.  The  frames  were  made  in  a 
horizontal  position  on  the  floor  of  the  laboratory,  and  the 
concrete  on  the  rear  side  of  the  frame  (the  bottom  side  for 
the  position  in  which  the  frame  was  made)  seems  to  have 
been  ruher  than  that  on  the  front  side.  The  concrete  on  the 
rear  side  was  stiffer  and  stronger  than  that  on  the  front  side 
and  the  distribution  of  steel  trusses  seem  to  have  been  modi- 
fied by  this  fact.  There  was  more  stress  in  the  steel  at  the 
rear  side  of  the  member  than  in  the  steel  at  the  front  side. 
It  appears  reasonable  to  take  the  average  value  of  the  ob- 
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servpd   stresses   in   the   part    in   question    for   the   pnrpose   of 
comparison. 

(2)  The  steel  stresses  are  greatly  modified  by  the  presence 
of  tension  in  the  concrete  for  the  low  loads.  Therefore  in 
cotnparing  the  computed  stresses  with  the  observed  stresses, 
two  cases  must  be  considered,  one  in  which  the  concrete  is 
considered  to  take  tension  and  the  other  in  which  the  con- 
crete is  considered  to  be  broken  in  tension. 

{?,)  The  cross-section  of  the  test  frames  were  designedly 
made  larger  in  proportion  to  the  span  than  would  commonly 
be  used  in  practice.  In  most  of  the  test  pieces,  the  column 
width  occupied  nearly  one-seventh  of  the  nominal  span  (dis- 
tance cejiter  to  center  of  the  columns  i.  In  addition  to  this 
the  corner  at  the  juncture  of  the  beam  and  the  column  was 
provided  with  a  fillet.  Under  these  conditions  the  bending 
moment  at  the  center  of  the  beam  will  be  less  than  that  cal- 
culated on  the  basis  of  the  nominal  span  length — the  differ- 
ence being  greater  than  that  occurring  with  the  dimensions 
found  in  practice.  Tn  the  computations  for  the  horizontal 
reactions  the  nominal  span  and  height  of  the  frame  (dis 
tances  center  to  center)  were  used.  In  finding  the  numerical 
values  of  the  bending  moment  in  the  beam,  and  also  of  those 
in  columns  having  fixed  ends,  the  horizontal  reactions  com- 
puted as  described  previously  were  used,  but  when  the 
equations  involved  further  use  of  span  lengths  the  nominal 
span  length  was  replaced  by  the  clear  length  of  the  span. 

(4)  The  design  of  Frames  1  to  7  was  such  as  to  cause 
high  stresses  in  columns  and  beams  at  about  the  same  time. 
In  Frame  S  the  presence  of  the  members  of  unloaded  panels 
caused  the  moments  in  the  columns  to  be  much  smaller  than 
in  the  loaded  beam.  The  base  also  offered  so  much  restraint 
as  to  give  the  column  ends  almost  a  fixed  condition.  Conse- 
quently loads  which  would  cause  high  stresses  in  the  beams 
v.ould  not  produce  cracks  even  in  the  intermediate  columns 
although  the  moment  there  would  be  greater  than  in  the 
outer  columns.  It  will  be  seen  then  that  for  Frame  8  there 
are  two  cases  to  be  considered  in  comparing  the  experimental 
results  with  the  analyses,  one  in  which  tensile  strength  in 
the  concrete  is  considered  in  all  members  and  the  other  in 
which  the  beams  and  the  intermediate  columns  are  cracked 
on  the  tension  side.  The  bending  moment  in  the  outside 
column  is  very  small,  and  there  is  nc  chance  for  tension 
cracks.  The  moments  in  the  intermediate  columns  and  in 
the  beams  of  the  side  spans  are  also  small  except  at  the  ex- 
treme end,  and  only  one  crack  apeared  in  this  mem- 
ber. Therefore  in  the  calculation  of  the  moment  of 
inertia  of  the  cross-section  for  the  second  case  it  is  not 
correct  to  neglect  entirely  the  tensile  strength  of  the  con- 
crete in  these  two  members.  A  probable  value  for  the  mo 
ment  of  inertia  of  these  members  will  be  an  average  between 
that  olitaind  by  using  the  full  cross-section  and  a  section 
which  neglects  the  part  outside  the  tension  rods.  This  as- 
sumption was  made  in  the  numerical  computation  of  the 
moments  and  stresses    of  Frame  8. 

In  making  the  computations  of  stress  in  the  concrete  of  the 
frames  a  constant  modulus  of  elasticity  was  used,  that  is,  a 
straight  line  stress-deformation  relation  was  assumed.  The  se- 
lection of  a  proper  value  of  the  modulus  of  elasticity  was 
somewhat  dependent  upon  a  knowledge  of  the  qualities  of  the 
concrete  of  the  various  frames  and  a  comparison  of  the  be- 
havior of  the  frames  with  that  of  the  corresponding  control 
cylinders.  Naturally  the  modulus  of  elasticity  used  was  gen- 
erally less  than  the  initial  modulus. 

Experimental  and  Computed  Values  Show  Fair  Agreement. 
— Dr.  Abe  states  that  the  tests  seem  to  justify  the  following 
statements: 

(1)  The  experimental  and  the  computed  values  of  steel 
stress  at  the  center  of  the  loaded  top  beam  are  in  fair  agree 
ment  lor  each  kind  of  frame  tested  except  in  a  tew  instances 
in  which  the  load  was  comparatively  low  or  extremely  high. 

(2)  The  experimental  and  the  computed  values  of  the 
steel  stress  in  the  columns  are  also  in  fair  agreement,  but 
the  maximum  difference  between  experimental  and  theoret- 
ical values  is  higher  than  in  the  beams,  owing  to  the  fact 
that  the  direct  stress  is  not  equally  distributed  over  the 
cross-section  of  the  column. 

(3)  The  observed  compressive  stresses  in  the  concrete  a. 
the  low  loads  which  developed  a  unit-stress  up  to  about  800 
lb.  per  square  inch  agree  reasonably  well  with  the  computed 
values  though  in  most  of  these  cases  the  observed  concrete 
stresses  were  somewhat  higher  than  the  computed  stresses. 
In  some  instances  the  discrepancies  ran  up  to  50  per  cent,  and 


for  higher  stresses  the  discrepancies  were  frequently  even 
greater.  Undoubtedly  these  differences  are  partly  due  to  the 
fact  that  the  modulus  of  elasticity  used  does  not  represent 
con-ectly  the  modulus  of  elasticity  of  the  concrete  in  the 
frames.  Other  m.atters  difficult  of  explanation  probably 
cause  further  discrepancies. 

Conclusions  of  Dr.  Abe. — The  author  draws  the  following 
conclusions: 

(1)  Considering  the  errors  involved  in  the  measurement 
of  the  delormations  and  in  the  determination  of  the  moduluu 
of  elasticity  of  the  concrete,  as  well  as  those  due  to  assump- 
tions v.ith  reference  to  the  distribution  of  stresses  across  the 
section  and  over  the  gage  length,  the  results  presented  indi- 
cate a  fair  agreement  between  analyses  and  tests  and  justify 
the  conclusion  that  the  formulas  given  in  the  bulletin  for  stat- 
ically indeterminate  stresses  as  applied  to  reinforced  con- 
crete structures  will  give  values  for  stresses  in  the  members 
well  v.'ithin  the  limit  of  accuracy  required  in  design 

(2)  The   elastic  action   of  the   frames   under   external   load 
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Test    Frames.    Showing    Points    Used    for   Comparison    of    ComputeJ 
and   Observed   Stresses. 

and  the  manner  of  stress  distribution  along  the  members  of 
the  frame  agree  fairly  well  with  the  analyses  given. 

(:;)  Tb.e  location  of  the  point  of  inflection  in  the  members 
of  the  frames  under  load  agrees  closely  with  the  location 
found  by  analysis. 

(4)  If  a  frame  is  careruUy  designed  and  well  reinforced, 
there  need  be  no  anxiety  as  to  the  rigidity  of  a  joint.  Effec- 
tive continuity  of  members  has  been  found  in  the  tests. 

(5)  No  sudden  failure  took  place  in  the  frames  tested. 
The  increase  in  the  deflection  was  uniform,  indicating  as 
great  reliability  for  reinforced  concrete  frames  as  for  steel 
structures. 

(6)  The  load  at  which  the  first  fine  crack  appears  near  the 
juncture  of  members  is  increased  by  fixing  the  lower  column 
ends  of  a  frame.  This  is  obviously  due  to  the  increase  in 
horizontal  thrust  at  the  lower  column  end  over  that  devel- 
oped when  the  lower  end  is  free  to  turn. 

(7)  Kt  sharp  inside  corners,  high  compressive  stresses 
were  developed  in  the  concrete  due  to  so-called  curved  beam 
action  and  in  several  cases  local  failure  occurred  by  the 
crushing  of  the  concrete  at  these  corners  under  high  loads. 

(S>  A  slight  deviation  of  the  axis  of  vertical  members  from 
a  vertical  lin'e,  that  is  to  say,  a  slight  "out-ot-form"  of  the 
stress  distribution  in  the  frame. 

(9)   Owing  to  the  existence  of  a  horizontal  thrust    (which 
1  1 

varies  from  —  P  to  —  P  in   most  common  cases  of  simple 

S  IS 

frames)  at  the  ends  of  a  vertical  or  inclined  member,  it  is  ad- 
visable to  incline  the  member  slightly  toward  the  direction  of 
the  reaction  at  the  end.  Such  an  arrangement  will  greatly  re- 
duce the  bending  stress  in  the  member.  If  this  arrangement  is 
not  practicable,  a  slight  increase  in  the  top  width  of  a  vertical 
member  and  a  slight  decrease  in  its  bottom  width,  brought 
about  by  inclining  the  inner  surface  and  making  the  outer 
surface  vertical  will  add  materially  to  the  rigidity  of  a  frame 
without  a  proportional  increase  in  the  amount  of  material 
used. 


(8) 
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(101  For  a  frame  having  an  inclined  column,  it  may  be  pos- 
sible to  select  the  form  of  frame  in  such  a  way  that  the  col- 
umn will  take  no  bending  stress  throughout  its  length. 

(11)  Due  attention  should  be  paid  to  the  rigid  joint  of  a 
tie  member  to  insure  the  stiff  connection  with  a  main  mem- 
ber. A  marked  tendency  to  cause  a  sudden  breaking  of  such 
a  joint  accompanied  an  increase  of  bending  moment  in  a 
main  member. 

(12)  The  use  of  a  footing  rigidly  connected  to  the  lower 
end  of  a  vertical  member  is  advisable,  for  it  will  reduce  the 
bending  moment  at  the  juncture  of  the  vertical  and  inclined 
members.  A  frame  having  such  a  footing  is  solvable  an- 
alytically, since  it  approaches  the  case  balf  way  between 
that  of  the  hinged  end  and  that  of  the  fixed  enTl  of  the  ver- 
tical member,  provided  the  foundation  is  sufiiciently  un- 
yielding. A  little  consideration  is  needed  to  provide  proper 
reinforcement  at  the  juncture  of  the  column  and  the  footing. 

(13)  The  formulas  derived  by  analysis  may  be  applied  to  a 
^ariety  of  forms  of  frames  and  are  of  wide  applicability. 

Dr.  Abe's  monograph  is  another  indication  of  the  valuablf 
services  which,  during  the  past  fifteen  years,  have  been  ren- 
-dered  to  the  engineering  profession  in  the  field  of  reinforced 
concrete  under  the  direction  of  Professor  .\rthur  X.  Talbot. 
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The  largest  and  most  successful  general  contractors  are 
adopting  a  policy  of  returning  all  important  standard  plant 
and  equipment  no  longer  required  on  a  particular  piece  of 
■construction  to  a  general  or  branch  storehouse,  where  it  is 
repaired  and  put  into  condition  for  the  next  job.  and  of 
charging  a  standard  rental  price  for  its  use  against  each  con- 
tract. The  Associated  General  Contractors  of  America  i-^ 
now  making  an  investigation  of  rental  charges  for  the  use  of 
such  equipment  with  a  view  to  establishing  a  standard  equip- 
ment rental  schedule.  It  is  readily  apparent  that  such  a 
schedule  would  be  of  great  value  in  helping  to  standardize 
-costs  in  making  estimates.  In  the  July  monthly  news  letter 
■of  tbe  association,  two  schedules  of  rental  charges,  submit- 
ted by  two  representative  construction  firms,  members  of  the 
association,  are  printed.  These  schedules  and  the  contract 
forms  are  as  follows: 

Rental  and  Other-  Charges  for  Contractor's  Equipment. 
Construction  Equipment. — The  contractor  will  suppl.v  all  con- 
struction equipment  of  every  description  for  the  proper  handling 
■of  the  work.  For  such  construction  plant  or  parts  thereof  as  the 
contractor  may  own  or  furnish,  rental  will  be  charged  at  the 
rates  mentioned  below,  and  such  construction  equipment  will  be 
carried  on  the  contractor's  regular  pavroUs  for  this  work  and  as 
a.  part  thereof  at  these  rates,  or  as  otherwise  specified  below  for 
each  and  every  working  day,  also  tor  Sundays  and  holidays,  it 
■used.  In  the  event  of  the  Contractor's  eiiuipment  being  used 
for  a  longer  period  of  time  per  day  than  the  reg'ular  working 
■day  an  additional  pro  rata  charge  of  the  scheduled  rates  will  be 
made  for  such   overtime  as  each  item   is  used. 

The  duration  for  which  rental  w'ill  be  charged,  except  as  other- 
wise provided  below,  is  from  the  time  contractor's  equipment  is 
loaded  on  cars  for  shipment  to  the  work,  as  shown  by  the  ship- 
ping manifest,  until  contractor's  equirmient  is  loaded  'igain  for 
return  to  th-;  contractor,  unless  other  conditions  are  agreed  to  in 
"Writing,   .Sundays  and  holidays  excepted   unless   used. 

Charges  for  the  use  of  such  construction  equipment  as  it  is 
■desirable  or  necessary  for  the  contractor  to  rent  from  outsidt 
sources  will  be  made  in  accordance  with  the  bills  rendered  by  the 
suppliers  of  such  equipment,  together  with  all  expenses  in  connec- 
tion therewith  for  which /the  contractor   is  liable. 

Repairs.— Contractors  equipment  will  be  shipped  in  good  opera- 
tive condition,  and  charges  for  ordinary  replacement  of  parts  or 
other  repairs  necessitated  during  the  progress  of  the  work  will 
lie  billed  at  cost  of  such  replacement  or  repairs.  On  rented 
equipment  charges  for  repairs  will  be  in  accordance  with  the 
agreement  with   the   owners  of  such   equipment. 

Small  Tools— Under  this  item  are  to  be  included  all  tools  used. 
not  scheduled  below,  including  carts,  wheelbarrows,  shovels,  picks, 
tars,  wrenches,  axes,  drills,  wire  cables,  ropes,  rubber  boots  and 
similar  items,  and  a  charge  for  the  us?  of  same  wih  be  made  as  a 
lump-sum  dual  to  two  and  one-half  per  cent  (2%%)  of  the  total 
amounts  of  the   Contractor's   payrolls  for  this  work. 

Teams— All  teams  used  for  and  on  this  work  will  be  charged 
Tor  and  carried  on  the  payrolls  at  the  prevailing  local  rates. 

Transportation— Trucking,  freight,  expre.ss  and  all  other  such 
Items  as  may  be  incurred  for  the  delivery  to  the  work  and  reship- 
ment  back  to  the  Contractor  of  all  Contractor's  equipment  and  all 
labor  and  expense  in  connection  therewith,  and  for  the  putting 
together,    setting    in    place    and    moving,    together    with    the    dis- 


mantling, niovinti  and  reloaUlng  of  all  Iti-niH  of  I'oniraetor'ji  ojulp- 
ment  for  this  work,  will  he  billed  In  addition  lo  the  other  churKPK 
mentioned  above.  _ 

m':NT.M.    CH.VKGES    PIOK    I>AY    FOR    EQIMPMKNT    AS  MEN- 
TIO.VKD  IN  THIS  CONTRACT. 

Central 
EaMtern     \Ve«teni 
Conmruc-  Con»true- 
Hon  Co.     tlon  Co. 
Equipment. 

.-\dding  and  listing  machines.  Burroughs  No.  301... |  .30  $  .V< 
Adding  and  listing'  machines,  special  types  at    , , . .       Sp«'<  lul  prici-r 

Automobile  trucks  and  trailers   SpfOlul  prlci  •* 

Back  liiler.  power  driven    7.50  •  ■ '■ 

Boiler  anti  o-drum  engine 6.00 

Boiler  and  2-drum  engine 5.00 

Boiler  and  1-drum  engine 3.60 

Boiler  only,  30  hp.  and  smaUer  2.50,  : 

Boiler  only,  30  to  80  hp 4.00 

ijoring  machine,  pneumatic 75  ..'■« 

Boring  machine,  electric   75  .5t» 

Buciict.    tipple  :ind   bottom  dump .40  .30 

Bucket,  orange  peel,  %  and  1  yd 6.00  :;.00 

Bucket,   orange   peel,   less  than   %   yd 3.50  l.'id 

Bucket,  clamshell,  1  yd 3.50  1.60 

Cars,  skip,  I'/j  yd So  .26 

Cars,  skip,  3  yd l.Oo  .oO 

Cars,  sleel,   1  yd.  and  smaller 25  l'- 

Cars,    wooden,    I    yd 50  .50 

Cars,   wooden.   G   yd l.SO  .75 

Cars,  wooden,  12  yd.  and  larger  Special  prlc;s 

Cars.  1  yd.  hopper,  radial  gate  5u  .;5 

Compressor,   large   sizes    Special  priceh 

Compressor,  10x10,  with  steam  engine 4.00  2. 75 

Compressor,  HxS,  belt  driven  engine i..     2.00  1.2". 

Compressor,  small,  with  gasoline  engine  on  wheels.     5.0U  -i.oo 

Compressor,  large,  with  .ijasollne  erglne  on  wheels.  10.00  6  0** 

Compressor.  Westinghouse.  9';^  in.,  single  action  ..     ISO  1.00 

Compressor.   ".Vcstinghouse.   cross  compound    3.00  2.00 

Counterweight    drum    I  00  30 

Crusher  only  "I-OO  2.50 

Crusher  with  elevator  and  screen   5.00  .1.00 

Cutter,  bar  portable,  with  motor   4.00  2.75 

Derrick.  60  to  S5  ft.,  wooden   3.50  2.C''' 

Derrick,  30  to  59  ft.,  wooden   2.50  1.5" 

DeiTick.  less  than  30  ft 1.50'  1.00 

Derrick  breast   ■]'  -^ 

Derrick,  circle  swing -JO  .JO 

Derrick,  steel,  80  to  90  ft 6-00  4.00 

Drill  rjg,  auto  traction    15.00  i.nO 

Drill,   small   air   •       -'J  -J'J 

Drill,    steam ' 1-^"  »--^ 

Drill!  Duntley  electric  track  drill,  SoO-voIt   3.00  2.00 

Elevator,  platform  or  bucket ■'•       -jO  .jO 

Elevater.  with  bins  for  concrete  -iS  ...^ 

Ensine,    skeleton.   ;!-drum 400  ^.'jo 

Eninge.  skeleton.  2-drum.... '•     J.OJi  -.p" 

rngine.   skeleton,    1-drum. ..T 2-fl;  1.50 

Engme,  steam,  horizontal,  11   to  40  hp ^.50  i.M< 

Engine,  steam,  upright,  to  10  hp j-O''  -J'' 

Ensme.   gasoline,    to  S   hp J-OO  .6|> 

Engine,  gasoline.   10  hp ^-00  !•"" 

Engine,    derrick   swinging    ,. •■""  'f 

Engine.   2-drum,  with  electric  motor   7,00  4.0L 

Excavator,  Keystone  No    3   .■■■■•■■ ^0.00  15.00 

Ford  automobiles  and  light  4-cylinder  cars ....     6.00  J.oo 

Hammers,  riveting   .........  .• ;••       •»"  •?. 

Hood  elevating  machme.  hand  power  '■»«  ■'  = 

Leveling  instrument,   engineers'    ,■&"  •^• 

Locomotive,  36  in.   Dinkey '«"     i„i  nrlce>^ 

Locomotive,  standard  gage,  saddle  lank  .......■..;.       Special  prices 

Mixers,  with  boiler  and  side  loader  ...-,     7.00  b.io 

Mixers,  with  boiler   ;","•; ?•„«  soo 

Mixers,  with  electric  motor,  to  1  yd..    7.00  5.0U 

Mixers,  without  boiler,  less  than  1  yd 3.50  ...m 

Mixers,  without  boiler,  1  yd.  and  larger 5.00  3.6" 

M  xers    with  gasoline  engine.  11  to  15  ft.  capacity. .     4.00  3.00 

Mixers,  with  gasoline  engine,  less  than  11  ft 2.aO  -.00 

Motorcycle    "'»(,  20 

Motors,    2  hp 2?  ■," 

Motors.     5  hp j'qq  -(I 

Motors,  10  hp 2011  1  5o 

:vlotors.   25  hp ^'(^  3  (x, 

Motors.  50  hp •  • "_^'„'„'.'i; 2  00 

Motors,  larger  sizes,  per  hP-^  ''7,^°"'''   V.^0  176 

Pile  hammers,  sfe.im.  tip  to  S.SO^i'';,  rnnih 700  5  BO 

File  hammers,   steam,  larger  than  2,500  lb 7.0  o.nu 

Pumps,   centrifugal,    10   in.,    belt   "•■^■»"" ' ' ' '  V  '  •;  '  J '     ^Z  400 

Pum  IS.  centrifugal.  10  in.    with  motor  atmchment .       .00  *» 

Pumps,  centrifugal.   S  in.,  steam  connected    too  3.00 

Pumps    centrifugal,   r.  in.,  steam  connected    ;;.00  -.ZS 

Piimps:  centrifugal.  4   in.,  steam  connected   2.00  1.50 

Pumps,  dupl.x  and  triplex,  to  3  in '-W  .i« 

Pumps,  triplex  and  belt  drive  ^-^^  ^^„ 

Pumps,  Pulsometer,  to  4   in. ..•■■•■■■ „  ^  ,  f.^ 

Pumps.  PuLsometer,  41^  in.  and  larger  2.0O  i.jjU 

Pumps,  with  gasoline  engine   -^^^  '3^ 

Pumps,    diaphragm    • ■•• ,'ca  I'ofl 

Pumps,  diaphragm,  with  gasoline  engine 1-50  l-«'j| 

Rail,  per  ton   j  50  i.oo 

Roller,  horse   •••■.•••■■,•,•• ■.".        50  .30 

Safe  Cabinets,  wnth  fillers   g^  -^ 

^^IH'"'  ^-  '"''^- ''^^°'^^^^^^'^-  «■?«  I ^i 

Saw^table,  raiiway  cut  off.  no  power 2  oO  ..^^ 

Saw,  automatic  feed,  no  power ^^  'gn 

Saw,  swing  cut  off.  no  POwer  .  •••;•■ 250  2.16 

Saw,  Elliot  wood  -Aorker.  with  motor  ;-^  ,.  .^ 

Saw,   band,  for  iron,   no  power   .^  -g 

Scale    boxes 50  .50 

Scraper,  wheel.  1   yd _     2  00  150 

Sprinkling  cart    '.10  00  10.00 

Steam   roller   \'  ■'  J'^i^^iUn 30.00  15.00 

Steam  shovels.  '•'^^■?';;!"^',*:\'l''?5  ::'.'.                  75  .". 

Tamps,  compressed  air.  for  tracK   ^  ^^  ,„ 

Transit    ^ ;  •' "  :^:'.iVi; ' 30  00  15.00 

Trench  diggers,  to  24  in.  wiain   .■■"■.■..■.■..       .20.  .20 

^■'Fmls'Iml  Vubricatus  noi '  included  in  iheVe  prices. 
(9) 
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The  Stability  of  Reinforced  Con- 
crete Retaining  Walls* 

By  F.  ZIMMERMAN, 
66  Hartford  St.,  Dorchester,  Mass. 

The  main  difficulty  in  designing  reinforced  concrete  re- 
taining walls  is  ttie  determination  of  the  base  and  the  assump- 
tion of  the  proper  ratio  between  the  length  of  the  heel  and 
that  of  the  toe.  Although  all  the  authors  who  deal  with  this 
subject  give  a  number  of  rules  by  which  a  retaining  wall 
may  be  designed,  it  is  left  to  the  skill  and  perseverance  of 
the  designer  to  find,  by  tedious  trial,  the  right  dimensions  of 
the  base.  As  a  rule,  there  are  enough  known  quantities  to 
render  the  problem — from  a  statical  point  of  view — capable 
of  but  one  solution.  The  difficulty  lies  in  the  rather  unusual 
number  of  quantities  which  have  to  be  taken  into  considera- 
tion, and  the  difficulty  of  solving  the  equations  which  express 
the  relations  between  these  quantities. 

In  this  article  a  diagram  is  given  by  which  the  solution 
of  the  final  equations  is  obtained  graphically  and  which 
enables  the  designer  to  see  at  once  the  influence  of  one  or 
several  of  these  quantities  upon  the  result.  It  therefore 
makes  it  possible  to  find  easily  the  most  economical  dimen- 
sions of  the  base  of  the  wall  and  to  eliminate,  in  most  cases. 


Substituting:  r  for  1  + h/H, 
1  +  3h/H 

and  k=  for 

1  +  h/H 
equations  (2)  and  (3)  become: 

P=  =  brHw    (4) 

i/dCk-H-'  =  be    (5) 

With  regard  to  the  location  of  P,  there  are  the  following 
four  cases  possible: 

1 0  <  f  <  c/3'. 

2 c/3  <f  <c/2. 

3 f  =  c/3. 

4 f  =  c/2. 

It  is  obvious  that  f  >  c/2  will  furnish  unecomonical  results. 
Equations  (4)  and  (5)  for  case  1  will  be: 


%CH-k^  =  b  (c  —  b/2  —  a/3)    (7) 

Solving  the  first  equation  for  a,  and  substituting  in  the  sec- 
ond equation,  we  get: 

C(kH/b)-^  =  6s  — 4H  wr/p  — 3    (8) 

where  s^c/b. 
Equations  (4)  and  (5)  for  case  2  will  be: 

bwrH  =  c/2  (p  +  p.)    (9) 

b         c         P  -f  2p, 

%CH=k=  =  b(c X  ) (10) 

2  3  p  +  p, 


Surtyt^r^e  :       h 


Eid 


E,  I 

— r 


il. 


Fie 


any  arbitrary  assumptions  of  the  ratio  between  heel  and  toe. 
Upon  examination  of  the  diagram  it  will  be  seen  how  im- 
portant, for  instance,  is  the  influence  of  the  max.  allowable 
soil  pressure  on  a  minimum  width  of  base.  Even  prominent 
authorities  (see  Turneaure  and  Maurer:  Principles  of  Rein- 
forced Concrete  Construction,  1913)  have  entirely  neglected 
this  fact,  and  have  made  the  width  of  the  base  only  a  func- 
tion of  the  height  of  the  wall  and  the  quality  of  the  back- 
fill. In  an  example  of  this  article  it  will  be  shown  that,  where 
Turneaure  and  Maurer  recommend  a  minimum  base  of  one- 
half  of  the  height  of  the  wall,  a  base  of  only  0.475H  will  fur- 
nish a  retaining  wall  of  the  same  stability. 

Let  E,  and  E..  be  the  earth  pressures,  P  the  friction  on  the 
base,  P,  the  resultant  of  the  vertical  loads  and  P;  the  re- 
sultant soil  pressure,  then  we  have  the  three  equations  for 
equilibrium: 

El  -fE,  — F  =  0    (1) 

P,  — P:  =  0   (2) 

VaE.H  -f  VaE^H  —  P,e  =  0     (3) 

The  first  equation  has  no  influence  on  b  or  c  for  with  high 
earth  pressure  a  key  in  the  base  will  develop  the  necessary 
amount  of  horizontal  reaction.  Neglecting  the  vertical  com- 
ponent of  the  earth  pressure  and  the  weight  of  the  backfill 
RMN  we  get: 

E,=  i/2H=wC. 
E2  =  HhwC 
P,  =  b(H  -f  h)w 
w  being  the  weight  of  the  backfill,  and  according  to  Rankine's 
theory 


C  =  cos=s  - 


cos  5  —  V  cos-8  —  COS'0 


cos  5  +  V  cos-5  —  cos-<p 
0  is  the  angle  of  internal  friction  of  the  fill. 


•Copyrighted   by  F.   Zimmerman, 


Solving  the  first  equation  for  p„  and  substituting  this  value 
in  the  second   equation  we  get: 

C[kH/b]=  =  s=p/Hwr  +  2s— 3    (11) 

Assuming  a  system  of  coordinate  axes  as  indicated  in  Fig. 
3,  equations  (8)  and  (11)  can  be  written  in  the  following 
form : 

y  =  6s  —  4x  —  3     (12) 

y  =  s7x  +  2s  — 3 (13) 

Equations    (12)    and    (13)    represent  a   straight  line   and   a 
hyperbola  respectively  ("L"  and  "H"  in  Fig.  3),  the  first  be- 
ing the  tangent  of  the  latter.    In  the  diagram  ten  such  curves 
have  been  drawn  according  to  values  of  s  between  1  and  2. 
Equations   (4)  and  (5)  for  case  3: 

%pc  =  brHw    (14) 

%CH=k^'  =  b  (c  —  b/2  —  c/3)    (15) 

Substituting  the  value  for  c  of  the  first  equation  in  the  sec- 
ond equation  we  get: 

C[kH/b]=  =  8Hrw/p  — 3    (16) 

or         y  =  8x  — 3    (17) 

This  represents  a  straight  line  "Y"  in  Fig.  3  and  includes 
all  the  tangent  points  T  of  the  hyperbolas  "H."  A  similar 
line  can  be  derived  for  case  4. 

With  p,  =:p  in  (9)  and  (10)  we  get: 

pc  =  brHw    (18) 

%CH=k==  i/ab  (c  —  b)     (19) 

and  with  similar  substitutions  as  before: 

C[kH/b]  =  =3(Hr  w/p  — 1)   (20) 

or        y  =  3x  — 3 (21) 

which  represents  tlie  straight  line  "X"  in  Fig.  3. 

It  Is  obvious  that  the  hyperbolas  "H"  are  of  use  only  be- 
tween the  lines  "X"  and  "Y,"  and  the  straight  lines  "L"  only 
to  the  left  of  "Y." 

In  equations  (8)  and  (11)  representing  case  1  and  2  the 
following  8  quantities  are  used:  C,  H,  k,  r,  w,  p,  b  and  s,  the 
first  6  of  which  are  usually  known.  Assuming  an  arbitrary 
value  for  b,  equations  (8)  or  (11)  will  furnish  the  unknown  s. 
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For  case  3  and  4  no  such  arbitrary  value  for  b  can  be  as- 
sumed, as  the  unknown  quantities  c  and  b  are  determined  by 
equations  (14),  (15)  or  (18).  (19).  In  case  1  and  2  the  value 
b  may  be  assumed  so  as  to  give  a  certain  safety  factor 
against  overturning,  n,  or  to  make  c^^min. 
The  safety  factor  against  overturning  is: 
P,  (c  — b/2)  2s  — 1 

n  = = (see  Fig.  2)..  (22) 

P,  (c  —  b/2  —  f )        2s— 1  —  2f/b 

or         s(l  — 1/n)  — Vzd  — l/n)=f/b     (23) 

for  case  1:   f  =  a/3  =  %bH  rw/pi=  %bx  (see  eq.  (6)). 

s(l  —  1/n)  —  %(1  —  1/n)  =  %x    (24) 

P  +  2p, 

for  case  2:  f  =  c/3 

P  +  Pi 
Substituting  p,  of  eq.  (9)  : 

c-'  s'b 

f  =  %c  —  p =  %sb 

6bwHr  6x 

s(l  — 1,  n)  — %  (1  — l/n)=%s  — 1^8=  X     (25) 

Assuming  n=:2  and  eliminating  s  from  eqs.  (24),  (12),  and 
(25),   (13),  respectively,  we  get: 

y  =  4x    (26) 

and       (Vx=  +  xy  +  3x—   V  %x=  +  3/2  x)-=  9/4  x= ' (27) 

\vhich  are  the  equations  of  the  n  =  2  line  of  the  diagram. 
Similar  equations  can  be  obtained  for  n^l.75,  and  so  on. 

In  order  to  make  c  a  niin.  eqs.  (6)  and  (7)  have  to  be  solved 
for  c: 

c  =  l/6bCH^k^  +  b(y2  +  %x)     (28) 

for  c  =  min.  there  is: 

rtc/db  =  0  =  —  l/6b-'  CH-'k=  —  1/2  +  %x. 
CH=k- 

b=  = (29) 

3  +  4x 

or         y  =  3  +  4x    (30) 

which  represents  the  equation  of  the  c-min.  line  of  the  dia- 
gram for  case  1.  Proceeding  in  a  similar  manner  an  equa- 
tion can  be  derived  for  case  2.  Eliminating  p,  from  equations 
(9)  and  (10)  and  solving  for  c: 

e  =  — bx  ±  V  b-x  (X  +3)  +  CxH=k-    (31)  _ 

making  6c/db  =  0  we  get: 

y  =  3  +  9/x (32) 

As  this  condition  can  be  fulfilled  only  for  values  of  s  much 
greater  than  2  the  values  c  and  b  obtained  through  eq.  (32) 
will  be  of  little  use.  But  it  shows  clearly  that  for  such  cases 
the  greatest  practical  value  for  s  will  give  the  smallest  base. 
An  interesting  relation  can  be  obtained  by  putting  eq.  (28) 
in  the  following  form: 

%CH^k=  =  b=  (c/b  —  %  —  %x) 
and  substituting  the  value  for  b-'  from  eq.  (29) : 

c  =  b  +  4/3bx 
as        x^=H  rw/p  =  a/2b 

we  get:     c  =  b-f%a    (33) 

which  indicates  that  for  the  case  a  s  c  the  base  will  be  a 
minimum,  when  the  resultant  intersects  the  base  at  the  cen- 
ter of  the  toe. 

It  should  be  well  to  understand  that  this  result  is  based 
on  the  assumption  that  p  has  a  constant  value  and  repre- 
sents a  maximum  allowable  soil  pressure.  Some  prominent 
authors  have  derived  a  minimum  c  ^  3/2b  based  on  the  as- 
sumption that  a  =  c,  corresponding  to  case  3  of  this  article. 
The  reason  for  this  assumption  is  not  quite  clear  as  it  ne- 
cessitates a  variable  p.  A  minimum  c  on  that  basis  can  not 
furnish  any  useful  values  as  it  makes  p  a  function  of  c  mini- 
mum instead  of  c  being  a  function  of  maximum  p. 

If,  for  instance,  a  retaining  wall  be  designed  for  H  =  20  ft., 
0^30°,  5  =  0,  w  =  100  lb.,  and  a  soil  standing  a  maximum 
pressure  of  4,000  lb.  per  square  foot  we  get,  according  to 
those  authors  b  =  6.70  ft.,  c  —  min.  =  10,000  ft.  and  a  soil 
pressure  of  only  2,690  lb.  per  square  foot,  with  n  =:  2.  In 
order  to  make  use  of  the  full  value  of  the  soil,  keeping  the 
same  safety  factor  of  2.  b  has  to  be  8.2  ft.  and  c  only  9.51  ft. 
This  example  shows  clearly  how  misleading  the  so-called 
minimum  is  when  an  economical  design  is  wanted. 

In  the  diagram  such  additions  have  been  made  so  as  to 
avoid  computing  the  values  x  =  Hrw/p  and  Y  =  C(Hk/b)-'. 
At  the  bottom  there  is  a  scale  for  the  values  of  H.  Inter- 
secting at  first  with  the  rw  and  then  with  the  p— line  the 
value  Hrw/p  is  obtained  on  the  x — axis.    At  the  top  of  the 


diagram  scales  are  laid  out  tor  CH-k-,  corresponding  to  values 
,p  from  25°   to  45°.     The  coefficients  r  =  l+h/H  and 


1-1-3 


■^ 


H 


-5 


can  be  taken  from  an  accompanying  table  on  the  diagram. 
As  C  is  computed  for  a  =;  O  the  coefficient  k  for  S  >  O  and  h 
=  0  will  be 


cosi 


1- 


V 


(cos^A' 
cossj 


This  value  can  also  be  taken  from  the  accompanying  table. 
The  intersection  with  the  b — line  furnishes  the  value 
C(Hk/b)-  on  the  y — axis.  The  intersection  Z  of  this  horizon- 
tal line  and  the  previously  determined  vertical  line  indicates 
the  value  of  s. 

The  location  of  Z  may  be  given  by  the  assumption  of  a 
certain  safety  factor  n  or  by  the  c — minimum  line  as  the  in- 
tersection of  that  line  and  the  ordinate  y;  then,  of  course,  b 
will  be  the  result.  If  b  and  the  location  of  Z  are  given  p 
can   be   determined   in  a   similar   manner. 

In  reading  the  diagrem  care  sliould  be  taken  to  use  the 
different  scales  in  the  right  order.  This  order  is  indicated 
by  a  heavy  line  in  the  diagram.  The  arrows  may  be  reversed 
according  to  the  quantity  that  is  to  be  determined.  If,  for 
instance,  p  is  unknown  all  the  arrows  have  to  point  towards 
the  intersection  point  on  the  p — line. 

The  following  examples  may  serve  to  illustrate  the  use  of 
the  diagram: 

Example  1:  Find  the  dimensions  for  the  base  of  a  retain- 
ing wall  with  the  height,  H^=15  ft.,  the  backfill  having  a 
horizontal  surface  and  no  surcharge  (6  =  0,  h^O).  its 
weight  w  being  100  lb.  per  cubic  feet  with  an  angle  of  internal 
friction,  0  =  35".  The  soil  pressure  p  at  toe  shall  not  ex- 
ceed 2,500  lb.  per  square  foot,  and  the  safety  factor  against 
overturning,  n.  shall  be  2.  The  table  of  coefficients  k  and  r 
gives  for  this  case  k  :=  1  and  r^l.  Start  at  the  bottom  of 
the  diagram  from  a  point  indicating  H  =  15  on  scale  (1). 
Draw  a  vertical  line  and  intersect  with  the  line  w  =:  100,  in- 
dicated on  scale  (2);  from  there  a  horizontal  line  to  the 
intersection  with  2,500  on  scale  (3) ;  then  a  vertical  line  in- 
tersecting with  the  line  n^2  in  the  upper  part  of  the  dia- 
gram, giving  the  point  Z  and  indicating  s  =;  1.3  on  scale  (6). 
Find  the  point  kH  =  15  on  scale  (4)  for  0  =  35  =  ,  draw  from 
there  a  vertical  line  until  it  intersects  with  a  horizontal  line 
through  Z,  giving  b  =  5.0  ft.  on  scale  (5).  To  obtain  c  follow 
the  direction  of  the  s — lines,  intersect  with  b  =;  5.0  on  scale 
(7)  and  get  c  =  6.5  ft.  on  scale  (8).  As  Z  occurs  at  the  left 
side  of  "Y — Y"  the  resultant  of  the  earth  pressure  and  the 
vertical  intersects  the  base  according  to  case  1  at  a  point 
15  X  5  X  100 

1/3  a=%  X =  2.0    ft.  from  the  edge  of  the  toe. 

2,500 

Example  2:  What  is  the  maximum  surcharge  and  the  soil 
pressure  for  the  wall  in  Example  1.  if  n  be  reduced  to  1.5? 
By  means  of  scales  (8)  and  (7)  we  obtain  s  =  1.3.  Intersect 
this  line  with  the  line  n  =  1.5;  from  there  draw  a  horizontal 
line  and  intersect  with  b  =  5.0,  then  a  vertical  line  giving 
kH  =  17.3  on  scale  (4)  for  0  =  35°;  as  k  =  17.3/15  =  1.153, 
the  table  of  coefficients  gives  r  =  1.2  and  h/H  =  0.2  for  the 
surcharge  q  =  15  X  0.2  x  100  =  300  lb.  per  square  foot  and 
rw  =  120.  To  find  the  soil  pressure  draw  a  vertical  line 
from  H=15  on  scale  (1)  and  intersect  with  rw  =  120;  from 
there  a  horizontal  line  which  intersects  the  vertical  through 
the  previously  determined  point  Z  at  p  =  4,720  lb.  per  square 
feet. 

Example  3:  What  Is  the  smallest  base  for  H  =  18  ft.,  0  = 
35°,  a  =  25°,    w  =  90  lb.,  p  =  6.000  lb.? 

For  this  case  r  is  equal  1  and  kH  =  1.100  X  19.8.  Draw 
lines  in  the  order  (1)—  (2)—  (3);  intersect  the  minimum 
c— line,  giving  s  =  1.37;  with  kH=!l9.8  on  scale  (4).  b  = 
5.13  on  scale  (5)  and  c  =  7.0  on  scales  (7)  and   (8): 

2X90X18X5.13                                 7.0 —  %  5.13 
a= ^=2.77';    n  = =126; 


6,000 


7.0  —  1/2  5.13  — %  2.77 


(12) 
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Fatigue  Tests  of  Nickel  Steel  and 
Chrome-Nickel  Steel 


Tests  of  nickel  steel  of  about  3.3  per  cent  nickel  content 
and  of  chrome-nickel  steel  with  about  0.8  per  cent  chromium 
i-.nci  1.3  per  cent  nickel,  made  in  the  Materials  Testing  Labor- 
atory of  the  University  of  Illinois,  indicate  that  the  results 
•of  a  static  tension  test  are  not  a  reliable  index  of  fatigue 
strength  of  the  material  under  oft-repeated  low  stresses,  and 
that  high  stress,  short  time  fatigue  tests  do  not  give  a 
reliable  index  of  fatigue  strength  under  oft-repeated  low 
stresses.  The  test  results  indicate  also  that  a  heat  treat- 
ment may  raise  the  elastic  strength  of  a  steel  without  in- 
creasing its  fatigue  resistance  under  low  stresses,  and  that 
perfection  of  surface  finish  is  an  important  factor  in  deter- 
mining fatigue  resistance  under  oft-repeated  low  stresses. 
The  tests  were  reported  by  H.  F.  iloore  and  Arthur  G.  Gehrig 
in  a  paper  presented  last  month  at  the  annual  meeting  of 
the  American  Society  for  Testins  Materials.  An  abstract  of 
the  paper  follows. 

Tests  were  made  of  annealed  material,  of  heat  treated  ma- 
terial and  of  specimens  with  polished  surface. 

The  specimens  of  nickel  steel  were  cut  from  unstressed 
portions  of  test  plates  furnished  some  years  ago  for  a  series 
of  tests  on  nickel-steel  riveted  joints,  and  the  material  for 
these  plates  was  carefully  selected  with  a  view  to  uniform- 
ity. The  specime.ns  of  chrome-nickel  steel  were  obtained' 
trom  one  bar  of  steel  1%  in.  in  diameter,  which  was  drawn 
hot  under  a  hammer  to  %  by  %  in.  in  cross-section. 

All   specimens  were  first  annealed,  the  nickel  steel  speci- 
mens  from   a    temperature    of   1320°    F.    (716°    C),   and   the 
chrome-nickel    specimens    from    a    temperature    of    1425°    F. 
(774°  C).     Some  specimens  were  tested  annealed;  other  speci- 
mens were  first  annealed  as  above  and  then  were  given  one  of 
two  different  heat  treatments,  known  as  heat  treatment  "H" 
and  heat  treatment  "K"  respectively.    In  heat  treatment  "H" 
the  metal  is  heated  to  a  temperature  of  1.550°  F.   (843°   C). 
quenched  in   fish  oil  at   room  temperature,  reheated  to  90O° 
F.    (482°   C),  and  cooled  slowly   in   charcoal.     In  heat  treat- 
ment  "K"    the    material    is    heated    to    1525°    F.    (835°    C). 
quenched  in  fish  oil,  reheated  to  1350°  F.  (832°  C),  quenched 
in  fish  oil,  reheated  to  900°  F.  (482°  C),  and  cooled  slowly  in 
charcoal.     For  most   of  the  specimens  the  surface  was   left 
in  the  condition  resulting  from   the  last  heat  treatment.     In 
no  case   was  there   serious  scaling.     For  some  of  the  speci- 
mens the  surface   was   polished.     The  direction  of  polishing 
was  parallel  to  the  longitudinal  axis  of  the  specimen.     The 
polish   used  for  certain  nickel  steel   specimens  consisted   of 
four  steps;    (1)   grinding  on  a  coarse  emery  wheel,   t2l  grind- 
ing on  an  emery-filled  Iniffer.   (31   grinding  on  a  buffer  filled 
with    crocus    composition,    and    (4)    grinding    on    a    dry    felt 
buffer.    The  polish  used  for  certain  chrome-nickel  steel  speci- 
mens involved  three  steps:    (I'   grinding  on  a  coarse  emery 
wheel,  (2)  grinding  on  a  medium-grain  emery  wheel,  and  (■',) 
grinding  with  a  fine-grain  oil-filled  emery  wheel.    The  second 
method  gave  a  distinctly  smoother  polish  than  did  the  first 
method.      Both    polishes    were    ?ood    shop    polishes:    neither 
gave    a   smooth    "flowed   surface"    such   as   is   necessary    for 
metallographic  specimens. 

Table  I  gives  the  results  of  the  static  tension  tests  of 
specimens  of  the  materials  tested,  and  Table  11  gives  the 
results  of  the  fatigue, tests  under  repeated  stress. 

Th  tefct  results  indicate  that  static  elastic  strength  (as 
indicated  by  the  proportional  limit  or  the  "useful  limit")  is 
not  a  reliable  index  of  fatigue-resisting  strength  under  re- 
peated stress.  The  specimens  of  chrome-nickel  steel,  both 
the  annealed  specimens  and  the  heat-treated  specimens, 
showed  higher  proportional  limits  and  "useful  limits"  than 
did  the  corresponding  specimens  of  nickel  steel,  but  the 
nickel  steel  specimens  gave  longer  endurance  under  repeated 
reversals  of  low  fiber  stress  than  did  the  corresponding  speci- 
mens of  chrome-nickel  steel.  For  both  nickel  steel  and 
chrome-nickel  steel  the  heat  treatment  used  raised  the  pro- 
portional limit,  the  "useful  limit"  and  the  tensile  strength 
in  a  marked  degree,  but  the  heat  treatments  added  but  little 
tc  the  fatigue  resistance  under  repeated  reversals  of  low 
stress. 

A  repeated  stress  test  using  very  high  stresses,  with  con- 
sequent   small   number  of  repetitions   for   failure,  .cannot   be 
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relied  on  to  give  an  index  of  the  fatlguereBisting  power  of  a 
material  under  a  large  number  of  repetllionK  of  Kinall  streBB. 

These  test  results  should  not,  of  course,  be  Interpreted  to 
mean  that  chrome-nickel  steel  is,  in  general,  Inferior  In 
fatigue  resistance  to  nickel  steel.  These  tests  give  values 
for  the  two  lots  of  steel  tested,  and  It  should  he  remembeipd 
that  the  original  bar  of  chrome-nickel  steel  was  worked  down 
to  small  size  under  a  forge  shop  hammer.  Injury  to  the 
structure  of  the  material  may  have  been  done  in  that  process. 

The  tests  also  indicate  that  a  given  heat  treatment  may 
give  high  elastic  static  strength  to  steel  without  propor- 
tionately increasing  its  resistance  to  fatigue  under  repeated 
stress.  Here  again  a  warning  should  be  sounded  against 
drawing  from  these  tests  the  general  conclusion  that  all  heat 
treatment  is  ineffective  in  increasing  the  resistance  of  a 
material  to  fatigue  under  repeated  stress.  The  test  results 
apply  only  to  the  particular  conditions  of  heat  treatment 
actually  given  to  the  specimens  tested,  but  they  do  furnish 
an  illu.-'tration  of  heat  treatment  which  raised  static  elastic 
strength  without  proportionately  increasing  resistance  to 
fatigue  under  reversals  of  low  stresses. 

At  first  thought  it  would  seem  that  any  structural  damage 
done  by  heat  treatment  or  any  structural  imperfections  pres- 
ent ill  metal  would  act  to  cause  yielding  under  low  stress 
and  would  give  a  low  proportional  limit  in  a  static  test  of 
the  material.  It  should  be  remembered,  however,  that  In 
any  determination  of  any  kind  of  a  statically  determined 
"elastic  limit"  the  elastic  breakdown  is  indicated  by  the 
effect  on  the  stretch  over  a  considerable  length  of  specimen. 
Considerable  local  damage  could  be  done  over  a  microscopic 
area  without  affecting  the  stretch  over  the  length  of  the 
specimen  tc  such  an  extent  that  extensometer  readings 
would  be  appreciably  affected.  Such  local  damage  over  a 
microscopic  area,  whether  caused  by  an  internal  flaw  or 
external    surface    irregularily,    may,    however,    start    a    pro- 
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gressive  fatigue  failure  of  the  material  although  it  may  not 
cause  sufficient  yielding  of  the  specimen  as  a  whole  to  affect 
appreciably  an  extensometer  reading.  An  illustration  of 
this  local  damage  is  furnished  by  the  "snowflakes"  sometimes 
found  in  steel,  which  do  not  seem  to  affect  the  static  elastic 
strength  of  the  steel,  but  are  recognized  as  dangerous  defects. 
A  high  static  elastic  strength  is  of  indirect  advantage  in 
materials  subjected  to  repeated  stress,  even  if  it  is  not 
accompanied  by  increased  endurance  under  repeated  low 
stresses.  Practically  every  machine  member  or  structural 
part  is  subjected  to  occasional  loads  above  the  normal.  If 
the  material  has  a  low  static  elastic  strength  such  an  over- 
load may  cause  plastic  action  in  parts  of  the  member,  and 
such  plastic  action  (cold-working)  tends  to  weaken  the 
fatigue-resisting  power  of  the  material.  If  the  material  has 
a  high  elastic  strength,  while  micro-flaws  may  be  spreading 
slowly,  yet  under  an  occasional  overload  the  spread  of  micro- 
flaws  is  not  abnormally  hastened  by  the  formation  of  plastic 
material. 

The  tests  indicate  that  perfection  of  surface  finish  is  an 
appreciable  factor  in  developing  resistance  to  fatigue  under" 
repeated  stress.  The  superiority  in  fatigue  resistance  of  the 
polished  specimens  over  unpolished  specimeus  increases  as 
lower  test  stresses  are  used.  This  superiority  may  be  ex- 
plained as  follows:  the  nominal  fiber  stress  in  a  machine 
or  structural  member,  computed  by  the  ordinary  flexure 
formulas,  does  not  take  into  account  any  localized  stresses 
due  to  irregularity  of  surface  or  outline,  yet  both  mathemat- 
ical analysis  and  direct  experiment  indicate  that  over  micro- 
scopic areas  such  localized  stresses  may  be  large. 

The  nominal  fiber  stress  in  a  test  specimen  gives  a  fairly 
reliable  basis  for  comparative  tests,  but.  in  all  probability, 
does  not  give  an  accurate  measure  of  the  magnitude  of  the 
maximum  localized  stress  in  the  specimen.  Surface  irregu- 
larities, especially  sharp  grooves  and  scratches,  may  cause 
high  localized  stresses,  and  microscopic  cracks  may  start 
at  such  grooves  or  scratches,  and.  gradually  spreading,  cause 
eventual  failure.  It  cannot  be  definitely  stated  that  any 
machine  or  structural  member  is  absolutely  safe  from  the 
possibility  of  such  failure  if  sti-esses  are  repeated  often 
enough.  It  has  been  shown  that  the  endurance  of  a  repeated 
stress  test  specimen  is  appreciably  lowered  when  on  its  pol- 
ished surface  a  needle  scratch  is  made.  Good  surface  finish  free 
from  tool  marks,  and  generous  fillets  at  comers,  are  vital 
factors  in  prolonging  the  life  of  machine  parts  subjected  to 
repeated  stress. 

Fatigue  failure  under  repeated  stress  is  a  progressive  fail- 
ure starting  in  nearly  all  cases  from  some  defect  or  irregu- 
larity either  of  internal  structure  or  external  surface.  Free- 
dom from  internal  flaws  and  surface  irregularities  is  far 
more  important  in  members  subjected  to  repeated  stress 
than  in  members  subjected  to  but  few  repetitions  of  load. 


Training  Courses  in  Safety  for  the  Build- 
ing Trades 

Accidents  are  assuming  a  very  important  bearing  on  the 
cost  of  building  operations,  as  the  states  are  enforcing  work- 
men's compensation  laws.  Compensation  or  liability  insur- 
ance is  adding  3  ct.  to  25  ct.  per  hour  to  the  wages  paid. 
In  fact  the  average  of  the  rate  in  one  of  our  large  cities  on 
36  building  operations  adds  over  G  ct.  per  hour  to  the  wages 
paid. 

Although  a  considerable  amount  of  attention  has  been  de- 
voted to  accident  prevention  on  railroads  and  in  manufac- 
turing industries,  construction  work  has  been  almost  en- 
tirely neglected  in  this  respect.  The  Federal  Board  for  Vo 
cational  Education,  Washington.  D.  C,  has  just  issued  a  most 
timely  bulletin  entitled  "Training  Courses  in  Safety  and  Hy- 
giene in  the  Building  Trades,  Bulletin  No.  31,"  which  should 
be  very  helpful  to  those  desirious  of  studying  the  hazards 
and  methods  of  safeguarding  against  accidents  In  the  build- 
ing trades. 

This  bulletin  is  issued  with  the  intention  that  it  form 
the  basis  of  definite  instruction  in  safety  and  hygiene  as  ap- 
plied to  the  building  trades.  It  is  intended  primarily  for  use 
in  vocational  schools,  but  may  be  of  use  to  employers  who 
wish  to  promote  safety  methods  and  practices  among  their 
employes,  and  a  fitting  text  book  for  those  workmen  who 
are  desirous  of  improving  their  efficiency  and  anxious  to 
avoid  the  hazards  of  their  occupation. 


Estimating  on  Building  Contracts* 

By  CYRUS  J.  PARKER. 

Member  Portland  General  Building  Contractors'  Association. 
There  is  no  question  in  my  mind  but  what  we  all  make 
errors  in  estimates.  As  a  matter  of  fact,  when  we  get  a  job 
that  is  when  we  begin  to  wonder  where  we  have  made  our 
error.  I  have  heard  fellows  say:  "How  in  the  devil  did  I 
make  my  mistake?"  They  feel  that  contracts  are  let  on  er- 
rors, judging  from  the  amount  of  money  the  contractors 
claim  they  have  left  when  they  complete  their  work.  You 
will  find  in  estimating  that  a  man  will  have  to  make  up  a 
system  of  his  own.  I  think  that  every  man's  method  of  con- 
tracting is  peculiar  to  himself.  It  would  be  impossible  for 
me  to  lay  down  such  a  system  for  another  man.  while  I 
might  take  the  system  I  have  worked  out  and  be  very  suc- 
cessful with  it.  You  can  buy  trade  accounts  and  hand  books 
on  estimating,  and  the  majority  of  them  I  have  read  I  would 
not  give  the  snap  of  my  finger  for.  The  work  is  always 
different.  You  never  have  two  pieces  of  work  that  cost  the 
same. 

I  want  to  call  your  attention  to  a  few  methods  of  estimat- 
ing. I  happened  to  spend  a  few  years  in  Louisiana,  and  t 
knew  a  contractor  there  who  put  in  his  estimates  on  the 
basis  of  cubing  or  squaring  a  foot  in  figuring  on  i;.  He  is 
not  in  business  any  more.  It  also  reminds  me  of  a  fellow 
who  secured  a  set  of  plans  that  were  quite  bulky,  and  after 
looking  them  over  handed  them  to  his  partner  saying:  "Taki> 
these  damn  things  and  go  and  weigh  them  and  we  will  puv 
it  in."  I  know  another  contractor  who  claimed  he  could 
take  a  set  of  plans  home  in  the  evening  and  bring  down  a 
figure  the  next  morning.  He  does  it,  and  it  is  remarkable 
how  close  he  comes  to  the  value  of  it.  But  personally  I 
would  not  want  to  risk  that  kind  of  a  method.  For  my  part 
I  would  rather  take  all  of  the  quantities  off  in  detail  and 
base  the  estimate  on  some  method  of  cost  keeping  that  we 
might  adopt.  Each  one  would  have  to  do  it  to  suit  himself. 
There  is  one  advice  I  would  like  to  give,  however,  and  that 
is,  if  you  keep  a  cost  system,  do  not  keep  it  in  such  a  cum- 
bersome manner  that  you  can  not  handle  it.  I  knew  a  con- 
tractor in  Portland  who  did  a  large  business  but  used  a 
worn-out  system,  and  he  could  not  use  it  any  further 
and  went  broke.  To  my  mind,  after  you  have  a  cost  sys- 
tem worked  out,  you  must  have  it  in  simple  form  so  that  you 
can  combine  it  with  good  business  judgment  and  the  experi- 
ence you  have  had  in  previous  work,  basing  your  estimate 
accordingly. 

In  estijnating  a  plan  it  is  necessary  to  find  everything  on 
it.  If  you  do  not,  you  may  find  after  you  have  signed  the 
contract  a  few  lines  of  notes  on  the  specifications  that  may 
cost  you  hundreds  of  dollars.  I  heard  of  a  fellow  who  was 
constructing  a  building  and  noticed  the  initials  "T  R'"  in 
all  the  doors  on  the  plan.  After  he  had  the  building  plastered 
the  architect  came  around  and  asked  him  where  he  was 
going  to  put  the  transoms.  His  answer  was:  "There  are 
no  transoms  on  this  building  plan."  The  architect  said, 
"Yes,  there  are.  Let  me  have  the  plan  and  I  will  prove  it  to 
you."  He  proved  it  to  him  as  he  had  "T  R"  on  every  door 
After  that  experience  the  contractor  always  looked  for  all 
the  TR's  on  the  plan  in  every  contract  he  secured. 

I  happened  to  be  brought  in  on  an  arbitration  case  at  one 
time  where  the  contractors  figured  from  a  large  plan  %-in. 
scale  drawings.  They  had  a  large  marker  there,  and  from 
the  elevation  you  might  have  struck  there  was  a  cornice 
around  it  that  might  have  been  of  ordinary  galvanized  iron. 
The  contractors  presumably  figured  on  some  character  of 
cornice  on  the  outside.  After  tjie  contract  was  signed  and 
the  building  partially  completed,  the  details  showed  a  heavy 
cast  iron  cornice  around  the  outside  and  cross  beam  incased 
in  cast  iron.  The  cast  iron  alone  cost  $1,100.  The  arbitra- 
tion committee  allowed  the  contractor  for  that.  But  it  is  evi- 
dent that  in  figuring  a  plan  we  should  not  take  the  chance 
with  V„-in.  scale  drawing  and  put  in  a  figure  where  we  stand 
the  chance  of  losing  money  as  this  man  did.  And  even  if 
he  did  get  the  money  allowed  him  by  the  arbitration  board 
there  was  trouble  and  dissatisfaction  with  the  architect  and 
all  concerned.  It  is  best  to  ask  for  details.  Some  contrac- 
tors seem  to  think  if  you  go  to  an  architect  and  ask  for  de- 
tails he  will  think  you  do  not  know  your  business.     I  think 


»From  a  paper  presented  before  Northwest  Master  Builders'  Con- 
vention.  Seattle. 
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that  is  a  part  of  their  business;  that  is  what  they  are  get- 
ting paid  for,  furnishing  details  so  a  man  can  figure  intelli- 
gently on  a  plan  and  not  take  a  chance. 

Another  thing!  An  architect  frequently  resorts  to  general- 
ities in  his  specifications,  such  as  "according  to  the  satisfac- 
tion of  the  architect"  and  "in  first  class  workmanlike  man- 
ner" and  "materials  the  best  quality."  Those  are  a  few  and 
there  are  many  others  that  they  put  in  specifications  to 
which  you  have  to  give  consideration  in  estimating.  How 
is  a  contractor  to  know  the  specific  tempermentalism  of  an 
architect  when  he  wants  it  done  to  the  satisfaction  of  the 
architect  when  he  does  not  know  what  will  satisfy  the 
architect.  So  there  should  not  be  a  general  item  of  that 
kind  in  the  specification. 

There  is  not  one  contractor  in  a  hundred  who  reads  the 
clause,  "materials  of  best  quality"  and  realizes  the  interpre- 
tation that  an  architect  intends  to  place  on  it.  These  must 
all  be  considered  in  estimating.  If  you  do  not  do  so,  an 
architect,  if  he  is  inclined  to  be  unscrupulous  could  make  it 
very  unpleasant  for  a  contractor.  And  then  comes  the  old 
clause  saying:  "This  is  intended  to  be  a  complete  job,  sup- 
posed to  include  everything  necessary  even  though  it  is  not 
particularly  mentioned."  Half  of  the  plumbing  might  not 
be  mentioned.  But  the  part  that  is  not  mentioned  must  b? 
put  in,  if  you  have  that  kind  of  a  specification.  You  must  con- 
sider all  these  items  in  compiling  your  estimates.  They  are 
just  as  important  as  taking  off  the  quantities.  In  fact  they 
are  often  more  important. 

There  is  another  thing:  In  the  past  many  contractors 
resorted  to  asking  sub-bids  on  their  work.  Possibly  at  the 
present  time  many  do  this  and  possibly  many  may  do  so  in 
the  future.  They  act  on  the  sub-bids  they  get  and  guess  at  the 
rest.  A  lot  of  them  take  sub-bids,  and  immediately  after 
they  have  been  awarded  the  contract,  the  contractors  forget 
the  subbidder  who  gave  the  bid  and  wasted  time  on  it,  and 
immediately  start  out  to  find  more  sub-bidders,  after  having 
taken  the  time  of  the  original  sub-bidder.  Another  method 
practiced  by  a  contractor  I  once  knew,  whom  I  should  say 
is  out  of  business  at  this  time,  was  to  take  sub-bids  and 
revise  them  5  per  cent,  saying  he  would  beat  the  sub-bidder 
out  of  that  much  and  that  would  make  his  regular  bid  5 
per  cent  lower  than   the   rest   of  the  general   contractors. 

It  seems  that  it  might  be  possible  for  contractors  to  get 
together  and  adopt  some  system  of  quantity  surveying.  We 
would  not  need  to  make  it  a  guaranteed  survey  but  could 
employ  some  man  in  the  association.  We  would  not  be 
bound  to  use  the  figures  of  the  survey,  but  it  could  be  used 
as  a  check  against  the  quantities  we  take  off.  It  seems  to 
me  that  we  might  work  up  something  along  this  line  that 
would  be  beneficial  to  contractors  generally.  It  is  not  prac- 
tical for  contractors  to  take  the  immense  risks  taken  by 
them  in  the  past.  Contracting  is  just  as  legitimate  a  busi- 
ness as  any  mercantile  business  carried  on  in  a  legitimat'i 
manner  and  I  would  favor  the  establishment  of  a  method 
of  opening  up  bids  that  would  prevent  any  increase  being 
made  to  them  before  they  are  ^ut  in.  It  is  possible  to  se- 
lect one  out  of  the  association  and  turn  all  the  bids  over  to 
him  and  let  him  check  them  or  audit  them  in  a  way,  and  if 
he  finds  an  eiTor  let  him  refer  it  back  to  the  original  bid- 
der. It  would  be  a  check  on  his  estimate  and  at  the  same 
time  it  would  be  playing  the  cards  on  the  table.  We  have 
passed  the  stage  where  we  can  play  other  than  the  square 
game.  The  old-time  contractors  who  played  the  game  of 
opening  up  figures  and  adding  a  certain  amount  of  them 
have  lost  all  the  money  they  made  on  that  method  of  figur- 
ing. ^ 

I  believe  the  contractor  should  prepare  himself  so  that 
he  would  take  the  entire  quantities  from  the  plan  and  not 
be  tied  up  to  a  sub-contractor.  I  think,  as  a  matter  of  fact, 
the  contractor  who  plans  to  take  all  of  the  quantities  off 
himself  is  in  a  better  position  to  take  the  figures  after  he 
has  the  job  than  he  is  before  the  job  is  awarded. 


Photographs  Record  Conditions  Prior  to  Construction  of 
Bridge. — In  connection  with  the  surveys  for  the  Bloor  St. 
viaduct  at  Toronto,  Ont.,  an  extensive  set  of  photographs 
was  taken  in  order  to  record  conditions  prior  to  construc- 
tion in  greater  detail  than  was  possible  on  drawings.  The 
position  of  the  camera  for  each  picture  was  shown  on  a 
key  plan  by  a  small  circle  and  the  direction  in  which  it  was 
pointed  was  shown  by  an  arrow.  The  number  of  the  photo- 
graph was   placed   in  the   circle. 


Bulking  Effect  of  Moisture  in 
Sand 

The  author  of  the  above  article  in  the  Canadian  Engineer 
of  May  lo,  1919,  Capt.  Llewellyn  N.  Kdwards,  again  empha- 
sizes the  fact  that  laboratory  methods  of  tests  of  concrete 
should  take  into  account  the  field  conditions  of  niakluK  con- 
crete. Stone  and  sand  are  surface-dried  and  weighed  In  the 
laboratory  but  cannot  obviously  be  so  treated  in  the  field. 

In  the  measurement  of  sand,  the  custom  is  almost  univer- 
sally a  volumetric  one  and  very  often  a  rough  one,  and  bar- 
row-measured quantities  are  notoriously  inexact.  But  In 
addition   to   this   there   is   the  fact  that  moisture  content  ot 
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Percentacc      or    Moisturc     by     Wcight 
Fig,    1. — Relation    of    Moisture   to    Volumes   of   Sand. 

sand  has  very  much  to  do  with  its  bulk.  Paradoxical  as  it 
may  seem,  the  addition  of  a  quantity  of  water,  equal  to  1  per 
cent,  cf  the  weight  of  a  given  quantity  of  dry  sand,  will  serve 
to  thoroughly  coat  the  surfaces  of  the  sand  particles,  a.  uni- 
form distribution  of  the  water  being  secured  by  working  the 
sand  with  a  trowel  or  other  tool.  This  moisture  has  the 
rather  remarkable  effect  of  increasing  the  volume  of  sand  by 
holding  the  sand  particles  somewhat  rigidly  In  positions  dif- 
ferent from  those  they  would  readily  assume  when  drj-. 

A  series  of  tests  made  for  the  purpose  of  securing  deflnlt" 
information  relative  to  the  "bulking"  effect  of  moisture  In 
sands  differing  in  their  granulometric  analyses,  shows  that 
the  surface  area  of  the  sand  particles  is  a  direct  function  of 
the  volume  increases,  produced  by  varying  the  quantities  of 
water.  In  a  portion  of  these  tests  the  water  content  was 
varied  in  relation  to  the  weight  of  the  sand.  Fig.  1  shows 
the  volum.e  increase  curves  derived  from  tests  of  four  differ- 
ent sands.  These  curves  are  typical  of  those  secured  from 
the  entire  series  of  tests.  In  this  connection  It  Is  of  interest 
to  note  that  when  the  water  content  has  reached  the  "flood- 
ing" stage,  the  volume  of  the  sand  is  the  same  as  that  orig- 
inally occupied  by  it  when  thoroughly  surface  dried.  Inci- 
dentally, Fig.  1  gives  unquestionable  proof  of  the  reliability 
of  the  common  practice  of  compacting  sandy  or  other  earths 
of  rock  origin  by  flooding  them  with  water. 
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To  illustrate  what  effect  this  "bulking"  effect  of  wet  sand 
has  on  a  mix,  Capt.  Edwards  gives  the  following; 

Assume  that  a  desired  strength  of  concrete  can  he  pro- 
duced by  the  use  of  sand,  thoroughly  surface  dry  and  mixed 
with  cement  and  stone  aggregate  by  volume  measuremenl. 
one  part  cement,  two  parts  sand,  and  four  parts  stone.  lOD 
lb.  of  cement  being  considered  as  pi-oducing  1  cu.  ft.  of 
cement  paste.  Assume  now  that  the  sand,  as  used  on  the 
job,  contains  6  per  cent  of  moisture,  and  when  shoveled  into 
barrows  will  bulk  up  23  per  cent.  From  simple  calculations 
it  is  found  that  the  batch  as  used  on  the  job  will  contain  the 
following;      100  lb.   cement,   1..54  cu.   ft.   sand,   4  cu.  ft.   stone. 

Another  condition  may  be  mentioned  here  which  indicates^ 
very  clearly  the  "bulking"  effect  of  moisture  in  sand^  While 
the  weights  of  sands  vary  with  the  character  of  the  rock  ma- 
terial from  which  they  take  their  origin  and  also  with  their 
granulometric  composition,  yet,  for  any  given  sand,  iis  weighs 
per  cubic  foot  when  dry  is  greater  than  its  weight  when  wet, 
provided,  of  course,  that  in  each  case  the  sand  is  shoveled 
into  the  measuring  receptacle.  This  condition  holds  true, 
even  when  the  wet  sand  is  subjected  to  a  moderate  amount 
of  of  compacting. 

An  obvious  method  of  avoiding  the  error  in  proportionint; 
due  to  the  "bulking  effect"  of  wet  sand  would  be  to  deter- 
mine the  approximate  percentage  of  moisture  and  weigh  the 
sand  necessary  for  each  batch.  With  all  the  improvements 
in  modern  machinery  for  mixing  concrete  there  is  stlU  plenty 
of  room  for  improvements  in  methods  of  mechanically  pro 
portioning  the  aggregates. 


The  Professional  Man  and  Service 

In  his  inaugural  address,  Henry  K.  Holsman,  recently 
elected  president  of  the  Illinois  Chapter  of  the  American  In- 
otitute  of  Architects,  said,  in  part: 

The  profession  of  architecture  imposes  upon  its  members 
the  same  familiarity  with  the  achievements  of  structural 
and  social  sciences.  The  architect  must  work  in  close  co-op- 
eration and  deep  sympathy  with  other  professions  than  his 
own.  No  individual  can  achieve  in  this  profession  by  him- 
self. Architecture  does  not  depend  upon  the  inspiration  of 
genius  but  upon  painstaking  culture  and  talent  and  the  mas- 
tery of  the  principles  of  the  arts  and  sciences  accumulated 
from  all  the  ages,  from  men  of  all  professional  classes  who 
have  worked  and  thought  along  social,  structural  and  esthetic 
lines.  Architecture  is  a  social  phenomenon,  not  an  indi 
vidual   prenomenon. 

That  our  profession  is  the  oldest  and  broadest  and  the  last 
to  come  to  consciousness  is  at  once  our  opportunity  and  our 
responsibility.  Being  in  sympathy  with  so  many  other  pro- 
fessions it  becomes  our  obligation  to-  wake  up  and  help  t« 
prepare  for  that  day  of  full  professional  consciousness  when 
men  of  all  classes  from  the  humblest  trades  unionist  to  the 
exalted  statesman  will  ask  and  receive  of  the  treasures  laid 
up  in  professionalism.  Class  consciousness  is  the  chief  rea- 
son for  the  existence  of  any  professional  organization. 

The  world  is  fast  becoming  aware  of  the  great  value  of  the 
professional  man.  He  is  the  man  who  stands  ready  to  serve 
other  men  in  their  health  and  happiness,  in  their  organiza- 
tions and  enterprises,  in  all  their  conceptions  and  achieve- 
ments. What  great  commercial  enterprise  or  what  mighty 
utilization  of  forces  would  have  been  achieved  by  the  so- 
called  masters  of  industry  had  it  not  been  for  the  profes- 
sional man  who  patiently  and  systematiclly  worked  it  out, 
practically  for  the  joy  of  achieving  it?  or  what  one  of  th.; 
great  machines  of  finance  or  industry,  or  what  government 
in  war  or  peace  could  survive  and  develop,  but  for  the  con- 
tinued devotion  of  the  professional  man?  His  services  are 
not  paid  for  in  proportion  to  their  value,  and  for  some  things 
he  can  not  be  bought.  He  Is  born  of  the  people,  seldom  if 
ever  of  autocracy. 

We  are  now  awakening  to  the  dawn  of  a  new  era.  The 
age  of  kings  and  princes  is  past.  The  day  of  barons  and  aris- 
tocrats is  waning,  and  the  day  of  professionalism  is  at  hand. 
Frofessionallsm  carries  but  one  banner  and  written  on  that 
banner  is  but  one  word— Service.  The  law  of  its  being  is 
freedom  restrained  by  culture,  training  and  unbiased  devj- 
tion  to  duty.  The  remuneration  of  its  members  is  a  known 
fee  in  proportion  to  the  cost  of  preparation  and  the  hazard 
of  the  undertaking,  coupled  with  that  distinctive  mental  ex- 
hilaration known  to  no  other  calling— the  joy  of  solving  a 
problem  that  makes  life  still  more  worth  living. 

(16) 


Cements   Producing    Quick-Hard- 
ening Concrete* 

In  the  course  of  the  investigations  which  the  Pittsburgh 
Branch  of  the  Bureau  of  Standards  has  been  conducting  deal- 
ing with  the  various  problems  relating  to  Portland  cement, 
there  have  been  made  a  number  of  cements  which  are  char- 
acterized by  a  very  high  early  strength.  This  is  developed 
when  the  cements  are  used  either  as  mortars  or  concretes. 
These  cements  have  been  made  in  a  mannor  differing  in  no 
wise  from  that  used  in  the  manufacture  of  Portland  cement. 
However,  the  composition  of  the  materials  entering  into  their 
manufacture  was  decidedly  different,  limestone  and  calcined 
alumina  having  been  used  in  some  of  the  raw  mixes,  and  in 
others  the  alumina  was  replaced  In  part  by  kaolin  or  bauxite 
in  order  to  determine  the  effect  of  Impurities  on  their  .general 
properties.  While  such  materials  have  been  the  subject  of 
research  by  others,  especially  Spackman,  their  property  of 
developing  very  high  early  strengths  Is  not  generally  known. 
It  is  telieved  that  the  data  presented  in  this  paper,  especially 
that  dealing  with  the  concrete,  are  the  first  of  their  kind 
ever  presented. 

The  data  dealing  with  the  aluminates  are  auglnented  by 
some  obtained  in  making  concrete  from  "Sorel  cement"  (a 
commercial  product)  which,  as  ir  generally  known  is  light 
calcined  magnesite  gaged  with  magnesium  chloride.  It  has 
been  unofficially  reported  that  during  the  recent  war  the 
enemy  used  a  concrete  made  of  such  a  cement  for  "setting 
up"  their  large  guns.  As  it  obtains  the  greater  part  of  its 
strength  within  24  hours  and  as  this  strength  equals  that 
obtained  by  a  Portland  cement  at  the  end  of  two  or  three 
weeks,  the  possibility  of  using  it  becomes  very  attractive. 
The  data  presented  were  obtained  in  making  a  limited  num- 
ber of  concretes,  but  it  is  believed  that  such  data,  in  so  far 
as  they  relate  to  concretes,  have  never  before  been  presented. 

Concrete  Made  with  Sorel  Cement. — At  the  present  time 
this  cement  is  used  in  rather  large  quantities  for  making  a 
resilient  flooring  which  is  usually  referred  to  as  "composi- 
tion flooring."  When  so  used  the  aggregate  is  composed  of 
asbestos  fiber,  sawdust,  inert  finely  ground  filler  as  sand  and 
coloring  matter.  This  flooring  is  widely  used  in  a  mono- 
lithic form  in  office  buildings,  passenger  and  subway  cars 
and  interior  ship  decks.  Recently  a  mortar  very  similar  in 
nature  to  the  above,  excepting  the  omission  of  the  fibrous 
material,  has  been  rather  successfully  used  as  a  stucco. 

The  magnesia  used  in  the  present  investigation  was  made 
Irom  magnesite  mined  in  California.  It  was  a  mixture  of  twa 
shipments  from  two  manufacturers  of  flooring.  Both  had 
given  satisfactory  results  when  used  in  flooring  mixes.  No 
data  aie  at  hand  which  would  enable  one  familiar  with 
Portland  cement  to  form  an  Idea  of  the  relative  strengths 
which  these  would  develop  in  the  usual  small  briquette  or 
compression  specimen.  The  small  specimens  made  were  of 
a  flooiing  composition  and  as  such  were  composed  of  50 
per  cent  magnesia.  12  per  cent  asbestos.  10  per  •ent  sawdust. 
22  per  cent  ground  sand  and  6  per  cent  iron  oxide,  all  by 
weight.  This  mixture  when  gaged  with  52  per  cent  of  a 
solution  of  chloride  having  a  gravity  of  1.1S85  (about  23'* 
Baume)  gave  the  following  strengths  in  pounds  per  square 
inch; 

Specimen.                   24  hours.  7  days.         2S  days.  SO  days. 

-\  t  Tensior 531  S41  1,0S7  1,034 

I  I'ompression    2.240  3.795  5.300  4.340 

R  (  Tension    57G  300  035  1.040 

/Compression     2.900  4,240  5,300  5.370 

In  Table  I  is  shown  the  strength  of  the  concrete  made 
from  this  mixed  oxide  and  also  the  compressive  strength 
developed  by  a  Portland-cement  concrete  using  the  same 
proportions  of  the  same  aggregates.  Notwithstanding  the 
fact  that  the  specific  gravity  of  the  magnesia  is  very  close 
to  that  of  Portland  cement  (3. OS  for  the  magnesia  and  3.12 
lor  the  cement),  the  volume  occupied  by  the  same  weight  of 
the  two  differs  very  materially  As  the  magnesia  weighed 
but  51  lb.  per  cu.  ft.,  the  actual  percentage  by  weight  of  the 
magnesia  in  any  one  concrete  was  decidedly  less  than  the 
percentage  of  Portland  cement.  For  this  reason  the  1;(I 
concrete  was  proportioned  both  by  weight  and  by  volume, 
when  the  magnesia  was  used  as  the  cementing  material.  All 
specimens  were  stored. in  the  air  until  broken.     The  gravel 

•Abstrsct  of  a  paper  presented  at  the  22nd  annual  meeting  of 
the  American  Society  for  Testing  Materials,  held  at  .Atlantic  City, 
June  24-27. 
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used  was  obtained  from  the  Allegheny  River  and  was 
screened  between  a  %-in.  and  1%-in.  screen.  It  contained 
an  excessive  amount  of  the  finer  sizes.  The  limestone  was 
a  rather  soft  stone  screened  between  the  V4-in.  and  lin. 
screens.  The  "coarse  sand"  aggregate  was  sand  from  the 
Allegheny  River  screened  between  the  Vk-in.  and  '/4-in. 
screens. 

As  the  information  sought  hid  to  do  plone  with  early 
strengths,  specimens  were  made  for  breaking  at  24  hours.  48 
hours  and  7  days  in  the  case  of  those  made  with  magnesia 
and  4S  hours  and  7  days  when  Portland  cement  was  used. 

The  results  show  that  the  Sorel-cement  concretes,  with  but 
two  exceptions,  have  a  strength  at  48  hours  greater  than  that 
cbtained  by  the  use  of  Portland  cement  in  7  days.  However, 
it  is  also  seen  that  there  is  in  general  but  little  increase  in 
the  strength  of  the  former  between  the  48-hour  period  and 
the  7-day  period.  The  results  obtained  at  all  periods  from 
the  Sorel-cement  concrete  proportioned  by  weight  are  gen- 
erally higher  than  those  obtained  when  the  proportioning 
was  done  by  volume,  regardless  of  what  the  proportions  were. 
This  clearly  shows  that  for  such  a  light  material  the  pro'- 
portinns  should  be  decidedly  different  from  those  generally 
used  with  Portland  cement.  It  would  seem  as  it  too  much 
magnesia  was  used  in  the  rich  concretes  and  too  little  in  the 
lean  ones  when  the  proportioning  was  carried  out  by  volume. 

Attention  should  be  called  to  the  difference  in  the  manner 
in  which  the  hardening  of  the  two  concretes  takes  place.  In 
a  Portland-cement  concrete,  the  cement  hardens  by  the 
action  of  the  added  water.  During  the  process  of  hardening 
it  is  immersed  in  an  atmosphere  containing  in  a  greater  or 
less  degree  one  of  the  essential  elements  of  the  process,  that 
is.  water  either  as  a  liquid  or  vapor.  On  the  other  hand,  in 
the  Sorel-cement  concrete  the  hardening  takes  place  as  a 
result  of  the  action  of  the  chloride  on  the  oxide.  The 
chloride  is  always  essential,  but  any  deficiency,  as  for  in- 
stance the  use  of  a  too  dilute  solution,  or  any  marked  excess, 
is  injurious.  Therefore,  not  only  the  ratios  between  the 
aggregnte  and  the  magnesia  must  be  studied,  but  also  the 
ratio  hetween  the  chloride  and  the  magnesia. 


of  this  cement,  its  position  In  the  ternary  syKtera 
CaO-ALO, — SiO;  was  such  that  it  was  located  in  a  Held  ha\ini; 
both  a  low  burning  teniperalure  and  also  one  In  which  the 
orthosilicate  predominate.  This  combination  always  pro- 
uiM'es  a  material  which  fluxes  at  i<uch  a  temperature  that  the 
-silicate  on  cooling  reverts  to  the  y  form  from  the  P  form  of 
I  lie  silicate.  This  reversion  is  manifested  by  the  "duHlIng" 
of  the  clinker.  It  was  possible  to  produce  this  particular 
cement  only  either  in  a  decidedly  underburned  condition,  or 
overburned  to  such  a  degree  that  It  fell  from  the  kiln  In 
large,  soft  balls,  which  dusted  on  cooling  unless  quickly 
water  quenched.  The  latter  procedure  of  burning,  without 
quenching,  was  used.  Cement  No.  4  was  made  from  a  very 
h:ird  clinker,  but  the  latter  did  not  show  any  tendency 
toward  dusting.  The  clinker  of  the  other  cements  was  of 
ilie  porous  character  of  normal  Portland  clinker.  Those  low 
in  iron  cxide  were  white  to  yellowish  in  color:  none  of  tl-em 
had  the  glistening  black  appearance  of  Portland  clinker,  the 
darkest  being  a  dark  reddish  brown.  The  raw  materials 
used  were  calcined  alumina  and  limestone  for  cements  Nos. 
1.  2  aud  S:  in  Xos.  ?,,  4  and  5  the  same  materials  were  used, 
but  part  of  the  alumina  was  replaced  by  a  kaolin,  thus 
reducin;;  the  alumina  content  of  the  mix  hut  increasing  the 
silica  content.  In  No.  fi  it  was  necessary  to  add  some  ver>" 
finely  ground  flint,  in  order  to  secure  the  desired  silica 
content,  in  addition  to  the  kaolin,  alumina  and  limestone. 
and  iron  oxide  In  N(i.  7  bauxite,  limestone  and  iron  oxide 
were  li'e  raw  materials. 

Reference  should  he  made  to  the  work  of  Rankin  and  the 
author,  tor  further  information  in  regard  to  the  general 
properties  of  the  constituents  ol  these  cements.  Kor  this 
present  paper  dealins:  more  particularly  with  concrete  made 
from  them,  it  is  not  desirable  to  give  more  in  regard  to 
their  properties  than  their  reaction  with  water.  Those  alu- 
minates  indicated  in  Table  II,  as  being  present  in  these 
cements,  all  react  with  water  to  form  the  hydrated  form  of 
oCaO  .  ALOa.  Such  a  reaction  requires  the  formation  of 
hydrated  alumina  The  amount  of  the  latter  will  depend 
upon  the  amount  of  the  alumina  in  the  cement,  consequently 


T\RLE    I—COMPARISON    OF    COMPRESSIVE    STRENGTHS    OF    SOKEL  AND  PORTL.ANO-CEMENT  CONCRETES. 

-      -  ^  ^^    i^-in.  t^ylinOers.     Strength   in  Pounrts  Per  Suuare   Inch. 


Proportions  by 
volume. 


Percentage 

of  cement  by 

weight. 

Portland.    MgO. 


1:0.5:1.5 

1:1.0:3.0 

1:1.5:4.5 

•1:1.5:4.5 

1:   %:1% 
l:l%:2% 
1:2     :4 
♦1:2     :4 


1:0.5:1.- 

1:1.0:3.0 

1:1.5:4.5 

•1:1.5:4.5 


33.3 
20.0 
14.3 


35.2 
21.4 
15.4 


34.0 
20  6 
14  7 


20  3 

11.3 

7.S 

14.3 

21. S 

V1.-2 

8.5 

15.4 

2n.s 

11. B 

s,n 

14,7 


24  hours. 
Portland.    MgO 


1.740 
1,705 
1.75-, 
2.SS0 


48  hours.  7  days. 

Portland.   MgO    Portland.   MgO. 
Gravel  Aggregate. 
1,570         3.490 
1.115         2.2fiO 
fiSO         2.14i 

3.315 

Limestone  Aggregate. 
■>  98S  2.2(10         3.9<)0 

1.040  1.340         2,805 

1.935  fi55         2.330 

3.270  4.020 

Coarse  Sand  Aggregate. 


2,965 
2,020 
1,430 


3,930 
2.990 
1.755 


2,910 
2,850 
2,24C 

2,72(' 

4,320 
2,970 
2,480 
4.320 


Per  cent  H;0  In 

Portland- Cement 

Concrete. 

12.1 
78 


9.9 
9.5 


2.0fiO 

1.910 

935 

2.355 


1.715 
545 
325 


2.5"0 
2.225 
l.fi9- 

3.2cn 


3.270 

1.635 

985 


2.735 
2.430 
1.S7I- 
3.190 


13.? 
11.4 
11.4 


Per  cent   MsCl;   In 

Sorel-Cement 

Concrete. 

14.7 

9.5 

9.8 
12.1 

18. S 
13  7 
12.x 
13.7 

20.0 
16.0 
14.7 
15.7 


Note-The  percentage  by  weight  l.f  MgO  in  1:0.5:1.5  and  l:^^:^^  is  but  very  little  greater  than  the  percentage  by  weight  of  Portlan-l 
"^"-.TgO^VoVorti"one"d  by  ^ergM,''ma"kfng  weight  percentage  of  MgO  »,ual   wei.h,   percentage  Portland  cement  In  1:1.5:4.5  and  1:2:4. 

TABLT-.     II— COMPOSITION.      C^NSTITfTION     AND     TKMPKIl- 

ATURES  OP  BURNING  OF  CALCIfM-.\LfMlN.\TE  CEMENTS 

All  Composition   in   Per  Cent. 


While  the  results  do  show^  the  lack  of  proper  proportion- 
irg  of  both  the  magnesia  and  the  chloride,  yet  these  poorly 
proportioned  concretes  show  in  24  hours  as  high  strengths 
as  the  more  properly  proportioned  Portland-cement  concretes 
show  in  seven  days.  Another  point  should  be  remembered 
in  reeard  to  these  Sorel-cement  concretes,  that  is.  they  can- 
not be  frozen.  Temperafures  below  freezing  will  retard  the 
hardening  to  a  degree,  but  the  freezing  point  of  the  solution 
is  so  low  that  no  care  need  be  taken  to  prevent  damage  from 
low  temperatures. 

Concretes  Made  with  Calcium-Aluminate  Cements.— The 
calcium  aluminates  were  all  made  in  the  experimental  rotary 
kiln  of  the  Bureau.  The  compofition  of  these,  the  consti- 
tution arranged  in  order  of  the  amounts  present,  and  the 
temperatures  of  burning  are  given  in  Table  11.  The  fineness 
and  the  time  of  setting*  are  given  in  Table  III. 

With  the  exception  of  cement  No.  C,  no  particular  difficulty 
was  encountered  in  burning.     On  account  of  the  composition 

nn  carrvina  out  the  investigation  presented  here  no  addition  of 
SO-  in  any  form  was  made  to  the  cements.  ,  ^,°';'^  J,^'"^!,?.' o,'^! 
the  same  time  as  this  nresented  here  showed  that  such  afl'"t'"'^ 
accelerated  the  time  of  set  and  caused  a  reduction  in  both  the 
tensile  and   compressive   strength. 


Cement  No 1 

SiOi    0.44 

AJ2O,    62.31 

FesO,     0.51 

CaO    36.6^ 

WE'D    0-36 

Ignition  loss  0.07 


2 

3 

4 

5 

6 

7 

8  . 

0.76 

9.41 

10  48 

17.23 

17.38 

11.33 

0.68 

61.25 

55.09 

46.71 

39.96 

30.52 

47.66 

74.11 

0  fio 

2.04 

2.13 

2  57 

1.85 

3,10 

0.10 

36  32 

30.73 

39.79 

38.84 

46.72 

34.87 

2382 

0  48 

2  95 

1.04 

1.29 

2.27 

3.66 

0.81 

0.5P 

0.08 

0.32 

0.14 

0.78 

0.17 

1I.J8 

100.38 
Temperature  of 
burning,  deg. 

Cent 1460 

r  3C  5A 
Constituents'.  ■  '■    C* 
1    2CS 
'  C=  CaO:  A  =  .VIjO 
TABLE  III 


99.91   100.30  100.47  100.03  100.52  100.19  loo.jo 


1480  1490  1380  1455  1360  1445  ISO" 
CA  CA  2CAS  2CAS  2CS  2CAS  CA 
5  C  3A3C  5A  CA  CA  5C  3A  CA  3C  SA 
2CS  2CAS  2CS  2CS  CA  2CS  2CAS 
S  =  SIC.. 
TIIME  OF  SETTING  ANTl-FINFN-ESS  OF  CALCIfM- 
\LUMINATE   CEMENTS. 


Cement  No. 
1 


Initial 

Set 

, Final 

Set 

Per  Cent 

lillmore. 

Vicat. 

Gillmore. 

VIcat. 

Passlnt; 

hr   min. 

hr.  min. 

hr.  min. 

hr.  min. 

200-Mei,lt. 

0      55 

0     25 

4     45 

2     10 

83.0 

n     •'n 

0     12 

2     0 

0     50 

80.0 

r.     2" 

^     15 

• 

7     0 

81.2 

0    :'5 

0     ' 

3     30 

1     1- 

78.0 

0     '0 

0     15 

4     4.S 

S     IS 

80.2 

0    7 

0     2 

0     45 

0     12 

76.4 

r,    n 

:;    4S 

• 

• 

79.8 

7     0 

3     30 

• 

86.6 

•Final  Set  between  8  and  16  hours. 
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the  3CaO.     SALOa  will  give  the  most  and  the  5CaO.  .  SAL.Oj  nicrtars   at  the   end   of  the   same   time  is   just  as   unusually 

tho   least.     This   hydrated   alumina   is.  as   is   well   known,   a  high.    The   gain  in   strength   with   aging   is   also   quite   large 

colloid    and,    when    formed    under    the    conditions    indicated  although   ma.ximum   strength   is   reacheiZ  at   a  comparatively 

above,  constitutes  the  greater  part  of  the  ceraentltious  ma-  early  period.     Consequently  some  very  phenomenal  strengths 

terial  of  these  compounds.                                                                   /  for  either  kind  of  a  specimen  are  developed.     A  compressive 

The  higher  the  alumina  content  in  any  of  the  aluminates,  strength  of  8,610  lb.  per  sq.  in.  at  seven  days  for  1:3  mortar 

the  slower  will  be  the  reaction  with  water  and  consequently  or  6,010  lb.  at  the  same  period  for  1:6  concrete  are  surely 

the   slov/er  will   be   the  time  of  setting.     This   is   shown   in  striking.     While   these   results   represent  some  of  the   maxi- 

Table  III,  but  not  very  clearly  unless  studied  in  connection  mum  ones  obtained,  there  are  many  other  very  exceptional 

with  the  relative  amounts  of  the  constituents  shown  in  Table  high    strengths    shown  in  the    tables,  when  these  are  com- 

11.     The  former  table  shows  that  cement  No.  3  has  a  slower  pared    with    the    results    generally    obtained    with    Portland 

setting  time   than   cements   Nos.   1   or  2,   and   also   a  lesser  cement. 

alumina  content.  The  latter  table,  however,  shows  the  pres-  An  examination  of  the  tables  shows  that  the  maximum 
ence  of  a  large  amount  of  silica  .and  therefore  the  presence  of  strength  for  the  water  or  damp  closet  stored  specimens  was 
a  quantity  of  silicate  which  reduces  the  amount  of  alumina  attained  at  some  period  previous  to  one  year.  As  stated 
in  the  former  cement  and  also  retards  the  setting  time.  The  before,  the  quick  hardening  is  due  to  a  great  amount  of 
two  silicates  present  in  these  cements  react  very  slowly  with  hydrated  material  rapidly  formed.  This  is  also  in  the  col- 
water,  in  fact,  the  ternary  compound  2  CaO.ALOj.SiO;  reacts  loidal  form  and  will,  therefore,  in  the  presence  of  excess 
so  slowly  that  it  will  not  form  a  cementing  material,  while  water,  take  up  in  a  comparatively  short  time  such  an  excess 
the  orthosilicate,  2  CaO.SiO;,  at  the  end  of  a  year  shows  but  of  the  latter  that  there  is  a  reduction  in  strength.  It  will 
little  more  than  5  per  cent  water  of  hydration  but  a  very  not  take  up  enough  from  air  of  the  usual  humidity  to  mate- 
satisfactory  strength.  Also  a  comparisom  of  cement  No.  8  rially  affect  the  strength.  It  does,  however,  lose  water  to 
with  cements  Nos  1  and  2,  or  cement  No.  7  with  Nos.  5  and  the  latter  to  a  certain  extent.  It  is  this  latter  loss  of  water 
6  will  confirm  the  statement  that  increasing  alumina  content  with  consequent  drying  out  of  the  colloid  which  causes  the 
gives  a  slower  setting  cement.  This  has  been  more  strik-  increase  in  strength  of  the  water-air  or  damp  closet-air 
ingly  shown  in  other  work  carried  on  with  the  pure  com-  storage  over  the  storage  in  the  water  or  damp  closet  alone, 
pounds  when  it  was  found  that  the  tricalcium  alurainate—  it  is  interesting  to  note  that  in  the  case  of  the  mortar 
the  aluminate  lowest  in  alumina— alwys  gives  a  flash  set.  .<■  pecimens,   cements   Nos.   3,   5  and   6   developed   the   highest 

With  the  exceptions  of  cements  Nos.  2,  3  and  8,  the  burn-  strengths   by   the   combined    method   of   storage   at   the   end 

ing  temperatures  used  were  either  those  generally  used  in  of   the   26-week   period,   while   the   other   cements   developed 

burning  Portland  cement  or  a  little  lower.    The  temperatures  their   maximum    strength    by   this    method   of   storage   at   28 

used  in  these  three  exceptions  were  not  much  in  excess  of  days,     .^.pparently.   therefore,   the  latter  were  much   quicker 

that  infrequently  used  in  making  the  latter  cement  and  can  hardening    than    the    former.     Concrete    specimens    aged   by 

be  comparatively  easily  reached  in  a  rotary  kiln.    One  point  the    combined    method    were    broken    only    at    the    one-year 

in   particular  should   be  noted:    it   is   impossible  to   produce  period.    At  this  period  by  this  method  of  storage  maximum 

an  unsound  cement  unless  a  temperature  far  below  that  used  strength  was  developed  by  all  the  cements  except  Nos.  4  and 

in  Portland  cement  practice  were  attempted.     Slight  under-  2.    These  latter  developed  maximum  strength  by  damp  closet 

burning   or   burning    at    a   temperature    of    100°    lower  than  storage  at  7  and  28  days  respectively.    The  continued  storage 

that    given    would    have    produced    an    aluminate    lower    in  of   these   two   in   the   damp  closet  until  removed   to  the   air 

alumina  and  free  alumina.  apparently  caused  such  excessive  hydration  that  subsequent 

Table   V   shows    the    strengths    produced    by   the   cements  drying   out   could    not   cause    sufficient   gain    in    strength    to 

when    tested    in    the    form    of   a    6    by    12-in.    cylinder   as    a  bring    back    the    maximum    strength    shown    at    the    earlier 

1:11^:4%  gravel  concrete.     In  order  that  some  idea  may  be  period. 

obtained    in    a    comparatice   way    of   their    deportment    as   a  ^^^^  ^^^  j^igj^  ,.ggy,tg  ^t  the  1:6  concretes  were  obtained, 

mortar,  the  compressive  strengths  of  some  1:3  standard  sand  jj    ^^g    thought   desirable   to    make   some   leaner   concretes. 

2-in.   cubes   are   given   in  Table   IV.     Previous   work   showed  consequently  a  1:3:9  gravel  concrete  was  made,  using  cer- 

Ihat.  on  account  of  the  large  amounts  of  colloidal  material  j^^j^  ^f  the  cements  of  which  there  was  a  sufficient  amount 

formed  In  the  process  of  hardening,  retrogression   is   likely  available.     Even   such    lean    concretes    developed    surprising 

to  be  shown  by  any  specimens  stored  continuously  in  water  strengths  in  several  cases.    This  is  especially  true  of  cement 

or  the  damp  closet.     At  certain  periods,  therefore,  some  of  j^o.  S    which  developed  a  strength  of  3,415  lb.  per  sq.  in.  at 

(he  specimens  were  removed  from  the  water  or  damp  closet  gs  days  and  3,980  lb.  at  90  days,  and  a  maximum  strength, 

and  placed  in  the  air  of  the  laboratory  until  broken.  ^y  ^^^  combined  storage,  of  i,445  lb.  per  sq.  in.  at  one  year. 

These  two  latter  tables  very  clearly  show  the  high  24-h9Ur  j^  ponelusion  it  may  be  stated,  therefore,  that  the  alumi- 

strengths.       Special     mention     should     surely     be    made    of  ^^^jg^  ^j  ,i„^g^  ^^^^  ^^^^^  ^^^^  contain  such  amounts  of  im- 

strengths  of  2,800  to  3,100  lb.  per  sq.  in.  for  a  1:6  concrete  purities  as  10  per  cent  silica  and  3  per  cent  iron  oxide,  con- 

at  the  end  of  24  hours.     The  strengths  of  some  of  the  1:3  g^jt^p  ^  material  which  is  a  very  valuable  cementing  medium 

when   gaged   with   water.     This   particular  value   lies   in  the 

TABL.B;    rv.— COMPRESSIVE    STRENGTH    OF    1:3    STANDARD  high  early   strengths   which  they  develop.     The  greater  the 

SAND    MORTARS,    FROM^CALCIUM-ALUMINATE  amount  of  the  alumina  present,  as  an  aluminate  of  lime,  the 

greater  will  be  the  early  strength.     Under  certain  conditions 

All  values  in  pounds  per  square  inch.  <.           ■         ^^           ■                   i     j    -                       *      x           ii.        -^.i.      ~ 

Te.sted  at  24  hrs.  7days.  2Sdays.  28days.  90days. , — 26  weeks-^  1  year.  of  curmg   there  IS  a  marked  mcrease  of  strength  with  age. 

Stored  in  , Water .,      c.  S.     Water.  Water,     c.  S.  Water.  but   this  does   not  extend   over  a  very  long  period  of  time. 

""T"'.    3570       5945       3765       6815       3945       5330       6015       3045  It  also  appears  that  if  the  concrete  is  subjected  to  an  excess 

2....    4260       4760       3945       7625       4735       4570       5290       4430  of  water  during  Curing  there  will  be  a  decrease  in  strength. 

3 2240         4940         6475         8000         7180         7760       11050         5315  „      v,                   *         «           •   .                                        n                      *    •       iT.„ 

4....    4410       48SO       5285       6400       4565       3470       3480       3200  ^uch    amounts    of    moisture    as   are   usually    present    in    the 

%■■■■    H^5       ^i""       1^20       2875       2070       2900       3845       2410  air  do  not  materially  alfect  the  strength.     It  appears,  there- 

6....    1340         1260         1425         3130         1680         1895         4345         231C  ,           .v    ^   ^u                         »          •    i,*   .         e             -j        ui           i    „   »„ 

7....    2165       5140       3930       7085       5205       3605       6090       5225  fore,  that  these  cements  might  be  of  considerable  value  for 

8....    2860       8610       7845      10690       8260       6380       8045       8945  certain  special  uses,  where  the  principal  requisite  would  be 

C.  S.   =   stored   for   one-quarter  of  period   in   water  and   the   re-  •   i     i,      j 

mainder  in  the  air  of  the  laboratory.  quick  hardening. 

TABI^E  v.— COMPRESSIVE   STRENGTH    OP  1:6    AND   1:12   GRAVEIj   CONCRETE.    FROM    CALCIUM-ALUMINATE    CEMENTS. 

All  values   in   pounds  per  square   inch. 

Tested 24  Hours.  7  Days.  28  Davs.  90  Davs  26  Weeks.  , 1    Tear  , 

Proportions^ 1:6          1:12          1:6          1:12          1:6  1:12         1:6       'l:12         1:6         1:12           1:6         l:6i          1:12         l:12i 

Cement  No. 

1 2825  3270  3310  4150  4180  3310         5590  

2 3000  4150  4740  24SO  1760  1760         2360  

3 Soft         2175         3680         3900         4525         4135         5660         

.     4 3145            SSO         3570         inn.T         3370  1000         2930           875          2565            800          2965         3280           860         1275 

5 310         Soft            885            225         1250  3C5         1050            390         1270           550         1460         2110           570           870 

6 840            275            765           275           990  305         1260           400         1515            470         14J0         2035            470           810 

7 1475            455         4135         1405         4625  151)0         4640         1600         4450         1580         46-50         5300         1350         1815 

8 2930           890         6010         2270         7060  3415        7050         39R0         7610         3910         6720         8220         3930         4445 

»  Al!  specimens  in  these  columns  were  stored  for  the  tlrst  4  months  in  the  damp  closet  and  for  the  remainder  of  the-  period  in  the  air 

of  the  laboratory.     All  other  specimens  were  stored  in   the  damp  closet  for  the  entire  period  aged. 
=  Contained  3  per  cent  plaster. 
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The  Treatment   of   Factory   Roof 
Timbers 

By  GEORGE  M.  HUNT. 
Chemist   in   Forest   Products,    Forest   Products   Laboratory,    U.    S. 
Forest  Service,  Madison,  Wis. 

The  exact  method  of  treating  timber  in  order  to  get  thc: 
best  .service  for  the  roofs  of  paper  and  cotton  mills  and  of 
other  buildings  where  high  humidity  conditions  cause  rapid 
decay  has  never  been  worked  out.  A  number  of  excellent 
preservatives  are  known  and  their  use  has  been  recom- 
mended from  time  to  time.  There  are  practically  no  records 
of  the  service  given  by  treated  roofs,  so  all  recommendations 
have  to  be  based  on  information  available  with  respect  to 
the  other  uses  of  treated  timber.  Specific  recommendations 
are  difficult  on  account  of  the  wide  variation  in  local  condl 
tions,  such  as  the  amount  of  timber  to  be  treated,  the  ex- 
pense permissible,  insurance  regulations,  and  the  availabilitv 
of  treated  timber.  Several  different  methods  of  treatment 
are  possible  and  the  circumstances  surrounding  each  indi- 
vidual case  should  influence  the  choice  of  method  to  be  used. 
Untreated  Timber. — Untreated  roofs  of  non-durable  wood, 
such  as  spruce,  hemlock,  or  sappy  pine,  are  cheapest  in  first 
cost:  but,  if  the  humidity  in  the  building  is  high  they  decay 
rapidly  and  soon  need  to  be  replaced.  The  need  for  frequent 
replacement  may  make  them  more  expensive  than  roofs 
whose  first  cost  is  considerably  higher. 

Some  woods  are  naturally  much  more  durable  than  those 
mentioned,  and  they  may  sometimes  be  used  to  advantage 
v.'here  circumstances  preclude  the  use  of  treated  timber.  The 
most  durable  American  woods  which  may  readily  be  secured 
in  quantity  for  roofing  purposes  are  redwood,  bald  cypress. 
Port  Orford  cedar,  and  western  red  cedar.  In  using  these 
species  care  should  be  taken  to  select  heartwood  only,  as 
their  sapwood  is  not  very  durable. 

Treated  Timber.— Methods  of  treating  timber  with  preserv- 
atives vary  in  cost  and  effectiveness.  Some  require  only 
very  simple  apparatus  and  the  treatments  can  be  made  at 
the  building  site.  Others  require  heavy  pressure  and  special 
apparatus,  and  must,  therefore,  be  made  at  central  treating 
plants.  The  following  is  a  brief  description  of  two  generally 
used  treatments: 

The  Steeping  Process. — The  steeping  method  of  treatment 
consists  simply  in  soaking  the  timber  in  a  water  solution  of 
the  preservative.  It  is  suitable  for  preservatives  such  as 
zinc  chloride,  sodium  fluoride,  and  mercuric  chloride.  When 
the  latter  preservative  is  used  the  process  is  called  Kyaniz- 
ing.  In  order  to  treat  wood  to  the  best  advantage,  it  should 
be  thoroughly  seasoned  and  dry.  It  is  customary  to  allow  it 
to  remain  in  the  preservative  one  day  for  each  inch  in  thick- 
cess,  and  then  one  additional  day.  A  still  longer  soaking 
period  would  probably  be  advantageous  if  time  would  permit. 
After  treatment  the  timber  should  be  air-dried  again  before 
being  used. 

The  cost  of  this  treatment  will  vary  with  the  cost  of  labor, 
preservative,  character  of  timber,  etc.  It  is  stated  on  good 
authority  that  under  prewar  conditions  mill  construction  tim- 
ber was  treated  with  mercuric  chloride  for  about  ?3  per 
1,000  ft. 

On  account  of  the  differences  in  the  degree  of  absorption 
and  penetration  of  the  {Preservative,  and  because  of  other  fac- 
tors that  affect  durability,  no  definite  figures  can  be  given  re- 
garding the  extent  of  life  that  may  be  anticipated  for  timber 
treated  by  steeping  processes.  In  factory  roofs,  however, 
treated  timber  may  be  expected  to  be  much  more  durable 
than  untreated  timber  of  the  same  species,  and  the  additional 
life  should  well  repay  the  cost  of  treatment. 

More  specific  directions  for  the  steeping  process,  especially 
concerning  the  use  of  mercuric  chloride,  should  be  obtained 
before  attempting  to  make  treatments.  These  directions  may 
be  had  upon  application  to  the  Forest  Products  Laboratory. 
Non-pressure  Creosote  Treatments.— There  are  several 
ways*  of  applying  coaltar  creosote  with  simple  apparatus. 
Briefly,  they  are  as  follows: 


•Detailed  descriptions  of  them  may  be  found  '".Farmers  Bul- 
letin 744.  ■■The  Preservative  Treatment*  of  Farm  Timbers  '•hioh 
may  be  obtained  free  from  the  Division  of  Publication,  U.  b.  De- 
partment  of   Agriculture.   Washington.    D.    C. 


Brush  treatment  consists  in  applying  bot  creosote  lo  th<? 
wood  with  a  brush.  The  wood  should  be  well  seasoned  and 
dry,  and  the  oil  should  be  flooded  upon  the  wood  and  into  all 
cheeks  and  crevices.  Two  coats  are  better  than  one.  Rel? 
lively  little  absorption  and  penetration  of  oil  will  be  obtained 
by  this  treatment,  but  it  should  add  from  two  to  live  years  Id 
the  life  of  roof  timber,  it  the  work  is  thoroughly  done. 

The  dipping  treatment  consists  In  completely  suhmerglD); 
the  lumber  in  a  tank  of  hot  creosote  for  5  lo  15  minutes.  It 
accomplishes  the  same  result  as  brush  trealment,  but  In  a 
more  thorough  mannner. 

Hot  and  cold  bath  treatment  consists  in  first  submerging 
the  lumber  in  hot  creosote  for  several  hours,  and  tlvcn  either 
allowing  the  oil  to  cool  down  slowly  with  the  wood  In  It  o» 
suddenly  plunging  the  wo'id  into  cool  oil  for  several  hours. 
This  is  a  more  expensive  treatment  than  any  of  the  previous 
methods  on  account  of  the  greater  costs  for  labor  and  appa- 
ratus, and  the  greater  absorption  of  preservative.  It  is  also 
more  effective  in  preventing  decay. 

Pressure  treatments  are  the  most  expensive,  but  they  are 
the  most  effective,  because  they  result  in  the  greatest  ab- 
sorption and  penetration  of  preservative.  They  are  suitable 
for  either  creosote  or  water  soluble  preservatives,  such  as 
sodium  fluoride  and  zinc  chloride.  For  roof  planking  an  ab- 
sorption of  8  to  12  pounds  of  creosote,  or  one-half  pound  of 
zinc  chloride  of  sodium  fluoride  per  cubic  foot  of  wood  treated 
should  add  20  years  at  least  and  probably  more  to  the  life  of 
the  timber.  The  cost  of  treatment  may  best  be  obtained  b.i 
securing  quotations  from  wood  preserving  companies. •• 

Characteristics  of  Preservatives. — The  various  presen'- 
atives  mentioned  have  difterent  characteristics  which  should 
be  kept  in  mind  in  considering  their  use. 

Coal-tar  creosote  is  objected  to  by  some  insurance  com- 
panies  as  a  fire  hazard.  It  is  not  believed,  however,  that  It 
adds  greatly  to  the  infiammability  of  the  wood.  It  has  an 
odor  which  may  be  objectionable  in  food-storage  rooms,  as 
some  foods  are  very  sensitive  to  odors.  It  should  not  be  ob- 
jectionable to  workmen,  however,  in  the  small  amounLo  which 
would  be  present  in  buildings.  Moreover,  the  odor  Is  pleas- 
ing to  some  people.  Creosoted  wood  cannot  be  successfully 
painted  over,  as  the  oil  quickly  comes  through  the  paint  and 
discolors  it. 

If  the  creosoting  is  not  properly  done  when  the  pressure 
process  is  used,  or  a  heavy  absorption  is  obtained  in  the  hot- 
and  cold-bath  treatment,  some  of  the  oil  may  exude  from  the 
wood  and  drip.  This  is  commonly  called  bleeding,  and  is 
very  undesirable  where  the  drops  of  oil  may  cause  damage 
to  such  products  as  cotton  cloth  or  paper.  It  may  be 
largely  prevented  by  steaming  the  wood  in  the  treating  cylin- 
der after  the  injection  of  the  oil.  .■\llowing  the  lumber  to  air- 
dry  thoroughly  in  open  piles  after  treatment  will  also  help. 
As  an  additional  precaution,  the  under  side  of  the  roof  may 
be  painted  with  water  glass,  or  sheathed  temporarily  with 
thin,  untreated  lumber.  No  difficulty  from  bleeding  should 
be  encountered  in  using  dipped  or  brush  treated  lumber. 

Zinc  chloride  appears  to  attack  lead  paints,  and  they  do 
not  last  very  long  on  zinc  treated  wood;  otherwise  zinc 
treated  wood  is  very  desirable. 

Sodium  fluoride  does  not  attack  paint  and  in  most  other 
respects  is  verv  desirable.  It  is  colorless  and  odorless  and 
does  not  bleed.  It  is  not  yet  extensively  used,  however,  and 
it  will  probably  be  found  difficult  to  secure  wood  that  hai 
been  pressure-treated  with  this  preservative. 

The  chief  disadvanUges  of  mercuric  chloride  (corrosive 
sublimate)  are  its  poisonous  nature  and  its  corrosive  action 
on  steel  The  latter  fact  prevents  the  use  of  steel  tanks  for 
treating  with  mercuric  chloride  solutions,  but  neither  of 
these  things  should  discourage  the  use  of  this  preservative. 

Precautions  in  Using  Treated  Timber.-The  effectiveness 
of  treated  timber  depends  upon  maintaining  a  complete  en- 
velope of  treated  wood  around  the  untreated  Interior  of  the 
board  If  this  treated  layer  is  Irroken  through  decay  can 
enter  and  destroy  the  untreated  interior  in  spite  of  the 
treated  outer  laver.  For  this  reason  it  Is  desirable  to  have 
the  lumber  cut  to  final  dimensions  before  treatment  When- 
ever it  becomes  necessary  to  cut  into  treated  timber  the  un- 
treated wood  exposed  by  cutting  should  be  given  two  coats 
of  creosote  or  a  treatment  with  some  other  preservative. 

of  comoanies  located  in  any  particular  region  ra^; 


"The  na'"?.^  "'  ,hp  Secretary  of  the  .^mwlban  Wood  Preservers' 
be  obtained  f'^°"'R*!'«  rgmion  Baltimore.  Md..  or  from  the  U.  S. 
^^resTyer"-ice.'  F'l^rlst'  l^dScts   Laboratory,   Madison.   Wis. 
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How  to  Apply  for  a  Job 

Some  excellent  suggestions  on  selling  personal  services, 
based  on  the  experiences  of  the  employment  department  of 
the  American  Association  of  Engineers,  are  given  in  the 
July  Monad,  the  official  publication  of  the  Association.  The 
matter  following  is  abstracted  from  the  above  mentioned 
paper. 

Selling  by  Letter. — First,  use  plain  paper  (preferably  not 
the  letteihead  of  your  present  employer)  of  good  quality, 
and  business  size  (8'/ixll  in.).  Employers  are  apt  to  throw 
tinted  or  perfumed  notepaper  into  the  waste  basket.  Use  a 
business  envelope  of  one  of  the  standard  sizes,  and  not  a  so- 
cial envelope.  Fold  your  letter  neatly  and  crisply.  If  pos- 
sible, typewrite  your  letter,  otherwise  write  legibly  in  ink, 
without  erasures  or  alterations.  Never  use  pencil  and  never 
mail  a  letter  with  scratched-out  words.  Be  sure  that  the 
punctuation,  spelling  and  grammar  are  correct.  Careless 
writing,  poor  grammar  and  misspelled  words  make  a  very 
bad  impression  on  prospective  employers. 

Second,  make  your  letter  short,  concise  and  to  the  point 
Limit  its  length  to  one  page.  It  a  second  page  is  necessary, 
use  a  second  sheet  of  paper;  do  not  write  on  both  sides  of 
the  first  sheet.  If  you  wish  to  send  a  full  statement  of  your 
experience,  make  it  up  as  a  separate  document  and  enclose 
a  copy.  Refer  to  that  statement  in  your  letter,  calling  at- 
tention to  any  points  you  wish  to  emphasize.  It  is  best  tj 
refer  particularly,  of  course,  to  experience  along  the  same 
line  as  the  position  under  consideration:  tor  example,  in 
applying  for  a  position  as  instrumentman,  refer  to  previous 
experience  as  rodnian  or  levelman  rather  than  to  a  joh  you 
may  have  held  in  a  shoe  store.  Do  not  forget  to  put  your 
full  address  and  the  date  in  the  upper  right-hand  corner.  In 
order  to  prevent  errors  in  reading  your  signature,  it  is  often 
wise  to  typewrite  your  name  just  below  your  signature. 

Third,  do  not  apply  for  a  position  you  are  not  qualified 
to  fill,  or  vice  versa,  for  one  which  is  not  up  to  your  stand- 
ard, lu  the  former  case  the  employer  will  usually  estimate 
you  correctly  from  your  letter,  while  if  he  employs  you,  he 
will  soon  find  you  out.  In  the  latter  case,  your  action  tend^ 
to  lower  the  standing  of  the  engineering  profession  and  de 
presses  salaries. 

Fourth,  if  you  prepare  a  statement  of  your  experience,  ar- 
range it  logically.     The  following  general  form  is  suggested: 

A — Personal  Information.  Name,  address,  telephone,  age, 
married   or  single,   citizenship,   place  of  birth,   etc. 

B — Education. 

C: — Professional  Experience.  List  positions  in  reverse 
order,  i.  e.,  put  the  one  held  most  recently  first.  For  each 
position  give  dates,  salary,  name  and  address  of  firm  and 
immediate  superior  title,  a  brief  descrii)tion  of  the  \>,ork  you 
did,  and  reasons  for  leaving. 

D — .\rmy  Experience.  Give  your  army  record  briefly.  This 
is  coming  to  be  of  great   importance   by   many  employers. 

E. — Position  Desired.    Type  of  work — location^salary — et". 

It-  is  well  not  to  give  references  until  they  are  requested. 
Be  careful  not  to  "oversell";  do  not  appear  too  anxious  for 
the  position;  let  your  prospective  employer  come  part  way 
nemember  that  the  better  the  position,  the  longer  is  th'^ 
time  required  to  select  the  proper  man  to  fill  it.  If  you 
press  a  prospective  employer  too  hard  it  is  more  apt  to  in- 
jure your  prospects  than  to  advance  them. 

Selling  Your  Services  by  Personal  Interview. — In  most 
cases,  the  early  steps  toward  a  new  position  are  conducted 
by  letter.  However,  before  an  employer  reaches  a  decision, 
a  personal  interview  is  almost  always  necessary,  and  in  some 
cases,  all  negotiations  can  be  made  in  person,  which  should 
always  be  done  if  possible.  When  a  personal  interview  fol- 
lows correspondence,  it  can  be  assumed  that  the  employer 
is  already  more  or  less  interested,  or  he  would  not  have 
granted  the  interview,  and  it  only  remains  to  convince  him 
that  you  are  the  right  man  for  the  position.  The  ice  i:< 
broken,  he  knows  something  of  you  and  is  favorable;  you 
must  crystallize  that  interest  into  a  definite  offer  of  a  po- 
sition. In  the  other  case,  when  no  correspondence  precedes 
the  interview,  he  knows  nothing  of  you,  but  is  open  to  sug- 
gestions, because  he  has  a  certain  position  to  fill.  In  that 
case,   everything  depends   on   the   impression   you   make 

First  impressions  often  result  in  quick  judgment;  unless 
the  employer's  first  impression  of  you,  gained  in  the  first 
30  seconds,  is  favorable,  the  interview  is  ^pt  to  be  short  and 
unsatisfactory.      Therefor*^,    it    is    essential    to    consider    all 


the  factors  that  inHucnce  him.  and  to  make  sure  that  you 
do  not  overlook  any  of  them.  Possibly  the  most  important 
of  such  factors  is  personal  appearance.  A  tramp  could  not 
get  past  the  oflice  boy.  while  at  the  other  extreme  a  Beau 
Brummel  is  equally  out  of  place  in  an  engineering  organiza- 
tion. An  applicant  should  wear  good  clothes,  well  cut,  and 
of  good  materials.  They  should  be  neat,  clean  and  well 
pressed.  A  soiled  collar,  frayed  necktie,  baggy  trousers,  or 
a  grease-spotted  vest  gives  an  impression  of  carelessness, 
as  do  also  an  unshaven  face,  dirty  finger  nails,  or  dusty 
shoes. 

But  ajipearance  is  not  confined  simply  to  clothes  and  neat- 
ness; there  are  many  physical  qualities  that  are  important 
factors;  carriage,  alertness,  self-confidence,  and  straightfor- 
wardness. We  all  admire  a  man  that  is  well  set  up,  erect, 
shoiilders  thrown  back,  stomach  drawn  in,  who  habitually 
stands  and  walks  in  the  "position  of  the  soldier"  as  they 
say  in  the  army.  We  instinctively  feel  that  such  a  man  has 
proper  self-respect  and  proper  respect  for  others.  On  the 
contrary,  we  all  rather  look  down  on  a  man  whos§  carriage 
is  sloi'.chy,  who  has  a  cigarette  drooping  from  a  corner  of 
his  mouth,  or  whose  hat  remains  tilted  on  the  back  of  his 
head. 

The  best  modern  hotels  insist  that  their  employes  be  cour- 
teous at  all  times,  and  emphasize  one  motto  that  does  won 
ders  to  build  up  trade,  viz..  "the  guest  is  always  right."  The 
same  thing  applies  to  an  interview  with  a  possible  employer. 
Be  courteous,  not  only  to  him,  but  also  to  his  assistants  and 
employes.  Don't  let  a  fresh  office  boy  or  an  impertinent 
clerk  rile  you.  Keep  your  poise  and  be  courteous  to  all. 
Above  all,  don't  argue  with  your  man.  Even  if  his  opinions 
irritate  you,  accept  them  good  naturedly  and  make  him  thin)> 
that  you  value  them.  If  he  expresses  a  poor  opinion  of 
your  (lualifications,  don't  get  indignant,  he  may  be  testing 
you;  issume  that  he  misunderstands  and  present  your  best 
points.  Even  if  he  decides  not  to  employ  you,  take  the 
news  calmly  and  leave  him  thinking  well  of  you.  You  may 
want   to   approach   him   later   on   another   proposition. 

In  most  interviews,  a  certain  amount  of  general  talk  pre- 
cedes the  definite  discussion.  Follow  his  leads.  If  he  wants 
to  talk  baseball,  discuss  it  with  him;  he  is  trying  to  get  ac- 
quainted with  you  and  sound  you  out.  But  when  he  gets  ready 
to  talk  I'usiness.  don't  bore  him  witli  your  experiences  in 
France,  but  talk  business.  Present  your  qualifications 
clearly;  don't  exaggerate.  If  there  are  weak  points,  admit 
them;  every  man  has  his  faults,  and  frankness  will  often 
offset  them.  Don't  boast;  let  him  infer  your  achievements. 
It  is  better  to  grow  in  his  estimation  than  to  start  big  and 
then   diminish. 

It  you  do  not  know  enough  of  the  position  to  be  sure  that 
you  want  it.  ask  for  further  information,  but  do  so  care- 
fully. Do  not  let  the  employer  think  that  you  are  investi- 
gating him  or  his  proposition,  because  he  likes  to  think  that 
the  reverse  is  true.  It  is  often  best  not  to  ask  questions 
about  the  position;  the  information  will  probably  be  given 
voluntarily  during  the  interview,  in  which  case  you  can 
withdraw  gracefully  if  the  position  is  not  attractive.  Early 
questions  regarding  duties,  working  hours,  vacation,  privi- 
leges, etc..  are  apt  to  react  unfavorably  on  the  employer 
In  general  those  things  are  best  discussed  "after  the  con- 
tract is  signed."  Salary  is  always  the  last  matter  to  be  set- 
tled, and  if  you  have  convinced  the  prospective  employer 
that  you  are  the  man  he  wants  before  salary  is  mentioned, 
the  final  settlement  is  apt  to  be  better  than  otherwise. 

The  more  important  a  position  is,  the  longer  the  nego- 
tiations before  it  is  filled.  A  chief  draftsman  will  employ 
a  tracer  after  a  ten-minute  interview,  but  a  railroad  presi- 
dent may  take  months  to  select  a  chief  engineer.  Fre- 
quently several  interviews  are  necessary,  and  it  may  be  fatal 
to  try  and  force  quick  action.  In  trout  fishing,  it  is  often 
necessary  to  pay  out  line  and  play  the  fish  for  half  an  hour. 
Similarly  in  negotiating  for  a  desirable  position,  the  time 
element  is  important,  and  matters  should  not  be  rushed.  It 
takes  time  for  a  student  to  absorb  a  lesson  in  bridge  de- 
sign: similarly  it  takes  time  for  an  employer  to  become  con- 
vinced that  you  are  the  right  man.  Each  case  is  individual 
and  thought  and  judgment  must  be  used  in  each  move.  Study 
your  man.  learn  all  you  can  about  him  and  his  firm  If  his 
son  at  college  is  on  the  football  team  talk  to  him  of  it  and 
congratulate  him.  Eventually  he  becomes  convinced  that  you 
are  the  man  he  wants,  or  in  other  words,  he  "is  sold"  on  your 
abilities,  and  in  a  few  days  you  will  be  on  the  payroll. 
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Conclusions  and  Recommendations 
of  American  Concrete  Institute 
Committee  on  Fire   Re- 
sistive Concrete 

Important  conclusions  drawn  from  tire  tests  and  reports, 
together  witli  definite  engineering  recommendations  based 
on  these  conclusions,  were  given  in  the  report  of  the  Com- 
mittee on  Fireproofing  of  the  American  Concrete  Institute, 
submitted  at  the  recent  convention  of  the  Institute  by  Mr. 
Walter  A.  Hull,  chairman  of  the  committee.  An  abstract 
of  the  report  follows: 

Thickness  o.  Protective  Material. — The  Bureau  of  Stand- 
ards' column  tests  show,  quantitatively,  the  relative  effects 
of  a  standard  4-hour  fire  test  on  various  types  of  columns 
made  with  concrete  from  various  aggregates.  A  thickness 
of  IV2  in.  of  concrete  was  provided,  outside  of  the  steel,  in 
all  cases.  The  steel  was  probably  more  accurately  placed, 
in  the  forms,  than  could  ordinarily  be  expected  in  actual 
building  operations.  In  most  of  the  18-in.  round  columns, 
temperatures  between  .550  and  600'  C.  (1,022  and  1.112°  F.) 
were  reached  in  the  steel  at  the  end  of  the  4-hour  fire  test. 
In  the  I'o-ln.  square  columns,  temperatures  in  the  steel  were 
above  tiOO"  C.  (1.112"  F. ).  Steel  at  these  temperatures  has 
lest  a  large  part  of  its  strength.  It  is  evident,  therefore, 
that  1%  in.  of  protective  concrete  is  not  sufficient  thickness 
for  the  proper  protection  of  the  steel  where  4-hour  protec- 
tion is  requ'red. 

In  three  columns  in  which  the  protection  had  been  in- 
creased to  2i,'^  in.  by  the  addition  of  cement  mortar  in  the 
form  of  plaster,  with  light  mesh  reinforcement,  the  tempera- 
ture.s  in  the  steel  at  the  end  of  the  test  were  approximately 
400"  C.  (752°  F.).  It  is.  therefore,  recommended  that  in' con- 
crete columns  where  4-hour  protection  is  required,  protective 
material  not  less  than  2  in.  in  thickness  be  provided,  over  the 
steel.  In  column.s  in  which  a  high  percentage  of  steel  is 
lised,  increasing  the  importance  of  affording  it  ample  protec- 
tion, the  thickness  of  protective  material  should  be  2%  in. 
lor  4-hour  protection,  and  special  care  should  be  given  to  thf 
accurate  placing  of  the  steel  in  the  forms,  to  avoid  inade- 
quate protection  on  one  side. 

Fire-Resistive  Properties  of  Different  Aggregates. — Pre- 
vious lire  tests  have  indicated  that  there  is  an  important 
difference  in  the  fire-resistive  properties  of  different  aggre- 
gates. Ira  H.  Woolson,  in  his  final  report  to  the  American 
Society  for  Testing  Materials  of  investigations  of  the  fire 
resistive  properties  of  concrete  made  in  1905,  190ii  and  1907. 
reported  adversely  on  the  pure  quartz  gravel  which  is  ex- 
tensively used  in  the  vicinity  of  New  York  City.  Shortlv 
afterward,  the  British  Fire  Prevention  Committee  reported 
adversely  on  the  behavior  of  gravel  concrete  in  a  fire  test 
of  floor  arches.  Further  evidence  was  developed  by  tests 
made  by  the  Bureau  of  Standards  and  reported  to  the  Amer- 
ican Society  for  Testing  Materials  in  1917.  These  test  re- 
sults have  been  so  consistent  that  it  appears  to  have  been 
well  established  that  the  physical  propertie.s  of  gravel,  that 
Is  high  in  quartz  content,  are  not  such  as  to  make  it  as  suit- 
able as  other  aggregates  for  fire-resistive  concrete. 

Investigation  of  the  failure  of  concrete  construction  in 
recent  severe  fires  clearly  indicates  that  the  damage  was 
much  greater  than  would  have  been  the  ease  if  any  one  ol" 
a  number  of  a.ggregates.  other  than  gravel  of  high  quart'c 
content  had  been  used/  This  was  especially  true  in  the  case 
of  the  fire  at  Far  Rockaway.  New  York.  This  fire  has  been 
thoroughly  investigated.  A  complete  report  of  the  fire  and 
of  the  condition  of  the  building,  with  conclusions  atlributinc; 
the  damage  in  large  part  to  the  pure  quartz  gravel  aggregate, 
was  prepared  for  the  National  Board  of  Fire  Underwriters 
by  its  Consulting  Engineer,  Ira  H.  Woolson.  Copies  of  thi.s 
report  are  obtainable.  A  further  investigation  was  made 
by  a  special  committee  of  the  American  Concrete  Institute 
and  a  report  presented  by  Richard  L.  Humphrey,  dealine 
with  the  fire,  the  condition  of  the  building  and  the  methods 
used  in  reconstruction.  Great  importance  was  attached  to 
ihe  nature  of  the  aggregate  in  this  report. 

To  this  evidence  mav  be  added  that  of  two  great  fac- 
tory building  fires  which  occurred  in  London  in  1917.  Both 
of  these  latter  fires  were  of  great  severity  and  long  dura- 
tion. Both  were  started  bv  an  explosion.  It  was  impossi- 
ble  to   determine   how   much   of  the   damage   was   caused   di- 


rectly by  the  explosion,  hut  after  thorough  investiBullon  th-; 
British  Fire  Prevention  Committee  attributed  a  large  part  of 
the  damage  to  the  inabilily  of  the  Thames  ballast  (gravel) 
concrete  to  withstand  the  destructive  stresses  of  a  severe 
fire,  as  is  shown  by  their  reports,  from  one  of  which  the  fol- 
lowing two  paragraphs   may   be  quoted; 

"It  is  clearly  shown  that  Thames  ballast  or  gravel  con- 
crete is  an  unsuitable  material  for  reinforced  concrete  In 
buildings  where  the  risk  of  a  severe  flre  has  to  be  consid- 
ered. 

"Where  a  suitable  aggregate  or  combination  of  nlate^lal.^ 
is  used  in  the  future  and  the  reinforcement  accorded  proper 
protection,  only  superficial  damage  need  be  expected,  1.  e., 
damage  repairable  without  extensive  reconstruction. ' 

In  Ihe  fire  tests  of  concrete  columns  made  by  the  Bureau 
of  Standards  gravel  concrete  columns  were  shown  to  b-- 
greatly  inferior  in  fire  resistance  to  columns  having  no  other 
aggregates.  While  this  applies  to  all  types  of  columns,  the 
contrasts  were  greatest  in  round  columns,  vertically  an.l 
spirally  reinforced  and  in  vertically  reinforced  square  col- 
umns. It  is  probable  that  similar  results  would  be  obtained 
from  all  gravels  made  up  largely  of  highly  sllicious  materials 
such  as  sandstone  pebbles,  quartz  pebbles  and  granite  peb- 
bles. 

Measures  for  Preventing  Serious  Damage. —It  Is  clearly 
Indicated  that  serious  structural  damage  by  fire  in  concrete 
buildings  could  be  prevented  in  large  measure  by  using, 
vdiere  it  is  economical  to  do  so,  either  limestone,  trap  rock, 
blast  furnace  slag  or  burned  clay  aggregate  and,  where  none 
of  these  aggregates  can  be  used  economically,  by  paying 
special  attention  to  certain  structural  details.  In  the  case 
of  columns,  there  is  evidence  that  vertically  reinforced  round 
colimns.  without  spiral,  resist  fire  better  than  square  columns 
without  spiral.  This  applies  particularly  to  gravel  concrete 
columns.  It  does  not  appear  to  be  true  of  columns  made 
from  the  more  suitable  aggregates.  Gravel  concrete  columns 
having'  spiral  reinforcement  appear  to  be  particularly  sus- 
ceptible to  spalling.  It  has  been  found  that  the  addition  of 
1  in.  of  cement  plaster,  held  in  place  by  light  metal  mesh. 
was  sufficient  to  prevent  the  loss  of  the  protective  covering 
by  spalling  in  the  cost  of  spirally  reinforced  gravel  concrete 
columns,  and  that  columns  so  protected  lost  but  little  of 
their  original  strength  in  the  4-hour  test.  There  seems  to  be 
added  merit  in  such  protection  in  the  fact  that  the  thick- 
ness is  uniform  over  the  columns,  whereas  any  inaccuracy  In 
placing  stee!  would  result  in  protective  concrete  being  thin- 
ner on  one  side  than  on  the  other. 

The  following  recommendations  are  therefore  made,  pend- 
ing further  developments  along  this  line: 

1.  That  for  fire-resistive  construction,  limestone,  trap  rock, 
blast  furnace  slag  and  burned  clay  be  given  a  nreference 
over  highly  sllicious  gravels. 

2.  Tliat  in  cases  where  gravel  aggregate  is  to  be  used,  with 
no  additional  protective  material  over  the  concrete,  round 
columns  be  given  a  preference  over  rectangnar  ones. 

.'J.  That  where  gravel  aggregate  is  used,  all  columns,  but 
especially  rectangular  columns  and  round  columns  with  spiral 
reinforcement,  be  given  the  additional  protection  of  approxi- 
mately 1  in.  of  Portland  cement  plaster  either  on  metal  lath 
or  reinforced   by   light   expanded   metal. 

New  Building  Law  for  First  Class  Cities  in 
Pennsylvania 

A  new  law  relating  to  building  construction  in  cities  of 
the  first  class  in  Pennsylvania  was  signed  May  8  by  the  Gov- 
ernor. The  act,  among  other  things,  prescribes  the  minimum 
live  loads  to  be  considered  in  designing  buildings,  specifier 
the  factors  of  safety,  and  regulates  the  thickness  of  brick 
walls  in  dwellings.     The  live  loads  specified  are  as  follows: 

Forty  pounds  for  residence  buildings;  100  lb.  for  public 
buildings  or  places  of  assembly,  -except  that  for  classrooms 
of  schools  or  other  places  of  instruction  the  floor  need  not 
be  designed  for  more  than  75  lb.;  120  lb.  for  business  build- 
ings, except  that  the  floors  of  offices  need  not  be  designed 
for  more  than  60  lb. 

The  law  also  provides  that  every  steel  floor  beam  in  any 
building,  hereafter  erected  or  altered,  used  for  any  business 
purpose,  shall  be  capable  of  sustaining  a  live  load  concen- 
trated at  its  center  of  at  least  4fi00  lb.:  that  roofs  shall  be 
proportioned  to  bear  safely  a  live  load  of  3  lb.  per  .square 
foot   of  surface:   and   for  yards  and   courts  inside  the  build- 
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ing  line,  the  live  loads  shall  be  taken  at  not  less  than  120 
lb.  per  square  foot. 

Other  provisions  of  the  act  are: 

The  factor  of  safety  shall  be  as  1  to  4  for  steel,  wrought 
iron,  and  timber,  and  concrete;  and  as  1  to  6  for  cast  iron; 
and  as  1  to  10  for  natural  or  artificial  stone  and  brick  or 
stone  masonry.  All  calculations  shall  be  based  upon  the 
actual  sizes  of  the  materials  and  not  the  nominal  sizes. 

The  minimum  thickness  of  any  wooden  floor,  joists,  or  roof 
rafters  shall  be  2  in.,  provided  .such  joists  or  rafters  are  not 
more  than  12  in.  in  depth. 

Doubtful  classification:  In  case  any  building  is  not 
herein  specifically  provided  for,  or  if  there  is  any  uncertainty 
as  to  its  classification,  its  status  shall  be  fixed  by  a  rule  pro- 
mulgated by  the  chief  of  the  Bureau  of  Building  Inspection. 

All  buildings,  used  exclusively  as  dwellings  for  one  or  two 
families,  not  over  20  ft.  in  width  and  60  ft.  in  lengtli,  having 
a  height  not  exceeding  26  ft.,  may  have  brick  walls  9  in.  in 
thickness:  Provided,  That  is  any  such  walls  are  party  walls, 
the  adjoining  lot  shall  not  be  encumbered  with  more  than  S 
in.  of  stone  wall  and   4i^   in.  of  brick  wall. 


Bonding  New  Cement  Mortar  and 
Concrete  to  Old  Concrete 

It  frequently  is  necessary  in  construction  and  repair  work 
to  join  fresh  concrete  to  old  or  to  concrete  which  has  par- 
tially set.  In  order  to  obtain  definite  data  on  the  relative 
value  of  various  methods  of  increasing  the  bond  an  extensive 
series  of  tests  have  been  carried  out  in  the  Engineering 
Research  Laboratory  of  the  Bureau  of  Public  Roads.  This 
series   included: 

1.  Tests  on  the  bond  strength  in  tension  of  a  1:2  mortar 
in  the  form  of  the  standard  tension  briquette. 

2.  Tests  on  the  bond  strength  in  cross  bending  of  a 
1:%:1%  concrete  in  4  by  4  by  14-in.  prisms  bonded  to  con- 
crete  slabs. 

3.  Tests  on  the  bond  strength  in  shear  of  a  l:%:iy3  con- 
crete in  specimens  in  the  form  of  Sin.  diameter  cylindrical 
disks,   2  in.   high. 

4.  Tests  on  the  permeability  or  water-tightness  of  the 
joints  formed  by  various  bonding  methods.  The  same  speci- 
mens were  used  in  this  series  as  in  the  shear  tests. 

The  conclusions  drawn  from  the  tests  are  summarized  as 
follows  by  W.  E.  Rosengarten,  U.  S.  Highway  Engineer. 
Bureau  of  Public  Roads,  in  a  recent  publication  of  the 
Bureau. 

Bond  Strength  in  Tension. — It  may  be  safely  stated  that 
the  ability  of  fresh  mortar  to  adhere  to  older  material  de- 
creases rapidly  as  the  old  sets  up.  Where  the  older  ma- 
terial has  set  for  24  hours  before  adding  the  fresh,  the  bond- 
ing strength  is  but  44  per  cent  of  that  of  monolithic  con- 
struction. Further  ageing  of  the  old  mortar  causes  a  slight 
decrease  in  the  bonding  ability,  which  at  7  days  is  39  per 
cent  of  the  original,  and  at  28  days  has  reduced  to  35.5 
per  cent. 

The  bond  of  new  concrete  to  old  can,  however,  be  in- 
creased by  various  methods,  which  include  treatment  of  the 
old  surface,  the  use  of  a  bonding  medium,  and  care  in  han- 
dling  the   new   concrete. 

The  old  surface  can  be  treated  to  increase  the  bond  either 
by  roughing  with  a  steel  tool  or  by  a  treatment  of  dilute 
hydrochloric  acid  (1:10  concentrated  acid  and  water).  The 
acid  acts  on  the  cement  particles,  dissolving  them  and  leav- 
ing the  clean  surfaces  of  the  aggregate.  The  remaining 
salts  should  be  washed  oft  thoroughly.  Roughing  the  sur- 
face increases  the  strength  of  bond  20  per  cent,  and  the  acid 
treatment  increases  it  13  per  cent,  except  in  the  case  of  the 
tests  where  the  old  concrete  has  aged  7  days,  in  which  case 
there  appears  an  unexplainable  detriment  to  the  bond  due  to 
the  acid  treatment.  Combining  both  roughening  and  then 
treating  with  acid  gives  but  a  slightly  greater  bonding  ability 
than  either  by  itself. 

The  application  of  a  thin  layer  of  cement  butter  as  a  bond- 
ing medium  has  a  decided  effect  in  increasing  the  adhesive 
strength.  An  additional  25  per  cent  in  strength  is  devel- 
oped by  the  addition  of  the  cement  butter  layer.  If  the 
cement-butter  layer  is  allowed  to  stand  one  hour  prior  to 
adding  the  fresh   mortar,   an   additional   3   per  cent   may   be 
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addea  to  the  strength.  The  use  of  a  proprietary  compound 
mixed  in  with  the  neat  cement  butter  appears  to  be  of  little 
additional  value. 

The  hard  tamping  of  the  new  mortar  against  the  old,  thus 
forcing  it  into  the  pores,  has  a  tendency  to  increase  the 
strength  of  bond   about   8   per  cent. 

The  broken  surface  showed  a  greater  bond  than  either 
the  plain  molded  or  natural  surface,  as  might  have  been 
expected.  The  roughing  of  the  two  latter  characters  of  sur- 
face bad  the  effect  of  placing  them  on  a  par  with  the  broken 
surfaces. 

The  ability  to  bond  to  the  molded  and  natural  surfaces 
appeared  about  equal.  A  tendency,  however,  is  noted  in  the 
case  of  the  surface  molded  against  forms  toward  a  decrease 
in  the  strength  as  the  age  of  old  concrete  increases,  while 
the  natural  surface  appears  to  remain  fairly  constant  after 
the  concrete  has  aged  24  hours. 

The  effect  on  the  bond  of  wetting  the  old  mortar  surface- 
is  hard  to  determine  from  the  results  of  these  tests.  It  is 
at  present  the  usual  practice  to  wet  the  old  work  thoroughly 
before  attempting  to  bond  fresh  mortar  to  it.  In  about  half 
the  above  tests  this  appears  to  have  a  detrimental  effect, 
decreasing  the  bond  strength  about  10  per  cent,  while  the 
other  half  shows  it  to  have  increased  the  bond  strength  5 
per  cent. 

The  use  of  a  bituminous  bonding  material  is  of  little  value. 

The  use  of  sodium  silicate  appears  to  have  an  effect  on 
the    bonding   strength. 

Bond  Strength  Cross-bonding. — The  use  of  the  hydrochloric 
acid  wash  on  the  concrete  specimens  appears  to  give  a 
slightly  greater  bond  than  does  the  mechanical  roughing  of 
the  surface.  In  the  case  of  the  mortar  briquettes  the  oppo- 
site  was   the   case. 

The  old   concrete   surface   wetted  develops   a  bond   of  only 
a    little    over    one-fifth    the    strength    of    the    monolithic    con-  , 
Crete,  roughing  the  surface  or  giving  it  a  hydrochloric  acid   ' 
treatment   increases   the   strength   one-sixth   and   the  applica- 
tion of  a  cement-butter  layer  adds  an  additional  one-fifth. 

The  results  of  this  series  of  tests  show  the  wetting  of  the 
concrete  to  be  beneficial.  The  suggested  theory  that  the 
cement  particles  are  drawn  into  the  old  dry  concrete  by 
capillary  action,  thus  increasing  the  bond,  does  not  appear 
to  be  borne  out  by  the  tests. 

The  ability  of  the  fresh  concrete  to  adhere  to  the  old 
decreased  rapidly  during  the  early  stages  of  setting  of  the 
old  concrete,  from  100  per  cent  to  about  30  per  cent  in  the 
first  24  hours.  After  the  old  concrete  has  taken  its  final 
set  the  decrease  with  the  age  is  very  slight. 

In  general,  it  appears  that  (a)  by  careful  treatment  new 
concrete  can  be  made  to  adhere  to  old  with  a  strength  equal 
to  60  per  cent  of  monolithic  concrete.  It  a  greater  bond 
than  this  is  desired  it  will  be  necessary  to  resort  to  dowels 
drilled   into  the  old   concrete. 

(b)  If  no  special  treatment  is  given  the  old  concrete  other 
than  cleaning  off  foreign  substances  before  adding  the  fresh 
concrete,  a  bond  of  but  20  per  cent  of  the  monolithic  con- 
crete  is   developed. 

(c)  The  surface  of  the  old  concrete  can  be  roughened  or 
treated  with  a  1:10  dilute  solution  of  hydrochloric  acid  which 
will  increase  the  bond  by  20  per  cent  of  the  strength  of  the 
monolithic    concrete. 

(d)  A  bonding  medium  of  a  thin  layer  of  neat  cement  but- 
ter spread  over  the  surface  of  the  old  concrete  will  increase 
the  bond  20  per  cent  of  the  strength  of  the  monolithic. 

(e)  Tamping  the  fresh  concrete  hard  against  the  old  con- 
crete, forcing  the  cement  into  the  pores,  increases  the  bond 
5  per  cent  of  the  strength  of  the  monolithic  concrete. 

It  must  be  remembered  that  the  above  conclusions  refer 
to  a  rich  concrete — namely,  1:2/3:1 — 1/3,  and  that  for  leaner 
mixes    the   percentages   very   likely   would    be   increased. 

Shearing  Strength. — The  shearing  strength  of  a  joint  is 
greatly  increased  by  a  treatment  of  the  surface  of 
the  old  concrete,  and  although  it  may  slightly  increase  the 
cost  of  the  work,  the  added  effect  would  certainly  seem 
desirable. 

Pearmeabillty. — The  results  of  this  series  show  that  there 
is  no  danger  of  leakage  at  a  joint  made  in  concrete  of  a  mix- 
ture as  rich  as  1:2/3:1 — 1/3,  under  pressures  up  to  40  lb. 
per  square  inch;  when  the  surface  of  the  old  concrete  has- 
been   treated. 
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Application  of  Stuccos 

Interesting  information  on  the  application  of  Portland 
cement  stucco  was  given  in  the  report  of  the  Committee 
on  Treatment  of  Concrete  Surfaces,  submitted  last  month 
at  the  annual  meeting  of  the  American  Concrete  Institute. 
The  following  is  abstracted  from  the  report: 

The  use  of  hair,  lime,  and  waterproofing  materials,  the  va- 
riations in  the  mixtures  for  the  different  coats,  the  number 
and  thickness  of  the  coats,  the  intervals  between  the  coats, 
the  degree  of  wetting  of  the  undercoats,  and  the  precautions 
necessary  in  protecting  the  coats  from  too  rapid  drying,  are 
details  subject  to  question,  and  all  will  stand  further  inves- 
tigation. However,  the  study  of  the  experimental  panels  at 
the  Bureau  of  Standards  has  yielded  considerable  informa- 
tion on  some  of  these  points. 

One  of  the  most  Important  indications  from  these  panel;; 
IS  that  lean  mixtures  containing  well  graded  aggregate  give 
better  results  than  those  commonly  specified.  Mixtures  as 
lean  as  1  part  of  cement  to  6  or  7  parts  of  graded  aggregate 
have  given  excellent  results  in  these  tests.  The  committee 
is  of  the  opinion  that  the  volume  change  of  rich  mortars  is 
accountable  for  much  of  the  unsightly  cracking  of  stuccoes, 
and  that  no  mixture  should  be  used  in  which  the  proportion 
of  cement  is  greater  than  1  part  to  3  parts  of  fine  aggre- 
gate. 

The  effect  of  hydrated  lime  in  cement  stucco  has  also 
been  given  considerable  attention,  and  the  conclusion  which 
is  forcing  itself  upon  the  committee  is  that  hydrated  lime 
does  not  improve  the  structure  of  the  stucco,  but  by  im- 
parting better  working  quality  to  the  mortar,  reduces  the 
cost  of  application.  On  the  other  hand,  there  is  evidence 
that  not  more  than  20  per  cent  of  hydrated  lime,  by  volume 
of  the  cement,  should  be  added  to  cement  stucco  if  the  best 
results  are  to  be  obtained. 

There  seems  to  be  no  good  reason  for  varying  the  compo- 
sition of  the  different  coats,  but  it  a  variation  is  to  be  speci- 
fied, the  scratch  coat  should  logically  be  the  strongest  mix- 
ture followed  by  a  leaner  brown  coat,  and  a  still  leaner  finish. 
No  greater  mistake  has  ever  been  made  in  stucco  applica- 
tion than  the  use  of  a  strong  brown  coat  over  a  weak  base 
or  a  weak  scratch  coat.  The  not  uncommon  practice  of  ap- 
plying a  strong  brown  coat  over  a  lime  mortar  scratch  coat 
has  been  responsible  for  many  stucco  failures. 

The  suggestion  that  the  finish  coat  should  logically  be 
leaner  than  the  undercoats  immediately  brings  up  the  water- 
proofing question.  There  are  two  fundamental  points  to  be 
considered  in  this  connection;  first,  that  the  lean  coat  is  not 
necessarily  lacking  in  density,  and  second,  that  the  water- 
proofing problem  in  good  cement  stucco  is  not  one  of  over- 
coming permeability,  but  rather  of  reducing  absorption.  The 
entire  question  hinges  on  absorption,  and  the  evidence  at 
hand  indicates  that  a  moderate  degree  of  absorption  is  a 
much  more  preferable  condition  than  a  surface  covered  with 
craze  and  map  cracks  produced  by  the  use  of  a  too  rich  or 
wrongly  manipulated  finishing  coat.  Any  waterproofing 
treatment  that  alters  the  natural  texture  and  color  of  the 
stucco  may  be  dismissed  from  consideration,  and  the  merit 
of  any  integral  waterproofing  in  stucco  is  exceedingly  diffi- 
cult to  determine. 

The  question  as  to  number  and  thickness  of  coats  may  be 
best  answered  by  assuming  that  each  coat  of  stucco  has  its 
own  particular  function.  The  scratch  coat  is  the  first  ap- 
plied, and  its  purpose  i^  to  form  an  intimate  bond  and  a  se- 
cure support  for  the  body  of  the  stucco.  On  metal  lath  it 
also  serves  as  a  protective  coat,  and  it  should  therefore  be 
strong  and  not  too  lean.  The  use  of  hair  or  fiber  is  of  ques- 
tionable value.  Hair  or  fiber  should  not  be  used  when  the 
space  back  of  the  lath  is  to  be  filled,  and  is  probably  not  a 
necessary  ingredient  in  any  case.  The  committee  at  the 
present  time  would  sanction  its  use  only  in  scratch  coats 
on  wood  lath,  or  on  metal  or  wire  lath  that  is  to  be  back 
plastered,  or  on  metal  or  wire  lath  that  is  applied  over  fur- 
ring deeper  than  %  in.  The  thickness  of  the  scratch  coat 
should  average  about  %  in.  over  the  face  of  the  lath 


of  %  in.  to  14  in.  will  usually  be  required.  The  brown  ani 
finish  coats,  or  the  scratch  and  brown  coats,  are  sometimes 
combined  in  two-coat  work,  which  is  permissible  when  the 
base  upon  which  the  stucco  is  applied  is  fairly  true  and 
even,  or.  when,  on  account  of  cost  considerations,  the  best 
obtainable  finish  is  not  required.  It  Is  difflcult.  however,  '.o 
obtain  a  satisfactory  finish  on  a  coat  which  riins  %  In.  or 
more  in  thickness,  since  the  tendency  of  a  heavy  coat  to 
b;)g  and  slip  is  likely  to  produce  an  uneven  surface. 

The  finish  coat  serves  only  a  decorative  purpose  and  has 
no  structural  value.  Its  function  is  solely  to  provide  an 
attractive  ajipearance,  and  any  mixture  or  any  method  of 
application  that  may  detract  from  the  appearance,  or  In  any 
way  injure  its  permanency,  should  be  avoided.  Herein  lies 
the  argument  for  lean  mixtures,  which  are  more  likely  to 
be  free  from  unsightly  defects  than  rich  mixtures,  and  are 
also  more  likely  to  improve  in  appearance  under  the  action 
of  the  weather.  The  finish  coat  should  be  as  thin  as  possi- 
ble consistent  with  covering  capacity,  and  may  vary  from 
'■U  in.  to  %  in.  in  thickness,  depending  upon  the  type  em- 
ployed. 

It  is  obvious  from  the  foregoing  that  first-class  stucco 
ohoutd  be  3-coat  work,  each  coat  serving  its  own  particular 
purpose.  The  bond  between  the  brown  coat  and  the  scratch 
coat  needs  to  be  strong  in  order  to  carry  the  weight  of  the 
body  of  the  stucco,  and  for  this  reason  it  is  now  considered 
preferable  to  apply  the  brown  coat  the  day  following  the 
application  of  the  scratch  coat.  Except  in  dry  or  windy 
weather  little  wetting  of  the  scratch  coat  should  be  neces- 
sary when  the  brown  coat  is  to  follow  within  24  hours.  A 
slight  degree  of  absorption  of  "suction"  in  the  scratch  coal, 
is  probably  better  than  complete  saturation,  for  the  brown 
coat,  as  well  as  the  others,  is  necessarily  mixed  with  a 
larger  quantity  of  water  than  it  requires  for  maximum 
strength.  The  removal  of  a  portion  of  this  excess  water  by 
the  suction  of  the  undercoat  not  only  improves  the  quality 
of  the  coat,  but  also  insures  a  better  bond  by  tending  to 
draw  the  fine  particles  of  the  cement  into  the  pores  and  In- 
terstices of  the  undercoat. 

Whereas  the  interval  between  the  brown  coat  and  scratch 
coat,  as  recommended  above,  is  relatively  short,  the  Interval 
before  applying  the  finish  coat  should  be  as  long  as  permis- 
sible under  the  conditions  of  the  work.  The  reason  for 
thus  delaying  the  application  of  the  finish  is  to  enable  the 
body  of  the  stucco  to  obtain  its  initial  shrinkage  and  a  nearer 
approach  to  its  final  condition  of  strength  and  hardness,  be- 
fore being  covered  with  the  surface  coat.  The  bond  of  the 
latter  needs  to  be  intimate  rather  than  of  maximum  strength 
and  if  the  body  of  the  stucco  has  been  allowed  to  thoroughly 
set  and  harden,  it  may  be  assumed  that  the  finish  coat  id 
less  likely  to  be  disturbed  by  subsequent  volume  changes  in 
the  undercoats.  A  week  or  more  should  elapse  between  Ih-J 
application  of  the  brown  and  finish  coats. 

The  finish  coat  should  be  applied  over  a  damp,  but  not 
saturated,  undercoat,  for  excess  water  Is  likely  to  Injure 
the  bond  seriously.  Certain  types  of  finish,  such  as  the  wet 
mixtures  used  for  sand  spraying,  or  for  the  "spatter  dash" 
finish,  may  preferably  be  applied  to  a  fairly  dry  undercoat. 
since  suction  must  be  depended  upon  to  prevent  streaklness 
and  muddy  appearance.  The  fact  that  finishes  of  this  type 
applied  in  this  manner  may  set  and  dry  out  with  little 
strength  is  not  serious;  they  gradually  attain  sufficient  hard- 
ness  with  exposure  to  the  weather. 

Curing  of  the  undercoats  by  sprinkling,  and  protection  of 
finish  coats  against  sun.  wind,  rain  and  frost  by  means  of 
tarpaulins  are  always  to  be  recommended.  This  is  not  al- 
ways feasible,  however,  and  the  architect  should  be  content 
to  .specify  and  insist  upon  reasonable  precautions.  The  ap- 
plication of  cement  stucco  in  freezing  weather  should  be 
avoided,  and  in  fact  temperatures  slightly  above  the  freezing 
point  may  allow  frost  to  form  on  a  damp  wall.  The  applica- 
tion of  stucco  under  such  conditions  is  likely  to  result  In 
failure. 


Steel   Hull   Floating  Pile  Driver.— The  Eucyrus  Co.  has  re- 
cently sold  to  the  Government  of  the  Philippine  Islands,  a 

_    _  .  large   floating  pile  driver  with  a  steel  hull  for  driving  con- 

The    function    of    the    second    coat    (commonly    called    the      ^^^^^  ^.j^^  ^.^^  ^^^  construction  of  docks.    This  is  the  second 
brown  or  straightening  coat)  is  to  establish  a  true  and  even      ^.^^  driver  of  its  type  that  has  ever  been  built.     The  first 
surface  upon  which  to  apply  the  finish.     It  forms  the  body      ^^.^^  ^^  ^^^.^  companv  was  used  for  harbor  improvement  and 
of  the  stucco,  and  must  fill  the  hollows  and  cover  the  humps      ^^^^  construction  in  Halifax,  Xova  Scotia, 
of  the  scratch  coat.     For  this  reason   an   average  thickness 
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Condition  of  Research  Work  in 
the  United  States* 

By  ARTHUR  M.  GREENE,  JR., 

Jri ofc.ssor    of    Mechanical    Engineering.    Rensselaer    I^olytechnic. 
Institute. 

Research  work,  quite  general  before  the  present  war,  be- 
came more  extensive  in  overcoming  the  dastardly  appliances 
of  the  Hun  in  devising  new  apparatus,  products  and  manufac- 
turing methods  and  in  improving  quality  and  production.  The 
war  has  demonstrated,  if  demonstration  was  necessary,  the 
value  of  research,  and  it  is  now  the  opinion  of  most  of  us  that 
this  stimulating  viewpoint  should  not  be  lost  and  that  the  war- 
time interest  should  be  continued. 

The  cost  of  research  in  the  past  has  been  such  that  in  many 
cases  it  could  only  be  undertaken  in  an  extensive  way  by 
large  corporations.  The  necessity  and  value  have  been  evi- 
dent but  the  small  plant  has  been  unable  to  inaugurate  that 
which  it  has  known  to  be  of  value.  In  other  instances  there 
have  been  investigations  which  have  been  of  such  a  nature 
that  there  would  be  no  commercial  gain  from  their  results, 
although  of  great  use  to  mankind.  The  necessity  of  such 
work  has  been  clearly  seen  and  appreciated  by  some,  and  in 
this  country  institutions  and  foundations  have  been  estab 
lished  by  public-spirited  citizens  to  carry  on  investigations  or 
to  give  grants  to  those  who  are  working  on  problems  for  the 
general  good.  The  reference  is  to  such  organizations  as  the 
Rockefeller  Institute  for  Medical  Research,  the  Carnegie  In- 
stitute of  Washington,  and  the  Sage  Foundation. 

A  number  of  private  commercial  laboratories  have  been  un- 
dertaking commissions  for  clients,  but  recently  the  plan 
worked  out  years  ago  by  the  Associated  Factory  Mutual  Fire 
Insurance  Companies  of  New  England  in  their  co-operative 
laboratory  and  the  Insurance  Engineering  Experiment  Station 
has  been  applied  in  the  co-operative  work  of  certain  indus- 
tries. These  investigations  bave  been  undertaken  by  an  in- 
dustry as  a  whole  or  by  group  of  manufacturers,  and  the  re- 
sults have  been  distributed  among  the  contributors  to  the  ex- 
pense funds,  or,  in  certain  cases,  the  results  of  the  experi- 
ments have  been  freely  given  to  the  world. 

Research  in  Technical-School  Laboratories. — The  general 
equipment  of  the  university  laboratories  is  planned  to  give 
training  to  the  undergraduate  in  methods  and  to  illustrate  cer- 
tain laws.  The  engineering  laboratories  are  equipped  so  that 
research  work  is  possible,  hut  in  many  cases  the  schedule  for 
instruction  work  is  so  heavy  that  little  or  no  research  work 
can  be  done.  Nevertheless,  under  these  adverse  conditions 
some  work  of  great  value  has  been  produced  during  the  last 
30  years  in  the  technical  schools  by  faculty  members,  graduate 
students  and  even  by  undergraduates.  The  lack  of  time  for 
experimentation  has  been  cared  for  in  the  engineering  ex- 
periment stations  by  the  employment  of  full-  or  part-time  in- 
vestigators. In  this  way  work  can  be  carried  on  continuously 
to  a  conclusion.  At  present  the  disorganization  of  these  labo- 
ratories by  war  activities  has  caused  most  of  the  work  to 
cease.  A  return  to  normal  conditions,  however,  is  looked  for 
within  a  year.  The  laboratories  of  chemistry,  physics,  biology 
and  the  other  sciences  have  been  doing  mucb  graduate  re- 
search work.  This  has  been  of  a  theoretical  nature  rather 
than  of  the  applied  form  of  research  more  evident  in  our  en- 
gineering laboratories.  The  small  number  of  graduate  stu- 
dents of  engineering  has  partially  accounted  for  the  limited 
amount  of  research  from  the  engineering  schools. 

The  equipment  of  these  technical  schools  is  usually  quite 
diversified  and  adapted  for  research  work  of  a  varied  nature. 
The  equipment  has  been  planned  in  many  cases  for  certain 
problems  and  in  some  instances  contributions  have  been  made 
by  some  associated  industries  for  equipment  to  make  investi- 
gations of  problems  of  that  industry.  Thus,  at  Johns  Hopkins 
University  the  gas  interests  in  and  around  Baltimore  donated 
a  fund  for  the  equipment  of  a  laboratory  to  study  gas  manu- 
facture and  its  by-products.  At  the  Carnegie  Institute  of 
Technology  at  Pittsburgh  a  laboratory  for  rolling-mill  research 
and  instruction  is  being  established  from  funds  which  are 
contributed  by  a  number  of  steel  manufacturers. 

•'Abstract  of  a  paper  presented  at  the  spring-  meetinir.  Detroit. 
Mich.  .June  16  to  lit.  191S.  of  The  American  Society  of  Mechanical 
Engineers. 


One  of  the  great  needs  of  the  present  time  as  voiced  by 
directors  of  a  large  Government  laboratory  and  of  a  large 
commercial  laboratory  is  the  need  for  more  research  men. 
Research  demands  a  man  of  clear  vision,  great  imagination, 
tremendous  resources,  absolute  honesty,  good  training  and 
devotion  to  work.  The  love  of  the  work  will  have  to  be  the 
incentive,  as  in  many  cases  the  monetary  returns  are  small. 
If  our  colleges  of  engineering  and  science  could  by  some 
means  instill  into  more  men  the  great  desire  for  discovery 
through  research  they  would  aid  much  in  the  contributions  of 
this  age  to  the  future.  Training  is  also  necessary,  and'  that 
should  be  done  by  men  engaged  in  research. 

Engineering  Experiment  Stations. — To  aid  the  work  of  re- 
search for  thi>  industries  and  manufacturers  by  supporting 
men  on  whole  or  part  time  to  carry  out  investigations,  engi- 
neering experiment  stations  have  been  established  in  many 
state  universities.  These  have  been  active  and  the  develop- 
ment of  such  institutions  is  considered  by  some  to  be  of  such 
national  importance  that  several  bills  have  been  introduced 
in  Congress  for  Government  aid  in  establishing  them  through- 
out the  United  States. 

The  Engineering  Experiment  Station  of  the  University  of 
Illinois,  organized  in  1903.  usually  comes  to  mind  when  dis- 
cussing this  question,  although  there  are  fourteen  such  sta- 
tions at  other  state  universities.  The  Engineering  Experi- 
ment Station  of  the  University  of  Illinois  up  to  January,  1<)19. 
has  issued  110  bulletins  and  10  circulars  on  its  researches. 
Twenty-eight  of  these  deal  with  structural  problems,  28  with 
problems  relating  to  fuel,  its  mining,  storing,  combustion  and 
analysis,  10  with  problems  of  mechanics,  strength  of  materials 
and  machine  design.  14  with  heat  problems  and  11  with  prob- 
lems of  electricity  and  electrochemistry.  These  papers  are 
sent  free  of  cost  to  interested  parties  in  some  cases,  and  in 
other  cases  a  nominal  charge  is  made. 

Co-operative  Research.— While  discussing  the  subject  of  the 
experiment  station,  the  possibility  of  the  co-operative  research 
as  show-n  by  present  conditions  and  thedifferent  methods  of 
solving  this  problem  should  be  mentioned.  The  problems  ot 
hot-air  furnace  heating  have  been  solved  by  empirical  rules 
which  have  hadlittle  if  any  scientific  foundation.  An  associa- 
tion of  builders  of  hot-air  furnaces  has  granted  the  Engineer- 
ing Experiment  Station  of  the  University  of  Illinois  certain 
funds  of  money  to  finance  an  investigation  of  these  problems. 
the  results  of  the  investigation  to  be  made  public  at  its  con- 
clusion. 

The  problems  of  metal  i-olling  are  complex  and  have  been 
studied  in  the  past  with  difficulty  because  investigations  must 
not  interfere  with  production.  The  co-operative  plan  of  equip- 
ping a  full. size  rolling  null  at  the  Carnegie  Institute  of  Tech- 
nology equipped  with  special  apparatus  for  varying  conditions 
and  making  quantitative  determination  of  different  data  ex- 
emplifies what  is  being  done  by  another  industry. 

The  Mellon  Institute  of  Research  of  the  University  of  Fitts- 
bugh  is  unique  and  illustrates  a  development  of  research  by 
funds  contributed  to  a  laboratory  by  individuals,  corporations 
or  industries  for  the  solution  of  problems  confronting  them. 
The  Institute  was  organized  about  13  years  ago  by  Dr.  Robert 
Kennedy  Duncan,  and  the  contribution  of  funds  for  the  sup- 
port of  the  research  was  continued  by  each  contributor  for 
one  or  more  years.  The  money  so  received  served  to  pay  the 
salary  of  the  man  or  men  on  a  special  piece  of  research  work 
and  to  pay  for  very  special  apparatus.  The  Institute  houses 
the  research,  furnishes  ordinary  supplies  and  apparatus,  af- 
fords library  and  consultation  facilities  and  directs  the  work. 
The  investigations  aie  made  for  the  donor  and  the  results 
belong  to  him.  At  present  the  work  is  under  the  charge  of 
a  director,  acting  through  two  assistant  directors  in  charge 
of  the  fellows  on  individual  and  multiple  fellowships.  In  the 
Institute  a  method  of  developing  complete  unit  experimental 
plants  to  study  processes  for  certain  donors  has  been  used. 
In  this  way  commercial  processes  have  been  developed  from 
laboratory  research  in  a  way  not  done  in  many  other  research 
laboratories. 

A  list  of  co-operative  efforts  in  research  must  mention  the 
work  of  the  laboratories  of  the  Factory  Mutual  Fire  Insur- 
ance Companies.  The  work  of  this  association  has  covered 
many  years,  some  of  its  bulletins  being  issued  over  30  years 
ago. 

Government  Activities  In  Research. — The  Bureau  of  Stand- 
ards  at    Washington    and    Pittsbnrgh,   the   laboratory   of   the 
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United  States  Geological  Survey  at  I'ittsbiirgh,  the  Food  l-ato- 
r.itory  and  Forest  Products  Laboratory  of  the  Department  of 
Agriculture  anu  the  Naval  Experiment  Station  at  Annapolis, 
are  a  few  of  the  Government  activities  interested  in  research. 
At  the  Bureau  of  Standards  research  work  is  being  done  in 
physics,  chemistry,  metallurgy,  manufacturing  and  engineer- 
ing. There  is  hardly  a  branch  of  human  endeavor  which  is 
not  touched  by  this  enormous  research  laboratory.  In  1917- 
1918  there  were  over  1,400  employes  connected  with  the 
bureau,  and  accounts  aggregating  more  than  $3,400,000  were 
handled.  During  this  year  the  bureau  issued  53  publications, 
and  these  may  be  obtained  through  correspondence. 

The  primary  work  of  the  bureau  is  the  definition  and  tixing 
of  standards  of  measurements,  standard  constants,  standards 
of  quality,  standards  of  performance  and  standards  of  practice, 
and  to  do  this  they  have  divided  the  scientific  and  technical 
staff  into  a  division  of  weights  and  measures,  a  division  ot 
heat  and  thermometry,  an  electrical  division,  an  optical  divi- 
sion, a  chemical  division,  a  materials  division,  an  engineering 
research  division,  a  metallurgical  division,  and  a  ceramic  divi- 
sion. Each  division  is  under  a  Chief  of  Division,  and  under 
him  there  are  numerous  experts  and  assistants.  The  bureau 
feels  that  its  function  is  one  of  service  to  the  nation,  and  it 
endeavors  to  aid  all  who  apply  for  information  or  guidance. 

The  work  of  the  Gage  Section  of  the  Bureau  of  Standards 
during  the  recent  war  activities  must  be  remembered  as  of 
the  greatest  importance.  This  department  undertook  to  regu- 
late the  gages  used  in  the  various  manufacturing  plants 
through  its  headquarters  in  Washington  and  its  branches  in 
the  East  and  the  Middle  West.  The  Section  has  developed 
instruments  for  testing  screws-thread  gages  for  profile  and 
pitch,  instruments  for  end  measurements,  and,  in  fact,  it  is 
prepared  to  test  any  commercial  gage  or  templet  for  accuracy. 
The  Section  has  studied  the  salvaging  of  gages  and  is  vitally 
interested  in  the  problems  of  duplicate  production. 

The  activities  of  the  laboratories  of  the  Geological  Survey 
and  the  Department  of  Agriculture  are  devoted  to  their  spe- 
cial fields  of  endeavor,  and  in  each  case  scientists  of  training 
and  experience  are  in  charge  of  the  research. 

The  U.-  S.  Naval  Experiment  Station  at  Annapolis,  Md.,  is 
used  to  study  the  apparatus  and  materials  used  by  the  U.  S. 
Navy  gr  certain  Government  bureaus.  The  work  consists  in 
making  tests  on  these,  and  in  addition  researches  regarding 
the  general  laws  underlying  the  apparatus  have  been  under- 
taken. The  Station  is  well  equipped  with  apparatus  and  an 
excellent  staff.  The  w-ork  of  the  Station  is  for  Government 
information,  but  frequent  papers  by  members  of  the  staff  ap- 
pear at  times  before  various  technical  societies. 

The  Forest  Products  Laboratory  of  the  United  States  De- 
partment of  Agriculture  at  Madison.  Wis.,  is  devoted  to  prob- 
lems relating  to  the  applications  of  forest  products. 

The  Watertown  Arsenal  is  equipped  for  research  in  mate- 
rials of  engineering.  The  reports  from  this  laboratory  have 
been  for  years  the  source  of  many  data  on  the  strength  ot 
materials.  The  Philadelphia  Navy  Yard  is  equipped  for  re- 
search in  fuel  oils,  while  the  Washington  Navy  Yard  is 
equipped  for  testing  ship  model. .  propellers,  airplanes  and 
air  propellers.  The  wind  tunnels  and  testing-basin  are  of  spe- 
cial merit. 

The  research  activities  of  the  American  Society  of  Heating 
and  Ventilating  Engineers  in  connection  with  the  Pittsburgh 
Laboratory  of  the  United  States  Geological  Survey  is  impor- 
tant and  illustrates  the  activities  of  certain  groups  of  scien- 
tists and  engineers.  This  society  plans  to  make  researches 
regarding  problems  arising  in  its  field  of  endeavor  for  the 
benefit  of  the  professioif  and  the  public.  In  this  project  the 
expenditure  of  |20,000  per  year  for  a  number  of  years  is  pro- 
posed. 

Commercial  Research.— The  private  research  laboratories  ot 
the  country  are  primarily  devoted  to  investigations  of  mate- 
rials for  commercial  purposes,  to  check  products  or  raw  mate- 
rials or  to  improve  the  product.  Much  of  the  work  done  by 
these  laboratories  is  of  the  nature  of  inspection,  but  in  many 
of  them  the  commisions  undertaken  for  clients  have  been  of  a 
true  research  nature,  in  finding  the  cause  of  defects,  the 
methods  of  improving  product  and  in  some  cases  planning 
actual  production  methods  or  processes.  Many  of  these  labo- 
ratories have  been  in  existence  for  almost  a  half  a  century: 
.  others  have  been  developed  in  the  last  decade  from  a  local 
need  fcr  such  institutions. 

The  work  ot  these  private  laboratories  covers  all  fields  of  in- 
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vestigations  and  new  equipment  is  obtained  iu  many  cai>e8  (ur 
special  investigations.  In  some  cases  a  laboratory  haH  been 
specializing  in  pi-oblems  of  a  ijefinite  character  and  ita  t'liuip- 
menl  for  this  work  is  expensive  and  complete. 

Industrial  Research. — The  last  division  o(  research  activ- 
ities is  the  one  which  undoubtedly  represents  the  largest  ex- 
penditure of  money  for  operation,  maintenance  and  equipment. 
11  is  the  one  including  the  various  laboratories' of  the  manu- 
facturing plants  of  the  country. 

The  laboratories  occupy  two  fields,  one  the  examinatiou, 
inspection  and  testing  ot  raw  materials  or  finished  products. 
in  which  the  laboratory  is  called  in  many  cases  the  test 
laboratory;  the  other  concerned  in  determining  physical  and 
chemical  properties  and  constants  ot  maleriaU,  thp  investiga- 
tion, development  or  invention  of  new  metb(^(l8,  prQCeSses  ot 
manufacture,  or  even  of  products  and  the  testing  ot  these  nev 
schemes,  in  which  case  the  laboratory  is  termed  the  research 
laboratory.  In  many  instances  the  test  laboratories  are  de- 
voted to  routine  work,  while  in  others  researches  ot  Impor- 
tance are  carried  out  in  the  test  department.  In  some  organ- 
izations the  laboratory  combines  both  features  under  one 
head. 

One  of  the  oldest  and  largest  of  the  laboratories  ot  the  cor- 
porations is  that  of  the  Pennsylvania  R.  R.  at  Altoona.  Pa. 
It  was  established  in  1874,  and  at  present  its  statf  of  workers 
is  over  600  men,  half  of  whom  are  engaged  in  inspection  work. 
The  expenses  of  this  laboratory  are  about  $500,000  per  year, 
and  the  work  of  the  department  is  the  preparation  of  specifica- 
tions for  materials  and  supplies  of  the  Pennsylvania  System. 
The  locomotive  testing  plant,  which  was  such  a  prominent 
part  of  the  St.  Louis  Exposition,  has  been  used  at  Altoona  for 
further  work  in  locomotive  research.  For  studying  problems 
on  the  roa'd  a  dynamometer  car  is  used  by  the  laboratory.  A 
unique  part  of  their  equipment  is  a  laboratory  car  which  may 
be  sent  to  various  iiarts  of  the  system  for  the  solution  of  local 
chemical  problems  or  for  other  purposes. 

The  laboratories  of  the  Westinghouse  Electric  &  Manufac- 
turing Co.  at  Pittsburgh.  Pa.,  and  ot  the  General  Electric  Co. 
at  Pittsfield,  Harrison.  Cleveland,  Lynn  and  Schenectady,  rep- 
resent the  large  laboratories  of  the  manufacturers  ot  electric 
apparatus.  In  both  of  these  companies  the  main  research 
laboratories  have  forces  of  more  than  100  men,  and  the  budget 
of  each  amounts  to  |500,000  per  year. 

In  the  Schenectady  plant  of  the  General  Electric  Co.  the 
department  of  tests  is  independent  of  the  research  laboratory. 
The  reasearch  laboratory  is  devoted  to  problems  ot  the  devel- 
opment of  new^  materials,  processes  and  apparatus,  and.  as  its 
name  indicates,  its  work  Is  of  a  research  nature. 

Work  in  pure  science,  which  at  the  inception  has  no  com- 
mercial aim  in  view,  is  one  ot  the  activities  of  this  laboratory 
and  the  publications  ot  its  results  in  the  transactions  ot  scien- 
tific societies  gives  evidence  of  such  work.  The  results  ot 
these  investigations  In  some  cases  have  led  to  results  of  great 
commercial  value — as  in  the  case  of  the  gas-flUed  lamp,  which 
had  its  origin  in  a  research  on  the  laws  governing  the  loss  ot 
heat  from  small  wires  coupled  with  an  Investigation  on  the 
evaporation  of  tungsten. 

The  research  laboratory  has  as  another  of  its  functions  the 
development  of  processes  or  of  improved  or  new  materials. 
The  method  of  producing  drawn  tungsten  wire,  the  production 
of  insulating  material,  the  improvement  of  transformer  steel 
and  the  investigation  of  alloys  represent  certain  ot  the  prob- 
lems of  this  laboratory.  Here  science  has  been  applied  for  a 
definite  commercial  end.  Another  function  of  the  laboratory 
is  to  make  certain  products  tor  which  there  Is  but  a  limited 
demand.  Thus  the  Coolidge  X-ray  tube,  certain  ttihgsten  prod- 
ucts and  targets  for  X-ray  tubes  are  manufactured  in  this 
laboratory. 

The  equipment  of  the  laboratory  is  most  complete  for  its 
activities  There  are  sixteen  machines  In  Its  power  plant 
giving  power  at  different  voltages  and  frequencies.  Fre- 
quencies from  25  cycles  to  2.000  cycles  may  be  had  and  by 
transformers  voltages  as  high  as  200,000  or  currents  of  12.000 
amperes  may  be  obtained.  The  building  Is  piped  with  city 
water  river  water,  illuminating  gas.  high-pressure  hydrogen, 
low-pressure  hydrogen,  oxygen,  high-pressure  steam,  com- 
pressed air  and  vacuum  suction  and  vacuum  cleaning.  Dis- 
tilled water  is  supplied  to  any  room  by  gravity,  and  liquid  air 
mav  also  be  obtained.  Various  kinds  of  gas  and  electric 
vacuum  and  arch  furnaces  are  installed  In  one  part  of  the 
building.     A  furnace  Is  installed  for  argon  purification.    \  arl- 
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ous  crushers,  grinders,  rolls,  punches  and  a  60-ton  hydraulic 
press  are  installed. 

The  illuminating  laboratory,  which  is  distinct  from  the  re- 
search laboratory,  is  devoted  to  special  problems  in  studying 
the  best  lighting  units  or  methods  of  utilizing  these  units. 
The  consulting  engineering  department  laboratory,  devoted  to 
high-tension  phenomena,  the  testing  laboratory  for  materials, 
the  standardization  laboratory  for  instruments  and  the  devel- 
opment of  new  instruments  represent  activities  at  Schenec- 
tady, which  are  devoted  to  research  in  their  commercial 
routine  duties.  Many  engineering  departments  are  constantly 
making  investigations  which  are  of  a  research  nature. 

The  work  at  the  laboratories  at  Lynn  and  Pittsfield  is 
largely  applied  to  the  production  problems  of  these  plants, 
and  at  Harrison  and  Cleveland  the  problems  of  lamp  produc- 
tion are  studied.  The  problems  of  the  Westinghouse  Co.  are 
of  a  similar  nature  to  those  of  the  General  Electric  Co. 

The  research  laboratory  of  the  Eastman  Kodak  Co.  rep- 
resents the  research  activity  of  another  manufacturing  corpo- 
ration. The  staff  of  this  laboratory  consists  of  about  50  men, 
some  15  of  whom  are  specialists.  The  budget  amounts  to 
more  than  $100,000.  The  work  of  the  laboratory  is  devoted  to 
physics,  chemistry,  to  plant  problems  and  new  development. 
In  this  laboratory  full-size  apparatus  is  used  at  times  in  mak- 
ing research.  As  shown  by  the  equipment  of  many  labora- 
tories, the  study  of  complete  processes  in  the  laboratory  on  a 
commercial  scale  is  one  of  the  features  of  the  times.  The 
problems  of  this  laboratory  are  organic,  inorganic  and  col- 
loidal chemistry,  optics,  color  photography,  film  products  and 
applications  of  general  photography,  chemical  products  and 
emulsions. 

The  laboratory  of  the  National  Lamp  Association,  now  the 
Nela  Park  Laboratory  at  the  National  Lamp  Works  of  the 
General  Electric  Co.  at  Cleveland,  O.,  represents  one  of  the 
best-known  research  institutions  of  this  country.  The  re- 
search work  of  this  laboratory  is  devoted  to  the  physics, 
physiology  and  psychology  of  light,  the  production,  utilization 
and  efflciency  of  luminous  energy.  In  this  laboratory,  with  a 
staff  of  eight  investigators  of  the  highest  ability  directing  the 
work,  all  kinds  of  illuminating  problems  are  studied  from 
every  angle.  The  laboratory  has  a  policy  of  sending  out  its 
experts  to  study  local  conditions,  and  in  many  cases  investi- 
gators from  other  institutions  come  to  this  laboratory  to  carry 
on  research.  During  the  first  eight  years  of  its  existence  from 
1908  the  laboratory  has  produced  125  high-grade  papers. 
These  are  abstracted  by  the  authors  and  the  abstracts  pub- 
lished at  intervals.  In  having  abstracts  made  by  the  authors 
the  important  points  of  the  researches  are  sure  to  be  covered. 

Still  another  agency  which  not  only  has  been  of  utmost  im- 
portance during  the  present  war,  but  also  in  its  continuance 
in  the  times  of  peace,  will  have  a  still  greater  influence  on  the 
developments  in  science  and  industry  is  the  National  Research 
Council 

The  National  Research  Council  was  under  the  chairmanship 
of  Dr.  George  E.  Hale,  with  three  vice-chairmen,  an  executive 
secretary,  a  treasurer  and  two  assistant  secretaries.  The 
executive  board,  under  the  chairmanship  of  Dr.  John  J.  Carty, 
consisted  of  the  officers  of  the  Council,  the  chairman  and  vice- 
chairman  of  divisions  and  the  chairman  of  sections  of  the 
General  Relations  Divisions,  together  with  six  elected  mem- 
bers.   The  Divisions  of  the  Council  were  as  follows: 

1.  The  Division  of  General  Relations. 

2.  Military  Division  with  its  Research  Information  Service. 

3.  Division  of  Engineering. 

4.  Division  of  Physics,  Mathematics,  Astronomy  and 
Geophysics. 

5.  Division  of  Chemistry  and  Chemical  Technology. 

6.  Division  of  Geology  and  Geography. 

7.  Division  of  Medicine  and  Related  Sciences. 

8.  Division  of  Agriculture,  Botany,  Forestry,  Zoology  and 
Fisheries. 

Each  division  was  divided  into  committees  and  sections, 
covering  special  features  of  the  work.  There  were  over  one 
hundred  scientists  representing  various  technical  and  scien- 
tific societies,  educational  institutions,  commercial  labora- 
tories and  manufacturers. 

The  work  accomplished  by  the  council  during  the  war  has 
been  so  important  and  many  of  the  investigations  and  re- 
searches which  were  not  completed  gave  so  much  promise  for 
the  future  that  the  council  has  been  reorganized  to  continue  in 
work  for  the  furtherance  of  science  and  its  applications. 


Scale  of   Charges  of   Building   Trades  for 
Use  of   Small  Tcols 

The  following  tabulation,  reprinted  from  the  monthly  news 
Idler  of  the  Associated  General  Contractors  of  America 
.shows  the  scale  of  charges  for  the  use  of  small  tools  and 
;'ppliances  recognized  by  the  Building  Construction  Employ- 
ers' Association  of  Chicago: 
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Carpenter   foreman    $1.25  $0.07 

Carpenter    journevman    SO  .045 

Carpenter    latjorer    62V4  .035 

Mason    foreman     1.25  .07 

Mason   joiirne.vman    S7'^  .055 

Mason    laborer    57%  .03 

Laborer     foreman     85  .04 

Mason    scaffold    builder.s    and 

mortarman     65  .03 

.Shoring    foreman    1.00  .11 

Shorers     62'^  .07 

Caisson    foreTnan    1.25  .08 

Caisson    dift'gers     77%  -055 

Nig-gerheadmen     70  .05 

Caisson  riggers  and  laggers. .     .90  .06 

Iron  setter   foreman,   struct...   1.25  .25 

Iron  .setter  journeym'n,  struct.     .87%  .12 

Iron    setter    foreman,    orna. ..   1.25  .095 

Iron  setter  journeyman,  orna.     .80  .06 

Hol.stirig    engineer     87%  .05 

Hoisting      engineer.       derrick 

work    87%  .12 

Steamfitter     foreman     1.25  .05 

Steamfitter    iourneyman     87%  .0375 

.Steamfitter    helper    45  .0375 

Phimber  foreman    1.25  .05 

Plumber    iourneyman     87%  .0375 

Plumber    laborer     57%  .0375 

Gas    fitter     87%  .0375 

Drain    layer     68%  .0375 

Painter    foreman     90  .07 

Painter    journeyman     75  .05 

Decorator   foreman    1.00  .07 

Decorator    journeyman    80  .05 

Comp.    roofer    foreman    1  00  .07 

Comp.    roofer    journeyman     . .     .77%  .055 

Tile  and  slate  roofer  foreman  1.^0  .07 

Tile  and  slate  roofer  j'rneym'n     .80  .07 

Tile    and    slate    roofer   helper.     .65  .07 

Sheet    metal    foreman    1.20  .07 

Sheet    metal   journeyman 80  .05 

Sheet    metal    laborer    65  .05 

Sheet    metal    .srlazier    77%  .07 

Cement    finisher    foreman    . . .   1.10  .07 

Cement    finisher    joiimeyman.     .80  .05 

Cement    finisher    helper    625  .035 

Plasterer    foreman     1.25  .00 

Plasterer    journeyman     87%  .00 

Plasterer    laborer     62%  .00 

Lather    journeyman     81  %  .00 

Pipe  coverer  foreinan   1.25  .04 

Pipe    coverer    journeyman     . .     .81^4  .03% 

Pipe  coverer  helper 50  .03 

Stack    lining     81%  .0.1% 

Electrical     foreman     1.25  .05 

Klectrical    journeyman     87%  .04 

Stone  cutters  foreman    1,00  .02 

Stone    cutters    iourneyman    ..     .Sl'.i  .016 

Stone    cutters    laborers    57%  .03 

Waterproofing     SO  .02 

Concrete    foreman    1.25  .07 

Time    keener    65  .02 

Concrete    laborer    57%  .035 

Tuckpointers     and     extension 

wall    cleaners     87%  ,21 
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Bill  for  Relief  of  Treasury  Department 
Building  Contractors 

A  bill  for  reimbursing  contractors  for  post  offices  and  other 
Treasury  Department  structures  for  the  increased  construc- 
tion costs  due  to  war  conditions  was  introduced  in  the  House 
of  Representatives  on  June  20.   The  text  of  the  bill  follows: 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of 
the  United  States  of  America  in  Congress  assembled.  That  the 
Secretary  of  the  Treasury  is  hereby  authorized  and  directed, 
under  such,  regulations  as  he  may  prescribe,  to  receive  fully 
itemized  and  verified  claims  and  reimburse  contractors  and  their 
sub-contractors,  including  material  men,  for  the  construction,  im- 
provement, special  repair,  equipment,  or  furnishing  of  post  offices 
and  other  buildings  or  work  under  the  supervision  of  the  Treasury 
Department  (as  well  as  the  United  States  courthouse  in  the  Dis- 
trict of  Columbia  and  the  approaches  and  retaining  wall  to  the 
Lincoln  Memorial  in  the  District  of  Columbia)  whose  contracts 
were  awarded  or  whose  bids  as  thereafter  accepted  were  mailed 
or  delivered  to  the  proper  governmental  authority  prior  to  the 
entrance  of  the  United  States  into  the  war  with  Germany,  to-wit, 
April    6.    1917,    and    whose    contracts    have    been    or    will    be    com- 
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pleted  after  said  date,   for  increased  costs  thereafter  arising  from, 
due  either,  first,  to  increased  cost  of  labor  or  materials,  or,  second, 
to  delay   on   account   of   the   action    of   the   United    States   Priority 
Board  or  other  tovernmental  activities,   or,   third,   to  commandeer- 
ing by  the  United  States  Government  of  plants  or  materials  shown 
to  the  .Secretary  of  the  Treasury  to  have  been  sustained  by  them 
in    the   fulfillment   of   such    contracts   by   reason   of    war   conditions 
aione:    Provided.    That    any    sub-contractor    may    submit   his    claim 
through  the  contractor  or  to  the   Secretary  of  the  Treasury.     And 
the   Secretary  of  the   Treasury'  is  hereby  directed   to   submit  from 
time   to    time   estimates   for   appropriations   to    carry   out    the   pro- 
visions   of    this    Act:    Provided    further.    That    no    claims    for    such 
reimbursement   shall   be    paid    unless    filed    with    the   Treasury   De- 
partment within  three  months  after  the  passage  of  this  Act:   And 
provided    further,    That    in    no    case    shall    the    contractor    or    sub- 
contractor be  reimbursed  to  an  extent  greater  than  is  sufficient  to 
cover   his   actual   increased   cost    ift    fulfilling   his   contract   or   sub- 
contract,   exclusive    of    any   and    all    profits    to    such    contractor   or 
sub-contractor;    nor    shall    such    reimbursement    include    any    ad- 
vances  or   payments   made   by  the   sureties   of   such   contractor   or 
sub-contractor  in  executing  the  work,  but  the  surety  on  any  con- 
tract coming  within  the  provisions  of  this  Act  who,  as  surety,  has 
completed,  or  may  complete,  the  work  of  any  defaulting  contractor 
on   any   such    contract,    or   who   has   furnished    financial   assistance 
to   a   failing  contractor   on    any   such   contract   whereby   such   con- 
tractor   has    been    enabled    to    complete    such    contract,    may    file 
claim,   within   the  period  hereinbefore   fixed,   and   be  reimbursed  in 
the    manner   hereinbefore    provided   for   the    increased    cost    due    to 
the    causes    hereinbefore    specified   of   the   labor   and   material   sup- 
plied in  so  completing  any  such  contract,  or  for  the  increased  cost 
of   the   labor    and    material    paid    for    from    funds    so    furnished    by 
such    surety:    And    provided    further,    That    the    Secretary    of    the 
Treasury   shall    report   to   Congress  at    the   beginning  of  each   ses- 
sion   thereof    the    amount    of    each    expenditure    and    the    facts    on 
which  the  same  is  based. 


Computation  Diagram  for  Reinforced  Con- 
crete Work 

A  diagram  that  has  proved  very  useful  for  computation 
■work  either  in  designing  or  in  reviewing  plans  for  reinforced 
concrete  construction  is  illustrated.  The  chart  has  been  used 
extensively  in  the  U.  S.  Quartermaster's  Department  for  sev- 
eral years.  During  the  past  2  years  it  is  safe  to  say  that  it 
has  been  employed  in  the  computation  work  for  several  hun- 


Tests  of  Bearing  Power  of  Shale 

In  connection  with  the  preliminary  work  for  the  Bluor  Si. 
viaduct  at  Toronto.  Ont.,  invostiKalions  were  made  of  the 
bearing  value  of  the  shale  on  which  several  piers  were  to 
rest.  These  tests  are  described  by  Mr.  Thomas  Taylor  lu 
the  .loMrnal  of  the  Engineering  Institute  of  Canada,  from 
which  this  note  is  taken. 

In  the  first  place,  laboratory  tests  were  made  on  speci- 
mens taken  from  the  quarry  of  the  Don  Valley  Brick  Works. 
These  were  selected  from  the  softest  strata  in  the  quarry 
face  and  were  considered  to  be  representative  of  the  soft- 
est material  beneath  the  piers.  Owing  to  the  kiminuled 
structure  of  the  shale  and  its  tendency  to  break  down  when 
exposed  to  air  it  was  impossible  to  get  specimens  greater 
than  2-in,  cubes;  and  of  those  obtained,  only  one  could  be 
considered  perfect.  When  tested  in  compression  this  speci- 
men failed  at  1,500  lb.  per  square  inch,  while  the  worst 
specimen  sustained  ever  500  lb.  per  square  inch,  the  others 
giving  intermediate  values. 

As  such  shale  in  place  has  important  advantages  over 
small  specimens,  viz.;  exclusion  from  air  and  lateral  sup- 
port, it  was  decided  to  secure  information  as  to  its  carrying 
capacity  when  undisturbed.  In  the  excavation  for  an  addi- 
tion to  the  John  St.  pumping  station  shale  was  exposed 
which  was  apparently  identical  in  character  with  that  ob- 
tained by  the  core  drill  in  the  borings  for  the  Bloor  St.  via- 
duct. With  the  co-operation  of  the  Waterworks  Section  of 
the  Dep.Trtment  of  Works  loading  tests  were  made  there 
under  favorable  conditions,  the  layers  being  undisturbed  and 
the  surface  being  covered  with  water. 

As  heavy  loads  wore  required  to  give  appreciable  settle- 
ments, a  special  plattrom  of  steel  shapes  was  constructed. 
After  several  strata  were  removed  exposing  the  softer  shale, 
the  latter  was  carefully  leveled  off  for  bearing  and  the  plat- 
form erected  with  the  foot  of  the  mast  resting  on  a  casting 
SVs.  in.  square,  while  the  top  was  braced  against  overturning. 
Special  care  was  taken  to  determine  settlement  and  to  check 
results. 

On  Dec.  10,  1913,  pig  iron  was  gradually  loaded  on  the 
platform  from  1;.30  to  5:45  p.  m.,  the  total  load  being  28,670 
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THOUSANDS    OF    INCH-POUNDS 
)6.0OO   LBS.    STRESS    IN    STEEL  tTj",?  "  "rrT 

Computation    Diagram    for    Reinforced    Concrete    Floor    Slabs,    Retaining   Walls,   Etj:. 


dred  reinforced  concrete  structures.  The  diagram  was  de- 
vised by  Maj.  L.  S.  Doten,  1714  Euclid  St.,  N.  W.,  Washing- 
ton, D.  C. 


Sixty.five  Per  Cent  of  Fabricating  Shops  Contracted  for  In 
June.— The  records  of  the  Bridge  Builders  &  Structural  So- 
ciety as  collected,  by  its  secretary,  show  that  during  the 
month  of  June,  1919,  65  per  cent  of  the  entire  capacity  of  the 
bridge  and  structural  shops  of  the  country  was  contracted 
for. 


lb.,  causing  a  gradual  settlement  of  0.09  in.  during  that 
tiino  and  a  further  settlement  of  0.09  in.  before  8:15  on  the 
following  morning.  Additional  pig  iron  was  then  added  until 
2:45  p.  m.,  when  the  total  load  was  65,043  lb.  or  9SG  lb.  per 
square  inch.  The  settlement  during  this  period  of  loading 
was  0.12  in.  and  in  the  succeeding  24  hours  a  further  settle- 
ment of  0.15  in.  took  place.  Readings  were  taken  on  Dec. 
13,  at  11  a.  m..  and  Dec.  15,  at  9  a.  m.,  neither  of  which 
showed  additional  settlement. 

On  removal  of  the  platform  the  shale  beneath  was  found 
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to  be  so  crushed  that  it  could  not  be  rubbed  to  a  paste  in 
the  hand.  This  effect  extended  for  less  than  3  in.  in  depth 
and  the  shale  immediately  around  the  loaded  area  showed 
no  sign  of  injury.  To  determine  the  effect  on  the  shalo 
when  loaded  less  heavily  the  platform  was  set  up  in  another 
place,  a  few  feet  from  the  first  location.  On  Dec.  20,  the 
loading  was  commenced  but  was  discontinued  at  noon.  The 
total  load  was  theij  11.320  lb.  or  17.2  lb.  per  square  inch.  On 
Dec.  23.  at  9:30  a.  m..  the  settlement  observed  was  0.06  in. 
By  noon  the  total  load  was  increased  to  26, .'540  lb.  or  402  lb. 
per  square  inch.  During  this  time  a  settlement  of  0.02  inches 
was  noted.  On  Dec.  26.  no  further  settlement  could  be  de- 
tected and  the  load  was  removed.  On  removal  of  the  plat- 
form no  injury  to  the  shale  was  noticeable. 


Ventilating  Installation  With  Outside 
Flues 

An  out  of  the  ordinary  method  of  installing  a  ventilating 
system  was  employed  for  the  brass  finishing  room  of  the  fac- 
tory of  Briggs  &  Stratton.  Jlilwaukee,  manufacturers  of  auto- 
mobile  specialties.     The    factory   is    of    modern    construction. 


be  used  in  designing  columns.  C.  F.  Buchanan's  tests  of  pin 
connected  columns  as  given  on  page  6?5,  Engineering  News 
of  Dec.  26,  1907,  and  tests  made  by  the  American  Society  of 
Civil  Engineers  are  used  to  check  up  the  formula,  and  som", 
interesting  conclusions  are  made. 

Whether  the  proposed  formula  is  workable  may  be  judged 
from  the  formula  itself.     As  given  it  has  the  general  form: 
1  I  CE   (f— PI 

r        ^    p   (f  — kp) 
where  1  =:  length. 

r  :=  radius  of  gyration 
f^  stress  on  outside  fiber 

P 
p  ^  —  T=  safe    load    divided    by    area    of    cro«s-section 

A 
E  ^=.  modulus  of  elasticity 

C  :=  constant   depending   on    condition    of   ends    of   col- 
umns ranging  from  w'  to  \w'  or  say  10  to  40. 

k=  another  constant  depending  on  fact  that  E  on  one  side 
of  column  differs  from  E  on  the  other  side,  due  to  "minor 
defects,"  and  is  assumed   to  be  equal  to  0.7.5. 

When  C  ^=  tt'  and  k  :=  1  the  formula  comes  down  to  the 
usual   shape   of  Enler's  formula 

tt'E 

for  pin-end  columns 

P 

The  transition  stage  between  our  old  friend  f^  16000  —  70 
1 


Showing     Method     of     Installing     Ventilation     Flues. 

and  light  and  airy,  but  one  department,  the  brass  finishing 
room,  developed  difficulties  in  the  way  of  ventilation.  The 
acid  fumes  could  not  be  disposed  of  by  ordinary  methods. 
To  remedy  this  trouble  A.  C.  Goethal.  a  metal  worker,  of  Mil- 
waukee, iddtalied  Alpina  syphon  revolving  ventilators.  The 
ventilator^  thep^selves  were,  of  course,  installed  on  the  roof, 
to  get  the'cinculat'ing  air  currents  which,  by  passing  over  and 
through  thi^p„ ,  c,r,eate  the  vacuum,  and  cause  their  syphonat- 
ing  power.  ■  But  the  flues  which  were  to  bring  this  syphonat- 
ing  influence  of  suction  to  bear  on  the  offensive  fumes  and 
odors  from  the  enameling  sprayer,  and  carry  them  away,  had 
to  be  placed  where  they  would  do  the  most  good.  In  this  par- 
ticular instance  the  flues  were  extended  down  the  sides  of  the 
building  and  in,to  the,  brass  finishing  department  at  the  win- 
dow sills.  This  bro.V^lit  the  mouth  of  the  flue  close  to  where 
the  fumes. were  created. 
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r  and   something  better  is  indeed  a  trying  one. 


Personals 

O'Neil  i  Kingsberry  Imvt-  opened  offices  at  726  New  York  Block, 

Seattle.   Wa.'^li..   anrt  will  en&'age  in  a  general  contracting  business. 

George    Schr^eder    and    Conrad    Schroeder   have    entered    into   a 

partnership  and  will  engage  in  building  contracting,  with  offices  at 

.Vmherst,  O. 

Frank  E.  Curley,  Mrs.  Ruthrauff  and  Byrd  Brooks,  all  of  Tuc- 
son, .Viiz.,  }i,,ve  organized  the  West  Coast  Construction  Co.  and 
will  en.i;nse  in  a  f.'eneral  engineering  and  contracting  business. 

Charles  F.  Shannon  has  been  elected  president  of  the  Shannon 
Construction  Co.  of  Akron,  O.  The  company  will  carry  out  an 
extensive  housing  project  at  Akron  for  Firestone   Rubber  Co. 

Rudolph  P.  Miller,  formerly  superintenfaent  of  building  for  Man- 
hattan; and  chairman  of  the  board  of  standards  and  appeals,  and 
Geo.  E.  Strehan,  formerly  assistant  engineer  in  the  bureau  of 
buildings  and  the  board  of  standards  and  appeals,  of  New  York 
Cifv,  have  become  associated  in  the  general  practice  of  engineering 
at  112  W.  42nd  St.,  New  York  City. 

Raymond  R.  Marsden,  of  Wilmington.  Del.,  has  lieen  elected 
lirofi  .'is(^r  of  civil  engineering  in  the  Thayer  School  of  Civil  En- 
gineering; at  Dartmouth  College.  He  is  a  graduate  of  Dartmouth, 
IPOS,  and  ThayPT  School,  1909.  From  1909  to  1910  he  was  an  in- 
structor there.  Since  his  graduation  he  has  been  a  resident  en- 
gineer in  charge  of  construction  of  pulp  and  paper  mills  and 
hydraulic  installations  at  Grand  Mere,  Quebec;  Hawkesburj-,  Ont.. 
and  Wilmington.  Del.,  in  the  latter  place  Investigating  high  ex- 
plosive plants  and  improvements  in  such  plant  sites. 

Captain  Merlin  L.  Dappert  of  the  130th  Infantry,  3.3rd  Division 
I  Prairie  >,  has  returned  from  France  and  will  resume  his  work  In 
enginecrinj,',  being  associated  with  his  father,  J.  W.  Dappert,  of 
Tavlorville,  111.  Captain  Dappert  has  been  overseas  a  year,  par- 
-icipating  in  the  Somine  offensive,  the  Meuse-Argcnne  offensive, 
and  was  in  the  Army  of  Occupation  in  Luxembourg.  Four  other 
sons  of  Mr,  Dappert  also  were  in  war  service.  Lieut.  J.  Ivan 
Dappert  was  killed  in  action  near  Albert,  prance,  Aug.  11,  191S 
He  was  with  Company  K.  132d  Infantry,  and  was  killed  by  ma- 
chine iTun  line.  Lieut.  John  V.  Dappert,  130th  Infantry,  is  now 
at  the  Fort  Sheridan  Hospital  undergoing  treatment  for  his 
eves  He  was  severelv  gassed  in  the  Meuse-Argonne  offensive, 
refused  to  leave  the  fight  to  go  to  the  hospital  and  was  not  evac- 
uated until  after  the  armistice  was  sig'ned.  He  has  been  in  the 
hospital  ever  since,  but  his  eyes  are  now  improving  and  he  ex- 
pects to  receive  his  discharge  papers  before  long.  Lieut.  Anselmo 
F  Dappert,  Heavy  Tank  Corps,  landed  at  New  Y'ork  City  and  is 
now  at  Camp  Mills,  New  Jersey,  awaiting  discharge.  Sergt.  Boyd 
H  Dappert,  Company  D,  3n6th  Engineers,  is  still  in  Fi-ance,  but 
expects  to  sail  for  the  states  in  August.  He  will  resume  his  work 
as  county  surveyor  of  Christian  County.  Illinois,  upon  his  return 
to  Tavlorville.  A  daughter,  Lucy  C.  Dappert,  was  in  the  War 
Risk  Insurance  Department  at  Washington  during  the  war. 


Another  Column  Formula 

In  an  article,  "Strength  of  Various  Long  Columns  "  in  the 
Canadian  Engineer,  William  Jackson,  Assistant  Engineer. 
Department  Railways  and  Canals.  Edmonton,  Alta.,  attempts 
to  modify  Enler's  old  formula  and  derive  a  new  one  that  may 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  has  removed  its  Minneapoli9 
ofHce  from  the  Metropolitan  Bank  Building  to  5th  Ave.  and  5th  St., 
South,  Minneapolis,  Minn. 

Acting  under  instructions  from  the  Director  of  Purchase.  Storage 
and  Traffic  Division  of  the  War  Department  a  list  of  citations  has 
been  prepared  for  ccrtiticates  of  merit  for  distinguished  service  in 
manufacturing  material.  The  following  is  the  citation  for  the 
Canton  Culvert  it  Silo  Co.:  "The  work  performed  by  this  com- 
pany in  the  fulfiUment  of  its  contracts  covering  engineer  material 
wa.s'  highly  satisfactory  and  worthy  of  commendation." 

At  the  tirte  the  armistice  was  signed  the  company  had  on  hand 
orders  from  the  Government,  filled  and  unfilled,  for  over  $2,000,000 
worth  of  nestable  culverts,  shelters,  etc. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)   Street  Cleaning 

id)    Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers    and    Sani- 

tation 

te)    Management   and    Office 
System 


(cl   Irrigation    and   Drainage 
(d)    Power    and    Pumping 


Railways  and   Excavation — 3rd  Wednesday 

(a)  Excavation    and  <c)    Quarries   and    Pits 

Dredging  (d>   Uatlways,    Steana   and 

(b)  Rivers  and  Canals  Electric 

(e>   Management  and  Office 
System 

Buildings  and  Structures — 4th   Wednesday 


(a)  Buildings 

(b)  Bridges 


(c)  Harbor    Structures 

(d)  Miscellaneous  Structures 


(e)    Properties  of  Materials 
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Our  Foreign  Engineering  Review 
Issue 

Four  months  of  this  year  have  five  Wednesdays  and  on 
each  of  these  "5th  Wednesdays,"  Engineering  and  Contract 
.ng  is  published  as  a  large  special  issue.  One  of  the  special 
quarterly  issues  is  devoted  entirely  to  brief  descriptions  of 
new  equipment  in  the  civil  engineering  and  contracting 
fields.  This  was  published  on  Jan.  31  last.  The  other  special 
issues  are  given  up  to  civil  engineering  developments  and 
improvements   in  foreign  countries. 

American  engineers  are  justly  proud  of  their  own  engi- 
neering achievements,  but  they  should  not  let  their  national 
pride  deter  them  from  studying  carefully  the  engineering 
works  of  other  nations.  Relatively  few  American  civil  engi- 
neers and  contractors  have  access  to  foreign  engineering 
periodicals.  Hence  our  decision  to  publish  these  large  special 
issues,  giving  comprehensive  summaries  of  the  most  useful 
information  to  be  found  in  foreign  civil  engineering  periodicals 
and   technical  society  transactions. 


Results    of    3tate    Railway   Oper- 
ation in  Germany 

From  The  Eiig-ineer.  June  13,  1919. 
One  of  the  leading  prpblems  of  the  present  time  relates  to 
ihe  question  of  the  nationalization  of  railways  or  the  con- 
servation of  the  railway  system  as  private  property.  When 
discussions  arise  concerning  the  advisability  or  otherwise  of 
converting  the  railways  into  state  undertakings,  the  advo- 
cates of  absorption  by  the  nation  refer  in  particular  to  the 
railways  in  Germany  as  an  example  of  the  profitable  opera- 
tion of  this  method  of  transport  by  the  Government,  and 
they  contend  that  the  financial  results  of  state  ownership 
and  working  there  are,  or  have  been,  superior  to  those  ob- 
tained by  the  privately  owned  railways  in  the  United  King- 
ilom.     But  can  this  contention  be  sustained,  or  confirmed  in 


the  light  of  the  actual  e.xperience  of  that  country?  At  the 
present  moment  the  authorities  in  Germany,  as  represented 
by  those  members  of  the  National  Assembly  at  Weimar  who 
hold  the  reins  of  government,  are  endeavoring  to  bring  about 
a  unification  of  the  whole  of  the  railway  system  throughout 
the  country.  In  this  connection  it  i.s  well  to  recall  the  (act 
that  the  Prussian  State  Railways  are  operated  in  conjunction 
with  those  of  Hesse  under  the  title  of  the  Prussian-Hessian 
Working  Community,  whilst  the  Bavarian,  Saxony,  Wurtteni 
berg,  and  Baden  State  Railways  are  worked  independently 
by  their  respective  states,  leaving  out  of  consideration  thi- 
less  important  systems  of  Oldenburg  and  .Mecklenburg  as 
well  as  those  of  the  Reiehsland  or  Alsace-Lorraine.  It  is  now 
hoped  to  amalgamate  the  railways  into  a  single  unit,  and 
if  the  scheme  is  brought  to  maturity  the  smaller  networks 
would  have  to  follow  the  example.  The  combined  sysiei*  oi 
the  Prussian-Hessian  railways  represents — or  represented  bf- 
fore  the  war — a  total  mileage  equivalent  approximately  to 
that  of  the  railways  in  the  United  Kingdom.  It  is  not,  how- 
ever, with  the  unification  or  amalgamation  of  the  entire  Ger 
.man  railway  network  that  we  are  concerned  at  the  present 
time,  but  with  the  financial  results  of  the  working  of  Ihi 
railways,  and  the  Prussian-Hessian  system  is  that  which  is 
most  appropriate  to  consider  in  this  connection. 

It  is  quite  an  easy  matter  for  erruneous  conclusions  to  bi 
drawn  from  the  railway  returns  published  in  Germany.  Th- 
mistake  apparently  arises,  or  has  arisen,  from  the  confusion 
of  the  term  gross  surplus  with  that  of  net  profits.  Let  us 
take,  for  instance,  the  Prussian-Hessian  railways  as  repre- 
senting the  most  extensive  system  in  that  country,  and  con- 
cerning which  the  actual  results'  have  just  been  issued  for 
the  series  of  years  from  1913-14,  whilst  the  Budget  estimates 
are  available  tor  1917-18,  191S-19,  and  1919-20.  The  fmanrial 
year  begins  on  April  1st  and  the  return  for  1913-14  therefor', 
represents  the  last  year  of  peace,  which  was  a  favorable  year 
for  the  railways.  According  to  the  official  figures,  the  work 
ing  expenses  of  the  Prussian-Hessian  combined  railway  sys 
tem  formed  C9.2  per  cent,  of  the  gross  receipts  in  1!)]3-1!. 
and  the  gross  surplus — gross  receipts  less  working  expen-res 
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— amounted  to  6.39  per  cent  of  the  average  capital  invested 
in  that  year.  The  ratio  of  working  expenses  to  gross  re- 
ceipts increased  to  79.7  per  cent  in  1914-15,  but  declined  to 
71.1  per  cent,  in  1915-16,  and  reached  71.7  per  cent,  in  1916-17. 
On  the  other  hand,  the  gross  surplus  receded  to  3.59  per  cent, 
of  the  average  capital  invested  in  1914-15,  but  rose  to  5.57 
per  cent,  in  1915-16,  and  to  6.24  per  cent,  in  1916-17.  It  is 
this  percentage  of  the  gross  surplus  which  has  often  been 
incorrectly  assumed  to  represent  net  profits.  At  the  same 
time,  it  is  only  fair  to  say  that  the  gross  surplus  has  fre- 
quently been  referred  to  even  in  Germany  as  net  profits.  Let 
us  see  what  became  of  the  gross  surplus  in  the  normal  year 
of  1913-14.  One-third  of  the  amount  was  placed  to  various 
reserve  funds,  including  an  equalization  fund,  a  fund  for 
complementary  and  extension  works,  and  a  redemption  fund 
at  the  rate  of  0.6  per  cent,  of  the  railway  debt  on  a  capital 
expenditure  on  works  of  repair,  maintenance,  and  renewals 
into  sterling—  of  £615,750,000  in  1913-14.  The  fund  for  com- 
plementary and  extension  works  must  necessarily  include 
pexpenditure  on  works  of  repair,  maintenance,  and  renewals 
and  provision  for  depreciation.  These  appropriations  reduce 
the  percentage  of  the  gross  surplus  of  6.39  per  cent,  to  net 
profits  of  4.25  per  cent.,  and  the  amount  represented  by  this 
percentage  was  applied  to  the  payment  of  interest  charges  on 
the  railway  debt,  whilst  the  balance  was  allotted  to  the 
credit  of  the  Prussian  Treasury  for  national  purposes. 

The  advocates  of  nationaHzation  may  possibly  contend 
that  net  prices  of  4.25  per  cent,  on  a  railway  system  equiva- 
lent in  extent  to  that  in  the  United  Kingdom  show  that  the 
Prussian-Hessian  railways  yielded  a  better  return  on  the 
capital  than  the  average  return  on  British  railways  in  peace 
times,  and  also  furnished  a  substantial  sum  in  aid  of  the 
Prussian  national  exchequer.  If  this  argument  be  adduced  a 
very  definite  answer  is  forthcoming.  The  capital  outlay  on 
the  Prussian-Hessian  railways  was  only  approximately  one- 
half  of  that  which  the  British  railway  companies  were  com- 
pelled to  expend  owing  to  rapacious  landowners  and  spec- 
ulators, parliamentary  restrictions  and  other  burdens.  If, 
however,  the  Prussian-Hessian  railway  system  had  suffered 
from  similar  causes  and  the  capital  expenditure  for  the  iden- 
tical mileage  had  been  equal  to  that  of  the  British  railways, 
the  German  railways  in  question  would  not  only  be  unable 
to  yield  a  penny  per  annum  to  the  Treasury,  but  the  net 
sum  available  would  be  insufficient  to  defray  the  interest 
charges  on  the  debt.  This  would  have  been  specially  the 
case  in  the  normal  year  of  1913-14,  and  is  a  very  important 
fact  to  be  borne  in  mind  in  the  case  of  railways  which  were 
financed  by  Prussian  Consols  at  3  per  cent.  The  redemption 
of  debt  at  the  rate  of  0.6  per  cent,  is  not  a  matter  of  any 
particular  significance  when  it  is  remembered  that  the  total 
sum  annually  applied  to  this  purpose  has  been  nullified  by 
the  constant  increase  in  the  railway  debt,  year  in  and  year 
out,  by  an  amount  of  from  ten  to  twelve  times  the  annual 
reduction;  in  other  vfords,  the  debt  never  decreases,  but  is 
always  growing  on  a  railway  system  which  probably  has  no 
parallel  in  the  world  for  the  abundance  and  richness  of  the 
goods  and  mineral  traffic  which  it  has  to  transport. 


Road  Locomotives  and  Heavy 
Motor  Cars 

From   Engineering.   M.ay   2,   1919. 

The  report  of  the  Departmental  Committee  appointed  by 
the  Ijocal  Government  Board  in  March,  1915,  to  consider  the 
law  and  regulations  relating  to  the  construction  and  use  of 
road  locomotives  and  heavy  motor  cars  in  Great  Britain,  has 
just  been  published.  The  committee  was  appointed  on  ac- 
count of  complaints  made  by  road  authorities  as  to  damage 
caused  to  roads  by  heavy  mechanically-propelled  traffic,  and 
Its  object  was  to  examine  into  these  complaints  and  to  ad- 
vise as  to  the  steps  necessary  to  be  taken  with  regard  to 
the  damage.  The  length  of  time  that  has  elapsed  between 
the  appointment  of  the  committee  and  the  presentation  of 
its  report  is,  of  course,  due  to  conditions  arising  out  of  the 
war,  so  that  no  criticism  can  reasonably  be  raised  on  that 
score.  The  committee  have  examined  a  large  number  of 
witnesses  representing  various  road  authorities,  makers  and 
users  of  road  locomotives  and  heavy  motor  cars,  and  also 
representatives  of  agricultural  interests.  The  views  of  all 
parties  seem  to  have  been  carefully  considered,  and  the  sug- 
gested  alterations   to   the   law   and   regulations,   although   by 


no   means   drastic,  appear  likely   to   reduce  road   wear  with- 
out imposing  undue  restrictions  on  the  industries  concerned. 

That  Widespread  and  extensive  damage  lias  been  done  by 
Ihf  class  of  traftic  being  considered  appears  to  have  been 
established  without  doubt  by  the  evidence  before  the  com- 
mitteL',  but  this  damage  is  largely  due  to  the  traffic  using 
roadt  quite  unsuitable  for  it.  In  the  case  of  roads  paved 
with  setts,  wood,  or  asphalt,  on  concrete  foundations,  the 
evidence  seems  to  indicate  that  such  damage  as  occurs  is 
caused  mainly  by  iron  and  steel-tired  traffic.  Rubber-tired 
trafiic,  even  when  traveling  at  high  speeds  on  such  roads, 
appears  to  have  no  serious  effect  provided  that  the  surface 
is  kept  reasonably  smooth  and  level.  As  regards  the  modern 
msthid  of  road  construction  in  which  bituminous  materials 
are  used  as  a  binder  or  matrix,  the  evidence  is  not  so  con- 
clu.sive,  but  there  appears  to  be  no  doubt  that  such  roads, 
if  properly  constructed  and  maintained,  are  capable  of  car- 
'ving  a  considerable  amount  of  heavy  traffic  without  dam- 
age. With  the  commoner  form  of  water-bound  macadam 
road  the  committee  are  of  the  opinion  that  the  damage  is 
mainly  due  to  rubber-tired  traffic. 

The  report  deals  first  with  road  locomotives,  considering 
separately  the  questions  of  weight,  construction  and  speed. 
With  regard  to  the  first  point  the  committee  do  not  consider 
it  necessary  to  reduce  the  weight  of  traction  engines  from 
the  existing  maximum  of  14  tons,  and,  in  the  case  of  engines 
fitted  with  Boulton  wood  block  driving  wheels,  they  suggest 
that  the  maximum  should  be  increased  to  18  tons.  Weight, 
however,  is  to  be  more  clearly  defined,  and  the  suggestion  is 
that  the  term  should  include  all  parts  necessary  to,  or  ordi- 
narily used  with,  the  engine  as  employed  on  the  road,  except- 
ing virater,  fuel  and  loose  tools  and  equipment.  Licensing 
authorities,  it  is  thought,  should  ascertain  the  correct  weight 
by  actually  weighing  the  engine.  One  recommendation  with 
regard  to  the  wheels  of  road  locomotives  is  that  the  distinc- 
tion made  by  the  Act  of  1878  between  a  locomotive  drawing 
a  wagon  and  one  not  so  employed  should  be  abolished.  An- 
other is  that  the  width  of  the  tire  of  each  wheel,  whether 
steering  or  driving,  should  be  at  least  5  in.,  and  the  width  of 
tires  for  driving  wheels  should  be  such  as  to  comply  with 
Section  28  (Subsection  2)  of  the  1878  Act.  If  bands  are  used 
on  steering  wheels  their  widths  must  not  be  less  than  5  in. 
The  committee,  although  they  have  been  satisfied  that  serious 
damage  to  roads  has  been  caused  by  cross-barred  driving 
wheels,  do  not  consider  it  possible  to  prohibit  their  use  with- 
out seriously  reducing  the  hauling  capacity  of  traction  en- 
gines, or  restricting  the  use  of  agricultural  locomotives.  To 
diminish  the  damage  as  much  as  possible,  the  cross-bars,  it 
is  suggested,  should  be  arranged  so  that  the  aggregate  ex- 
tent of  the  cross-bar  (or  bars),  in  the  course  of  a  straight 
line  drawn  horizontally  across  the  circumference  of  the  wheel, 
should  be  nowhere  less  than  halt  the  width  of  the  tire.  They 
also  consider  that  the  use  of  cross-bars  should  be  prohibited 
on  wheels  less  than  4%  ft.  in  diameter.  The  committee  con- 
sider it  desirable  to  require  road  locomotives  to  be  mounted 
on  springs,  except  in  the  cases  of  road  rollers  and  ploughing 
engines,  but  it  may  be  noted  that  existing  locomotives  are 
exempted  from  all  the  above-mentioned  recommendations. 

The  existing  provisions  with  regard  to  wagons  drawn  by 
locomotives  are  admittedly  antiquated  and  unsatisfactory,  and 
a  number  of  alterations  to  these  are  recommended.  These 
recommendations  relate  to  the  marking  of  unladen  weights, 
forms  and  widths  of  tires,  and  diameters  of  wheels.  Springs 
are  not  insisted  upon,  but  to  encourage  their  use  as  much 
as  possible  it  is  proposed  to  allow  additional  weights  on 
spring-mounted  wagons,  or  to  permit  the  use  of  smaller 
wheels  for  a  given  loading,  when  springs  are  employed.  It 
is  also  recommended-  that  a  highway  authority  should  be 
notified  in  advance  of  the  passage  over  a  road  in  its  area 
of  a  traction  engine  hauling  a  wagon  carrying  a  single  ar- 
ticle exceeding  16  tons  in  weight.  No  alteration  is  proposed 
in  the  existing  speed  limit  for  road  locomotives  of  4  m.p.h 
in  the  country,  but  in  towns  it  is  thought  that  undue  conges- 
tion is  caused  by  the  present  speed  limit  of  2  m.p.h.  The 
committee  therefore  recommend  that  the  latter  be  increased 
to  3  m.p.h. 

Owing  to  the  many  different  types  of  vehicles  which  come 
under  the  heading  of  heavy  motor  cars,  and  to  the  great 
variety  of  uses  to  which  they  are  put,  the  framing  of  reg- 
ulations for  their  construction  and  use  is  naturally  more 
difficult  than  is  the  case  with  road  locomotives.  The  enor- 
mous development  in  the  use  of  such  vehicles,  however, 
renders  a  solution  of  the  problems  involved  imperative,  and. 
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as  the  committee  fully  realizes,  the  convenience  of  a  very 
large  section  ot  the  general  public  is  greatly  affected  by  the 
decisions  made.  The  committee  have,  of  necessity,  consid- 
ered the  question  mainly  from  the  point  of  view  of  damage 
to  roads,  and  we  share  with  them  the  hope  that  the  financial 
burdens  will  ultimately  fall  upon  the  right  shoulders.  We 
also  agree  with  their  view  that  the  adjustment  of  this  burden 
is  the  crux  of  the  whole  question  of  mechanically-propelled 
traffic. 

Heavy  motor  cars  are  dealt  with  in  a  manner  similar  to 
that  adopted  for  road  locomotives,  that  is  to  say  the  ques- 
tions of  weight,  construction  and  speed  are  treated  separately. 
With  regard  to  weight,  it  is  proposed  to  increase  the  maxi- 
mum allowed  for  the  motor  car  alone,  from  5  tons  to  6  tons 
unladen,  and  the  combined  unladen  weight  of  car  and  trailer 
from  6%  tons  to  S  tons.  The  unladen  weight  is  to  include 
all  parts  necessary  to,  or  ordinarily  used  with,  the  car  when 
working  on  the  road,  but  is  not  to  include  water,  fuel  or  ac- 
cumulators (other  than  boilers)  used  for  propulsion,  or  loose 
tools  or  equipment.  It  is  not  considered  necessary  to  alter 
the  existing  maximum  laden  weight  of  12  tons  for  the  car, 
or  8  tons  for  any  axle  of  the  car,  or  4  tons  for  any  axle  of 
the  trailer,  but  some  measures  are  proposed  for  securing 
stricter  compliance  with  limitations  on  weight.  With  re- 
gard to  the  construction  of  wheels  the  committee  recommend 
that  in  the  case  of  wheels  fitted  with  iron,  steel  or  other 
hard  tires,  the  minimum  diameter  should  be  raised  from  2 
ft.  to  2  ft.  9  in.,  and  that,  for  axle  weights  exceeding  4  tons, 
wheels  of  the  following  diameters  should  be  used: 

Ft.  In, 
Axle  weights  exceeding  4  tons  but  not  exceeding  5  ton.s..  3  3 
Axle  weights  exceeding  5  tons  but  not  exceeding  6  tons.  .  3  6 
Axle  weights  exceeding  6   tons    ■ 4         0 

The  edges  of  the  tires  ot  such  wheels  siiouid  be  rounded 
and  not  bevelled,  but  in  other  respects  the  existing  regula- 
tions should  not  be  altered.  For  rubber-tired  wheels  the  pro- 
posed minimum  diameter  is  2  ft.  6  in.,  but  no  regulation  is 
proposed  with  regard  to  the  size  or  shape  of  the  tire  itself. 
Neither  is  it  considered  necessary  to  prescribe  a  scale  of 
minimum  diameters  proportionate  to  axle  weights  in  the  case 
of  wheels  fitted  with  rubber  tires. 

There  are,  at  present,  no  regulations  restricting  the  overall 
length  of  vehicles  length  of  wheel  base,  or  amount  of  over- 
hang of  the  body  behind  the  driving  axle,  and,  as  a  conse- 
quence of  this,  the  tendency  of  makers  has  been  to  bring 
the  rear  axle  as  far  forward  as  possible.  This  feature,  al- 
though giving  a  better  drive,  has  the  effect,  in  the  opinion 
of  the  committee,  of  damaging  the  roads  to  a  considerable 
extent.  It,  of  course,  throws  an  undue  proportion  of  the  total 
weight  of  the  vehicle  upon  the  driving  axle,  and  is  partly 
responsible  for  the  contraventions  of  the  existing  regulations 
as  to  axle  weight  which  have  occurred  in  the  past.  It  also 
increases  the  swinging  motion  of  the  rear  of  the  vehicle,  and 
so  augments  the  force  of  the  impact  on  the  road  surface  when 
the  latter  is  at  all  uneven.  To  diminish  this  source  of  trouble 
it  is  proposed  to  limit  the  maximum  overall  length  of  a  heavy 
motor  car  to  26  ft.,  and  to  fix  the  amount  of  overhang  behind 
the  rear  axle  to  a  quantity  not  e:(fceeding  seven-twenty-fourths 
of  the  overall  length  of  the  car.  It  is  not  proposed  to  make 
any  definite  regulation  as  to  the  length  of  wheel  base.  Lon- 
don motor  omnibuses,  the  committee  think,  should  be  required 
to  conform  to  the  above-mentioned  rule  with  regard  to  over- 
hang, even  if  the  necessary  structural  alterations  involve 
some  increase  in  weight,  but  the  amended  regulations  with 
regard  to  wheel  diameters,  length  of  vehicle,  and  amount  of 
overhang,  will  not  be  made  to  apply  to  any  class  of  heavy 
motor  car  in  use  at  the  time  the  new  regulations  come  into 
force;  neither  is  it  proposed  to  reduce  the  load  which  such 
cars  would  otherwise  be  permitted  to  carry.  The  committee 
also  propose  to  exempt  motor  rollers  from  compliance  with 
any  requirement  as  to  the  construction  of  wheels  or  tires. 

With  regard  to  the  use  of  trailers  it  is  proposed  to  retain 
the  existing  law,  which  permits  the  use  of  only  one  trailer 
behind  a  heavy  motor  car,  and  if  more  than  one  trailer  is 
used  the  motor  tractor  is  to  be  treated,  in  law,  as  a  locomotive. 
It  is  proposed  to  limit  the  aggregate  of  the  marked  axle 
weights  of  a  trailer  to  S  tons,  and  to  raise  the  minimum 
diameters  of  wheels  of  trailers  exceeding  1  ton  in  weight  un- 
laden from  2  ft,  as  at  present,  to  2  ft.  6  in.  when  iron  or 
steel  tires  are  employed:  the  edges  of  the  tires  are  to  be 
rounded.  No  minimum  diameter  is  to  be  fixed  for  trailer 
wheels  with  rubber  tires.  It  is  not  proposed  to  permit  trailers 
carrying  passengers  or  luggage  to  be  drawn  by  passenger- 
carrying  vehicles. 


The  question  of  speed  UmltB  for  heavy  motor  truffic  has 
been  gone  Into  very  fully  by  the  comnilllee.  Proposals  were 
made  by  representatives  ot  the  Metropolitan  Borough  Coun- 
cils to  reduce  the  speeds  of  motor  omnlbuseB  from  12  ui.p.h 
to  10  m.p.h.,  and  of  other  rubber-tired  traffic  from  8  ni.p.h. 
and  12  m.p.h.  to  5  m.p.h.  and  8  m.p.h.  respectively.  The 
London  (Jeneral  Omnibus  Company,  however,  wished  the  limit 
for  motor  'buses  to  be  raised  to  16  m.p.h.  These  proposals, 
and  others  made  on  behalf  of  motor  users,  were  very  care- 
fully considered,  and  as  a  result  of  their  deliberations,  the 
committee  recommend  that  the  present  regulations  be  re- 
tained subject  to  the  amendments  that  the  spcod  of  heavy 
motor  cars  with  iron  or  steel  tires  shall  in  no  case  exceed 
5  m.p.h.,  and  that,  when  drawing  a  trailer,  the  maximum 
speed  shall  be  raised  from  .">  m.p.h.  to  S  m.p.h.,  provided  that 
both  motor  and  trailer  are  fitted  with  rubber  tires. 

The  report  also  deals  with  the  restriction  of  heavy  tralflc 
on  unsuitable  roads,  recommending  that  motor  omnibus,  and 
similar  passenger  traffic,  should  be  brought  under  special 
regulations  in  this  respect.  It  Is  also  proposed  to  confer 
powers  on  the  Local  Government  Board,  and  the  road  author- 
ities, to  regulate  through  traffic  of  heavy  motor  vehicles  so  as 
to  ensure,  as  far  as  possible,  that  such  traffic  shall  use  roads 
suitably  constructed  to  carry  it.  County  councils,  it  is  con- 
sidered, should  be  given  power  to  regulate  traffic  on  a  road 
under  repair,  and  to  divert  the  traffic  on  to  another  road. 
The  committee  has  also  considered  a  number  of  special  ques- 
tions, and  it  may  be  of  interest  to  mention  their  recommen- 
dations in  respect  to  some  of  them.  In  place  of  the  existing 
provisions  regarding  the  emission  of  smoke,  or  visible  vapor, 
from  locomotives  or  motor  cars  on  public  highways,  it  Is  pro- 
posed to  make  it  an  offense  to  cause,  or  permit,  the  emission 
of  such  smoke  or  vapor  in  such  quantity  as  to  be  a  nuisance 
or  danger  to  the  public.  The  by-law  requiring  the  provision 
of  means  of  communication  between  the  rear  wagon  of  a 
train  of  wagons  and  the  locomotive  driver  is  to  be  made  a 
statutory  requirement,  and  heavy  motor  cars  will  be  required 
to  carry  a  mirror  to  enable  the  driver  to  see  overtaking  traffic. 
Motor  users  will  also  be  glad  to  note  that  the  committee 
recommend  that  "the  existing  law  should  be  amended  so  as  to 
provide  more  effective  measures  for  securing  the  strengthen- 
ing and  improvement  of  bridges  which  do  not  meet  the  re- 
quirements of  heavy  self-propelled  traffic,  and  to  ensure  the 
removal,  and  prevent  the  imposition,  of  unnecessary  restric- 
tions upon  the  use  of  bridges  by  such  traffic."  It  is  also 
suggested  that  public  funds  should  be  made  available  to  en 
courage  the  design  and  construction  of  vehicles  calculated 
to  cause  less  damage  to  roads.  Facilities  would  be  given  for 
trials  and  demonstrations  of  such  vehicles  to  be  made  on 
public  roads,  although  the  vehicles  could  not  be  ordinarily 
employed  without  breach   of  the  law. 


Powdered  and  Colloidal  Fuels 

Krorn   Tin-   l';ngnn(r.   .May  'J,    U'l'.i. 

The  war  taught  people  how  to  economize  in  a  great  number 
of  things,  but  in  none  more  than  in  fuel.  Economy  of  fuels 
has  always  been  carefully  studied  by  engineers,  but  until  re- 
cent years,  not  because  there  was  any  recognition  of  tie 
fact  that  the  ^applies  were  exhaustible,  but  solely  l)ecause 
the  cost  of  fuel  was  an  important  item  in  the  total  cost  of 
power. 

Of  recent  developments  in  fuel  economy,  none  are  more 
promising,  none  more  interesting  than  the  extension  of  th. 
use  of  powdered  coal  and  the  introduction  of  colloidal  fuel 
Coal  dust  fuel  is,  of  course,  not  new;  it  has  been  burnt  for 
many  years  with  perfect  success  in  cement  kilns,  but,  al- 
though many  attempts  have  been  made  to  employ  it  for 
steam  raising,  it  has  hitherto  met  with  very  limited  adoption. 
Colloidal  fuel— a  bad  name  for  a  good  product— is,  we  be- 
lieve, quite  new.  It  is  an  American  wartime  invention,  and 
is  intended  not  so  much  to  conserve  American  coal  supplies 
as  to  prevent  the  exhaustion  of  the  oil  wells,  which  appears 
to  be  the  more  imminent.  It  is  defined  in  the  fewest  words 
as  a  mixture  of  coal  dust  and  oil.  Everyone  knows  by  ex- 
perience that  given  sufficient  time  particles  of  a  higher 
specific  gravity  will  subside  in  a  liquid  of  lower  specific 
gravity,  unless  they  are  comminuted  to  an  extremely  high 
degree  of  fineness.  Graphite,  for  example,  may  be  reduced 
to  such  extreme  fineness  that  it  will  remain  indefinitefy 
in  suspension  in  pure  water.  The  coal  dust  employed  in 
colloidal  fuel  is  not  necessarily  extremely  fine,  and  the  prob- 
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lem  faced  by  the  inventor,  Mr.  Lindon  W.  Bates,  was  to 
effect  the  permiinent  suspension  of  relatively  large  particles 
in  oil.  By  the  introduction  in  small  quantities  of  some 
material— the  nature  of  which  is  not  revealed — this  end  has 
been  secured,  and  it  is  reported  that  even  slow  agitation, 
as,  for  example,  that  of  the  rolling  of  a  ship,  does  not  cause 
the  particles  of  coal  to  coalesce  into  pieces  heavy  enough 
to  sink.  Hence,  it  would  appear  that  a  permanent  fuel  of 
a  useful  kind  has  been  evolved.  It  has  the  advantage  over 
plain  coal  dust  that  it  can  be  fired  through  oil  jets  with 
quite  a  moderate  air  pressure,  whereas  pulverized  fuel  re- 
qiiires  burners  of  a  special  kind.  In  another  important 
respect  also  it  is  better.  The  explosive  qualities  of 
coal  dust  are  well  known,  and  rigid  regulations  have  to  be 
observed  in  handling  it.  Colloidal  fuel  is  no  more  dangerous 
than  the  oil  itself,  and  can  be  handled,  stored,  pumped  and 
bunkered  in  exactly  the  same  way.  With  regard  to  its 
evaporative  power  and  its  economic  use.  we  need  say  no 
more  now  than  that  they  are  satisfactory.  Unfortunately, 
it  must  remain  an  American  product — unless  the  Derby- 
shire oilfields  provide  a  suitable  oil  in  sufficient  quantity — 
and  British  engineers  must  face  the  plain  coal  dust  prob- 
lem. A  notable  advance  in  this  direction  has  been  made  by 
Mr.  J.  G.  Robinson,  whose  pulverized  fuel  locomotive  was 
described  fully  in  our  issue  of  April  25th.  Here  again  the 
credit  for  the  introduction  must  be  given  to  American  engi- 
neers, for  locomotives  fired  with  coal  dust  have  been  at 
work  for  many  months  in  the  United  States.  Whilst  Mr. 
Robinson  appears  to  have  effected  some  simplification,  it 
must  be  admitted  that  even  his  engine  is  more  complex  than 
one  could  desire,  involving  as  it  does  two  little  engines,  a 
good  deal  of  gearing  and  a  fan,  for  conveying  the  coal  from 
the  tender  and  blowing  it  into  the  furnace.  British  engi- 
neers have  always  favored  simplicity  of  locomotive  design, 
and  this  complexity  is  likely  to  make  them  look  askance  at 
coal  dust,  but  if  the  fuel  justifies  itself  on  the  grounds  of 
all-round  economy,  progressive  invention  will  certainly  re- 
duce the  present  number  of  parts.  It  is,  for  example,  con- 
ceivable that  the  blower  may  be  replaced  by  a  high  tem- 
perature steam  jet.  Mr.  Robinson  has  been  hampered,  just 
as  American  designers  have  been  hampered,  by  the  desire 
to  change  as  little  as  possible  the  design  of  engine  and 
tender.  To  get  the  best  results,  it  may  be  necessary  to  break 
away  boldly  from  traditional  standards,  and  to  design  both 
boiler  and  tender  on  new  lines.  Mr,  Robinson,  it  will  be 
observed,  has  found  it  necessary  to  place  his  burners  lower 
than  he  at  first  thought  necessary,  in  order  to  increase  his 
combustion  space.  He  has  had  also  to  introduce  two  arches 
instead  of  one.'  These  facts  lead  us  to  the  conclusion  that  the 
present  form  of  box  is  only  a  makeshift  when  fitted  for  coal- 
dust  firing,  and  that  a  totally  different  form  of  box.  possibly 
a  long  and  narrow  one,  or  even  a  cylindrical  box,  would  be 
more  suitable  for  the  conditions.  We  trust  that  before  their 
enterprise  is  sapped  by  the  nationalization  of  their  factories, 
other  locomotive  engineers  of  our  great  lines  will  pursue  the 
problem. 

It  will  be  seen  from  what  we  have  said  that  engineers  are 
tackling  the  question  of  fuel  economy  in  a  very  practical  way. 
Recognizing  that  the  fuels  to  which  they  are  accustomed  have 
reached  a  price  which  alters  all  the  old  standards,  they  are 
endeavoring  to  employ  a  relatively  cheap  material.  Efforts 
of  the  kind  have,  only  too  often,  in  the  past  led  to  eventual 
disappointment.  The  course  of  events  has  usually  been  that 
as  soon  as  a  cheap  commodity  met  with  a  demand  its  price 
was  raised  either  by  the  action  of  the  natural  laws  of  sup- 
ply or  by  the  creation  of  "corners."  Real  economies  are 
constantly  checked  by  the  rise  in  price  of  by-products.  Coal 
dust  may  be  regarded  as  a  by-product  of  the  pits,  and  it  is 
worth  considering  as  an  economic  problem  it  it  is  not  pos- 
sible to  fix  its  price  as  a  permanent  proportion  of  lump  coal, 
so  that  its  employment  may  be  encouraged. 


German  Regulations  for  Reinforced  Concrete  Flat  Roofs. — 
The  new  German  regulations  of  November,  IHIS.  for  flat  roofs, 
according  to  Beton  u.  Eisen  of  March  5,  1919,  limit  the  maxi- 
mum span  to  21  ft.  4  in.,  with  a  minimum  thickness  of  -1  in. 
for  loaded  roofs,  and  2%  in.  for  unloaded  roofs.  Additional 
thickness  must  be  provided  when  subject  to  vibrations.  The 
rules  refer  only  to  reinforced  flat  roofs,  but  special  rules 
are  given  for  plain  concrete  slabs  intended  for  roofs  of 
dwelling  houses  and  factories.  Tests  must  be  carried  out 
under  Government  supervision. 


Waterworks  Engineers  and  Legis- 
lation 

From  The  Surveyor,  June  30,  1919. 
It  is  certainly  necessary  that  we  should  grasp  the  fact  that 
the  purchasing  power  of  money  has  declined  all  over  the 
world,  and  that  it  has  declined  permanently.  A  salary  that 
has  not  been  increased  since  pre-war  times  leaves  its  recip- 
ient in  exactly  the  same  position  as  that  of  a  man  whose 
salary  is  reduced  by  one-half,  and  if  we  have  to  supply  ma- 
terials at  pre-war  prices  we  shall  lose  by  the  transaction. 
The  same  principle  applies  to  the  supply  of  water;  the  price 
of  wages,  fuel  and  materials  having  risen,  it  follows  that  a 
similar  increase  in  charges  is  inevitable.  Nothing  is  more 
certain  than  that  pre-war  prices  and  costs  will  never  again 
be  realized,  and  the  president  of  the  Institution  of  Water 
Engineers,  Mr.  Alford  B.  E.  Blackburn,  engineer  and  general 
manager  to  the  Sunderland  and  South  Shields  Water  Co., 
does  well  to  bring  the  matter  forward  prominently  in  his 
able  presidential  address.  It  must  be  obvious  to  any  think- 
ing person  that  no  class  of  undertakings  has  been  less  able 
to  cover  its  increased  cost  of  operation  than  waterworks.  Not 
only  have  the  expenses  increased,  but  the  Government  re- 
strictions are  such  that  in  many  cases  water  authorities  will 
be  unable  to  produce  a  proper  supply,  except  at  a  loss,  or, 
in  the  case  of  the  water  companies,  by  reducing  the  dividends 
to  such  a  point  that  nobody  will  invest  money  in  future  un- 
dertakings. The  matter  is  the  more  serious  in  that  this  state 
of  affairs  follows  a  period  of  over  four  years  wherein  all 
works,  except  those  of  the  utmost  urgency,  have  been  post- 
poned. We  are  faced  with  urgent  needs  and  increased  de- 
mands for  supplies,  while  health  statistics  show  the  need 
for  purer  water,  also  with  the  fact  that  the  majority  of  our 
rural  districts  are.  still  without  proper  supplies.  Mr.  Black- 
burn asks  the  pertinent  question.  How  much  water  is  still 
left  for  future  use,  and  what  are  the  needs  of  the  country 
for  further  supplies?  "On  these  vital  matters  there  is  an 
almost  entire  absence  of  information."  Our  principal  water- 
sheds have  been  appropriated  by  powerful  corporations  to 
the  detriment  of  smaller  communities.  The  law  gives  com- 
mercial and  private  interests  ifndisturbed  and  unrestricted 
power  to  obtain  underground  water,  while  authorities  who 
supply  our  large  populations  with  a  prime  necessity  of  life 
are  bound  by  severe  restrictions.  Thus,  while  it  permits 
water  authorities  to  spend  large  sums  of  public  money  in  ob- 
taining underground  water,  it  allows  commercial  undertak- 
ings to  sink  wells  at  the  expense  of  the  public  supply.  The  presi- 
dent justly  points  out  that  the  position  is  absurd.  Further, 
the  Government  which  guaranteed  pre-war  rates  of  dividend 
to  railway  stockholders  prevents  the  holders  of  water  com- 
panies' stock  increasing  their  rates  to  such  a  degree  as  to 
allow  of  their  drawing  more  than  three-quarters  of  their  pre- 
war dividend.  The  president's  conclusions  are  to  the  effect 
that  new  legislation  is  imperative,  that  the  formation  of  the 
central  authority  so  long  advocated  ought  not  to  be  delayed, 
and  that  the  hydrological  survey  so  long  agreed  to  as  being 
necessary  ought  to  be  made.  For  years  we  have  urged  the 
importance  of  these  matters.  In  our  pages  will  be  found  end- 
less references  to  the  importance  of  our  water  supply  being 
treated  as  a  thing  of  national  importance.  Engineers  and 
medical  health  and  financial  authorities  are  in  agreement 
with  Mr.  Blackburn,  and  the  Institution  of  Water  Engineers 
is  to  be  congratulated  upon  the  clear  statement  of  urgent 
facts  contained  in  the'  presidential  address.  The  institution 
is  the  proper  body  to  bring  the  matter  prominently  forward; 
they  have  been  advancing  steadily  even  during  the  years  of 
war,  as  is  shown  by  the  report  of  Mr,  F.  W.  McCullougb,  of 
Belfast,  the  retiring  president.  The  institution  now  occupies 
a  position  of  great  importance  owing  to  the  extent  of  Its 
membership  and  to  the  fact  that  its  members  are  responsi- 
ble for  the  management  of  waterworks  serving  a  population 
of  22,500,000,  and  of  a  total  capital  cost  of  £122.000.000.  But 
this  is  only  a  beginning,  as  there  can  be  very  little  doubt 
that  the  institution  will  soon  include  all  water  engineers  of 
importance  in  the  country.  Such  a  representative  body  as 
this  has  a  solemn  duty  to  perform — namely,  to  urge  forward 
by  every  proper  means  the  legislation  which  is  of  such  vital 
importance  to  the  well-being  of  the  country. 
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The   Passing  of  Ingenuity 

FYora  The  Engineer,  April  25,  1919. 

It  was  once  said  of  Sheffield  that  the  city  was  more  notable 
for  its  industry  than  its  ingenuity.  The  phrase  is  one  that 
bites  into  the  mind.  Is  it  possible  that  a  century  hence  a  new 
race  of  engineers  will  use  it  once  more  not  only  o£  Sheffield, 
not  only  of  the  United  Kingdom,  but  of  all  Europe  and 
America  as  well?  We  see  justification  for  that  reproach — 
for  a  reproach  it  is — growing  daily  greater  with  every  step 
that  leads  us  to  the  very  things  that  made  Sheffield  famous 
in  her  day  and  promised  in  the  end  to  be  her  undoing.  Only 
now  in  her  staple  trade  is  she  beginning  to  throw  off  the 
lethargy  of  industry,  only  now  to  revive,  to  re-welcome, 
imagination  and  ingenuity.  Nothing,  in  the  long  run,  fails 
like  success.  Sheffield  brought  the  manufacture  of  files  and 
cutlery  to  the  highest  position  that  could  be  reached  by  man- 
ual methods.  She  standardized  and  she  specialized  and  she 
did  all  the  things  that  mechanical  engineers  are  now  being 
urged  to  do  in  other  industries,  and  the  result  was  mag- 
nificent— for  a  time.  Then,  when  industry  had  effected  its 
complete  mastery  of  ingenuity,  the  danger  of  success  began 
to  show  itself.  Sheffield  could  not  escape  from  the  toils  of 
tradition,  she  could  not  throw  oft  the  bonds  of  her  standard 
methods,  she  could  not  divert  worjimen  from  one  way  of 
doing  things  to  another  way.  We  say  she  could  not.  That 
is  not  quite  fair,  for  she  is,  in  fact,  effecting  a  change,  but 
with  infinite  difficulty,  with  pain  and  tribulation.  Ingenuity 
is  coming  back  to  Sheffield;  she  is  winning  it  back.  Will 
it  be  recovered  by  others  when  their  time  of  trial  comes? 

It  is  impossible  to  change  the  trend  of  twentieth  century 
mechanical  engineering;  it  would  be  bad  business  to  attempt 
to  do  so.  We  are  committed  irrevocably  to  mass  production, 
to  specialization,  to  rigs  and  jigs  and  standards,  to  gigantic 
industrial  "combines,"  to  the  supersession  of  individual  merit 
and  the  apotheosis  of  mass  merit;  skill  is  being  transferred 
from  the  man  to  the  machine;  knowledge  is  being  replaced 
by  the  schedule;  organization  by  rule  is  taking  the  place  of 
organization  by  mother-wit;  Westminster  Conference  regula- 
tions and  Whitley  Council  rulings  are  displacing  the  power 
of  personality,  and  Welfare  systems  are  regulating  bowels 
of  compassion  with  a  card  index.  We  say  this  flood  cannot 
be  stemmed,  but  let  us  at  least  know  whither  it  is  bearing 
us.  Let  us  at  least  recognize  that  borne  on  it  mechanical 
engineering  will  return  whence  it  was  lifted  by  the  old  mas- 
ters, by  Newcomen,  Smeaton,  Watt,  Stephenson,  Trevithick, 
Whitworth,  Armstrong,  Maudslay,  Penn,  and  many  another 
whose  ingenuity  raised  it  from  a  craft  to  an  art.  Can  there 
be  any  but  one  outcome  to  the  methods  which  are  now  com- 
mended by  the  most  advanced  thinkers,  by  the  Cecil  Waltons 
who  propose  that  from  youth  to  age  the  mechanic  should  do 
but  one  thing,  be  it  no  more  than  the  screwing  of  three-eighth 
bolts  or  the  gaging  of  taper  pins;  or  the  less  advanced 
thinkers  who  are  content  with  the  proposition  that  whole 
factories  should  be  sriven  up  to  one  product,  turning  out  year 
after  year  nothing  but  ;;-in.  pi«  ton  ring.s.  aeroplane  connect- 
ing-rods, cylinder  covers  or  what  not,  all  to  be  assembled  in 
due  course  on  an  endless  moving  platform  in  a  factory  which 
does  nothing  but  erection?  Many  curious  prospects  are 
opened  by  the  vision  of  these  later-day  works,  but  none  more 
striking  than  the  obvious  fact  that  technical  education  of 
many  will  be  uncalled  for.  For  of  what  service  will  it  be? 
What  will  it  benefit  a  man — we  cannot  call  him  an  engineer^ 
to  know  the  stresses  in  a  crank  shaft  when  he  can  procure 
nothing  but  standardized  patterns,  or  to  be  knowledgeable 
in  the  matter  of  armatures  when  he  buys  them  off  the  trays 
like  penny  buns?  Why  waste  his  time  on  thermodynamics 
when  modifications  of  engine  design  are  made  impossible 
by  the  fact  that  a  million  or  two  sterling  has  been  invested 
in  jigs  and  rigs,  and  to  change  them  would  be  industrially 
uneconomical?  The  war  showed  us  that  to  such  perfection 
had  we  brought  machines  that  even  wholly  unskilled  labor 
could  do  highly  skilled  work;  it  showed  us  also  that  un- 
trained intelligence  could  fill  the  duties,  within  specialized 
limits,  of  trained  intelligence.  But  whilst  it  carried  us  for- 
ward in  four  years  a  step  that  might  have  taken  forty,  it 
has  left  us  with  such  a  deal  of  momentum  that  the  wheel 
it  started  whirling  continues  to  carry  us  forward  on  its  rim 
with  barely  abated  velocity.  In  another  50  years  these  things 
we  now  foresee  dimly  will  be  the  commonplace  of  industry. 
Brought  up  in  standard  creches  on  standard  feeding  bottles 
with  standard  milk,  we  shall  pass  through  a  course  of  stand- 


ard education,  be  dreKsed  In  Htandard  clothes,  carried  in 
standard  conveyances,  live  in  standard  dwellings,  dlue  off 
standard  china,  behave  like  standard  citizens  all  our  days, 
and  in  due  course  be  carried  in  standard  coftlns  in  a  standard 
hearse  to  a  standard  crematorium. 

The  prospect  of  mechanical  engineering  made  perfect  in 
industry  and  robbed  of  the  disturbing  element  of  ingenuity 
casts  a  gloom  upon  the  real  mechanical  engineer,  but  It  has 
some  redeeming  features.  The  acceleration  of  output  will 
be  so  considerable  that  even  the  G-hour  day  will  be  found 
unnecessarily  long  and  men  will  thus  have  leisure  to  ponOii 
upon  the  happier  days  of  the  past  when  their  distant  loi 
bears  might  exercise  their  creative  talents — "It  1b  undeni- 
able," wrote  Matthew  Arnold,  "that  the  exercise  of  a  creative 
power,  that  a  free  creative  activity,  is  the  highest  (unction 
of  man;  it  is  proved  to  be  so  by  man  finding  in  It  his  true 
happiness" — to  idle  with  their  collections  of  carios  of  a  time 
when  there  was  still  some  variety  in  the  world;  to  pore  upon 
old  books  with  their  descriptions  of  varied  mechanisms,  or 
to  discuss  the  nuances  of  the  word  "ingenuity"  marked  with 
an  asterisk  in  dictionaries  of  the  time  to  show  that  it  was 
obsolete.  Just  as  in  the  present  day  the  twisted  legs  of  a 
Jacobean  table  carved  by  hand  are  more  esteemed  than  those 
made  by  the  thousand,  like  rifle  stocks,  on  a  copying  latbe, 
so  in  those  days  men  will  value  the  things  that  are  not  to 
standard,  things  that  show  the  personality  of  some  ingenious 
mechanical  engineer  of  an  earlier  day,  more  than  the  stand- 
ard things  to  which  progress  has  brought  them.  Thank 
Heaven,  much  water  must  flow  under  the  bridge  before  that 
time  comes,  and  for  us  mechanical  engineers  of  the  present 
there  is  plenty  of  work  in  the  designing  of  ingenious  ma- 
chines and  methods  for  the  murder  of  ingenuity  In  our 
descendants.  Much  as  we  may  regret  its  effects,  we  are 
forced  to  admit  that  the  redemption  of  trade  can  be  secured 
only  by  mass  production. 


Salary  of   District   Council   Surveyor7$750 
Per  Year 

Kroni  The  Surveyor.  .May  9,  19J9. 
The  proceedings  at  a  recent  meeting  ot  fhe  Isle  of  Axholme 
(Yorks)  Rural  District  Council,  when  the  salaries  of  various 
officials,  including  that  of  the  surveyor,  were  under  consid- 
eration, reveal  a  state  of  affairs  to  which  the  attention  of 
the  Local  Government  Board  should  be  directed  without 
delay.  It  appears  that  the  surveyor,  who  is  also  sanitary 
inspector,  inspector  of  canal  boats,  and  housing  inspector, 
receives  the  magnificent  remuneration  of  C15,')  ($750)  a 
year,  or  rather  less  than  .£3  a  week  in  respect  of  all  these 
offices.  This  being  for  whole-time  service,  it  will  be  seen 
that  a  miner,  for  example,  is  a  Croesus  by  comparison.  But 
this  is  not  all.  Out  of  this  salary  the  surveyor  provides 
his  own  motor  cycle,  traveling  expenses  and  office  accom- 
modation, and  he  is,  presumably,  expected  to  live  on  the  bal- 
ance, subject,  it  is  true,  to  a  war  bonus  of  £30.  In  these 
circumstances  the  proposal  before  the  council  was  that 
the  salary  be  increased  by  .£25  per  annum,  and  it  was  actu- 
ally suggested  by  one  member  that  the  matter  should  1" 
deferred  until  the  cessation  of  the  surveyor's  appointment  ;. 
local  fuel  overseer.  Ultimately  an  increase  of  £1.5  wiu^ 
agreed  to.  Such  cases  as  these  lead  to  two  conclusions. 
First,  the  pernicious  system  of  paying  salaries  that  are  in- 
clusive of  traveling  and  office  expenses  should  be  abolished: 
and  s(>condly,  that  means  should  be  devised  for  controlling 
the  fixing  of  salaries  by  local  authorities  so  as  to  avoid  the 
possibility  of  a  repetition  of  such  cases  as  tiiat  to  which  we 
have  referred,  which  occur  all  too  frequently  under  present 
conditions. 


London  Subways  Pays  2  Per  Cent  Dividends.— In  an  addres 
May  27,  before  the  London  Society.  W.  M.  Acworth  said  th;r 
the  dividend  on  the  Tube  railways  of  London,  payable  after 
!■>   years   of  waiting,   to.  the  ordinary   shareholders   had   not 
n'sen  above  '  per  cent.     The  capital  cost  per  mile  was  fifteen 
vears  ago,  on  an  average,   £600,000.     Today  the  cost  would 
be   at  least    £1,000,000   per  mile,   and   capital   could  not   !• 
obtained   for  less  than  C  per  cent.     To  earn  tlie    £C0.'"V> 
year  for  interest  each  mile  must  earn   £150.000  per  annun 
which,   at  the  average   (are  of   %d    (1%   ct.)    per  mile   no- 
paid,   would  mean   that  over  each  mile  of  raUway  1,000.0<" 
pas.^engers  per  week  must  travel. 
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Strengthening  Old  Iron  Bridges  by 

Reinforced  Concrete 

Arch  Ribs 

By  MAJOR  A.  T.  DAVIS. 
From  The  Surveyor,  July  4,  iyi9. 

The  simple  and  comparatively  inexpensive  method  of 
strengthening  two  historic  county  bridges  in  Shropshire  by 
the  application  of  ferroconcrete  is  one  which  will  probably 
interest  municipal  and  county  engmeers  and  highway  author- 
ities generally.  The  bridges  in  question  were  constructed 
with  cast-iron  arches  on  masonry  abutments  about  a  century 
ago  by  Thomas  Telford. 

In  1S21  an  old  masonry  bridge  over  the  river  Onny,  in  the 
parish  of  Stokesay.  was  destroyed  by  floods,  and  Thomas  Tel- 
ford, then  the  county  surveyor  of  Shropshire,  built  a  new 
cast-iron  bridge  on  an  adjacent  site  during  the  course  of  the 
.succeeding  year.  Having  been  in  constant  service  for  nearly 
a  century,  this  structure  has  recently  been  strengthened  by 
encasing  two  of  the  cast-iron  arched  ribs  in  terro-conarete, 
thus  rendering  the  bridge  much  stronger  than  ever,  and  quite 
fit  to  carry  the  heavy  traffic  of  the  present  day.  The  strength- 
ening works  were  carried  out  in  accordance  with  the  plans 
and  under  the  superintendence  of  the  writer,  on  the  Mouchel- 
Hennebique  system  of  Messrs.  L..  G.  Mouchel  &  Partners, 
Limited,  of  Westminster. 

In  1917  the  bridge  was  damaged  by  a  traction  engine  ^^'hich 
ran  through  the  railings  and  also  caused  damage  to  the 
cast-iron  curbs  and  to  the  masonry  of  one  abutment. 

When  the  scaffolding  was  erected  for  carrying  out  repairs  a 


Fig.    1 — stokesay    Bridge   After   Strengthening    With    Ferro- 
concrete   Arch    Ribs. 

careful  examination  of  the  entire  structure  was  made,  with 
the  result  that  two  of  the  tour  cast-iron  ribs  were  found  to 
be  fractured  in  several  places  at  the  haunches,  as  indicated 
in  Fig.  2. 

Various  methods  of  repair  were  considered.  The  idea  of 
strengthening  the  structure  by  flitching  of  fish-plating  was 
regarded  as  out  of  the  question,  partly  in  consequence  of  the 
difficulty  of  boring  rivet  or  bolt  holes  in  the  cast-iron  mem- 
bers without  causing  undue  weakness,  and  partly  because  of 
the  difference  between  the  elasticity  of  cast  iron  and  mild 
steel  or  wrought  iron,  but  more  especially  because  such  treat- 
ment would  not  have  increased  the  weight-carrying  capacity 
of  the  bridge  beyond  that  of  its  strength  before  fracture, 
ent  day.  The  writer  conceived  the  idea  of  strengthening 
which  was  certainly  unequal  to  the  requirements  of  the  pres- 
the  two  center  ribs  by  encasing  them  in  ferro-concrete,  and 
prepared  a  scheme  based  on  this  idea,  which  he  recommended 
to  the  Roads  and  Bridges  Committee  as  one  calculated  to 
render  the  bridge  fit  to  carry  the  heavy  traffic  of  the  present 
day.  As  no  evidence  of  damage  was  to  be  lound  in  the  two 
outer  ribs,  it  was  proposed  to  leave  these  untouched,  thereby 
avoiding  any  noticeable  alteration  in  the  appearance  of  Tel- 
ford's work. 

Briefly  described,  the  work  of  strengthening  was  performed 
by  constructing  two  ferroconcrete  arched  ribs,  reinforced  as 
shown  in  the  longitudinal  and  cross  sections  in  Fig.  3,  and 
enclosing  the  original  cast-iron  ribs.     The  terro-concrete  ribs 


extend  from  the  top  to  the  bottom  of  the  cast-iron  members, 
and  are  18  in.  wide.  At  the  middle  of  the  span  their  width 
is  increased  to  3  ft.  6  in.  at  the  top,  where  they  are  braced 
transversely  by  a  horizontal  member  12  in.  wide  and  14  in. 
deep,  the  whole  being  in  monolithic  connection. 

No  disturbance  of  the  road  surface  or  hand-railing  was  in- 
volved, as  the  masonry  abutments  and  the  cast-iron  floor 
plates  of  the  bridge  were  in  good  condition.     The  work  was 


Fiu.  2.— Stokesav  Bridge.    Half  Elevation  op  a  Cast-Iron 
Rib,  snowiNa  Positions  of  Fbactdres. 


Fig.    3 — Section    Showing    Reinforcement    in    Ferro- Concrete    Work. 

executed  by  the  aid  of  staging  and  forms  suspended  from  the 
outer  ribs,  the  Umbering  being  of  sufficient  strength  and 
rigidity  to  carry  the  weight  of  the  concrete,  and  as  the  stream 
is  liable  to  flood  rapidly,  it  was  thoroughly  secured  to  the 
structure  for  resistance  to  tiie  pressure  of  flood  water. 

The  ferro-concrete  construction  was  started  from  both 
abutments  simultaneously  and  worked  gradually  towards  the 
crown,  and  the  plain  concrete  filling  on  the  upper  part  of  the 
ribs  was  added  after  the  ferro-concrete  had  been  completed. 

When  the  reinforcing  bars,  links  and  stirrups  had  been  as- 
sembled and  fixed  in  place,  the  work  of  concreting  was  com- 
menced, and  during  this  operation  and  for  a  period  of  six  weeks 
afterwards  all  vehicular  traffic  was  diverted  from  the  bridge, 
foot  traffic  being  permitted  as  usual.  The  original  intention 
■was  to  strengthen  one  rib  at  a  time,  thereby  enabling  the 
bridge  to  be  used  for  ordinary  light  traffic,  first  on  one  side 
and  then  on  the  other.  It  was,  however,  finally  thought  bet- 
ter to  undertake  both  ribs  at  the  same  time,  and  thus  avoid 
all  vibration,  a  course  which  resulted  in  very  little  incon- 
venience to  the  public  owing  to  the  existence  of  a  by-road 
at  a  short  distance  away,  over  which  all  vehicular  traffic  was 
temporarily  diverted 

The  strengthening  works  have  been  found  perfectly  satis- 
factory in  every  way.  The  bridge  is  now  capable  of  bearing 
without  undue  strain  a  rolling  load  of  30  tons  on  a  10-ft.  wheel 
base,  and  was  opened  to  traffic  on  Sept.  2nd  last.  The  char- 
acteristic features  of  Telford's  original  design  have  been  pre- 


/t«c/X?«' 


Fig.     4 — Plan     and 


Cross-Section     of     Stokesay     Bridge,     Including 
Ferro-Concrete   Ribs. 


served  so  far  as  the  exterior  of  the  bridge  is  concerned,  the 
ferro-concrete  ribs  being  unobtrusive  and  hidden  from  view 
to  a  considerable  etxent  by  the  outer  cast-iron  ribs. 

The    highly    successful    results    given    by    the    method    of 
strengthening  Stokesay  bridge  .  in  the   manner  described  en- 
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couraged  the  writer  to  make  a   similar  application  of  ferro-  •T'L,          \/r      ,•                        fT^                        . 

concrete  for  the  purpose   of  strengthening  another  cast-iron  1  IIC       iVlflXimUrn.          1  GITipGrfltUrC        IFl 

bridge  built  by  Telford  when  occupying  the  position  of  county  T  ri|.(5^  T'linnf^Is  ctrtA    Pit^fir*     W^illc 

surveyor    of    Shropshire.     This    structure,    known    as    Cound  Xjai  ^C     X  UllllClA   dllU    l^CCp      VV  eil» 

bridge,  is  four  years  older  than  the  similar  bridge  at  Stoke-  With      3       '^l^'fial       EniDlriCal 

say,  having  been  constructed  in  the  year  181S.     It  is  therefore  ^ 

more  than  a  century  old  at  the  present  date,  and  having  been  rOrmula 

thoroughly    strengthened    by   enclosing   two   of   the   cast-iron 

ribs,  the  structure  has  obtained  a  new  lease  of  life  and  may  '^y   F.    BUTA\  AND, 

be   expected  to   continue  its  useful  career  well  into  another  From  Le  Genie  Civil,  May  10,  1919. 

century.  At  the  surface  of  the  ground,  the  temperature  varies,  ac- 

The  bridge   is   practically   of  the   same  design  and   dimen-  cording  to  the  season,  frcin  the  mean  annual  temperature  (t) 

sions  as  that  at  Stokesay.     It  is  a  little  narrower  than  the  of  i^^^  locality.     Below  the  surface  the  size  of  the  varlatlong 

latter,  but  the  span  is  exactly  the  same.     Another  interesting  decreases;  at  a  depth  of  a  few  decimeters,  the  diurnal  varl- 

point  is  that  the  two  center,  or  weight-carrying,  ribs  cracked  ations  cannot  be  detected  and  at  a  depth  of  a  few  meters,  the 

in  a   precisely  similar  manner  to   those  in  Stokesay  bridge,  temperature   remains   constant  with  a   value  a  little  greater 

but  to  a  somewhat  greater  extent.  Ihan   t,    or   t  +  a.     At    still    greater   depth,   the   temperatiue 

The  scheme  prepared  by  the  writer  for  strengthening  the  increases  with  the  depth  H.    It  increases  also  with  the  lenftth 

bridge  by  means  of  ferro-concrete  was  on  exactly  the  .^ame  ^    in  the  case  of  a  tunnel,  for  this  depends  upon  the  curva- 

lines  as  those  in  connection  with  the  bridge  at  Stokesay.  and  (ure  of  the  mountain  or.  in  other  words,  the  form  and  extent 

the  Work  was  carried  out  on  the  Monchel-Hennebique  system  ^j  t^^g  cooling  surface. 

in  accordance  with  the  working  drawings  prepared  by  Messrs.  ^^^    relation    mav    be    shown    bv    an   expression    with    the 

L.  G.  Mouchel  &  Partners.  Limited,  of  Westminster.     Messrs.  fo^^. 

Hobrough  &  Company,  of  Gloucester,  were  the  contractors.  '                                        b  Ho  L^ 

Concreting  was  finished  on  Christmas  Eve.  and  the  bridge  ^^^   ^^^  complete  formula   will   therefore  be: 

is   now   carrying  the   whole  of  the   traffic.     In   contradistmc-  T  =  t-f  a  +  bH"LP 

tion  to  the  procedure  adopted  at  Stokesay  bridge,  all  vehicular  ^  ^^^  ^  ^^^  ^^^  strictly  constants  but  depend  upon  the  ecu- 
traffic  up  to  5  tons  in  weight  was  allowed  to  use  Cound  bridge  ^jj^j^^g  .^^.j^j^^jj  cannot  be  exactly  expressed,  such  as:  the  form 
during  construction,  movable  barriers  bemg  used  for  the  con-  ^^  ^^^  ground  surface,  the  variable  conductivity  of  different 
trol  of  traffic  and  to  keep  it  at  a  walkmg  pace.  It  may  be  ^.^^^.^  chemical  activitv,  sources  of  heat  and  cold,  etc.  Con- 
mentioned  that,  although  the  staging  was  suspended,  as  in  ggq^g^j,^,  jj  jg  impossible  to  verifv  the  formula  perfectly. 
the  rase  of  Stokesav  bridge,  it  was  stiffened  by  piles  driven  •  „  ..  .  ,  i.  . 
Sto  the  ih-er  bed,  and  tha't  the  vibration  produced  by  the  re-  Ordinarily  the  following  values  can  be  used: 

stricted  tratfic  was  negligible  a  =  4    b  = ,  a=:l,  ^=\^ 

3.5  n 

Hysteresis  in   Reinforced  Concrete  Structures.— In  a  paper  ^^^^ 

on  reinforced  concrete  ships,  presented  March  27  before  the  1 

Concrete  Institute,  Mr.  J.  S.  E.  De  Vesian  stated  that  he  had  X  =  t  +  4  H HL"= 

found  that  the  use  of  ordinary  mild  steel  bars  with  an  ulti-  3.5  n 

mate  tensile  strength,  say,  at  rupture  of  about  C3,0lXi  lb.  and  ^here  H  is  the  maximum  depth  of  earth  overhead,  expressed 

the  yield   point  corr.?spcnding  to  about   32,000  lb.  per  square  j^^  bectometers,  L  is  the  length   of  the   tunnel   expressed   in 

inch,  accounts  for  a  large  part  of  the  slight  sagging  which  is  kilometers;    t  is  mean  annual  temperature  of  the  region  at 

noticed    in    reinforced    concrete    structures    after    they    have  ^^^  same  elevation  as  tl-e  tunnel,  expressed  in  degrees  Centi- 

been  loaded  or  stressed  for  the  first  time.     This  sagging  does  g^ade;    and  T   is  the   temperature  in   the   tunnel   in  degrees 

not  increase  by  subsequent  stressing,  and  in  order  to  obviate  centigrade. 

the  appearance  of  such  sagging,  engineers  or  architects  are  in  ^^  ^^^  ^    .^^  .^  ^  coefficient  which,  in  the  theoretical  case  of 

the  habit   of   specifying   that  the   beams  should   be   moulded  ^  f^^nel  in  a  cvlindrical  mountain,  would  equal  1.     When  the 

with   a    slight   camber.     Mr.   De   Vesian   considfJTs   that    this  ^^^^^^   jj.    ^g^^   high    summits    this   coefficient    becomes   less 

initial   sagging   is   due  mostly  to   the   phenomenon   of  initial  ^^^^  ^      ^^  ^^^  ^^^^  ^j  ^  spherical  surface  n  =  2. 

permanent  set.  or  "hysteresis,-  to  borrow  the  term  used   by  ^  ^.^^^^  ^^  ^  ^^^  ^^  g.^.^^,  ^^  „      Po^. 

electricians    to    denote    a    --i'-]    P^^'^"°"7°°  j-J^^f  ;;"^,^f.  the  Simplon  ttfnnel,  where  the  maximum  thickness  over  the 

their  sphere  of  knowledge;   and  it  is  al.o  exhib  ted  b>   o.di  ^^^^  ^  ^  ^_^  ^^^^^^  ^^^  ^^_^^^^    .^  ^^^^  immediate  vicinity 

nary  steel  structures  when  stressed  for  the    'rst  t'me.    In  the  ^^^  mountains  more   than  4.000  meters  high,  it  would 

case  of  reinforced  concrete,  however,  this  '"''''ll^^'  ^^"^^^  be  well  to  use  a  smaller  value  for  n,  for  example,  0.8. 

^:1::::TZ  *L\:"o7rd;nL;°^ildTng1on=l:,  "l?  The  use  of  this  formu.  for  ave  lar.e  tunnels  gives  the  fol- 

proper  factors  of  safety  are  allowed,  in  structures  like  ships  lowing  results: 

where  alternating  stresses  occur  through  hogging  and  sagging,  ^,0  t-         «»'."'-           ,.,.„.„     simolon     l>oetchberg. 

the  initial  permanent  set  in  the  steel  produces  a  somewhat  un-  Gems.        Gothard.        .Xrll.jrg.    Simplon.    l»etc  ^^e  g 

elastic  state  in  the  structure  which  is  detrimental  and  mate-  h::::.::.::.''    \^.l             17                  J.T              21.5             1. 

riallv    increases    the   tendency   of   cracking   of   the   concrete.      l. 12.2  14.9  io.3  l9.s  1 

which  for  obvious  reasons  must  be  avoided  m  ships.     Mr.  De  ^   calculated..  30°                32. 7^             18.3-             48°                32.5 

Vesian-s   firm   therefore   decided   to   adopt   a   form   of   bar   of  t    observed...  29.6              30.S 

which  they  had  had  previous  satisfactory  experience.  Ihese  ^^  ^j^^^^,^  ^^  „„jgj  that  in  the  Simplon  tunnel,  near  sources 
bars  are  made  from  ordinary  mild  steel  and  are  more  or  less  ^^  ^^^^  temperatures  from  49'  to  53°  have  been  found. 
triangular  in  section  with  rounded  corners.  They  are  sub-  Consider  now  the  application  of  the  formula  to  the  Czuchow 
jected  to  a  special  process  of  twisting,  the  effect  of  which  is  ^^^^^^  .^  ^^^  ^^^.^^  ^^  Silesia,  south  of  Glewitz.  These  wells 
to  produce  in  the  bar  that  initial  permanent  set  which  uouia  ^^^^^  ^  ^^^^^^  ^^  ^,240  meters.  Here  it  is  necessary  to  con- 
take  place  in  a  plain  bar  when  first  loaded.  This  twisting  ^,^^^  ^^^  terrestrial  zone  limited  by  a  horizontal  plane  pass- 
lias  also  the  effect  of  producing  an  efficient  continuous  bond  -^^  t,jrough  the  bottom  of  the  well.  The  length  of  the  chord 
and  increases  the  elastic  limit  with  a  proportionately  less  ^^  .^^  ^^  ^.^.^  kilometers.  . 
elongation  under  calculated  stresses.  ^^^.^  gives  - 

t  =  10.  H  =  22.4,  L  =  333,  n  =  2 

Wood  for  Reinforcing  Material  for  Concrete.— According  to  ^^    substituting   and   solving,   the   formula  gives   T  =  72.5=0. 

Beton  u.  Eisen.  wood  used  as  a  reinforcing  .naterial  for  con-  ^^^^^^.^^  ^  i^  §30  c. 

•Crete   should   be  impregnated  with  magnesium  chloride    ana  ^^^^^  .^  ^^^  principallv  to  proximity  of  the  Carpathean 

should  be   so   placed   that  any  change   in  the  cross-sectionai  ^^^^^^^.^^  ^.j^j^b  lowers  the  value  of  n  from  2  to  1.70. 

area  does  not  affect  the  durability  of  the  ^f^^tu^e.    u  •                                                                         ^^^  proposed  formula 

latter  precaution  is  overlooked  the  concrete  may  crack,  .mall  In  the  case  01  wens                       y 

strips  of  wood  are  better  than  larger  ones,  and  rushes  appear  ,j,  - 1  -f  4  -f HI>"^ 

to  be   excellent   for   the   purpose,   especially   for   thm   walled  T-.t  +  *+^^  ^ 
structures  such  as  ships. 

(7) 
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may  be  given  a  more  simple  form.    Here  n=^2  and  L  is  sub- 
stantially  equal  to 

|"T5h" 

^     10 

D  being  the  diameter  of  the  earth.     Substituting  for  D,  this 
becomes 

400  y\  — 
^10  ' 
and  the  formula  is  reduced  to 

T  =  t  +  4  +  1.2  H'/' 

Since  this  formula  was  established,  the  United  States 
Geological  Survey  has  published  the  temperatures  obtained 
in  wells  located  about  S  kilometers  north  of  Clarksburg,  W. 
Va.  These  wells,  which  have  approximately  the  same  depth 
as  the  ones  at  Czechow,  have  a  temperature  of  66.7°  C  at  a 
depth  of  2,133  meters.  The  formula  with  t  =  10  gives 
T  =  69°C. 

The  artesian  wells  at  Crenelle  and  Passy  at  Paris  have  a 
depth  of  5.50  meters  and  620  meters,  respectively.  The  tem- 
peratures given  by  the  formula  for  these  depths  are  25°  C. 
for  the  first  and  about  27°  for  the  second.  The  temperature 
of  the  artesian  water  is  28°. 

To  summarize,  it  may  be  said  that  the  proposed  formula 
has  been  verified  with  a  mean  error  of  6  to  7  per  cent  for 
tunnels   and  wells. 

A  temperature  of  100°  C,  where  boiling  water  and  steam 
will  be  found,  will  be  reached  at  the  following  depths  ac- 
cording to  the  mean  annual  temperature  of  the  region: 

m 

t  =    0°    H=33no± 

10      ■ =3000  + 

20      =2750± 

30      —  2500  ± 

The  formula  also  shows  that  the  geothermic  degree,  SH,  or 
the  increase  in  depth  corresponding  to  a  difference  of  1°  C. 
Is  not  constant.     It  is  represented  by: 

1 

SH  = 

1.5  H\« 
which  gives 

SH  =  55  meters  for  H  ^  200  meters 
=r  3S  meters  for  H  =  900  meters 
=  30  meters  for  H  =  2,500  meters. 


Protection     of    Zinc     Water     Pipes    from     Corrosion. — Zinc 

water  pipes  in  contact  with  mortar  containmg  gypsum  be- 
come in  a  relatively  short  time  corroded  and  eaten  through 
in  places,  states  the  Building  News.  Where  the  surface  is 
wetted  and  quickly  dried  a  protective  coating  of  oxide  is 
formed;  but  where  the  contact  with  running  rainwater  is 
prolonged,  as  in  the  case  of  roofing  plates  and  gutters,  the 
possibilities  of  energetic  action  must  be  reckoned  with.  The 
most  active  agent  of  destruction  is  sulphate  of  lime.  Zinc  is 
energetically  attacked  by  mortar  containing  gypsum  sand,  but 
only  feebly  by  mortar  containing  limestone  sand  alone  or 
with  an  addition  of  gypsum.  Lead,  on  the  other  hand,  is 
energetically  attacked  by  limestone  alone  and  with  an  addi- 
tion of  gypsum,  but  only  feebly  by  gypsum  sand  mortar. 
Both  metals  are  strongly  attacked  by  pure  cement,  but  the 
destructive  action  is  lessened  in  progressive  measure  by 
the  addition  of  sand.  Hence  zinc  should  be  put  in  contact 
only,  with  limestone — carbonate — mortar,  and  lead  only  with 
gypsum — sulphate. 


Concrete  Pipes  for  Wharf  Substructure. — Pipes  made  of 
concrete  are  being  used  instead  of  wooden  piles  in  the  con- 
struction of  the  wharf  inside  the  new  break \vater  at  BurniC: 
Tasmania,  according  to  The  Engineer  of  June  20,  1919.  The 
concrete  cylinders  are  10  ft.  long  by  4  ft.  6%  in.  in  diam- 
eter, the  concrete  being  12  in.  in  thickness.  To  produce  them 
a  steel  cylinder  is  placed  on  four  wheels,  and  driven  by  an 
electric  motor,  revolving  at  the  rate  of  from  250  to  300  revo- 
lutions per  minute,  the  concrete  is  thrown  in,  and  the  centrif- 
ugal force  thus  produced  gets  rid  of  the  water.  It  takes 
about  a  quarter  of  an  hour  from  the  time  the  mould  is  set 
in  motion  until  the  concrete  cylinder  is  ready  for  removal. 
To  obtain  the  necessary  height  in  constructing  the  wharf, 
the  concrete  cylinders  will  be  placed  on  top  of  each  other, 
cemented  together,  and  secured  by  an  8  in.  steel  band  on 
the  outside  of  the  joint.  The  hollow  space  in  the  cylinders 
will  be  filled  with  sand. 


Chlorination  Results  in  Treatment 
of  Water  Supply  of  London 

From  The  Engineer,   July  4,    iai9. 

The  13th  annual  report  made  to  the  Metropolitan  Water 
Board  by  Sir  Alexander  C.  Houston  on  the  results  of  the 
chemical  and  bacteriological  examination  of  the  London  wa- 
ters during  the  12  months  ended  March  31st  last  has  just 
been  published. 

Treatment  of  Raw  Thames  Water. — The  chlorination  of 
raw  Thames  water  was  continued  during  the  period  under 
review.  Between  April  1st,  1918,  and  March  31st,  1919,  20,841 
million  gallons  were  treated  during  286  days  for  the  West 
Middlesex  supply  and  during  261  days  for  the  rest  of  the 
Staines  supply  out  of  a  total  of  365  days.  The  intermissions 
were  caused  by  floods  when  the  water  was  too  turbid  for 
filtration  purposes,  and  stored  water  had  to  be  used  instead. 
The  proportions  were  74.3  per  cent,  raw  and  25.7  per  cent, 
stored  water  during  the  year.  The  estimated  saving  of  money 
due  to  a  less  amount  of  coal  being  required  tor  pumping  was 
£13,547.  The  cost  of  chloride  of  lime  was  about  £3044,  so 
that  the  net  saving  amounted  approximately  to  £10,503. 
These  calculations,  it  is  explained,  were  based  on  figures 
given  by  the  late  Sir  J.  W.  Restler  in  1916,  since  which  time 
the  price  of  coal  has  risen,  whereas  the  price  of  chloride 
of  lime  has  fallen.  The  dose  was  varied  according  to  circum- 
stances, but,  on  the  average,  it  was  1  in  2%  millions,  or  0.44 
in  one  million,  in  terms  of  available  chlorine.  With  bleach- 
ing powder — chloride  of  lime — of  33  per  cent,  strength  that 
proportion  equals  13.33  lb.  per  million  gallons.  As  regards 
bacteriological  results,  all  that  is  now  aimed  at  is  to  produce 
at  least  as  good  a  result,  judged  by  the  B.  coll  test,  by 
chlorination  of  raw  river  water,  as  if  the  river  water  had 
been  stored  in  Staines  reservoirs  instead  of  being  chlorinated. 
The  bacteriological  results  achieved  by  the  treatment  were 
actually  better  in  winter  than  in  summer,  and  the  facts  were 
established  that  chlorination  succeeds  considerably  better  than 
storage  on  the  average  and  is  practically  three  times  superior 
during  the  winter  months,  when  both  the  river  water  and 
the  stored  water  give  the  least  satisfactory  results. 

The  foregoing  remarks  refer  to  unfiltered  water  only.  As 
regards  filtered  water,  B.  coli  tests  showed  that  the  1918-19 
results — obtained  by  chlorination — were,  as  compared  with  the 
1906-16  averages — i.  e.,  in  the  pre-chlorination  period — frac- 
tionally worse  as  concerned  Kempton  Park  water,  which  in 
prechlorination  times  was  remarkably  good;  distinctly  better 
with  East  London — Sunbury — and  Grand  Junction  water;  and 
exactly  the  same  with  West  Middlesex  water. 

Commenting  on  the  results,  .Sir  Alexander  says:  "The  war 
is  now  over,  and  the  time  has  perhaps  come  when,  as  the 
result  of  nearly  three  years'  experience,  an  opinion  should 
be  given  on  this  subject  unequivocally  and  on  a  postwar 
basis.  The  writer  considers  that  the  chlorination  treatment 
has  been  such  a  pronounced  success  that  as  long  as  there  is 
a  clear  economic  gain  by  its  use.  It  is  most  desirable  that 
it  should  be  continued  indefinitely  as  a  post-war  measure." 

It  is  noteworthy  that  despite  the  magnitude  of  the  treat- 
ment— from  70  to  80  million  gallons  of  Thames  water  were 
treated  daily — no  complaints  had  been  received  from  con- 
sumers since  it  was  first  started  in  June.  1916. 

Super-Chlorination  and  De-Chlorination. — Turning  to  the 
question  of  the  treatment  of  New  River  water,  Sir  Alexander 
remarks  that  the  period  under  consideration  would  have 
afforded  an  excellent  opportunity  for  testing  the  value  of 
super-chlorination  and  de-chlorination,  since  it  turned  out  to 
be  a  year  of  phenomenal  floods.  Most  unfortunately,  how- 
ever, it  coincided  with  a  time  when  it  seemed  almost  im- 
possible to  get  anything  done,  owing  to  the  remarkable  short- 
age of  essential  materials  and  the  extreme  difficulty  of  ob- 
taining reliable  labor.  It  was  not  until  the  beginning  of  March 
this  year  that  after  many  vexations  although  unavoidable 
delays  the  plants  at  Highfield  and  Wood  Green  were  in  run- 
ning order. 

At  the  former  place  there  are  two  plants  for  super-chlorina- 
tion. The  bleaching  powder — chloride  of  lime — plant  is  de- 
signed broadly  on  the  plan  of  those  already  in  use  in  the 
Thames  Valley  which  were  described  in  the  12th  report,  ex- 
cept that,  in  addition,  there  was  a  sludge  settling  tank  from 
which  the  clear  liquid  can  be  pumped  back  into  the  mixing 
tanks.  In  the  other  plant  liquid  chlorine  is  employed.  The 
chlorine  gas  is  accurately  measured,  dissolved  in  water  and 
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discharged  as  a  solution  into  the  New  River  channel  in  such 

a  way  as  to- ensure  thorough  mixing. 

From  March  ord  to  14th  bleach  solution  was  used,  the  dose 

being   1   in   2   millions — in   terms  ot  available   chlorine — from 

the  3rd  to  the  10th,  and  1  in  1.3  millions  from  the  11th  to  the 

14th.     Thereafter,   till   March  27th,   when  the  treatment   was 

stopped,  chlorine  gas  solution  was  employed  in  the  following 

strengths: 

JIarch  15  to  iS 1  in  1   million 

March  19  lo  21 1  in  2  millions 

March  22  to  27 1  in  1  million 

At  Wood  Green  there  is  a  single  dechlorinating  plant,  sul- 
phurous acid  being  employed  for  the  purpose.  The  sulphur- 
ous acid  is  measured,  dissolved  in  water  and  delivered  as  a 
solution  into  the  New  River  channel.  The  dechlorinating 
apparatus  was  at  work  during  the  same  period  as  the  super- 
chlorination  was  in  progress.  The  dose  was  nominally  based 
on  the  excess  of  chlorine  still  present  in  the  New  River  water 
when  it  reached  Wood  Green  after  flowing  a  distance  of  be- 
tween 2%  and  3  miles,  which  it  took  about  seven  hours  to  do. 
As  a  matter  of  fact,  it  was  found  best,  with  a  view  to  avoid- 
ing "taste"  troubles,  to  add  rather  more  of  the  sulphurous 
acid  solution  than  was  actually  required  for  neutralising  the 
free  chlorine.  The  treatment  lasted  from  March  3rd  to  March 
27th  inclusive,  and  during  that  time  there  were  two  floods 
and  the  weather  was  exceedingly  cold. 

The  water  supplied  to  consumers  had  no  appreciable  taste 
until  March  20th.  From  that  date  onwards,  howe\er,  and 
until  some  days  after  the  treatment  had  been  stopped,  "taste" 
troubles  arose  and  a  large  number  of  complaints  were  re- 
ceived. The  water  from  the  Stoke  Newington  and  Clerken- 
well  Works  had  so  little  taste  throughout  ths  period  named 
that  it  could  only  be  detected  by  persons  with  specially  sen- 
sitive palates.  The  Hornsey  water,  however,  had,  beyond 
question,  an  unpleasant  taste,  but  it  was  note.vorthy  that  a 
chlorinous  or  "iodoform"  flavor  was  seldom  observed — as  our 
readers  will  remember  had  been  the  case  on  former  oc- 
casions— the  taste  being  nearly  always  of  "a  vegetable, 
muddy,  or  'froggy'  nature."  It  is  put  forward  as  bearing  on 
this  question  that  the  Hornsey  filters  were  fed  with  treated 
water  which  had  undergone  hardly  any  settlement  in  the 
small  Hornsey  reservoir,  whereas  the  Stoke  Newington  and 
Clerkenwell  filters  were  ted  with  the  same  treated  water, 
which  had  travelled  subsequently  a  considerable  distance 
down  the  New  River  and  had  received  as  well  much  more 
satisfactory  settlement  in  Stoke  Newington  reservoirs.  Fur- 
thermore, a  portion  of  the  Stoke  Newington  and  Clerkenwell 
water  was  diluted  with  filtered  Thames  water. 

Apart  from  the  matter  of  "taste,"  the  bacteriological  results 
were,  however,  excellent.  At  Highfleld.  just  above  the  point 
where  the  water  was  treated,  out  of  2.50  cultures  from  25 
daily  samples  of  raw  New  River  water.  192 — or  76.8  per  cent, 
—contained  B.  coli  in  1  c.c.  At  Wood  Green  after  dechlorina- 
tion, out  of  250  cultures  from  25  daily  samples,  247— or  98.8 
per  cent. — contained  no  B.  coli  in  ten  times  as  much  water — 
10  c.c.  The  filtered  water  results— at  Hornsey,  Stoke  New- 
ington. and  Clerkenw^ell  alike — were  equally  remarkable,  as  is 
seen  in  the  following  table: 

Percentage   number  ot 
Week  ending —  .samples  containing 

no  B.  coli  in  100  c.c, 

February    22 28.0 

March    1 16  0 

March    S 52.0 

March    IS 96.0 

March    22 92.0 

March    29 88.0 

April  5 96.0 

In  considering  these  ^gures  it  should  be  borne  in  mind 
that  the  higher  the  figure  the  better  the  result,  and  that  the 
treatment  began  on  the  3rd  and  ended,  on  the  2Tth.  With 
regard  to  the  high  figure  for  the  week  ending  April  5th — 
after  the  treatment  had  been  stopped— Sir  Alexander  remarks 
that  the  water  probably  benefited  greatly  by  the  highly  im- 
proved condition  ot  the  water  in  the  Hornsey  and  Stoke  New- 
ington reservoirs  as  the  result  of  the  previous  chlorination, 
although  no  doubt  the  improving  condition  of  the  raw  New- 
River  water,  owing  to  the  decline  ot  the  flood,  was  a  factor 
in   the   situation. 

As  concerns  the  future.  Sir  Alexander  considers  that  the 
outlook  of  chlorination  treatment  is,  to  say  the  least  of  it, 
promising. 

Resistance  of  Various  Waters  to  Filtration.— The  series  of 
investigations  into  the  resistance  to  filtration  of  various  wa- 
ters, which  was  discussed  in  the  12th  report,  was  continued 
during   the   period   under   consideration   with   interesting   re- 


sults. In  alluding  to  the  matter  generally,  Sir  Alexander 
remarks  that  four  years'  experience  has  shown  that  about 
Aprfl  and  May  filtration  results  are  not  very  satisfactory. 
This  condition  of  affairs  is  not.  he  exjilains,  due  to  floods, 
but  to  a  seasonable  development  of  diatoms,  such,  for  ex- 
ample, as  Synedra,  and  the  effects,  apparently,  of  bright  sun- 
shine and  increased  temperature.  At  that  period  of  ihe  year, 
he  says,  "fermentative  changes  seem  to  occur  in  the  bed 
of  the  river  leading  to  masses  of  suspended  matter,  buoyed 
up  with  bubbles  of  gas,  rising  up  and  rendering  the  water 
turbid.  Chiefly  composed  of  amorphous  matter,  the  accom- 
panying diatoms  give  this  material  a  viscid  character,  which 
exercises  a  considerable  clogging  action  on  filtration."  It  is 
remarked  upon  as  a  curious  circumstance  that  the  growths 
noted  in  river  water  are  not  usually  the  same  as  those  that 
develop  most  abundantly  in  storage  reservoirs. 

After  May,  or  at  all  events'  June,  excellent  filtration  results 
may  be  expected  until  the  late  autumn  or  winter  floods,  dur- 
ing which  the  suspended  matter  is  largely  amorphous,  while 
living  growths  are,  relatively,  absent,  and  there  can  be  no 
doubt  that  the  blocking  effect  on  filters  is  almost  entirely 
due  to  mud.  As  was  the  case  in  the  12lh  report,  numerous  re- 
productions from  photographs  of  samples  of  water  are  given 
in  the  present  report.  The  photographs  are  taken  at  reg- 
ular intervals  as  part  of  the  general  routine  work,  and  they 
have  been  found  to  be  of  great  value.  By  means  of  them 
Sir  Alexander  has  been  able  to  put  the  waterworks  engineers 
on  their  guard  for  possible  blocking  of  filter  beds.  Evidently 
he  can  occasionally  give  warning  of  impending  trouble  some 
considerable  time  ahead.  In  one  instance  which  he  quotes 
he  informed  the  engineers  specially  interested  that  it  was 
possible  that  there  might  be  blocking  in  certain  Alters.  It 
was  actually  eighteen  days  later  that  difficulty  in  filtration 
was  experienced. 

Rapid  Filtration  and  Chlorination. — The  question  of  rapid 
filtration  and  chlorination  is  dealt  with.  It  is  pointed  out 
that  the  great  pecuniary  success  of  the  Thames  chlorination 
experiments  has  been  due  to  the  fact  that  it  is  much  cheaper 
to  chlorinate  river  water  and  allow  it  to  gravitate  directly 
or  indirectly  on  to  the  filter  beds  than  to  pump  it  instead 
into  reservoirs  and,  after  storage,  to  use  it  for  filtration  pur- 
poses. Unfortunately,  only  from  70  to  SO  million  gallons  per 
day  out  of  the  total  supply  from  the  Thames  can  be  gravitated 
in  this  manner. 

The  cost  of  slow  sand  filtration  is  usually  stated  to  be  28s. 
per  million  gallons  filtered,  of  which  about  20s.  represents  in- 
terests on  capital  expenditure.  The  advocates  of  rapid  me- 
chanical filters  contend  that  their  methods  of  purification 
work  out  much  more  cheaply,  "and  so  they  do,"  comments 
Sir  Alexander,  "if  the  speed  of  filtration  is  increased  to  an 
extent  enormously  in  excess  of  the  older  methods."  "Obvi- 
ously." he  adds,  "this  cannot  be  done  without  serious  loss  of 
quality,  and  to  overcome  this  difficulty  the  advocates  of  the 
newer  methods  use  alum  as  a  coagulant,  and,  especially  with 
selected  waters — e.  g..  moorland — the  results  obtained  are 
in  most  respects  remarkably  good.  Nevertheless,  the  cautious 
observer  may  find  that  the  cost  of  the  alum,  together  with 
the  interest  on  capital  expenditure  in  connection  with  the 
alum  mixing  and  settling  tanks,  and  the  necessity  of  keeping 
the  rate  of  filtration  within  reasonable  limits  to  ensure  the 
same  degree  of  purification  in  the  case  of  initially  impure 
waters,  may  render  the  economic  advantages  of  rapid  filtra- 
tion less  apparent  than  would  at  first  appear  to  be  the  truth. 

There  is  no  doubt,  however.  Sir  Alexander  thinks,  that  If 
the  use  of  alum  could  be  obviated,  the  speed  of  filtration 
maintained  at  an  exceedingly  high  rate,  and  some  means 
found  to  purify  finally  the  water  at  low  cost,  rapid  mechan- 
ical filters  would  be  far  cheaper  than  the  slow  and  filtration 
system.  Chlorination  is.  he  says,  very  cheap,  and  its  use 
would  render  the  employment  of  alum  and  slow  filtration 
rates    unnecessary,   subject   to   certain    considerations. 

A  large  number  of  experiments  in  connection  with  this 
subject  has  already  been  carried  out.  Some  of  them  were 
effected  under  laboratory  and  some  under  "field  conditions." 
For  example,  a  very  small  mechanical  filtration  plant  was 
tried  at  Hampton,  the  water  dealt  with  being  raw  river  water 
after  four  hours'  preliminary  settlement— continuous  flow. 
The  rate  of  filtration  was  varied  from  50  to  100  gal.  per 
square  foot  per  hour,  and  a  fair  degree  of  purification  ■was 
obtained.  The  color  was  usually  reduced  about  50  per  cent. 
at  the  lower  and  30  per  cent,  at  the  higher  rate.  In  addition 
a  large  number  of  bacteriological  experiments  was  made  with 
Walton  reservoir  water— before  filtration— in  order  to  deter- 
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mine  the  dose  of  chlorine  required  for  sterilization  purposes 
in  five  hours  at  low  temperature — about  3.5°  C.  The  experi- 
ments were  carried  out  at  a  time  when,  owing  to  the  winter 
floods,  Walton  reservoir  water  was  at  its  worst.  The  results, 
states  Sir  Alexander,  appear  to  be  quite  conclusive  and  to 
point  to  an  average  dose  of  1  in  2.5  millions,  or  12  lb.  per 
million  gallons,  being  effective,  even  when  dealing  with  un- 
filtered  water.  Taking  chloride  of  lime  of  33  per  cent, 
strength  in  available  chlorine  at  the  current  price  of  £22 
15s.  per  ton,  the  cost  would  work  out  at  2s.  5%d.  per  million 
gallons.  As  regards  the  character  of  the  machinery  being 
employed  in  the  investigations,  we  give  the  following  pas- 
sage in  its  entirety:  "It  was  hoped  to  have  an  installation 
at  Hampton  working  six  months  ago  on  a  sufficiently  large 
scale  to  allow  of  practical  conclusions  being  drawn.  Unfor- 
tunately, unavoidable  delays  were  experienced,  and  it  is  only 
now — April — in  working  order,  although  not  fully  'matured, 
a  circumstance  of  importance  in  relation  to  purification.  It 
consists  ofia  mechanical  filter  which  will  deal  with  Walton 
stored  water,  filtering,  without  the  use  of  alum  as  a  coagulant, 
at  the  rate  of,  say,  from  50  to  100 — or  more — gallons  per 
square  foot  per  hour.  The  physical,  chemical  and  bacterio- 
logical characters  of  the  filtrate  will  be  carefully  observed. 
The  filtrate  will  pass  through  a  tank  holding  five  hours'  flow 
and  it  will  be  sterilized  with  chlorine.  The  cost  of  ordinary 
slow  sand  filtration  per  million  gallons  is,  as  previously 
stated,  usually  put  at  20s. — interest  on  capital  expenditure — 
and  8s.  for  working  expenses.  The  question  is  how  far  is  it 
possible  to  reduce  this  cost — 2Ss. — materially  by  the  use  of 
rapid  filters  followed  by  sterilization  in  a  five  hours'  flow 
tank  without  loss  of  any  of  the  really  important  attributes 
of  quality  and  with  equal  or  greater  security  from  the  epi- 
demiological point  of  view.  It  goes  without  saying  that  any 
new  or  altered  procedure  which  trespasses  on  the  margin 
of  safety  will  not  be  seriously  entertained  by  the  writer.  A 
great  deal  depends  on  whether  a  high  speed  of  filtration 
can  be  maintained  without  the  use  of  alum  and  yet  satisfac- 
tory results  obtained.  The  use  of  a  coagulant  means  a  con- 
siderable increase  of  cost,  partly  due  to  the  interest  on  cap- 
ital expenditure  on  mixing  and  settling  tanks,  and  also  to 
the  very  considerable  cost  of  the  chemical  even  if  employed 
in  small  doses." 

Sir  Alexander's  laboratory  experiments  seem  to  show  that 
at  rates  of  filtration  sufficiently  rapid  to  compete  econom- 
ically with  slow  sand  filters  some  of  the  suspended  matters 
in  stored  water  may  pass  through.  It  is  curious,  however, 
that  even  if  the  rate  be  enormously  increased  the  results  do 
not  show  any  marked  deterioration  in  that  respect. 

It  would  be  possible.  Sir  Alexander  remarks,  to  be  more 
explicit,  but  he  is  satisfied  if  he  has  made  out  a  prima  facie 
case  for  scientific  investigation  in  relation  to  prospective  new 
works.  We  could  have  wished  that  he  had  given  a  little  more 
information  regarding  the  results  he  has  achieved  up  to  the 
present  time,  and  shall  look  forward  with  interest  to  his  next 
pronouncement  on  the  subject. 

In  conclusion,  Sir  Alexander  remarks  that  at  certain  works 
of  the  Board  it  would  appear  to  be  practicable  to  chlorinate 
after  filtration.  This  circumstance,  lie  remarks,  opens  up  the 
question  of  whether  in  times  of  maximum  consumption  the 
rate  of  filtration  should  not  be  greatly  increased  at  those 
works — with  subsequent  chlorination— in  order  to  keep  the 
speed  of  filtration  at  some  of  the  other  intercommunicating 
works  within  reasonable  bounds. 


The  Ventilation    Plant  of 
Simplon  Tunnel 


the 


British  Institution  of  Municipal  Engineers  Secures  Increase 
of  Surveyors'  Salaries. — As  a  result  of  representations  made 
to  the  Galway  County  Council  by  the  Institution  of  Municipal 
Engineers,  the  salaries  of  seven  assistant  surveyors  to  the 
authority  have  each  been  increased  by  £50  per  annum,  bring- 
ing the  total  up  to  £200.  while  further  consideration  is  prom- 
ised later.  Protests  against  inadequate  salaries  are  being 
made  by  the  institution  to  other  councils  in  Ireland.  It  ap- 
pears that  up  to  the  present  the  officials  concerned  have 
been  in  receipt  of  the  same  salary — working  out  at  about  £2 
17s.  6d.  ($14)  per  week — as  was  paid  them  5  years  ago,  and 
it  was  proposed  to  the  county  council  that  each  of  them 
should  be  paid  a  war  bonus  (on  Civil  Service  scale)  for 
the  period  from  May  1,  1918,  to  April  30  last,  and  given  a 
lOO  per  cent  increase  on  his  1914  salary,  or  a  minimum  of 
£250  per  annum,  whichever  was  the  greater. — The  Surveyor. 
June   20,   1919. 


From  Engineering,  April  11,  1919. 

The  original  ventilation  plant  of  the  Simplon  Tunnel,  single 
in  the  first  instance,  was  projected  by  the  contractors,  Brandt, 
Brandau  &  Co.,  for  the  construction  period  rather  than  for 
the  permanent  tunnel  service.  Two  ventilating  fans,  to  be 
coupled  in  parallel  or  in  series,  were  placed  at  each  en- 
trance. Brig  in  the  north,  Iselle  in  the  south,  each  capable 
of  giving  25  cu.  m.  of  air  per  second  at  a  pressure  of  250 
mm.  of  water.  By  the  time  the  second  tunnel  was  being 
constructed  the  transference  of  the  power  station  to  Mas- 
saboden  had  deprived  the  turbines  driving  the  fans  of  their 
water,  and  the  new  ventilation  plant  was  designed  both  for 
the  second  period  of  the  building  operation  and  for  the  per- 
manent ventilation  of  the  two  tunnels.  Although  the  old 
plant  had  admitted  of  working  with  compression  or  with 
suction  from  either  tunnel  end,  the  practice  had  been  to 
force  air  into  the  tunnel  at  Brig  and  to  withdraw  it  at  Iselle. 
That  practice  necessitated  the  provision  of  a  screen  at 
either  end. 

The  new  project,  which  was  actually  taken  in  hand  in 
October,  1913,  provided  for  the  erection  of  one  ventilation 
plant  only,  and  this  plant  was  laid  down  at  Brig.  A  selection 
had  been  made  in  favor  of  Brig  because  the  central  power 
station  was  there,  because  the  whole  organization  of  the 
tunnel  service  was  concentrated  at  that  town,  and  because 
meteorological  observations  proved  that  the  barometric 
pressure  is  in  general  higher  at  the  northern  entrance  than 
at  the  southern  entrance,  so  that  the  maintenance  of  an  air 
curret  from  north  to  south  required  less  power  than  a  cur- 
rent in  the  opposite  direction. 

The  best  solution  of  the  problem  would,  of  course,  have 
been  to  have  the  current  in  each  tunnel  in  the  direction  of 
the  train  motion,  i.  e.,  to  force  air  into  tunnel  No.  1  at  Brig 
while  withdrawing  it  from  tunnel  No.  11  at  Brig.  This  plan 
was  not  adopted  because  it  had  been  observed  that,  when 
the  air  was  taken  in  at  Iselle,  all  the  iron  in  the  tunnel 
structure  rusted  badly.  The  reason  is  meteorological.  The 
air  at  the  southern  entrance  is  mostly  warmer  and  more 
moist  than  at  the  northern  inlet  at  Brig;  air  travelling  to 
the  north  in  the  tunnel  therefore  deposits  its  moisture  as 
it  becomes  cooled. 

In  order  to  reduce  the  air  resistance  to  the  train  and  the 
power  demand  on  the  ventilation  plant'  i't  was  decided  to  open 
the  curtain  at  Brig,  when  a  train  starts  at  Iselle  northwards 
in  tunnel  II  and  to  shut  the  ventilation  down  for  the  time 
of  the  passage.  The  maximum  air  supply  was  fixed  at  90 
cu.  m.  per  second  for  each  tunnel,  that  is,  at  ISO  cu.  m.  per 
second  altogether,  which  is  a  large  quantity.  The  velocity 
of  the  air  current  was  fixed  at  3  m.  or  4  m.  per  second;  a 
higher  air  velocity  would  be  decidedly  unpleasant  to  the  men 
in  the  tunnel.  Projects  submitted  were  to  conform  to  these 
main  conditions.  The  chief  firms  whose  tenders  were  ac- 
cepted were  Sulzer  Brothers,  of  Winterthur,  the  general  con- 
tractors; Brown.  Boveri  and  Co.,  of  Baden,  for  the  electrical 
plant;  and  J.  Bolliger  and  Co..  of  Zurich,  for  the  buildings 
and  the  ventilation  trunks.  In  giving  a  general  sketch  of 
the  new  arrangements  we  follow  a  series  of  articles  which 
.Mr.  F.  Rothpletz,  of  Bern,  has  published  in  four  recent  issues 
of  the  Schweizerische  Bauzeitung. 

As  regards  the  resistance  which  the  air  current  would  have 
to  overcome,  Messrs.  Sulzer  calculated  that  the  resistance 
in  the  tunnel  would  amount  to  60  mm.  or  TO  mm.  of  water; 
4  mm.  more  were  allowed  for  the  resistance  in  the  feeder 
trunks.  A  further  factor  to  be  considered  was  the  barometric 
difference  between  the  two  tunnel  openings.  In  general  the 
barometer  stands  higher  at  Brig  than  at  Iselle.  the  difference 
amounting  to  115  mm.  of  water  in  exceptional  cases.  Cases 
where  the  atmospheric  pressure  was  higher  at  Iselle  than  at 
Brig  were  also  observed;  they  are  rare,  however,  and  this 
excess  never  exceeded  70  mm.  The  fluctuations  in  the  baro- 
metric pressure  were,  in  any  case,  sufficiently  great,  how- 
evei-,  to  make  speed  regulation  of  the  ventilators  desirable, 
and  the  specifications  called  therefore  for  the  following  nor- 
mal (and  minimum)  figures  for  each  of  two  ventilators:  Air 
feed  in  cubic  metres  per  second.  180;  head  in  millimetres 
of  water,  130  (70):  effective  horsepower  at  the  ventilator 
shaft,  500  (300);  rev.Mutions  per  minute,  325  (240);  efficiency, 
0.72    (0.65).     The  aveiage  density  of  the  air  is  1.15. 
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Each  ventilator  is  a  tan,  o.o  m.  extornal  diameter,  l,ofi4 
ram.  width,  with  a  central  suction  opening  2,000  mm.  in 
diameter;  the  six  parallel  rows  of  buckets,  built  up  ot 
wroughtiron  blades  and  partitions,  take  up  1,284  mm.  of  the 
width  of  the  wheel;  the  hub  is  of  cast  iron.  The  two  fans 
have  been  mounted  in  the  same  building,  the  one  above  the 
other;  the  air  conduit  from  the  lower  fan  is  therefore  steeper 
than  that  of  the  other,  and  the  two  conduits  unite  at  an  acute 
angle  at  which  the  main  valve  is  hinged.  Tliis  valve,  7.8,5' m. 
long  and  4.5  m.  wide,  closes  either  the  lower  or  the  upper 
conduit,  being  raised  or  lowered  by  machinery  or  by  hand 
with  the  aid  of  two  wire  ropes.  When  only  one  fan  is  work- 
ing, this  valve  closes  the  other  channel;  when  both  fans  are 
run  in  series,  the  one  draws  in  air  through  its  suction  gate 
and  sends  it  through  the  second  fan;  one  conduit  thus  re- 
mains again  closed.  There  are  further  four  valves  for  the 
accessory  air  channels.  Each  fan  weighs  12  tons;  the  elec- 
tric motor  driving  it  weighs  11  tons,  and  the  regulating  de- 
vices, transformers,  switches,  etc.,  more  than  double  the 
latter  figure.  The  casing  of  each  fan  is  brickwork,  except 
the  first  helical  portion  which  is  made  of  sheet  iron;  the  two 
conduits  are  square  in  section,  the  side  being  4.5  m. 

Each  fan  is  directly  coupled  with  an  asynchronous  three- 
phase  motor  which  is  fed  with  railway  currents  of  3,200 
volts  at  16%  periods.  The  speed  regulation  is  effected  on 
the  Brown-Boveri-Scherbius  system;  the  rotor  current  of  the 
motor  is  not  absorbed  by  resistance,  but  serves  to  feed  a 
three-phase  collector  motor  which  is  coupled  with  an  induc- 
tion generator  sending  its  current  back  into  the  mains;  this 
regulating  apparatus  alone  weighs  9.5  tons.  The  whole  build- 
ing is  a  ferro-concrete  structure.  The  lower  fan  rests  on  a 
massive  block  of  concrete;  the  upper  fan  is  mounted  on 
ferro-concrete  beaiEs,  but  the  base  is  separated  from  the 
other  parts  of  the  building. 

We  mentioned  that  each  northern  tunnel  entrance  can  be 
closed  by  a  screen  or  curtain.  For  this  purpose  a  portal 
frame  of  iron  is  built  into  the  brickwork,  about  2  m.  from 
each  tunnel  end;  the  curtain  is  suspended  in  the  frame  by 
means  of  chains  and  can  be  raised  or  lowered  by  means  of 
electric  devices  or  by  hand.  The  lower  edge  of  the  curtain, 
which  is  made  of  impregnated  sailcloth,  is  held  by  a  rope 
of  soft  copper  wire;  the  track  in  the  plane  of  the  frame  is 
levelled  up  to  the  railhead  with  concrete,  and  the  copper 
rope  rests  fairly  airtight  on  the  concrete  surface  when  the 
curtain  is  lowered.  Should  accidentally  the  curtain  be  down 
when  a  train  is  approaching,  the  engine  would  burst  through 
the  curtain  and  the  rope  of  soft  copper  wire  without  en- 
dangering the  train.  The  curtain  is  automatically  operated 
with  the  aid  of  track  contacts. 

The  cost  of  the  whole  ventilation  plant  amounted  to  486,973 
francs  ($94,000);  earth  and  brickwork  and  mechanical  ap- 
pliances cost  139,169  francs,  the  fans  and  electrical  apparatus 
187.343  francs,  the  building  100.496  francs,  and  the  trunks 
from  the  ventilation  building  to  the  tunnels  59,965  francs. 
The  main  installation  work  was  completed  in  1914.  At  the 
acceptance  tests  the  specified  performances  were  exceeded, 
although  the  consumption  of  electric  energy  was  below  the 
calcula.ed  figure;  the  full  air-pressure  head  was  not  quite 
realized,  however.  The  air  temperature  in  tunnel  I  was 
lowered,  from  29-  and  30°  C.  with  the  old  ventilation,  to 
23°  and  25°  C.  with  the  new  ventilation;  these  temperatures 
were  measured  at  distances  of  7  km.  and  8  km.  respectively 
from  the  north  entrance.  At  the  south  entrance  observa- 
tions could  not  be  conducted  during  the  war.  It  has  been 
noticed  that  the  air-pressure  heads  adapt  themselves  to 
fluctuations  in  the  barametric  pressures;  but  tunnel  II  is  not 
yet  quite  completed  and  final  results  cannot  be  stated  at 
present. 


35  Per  Cent  of  Membership  of  Institution  of  iVIunicipal  and 
County  Engineers  in  War  Service. — In  the  annual  report  of 
the  Council  of  the  Institution  of  Municipal  and  County  Engi- 
neers of  Great  Britain,  submitted  on  .lune  26  last,  it  is  stated 
that  624,  or  nearly  35  per  cent  of  the  total  membership  were 
in  active  service  during  the  war.  The  total  membership  in 
1919  was  1,803.  a  net  increase  of  41  over  the  previous  year. 


$50,000,000     Water    Supply     Project    for     Manchester, — The 

Ho>ise  of  Commons  Select  Committee  has  .sanctioned  a  new- 
water  supply  scheme  for  Manchester,  England,  that  will  call 
for  an  expenditure  of  about  $50,000,000. 


The  Causes  of  Erosion  of  River 
Banks 

By   COL.   HOC. 
From  Lc  G(-nie  Civil,  March  IG.   ViVi. 

Comparison  with  the  Bending  of  a  Compressed  Flexible 
Column. — The  remarkable  tendency  ot  a  river  to  assume  a 
sinuous  course  does  not  seem  to  have  been  studied  deeply. 
The  ordinary  explanations  of  these  meanderings  are  incom- 
plete and  inaccurate. 

Often  it  is  attributed  to  unequal  resistance  of  ditferenl 
parts  of  the  river  bed  or  to  the  deflection  of  the  current 
from   one   bank   to   the   other.     However,  the   phenomena   of 


Fig.    1. 

erosion  is  observed  in  the  most  uniform  soil  and  also  on 
shallow  gravel  beaches  where  the  transverse  current  would 
be  feeble. 

It  is  sometimes  said  that  the  centrifugal  force  of  the  cur- 
rent attacks  all  banks  which  are  slightly  concave,  or  that 
the  liquid  mass  forms  eddies  whose  erosive  power  is  con- 
siderable. But  these  explanations,  though  they  may  be  cor- 
rect in  many  cases,  do  not  show  why  the  tendency  of  a 
stream  to  meander  is  so  variable,  at  a  maximum  in  certain 
quiet  stretches  and  entirely  lacking  where  the  current  is 
rapid.  Close  observation  of  views  shows  cases  where  the 
convex  bank  is  eroded,  thus  straightening  the  stream  bed 
and  not  increasing  its  curvature  as  would  be  the  case  were 
centrifugal  force  the  cause. 


Fig.    2. 

Finally,  this  phenomena  is  attributed  to  the  deposits  in 
the  stream,  but  this  applies  to  only  a  few  cases. 

It  seems  possible  to  clear  up  and  co-ordinate  these  differ- 
ent ideas  by  using  the  analogy  that  the  curve  of  the  cur- 
rent of  a  liquid  is  like  the  bending  of  a  loaded  flexible  col- 
umn. 

The  phenomena  ot  flexure  is  well  known.  All  bodies  with 
one  long  dimension  are  in  a  state  of  unstable  equilibrium 
when  compressive  forces  are  applied  parallel  to  this  di- 
mension and  all  transversal  bending  tends  to  increase.  When 
the  two  compressive  forces  F  and  F'  (Fig.  1)  are  applied 
in  a  direction  not  parallel  to  the  axis,  a  transversal  com- 
ponent is  developed. 

But  the  theory  ot  flexure  is  applicable  to  a  mobile  system 
as  will  be  shown  later.  For  the  present,  let  us  consider  a 
system   less  complex   than  a   river  such  as  a  wagon   train  of 


exactly  similar  carts  descending  a  slope  in  a  straight  line 
and  moved  only  by  gravity. 

If  the  slope  is  uniform  and  just  sufficient  to  overcome  the 
rolling  friction,  all  of  the  carts  will  have  a  uniform  speed 
with  neither  compression  nor  tension  on  draw  bars. 

But  if  the  speed  of  the  front  cart  is  decreased  either  be- 
cause the  brakes  are  applied  or  because  the  slope  becomes 
less  steep,  it  is  evident  that  the  drawbars  of  the  train  will 
be  compressed.  It  is  also  evident  that  this  compression  will 
tend  to  increase  any  accidental  lateral  displacement  and  force 
the  carts  to  slide  to  one  side  of  the  road.  Compression  as 
with  a  column  produces  flexure. 

ni) 
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On  the  other  hand,  it  the  speed  ot  the  front  cart  is  in- 
creased by  decreasing  the  rolling  friction  or  because  the  slope 
becomes  steeper,  the  drawDars  are  put  in  tension  and  there 
is  no  longer  any  tendency  to  increase  any  existing  curvature 
but   instead   the  train   straightens  out. 

Therefore  the  two  phenomena  which  we  shall  try  to  prove 
to  exist  in  streams  are: 

(a)  A  tendency  to  curve,  by  eroding  one  of  the  banks, 
when  the  velocity  of  the  river  decreases  from  upstream  to 
downstream  either  because  the  resistance  of  the  stream  bed 


Fig,    1 — Plan    of    Cnnal    Flowing     Into    the    Moselle, 

is  increased  as,  for  example,  the  case  of  a  river  flowing 
through  a  narrow  gorge  or  because  the  slope  decreases.  If 
the  banks  are  already  curved,  then  centrifugal  force  helps 
to  increase  the  erosion. 

(b)  A  tendency  to  straighten  the  channel  by  eroding  the 
convex  bank,  when  the  velocity  increases  from  upstream  to 
downstream.     This  tendency  opposes  centrifugal  force. 

Examples. — When  little  drops  of  rainwater  run  down  a 
greasy  windowpane  they  do  not  flow  in  a  vertical  line,  but 
turn  sharply  from  side  to  side.  This  is  a  simple  form  of 
the  first  phenomena.  The  stream,  slowed  up  in  front  by  the 
resistance,  undergoes  up  stream  the  transverse  flexure  of  a 
loaded    flexible    column. 

Considering  now  several  actual  examples,  a  strong  tendency 
for  rivers  to  erode  the  banks  above  bridges  and  dams  will 
be  proved.     This  is  shown  in  Figs.  4,  5,  6  and  7. 

Figure   4   shows  a  canal   flowing  into  the  Moselle  at  Toul 


Danube  runs  into  the  double  obstacle  of  a  narrow  channel 
and  the  discharge  of  another  large  river.  It  can  be  clearly 
seen  that  if  this  mass  bends  it  is  because  of  this  resistance 
and  for  no  other  reason.  The  crescent  shaped  deposits  which 
separate  the  different  arms  have  too  little  relief  and  are  too 
mobile  to  favor  the  usual  explanations. 

Figure  6  shows  the  Inn  River  near  Saint  Moritz.  Figure  7 
shows  a  very  pronounced  meander,  formed  by  the  erosion 
of  'the  left  bank  of  the  Durance  River  above   the   Brillanne- 


Fig.   5— Map   of  the   Danube   Near   Belgrade. 

when  the  water  level  of  the  river  Is  high.  This  high  water 
level  of  the  river  offers  resistance  to  the  discharge  of  the 
canal  whose  outlet  Is  moved  from  its  usual  outlet  at  A  (Fig. 
11)  just  above  the  pier  ot  the  bridge.  At  B,  the  curving  of 
the  current  with  the  corresponding  erosion  ot  the  bluff  can 
be  clearly  seen. 

Figure  5  shows  the  junction  of  the'  Danube  and  the  Save 
Rivers  at  Belgrade  (as  seen  in  July,  1914),  At  the  foot  ot 
the  rocky  bluff  below  the  citadel,  the  mass  ot  water  in  the 


Fig.   6 — Plan   of   the   Inn    Near   Saint-Moritz. 

Oraison  Bridge.  Traces  of  a  similar  meander  which  formerly 
existed  in  the  right  bank  can  also  be  seen. 

Without  doubt,  in  these  two  last  examples,  the  obstruc- 
tion of  the  bed  by  gravel  deposited  just  above  the  obstacle 
helped  to  throw  the  current  toward  the  banks  and  increased 
the  tendency  of  the  river  to  bend.  This  obstruction  is  the 
only  cause  of  erosion  in  periods  of  low  water  when  the  river 
is  shallow  and  the  pressures  are  small.  But  It  is  not  suffi- 
cient to  explain  a  meander  which  curves  through  an  angle  of 
more  than  180°  like  the  one  in  Fig.  7. 

It  appears  therefore  that  with  a  stream  as  with  the  wagon 
train  of  Fig.  2,  a  local  resistance  develops  a  tendency  for 
the  river  to  bend  laterally  upstream,  or  in  other  words  a 
tendency  to  meander,  because  of  the  compression  between 
this  resistance  and  the  inertia  of  the  mass  above. 

On  a  smoothly  flowing  stream,  this  cause  works  alone  at 
first  and  is  helped  by  centrifugal  force  only  after  the  bank 
has  become  curved.  On  a  rapid  river  it  is  assisted  by  the 
stoppage  of  the  channel  with  gravel  deposited  above  the  ob- 
struction. 

Successive  Meanders. — Imagine,  for  a  minute,  a  straight 
stream  with  a  constant  slope  whose  bed  is  being  eroded. 


Fig.     7 — Meanders    of    the     Durance     Above    the     Brillanne-Oraison 

Bridge. 

The  erosion  of  the  bottom  will  not  be  uniform  throughout. 
Hollows  are  dug  in  some  places  and  other  parts  are  filled  in 
according  to  the  relative  solidity  of  the  soil  and  the  chance 
inequalities  in  the  velocity  of  the  water.  After  a  while  the 
bottom  will  be  composed  of  a  series  of  ridges  and  hollows. 

Each  bridge  will  form  an  obstacle  and.  according  to  the 
conditions  of  the  preceding  paragraphs,  will  create  a  ten- 
dency to  lateral  deviation  in  the  region  above;  that  of  the 
hollow. 

Figure  8  is  a  diagrammatic  plan  and  profile  showing  these 
conditions. 

Everything  combines  to  develop  this  formation.    The  eddies 
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which  form  at  the  curves  (where  the  velocities  at  different 
parts  of  the  cross  section  vary  greatly)  are  favorable  to 
erosion  and  the  excavation  at  the  concave  bank  is  increased 
in  depth  and  size  by  the  transverse  component,  the  eddies, 
centrifugal  force  and  finally  by  the  narrowing  of  the  channel 
because  of  deposits  along  the  convex  bank.  At  the  same 
time  deposits  form  on  the  ridges  or  these  causes  disappear. 

It  is  easy  to  recognize  this  formation  in  a  river  flowing 
through  a  valley  whose  soil  is  everywhere  the  same.  Here 
the  ridges  are  formed  at  more  or  less  regular  intervals  ac- 
cording to  the  manner  in  which  the  bottom  is  eroded  and  the 
meanders  take  a  uniform  serpentine  shape. 

In  other  cases,  these  ridges  may  be  formed  by  the  material 
brought  down  by  tributaries  and  are  consequently  more  ir- 
regular. This  is  the  case  with  the  Theiss  River,  often  cited 
as  an  example  of  meanders,  for  its  length  measured  along 
the  stream  is  more  than  twice  the  distance  from  source  to 
mouth  in  a  straight  line.  The  Theiss  has  several  tributaries, 
rising  in  the  Carpathians.,  which  carry  such  great  quantities 
of  silt  that  the  stream  bed  has  been  displaced  laterally  about 
62  miles  (lOu  kilometers).  It  is  probable  that  the  deposits 
of  silt  at  the  mouth  of  these  tributaries  have  been  the  cause 
of  such  an  unusual  meander. 

Conditions  Unfavorable  to  IVIeanders. — This  case  is  anal- 
ogous to  that  of  the  wagon  train  whose  speed  is  increasing 
as  in  Fig.  3.  Figure  9  shows,  at  low  water,  the  mouth  of  a 
canal  discharging  into  the  Moselle  (same  as  Fig.  4).  The 
low  water  in  the  river  increases  greatly  the  velocity  of  the 
water  in  the  canal.  The  current  of  the  canal  tends  to  leave 
the  concave  bank  of  the  canal  in  spite  of  the  short  radius 
of  the  curve  exactly  as  the  train  in  tension  tends  to  straighten 
out. 

Winding  Streams  with  Steep  Slopes. — In  this  type  of  river, 
the  formation  of  meanders  by  "bending"  takes  place  only 
when  the  water  is  at  mean  height.  During  periods  of  low- 
water,  the  stream  flows  in  a  bed  much  too  large  for  it  and 
encounters  deposits  of  gravel  left  by  the  last  flood.  It  finds 
its  way  through  channels  dug  by  the  floods  and  is  displaced 
primarily  by  the  debris  in  the  river  bed. 

Summary  and  Practical  Deductions. — A  river  tends  to  form 
a  meander,  when  the  velocity  is  decreased  either  because  the 
slope  becomes  flatter  or  because  of  a  resistance  down  stream 
such  as  a  narrow  gorge  in  the  river  bed. 

This  tendency  is  sometimes  attributed  to  deposits  of  gravel, 
but  it  is  more  often  due  to  the  resultant  of  the  force  devel- 
oped by  the  resistance  and  the  inertia  of  the  flowing  water. 

The  curve,  once  started,  is  increased  by  centrifugal  force, 
eddies  in  the  curve  and  the  deposit  of  material  from  the  bot- 
tom in  front  of  the  obstacle. 

Therefore,   when  locating  a  bridge  or  other  structure  ere- 


Profil 


Fig.   8 — Influence    of    Ridges. 
(The  dotted   lines  are  the  curves  of  equal  depth.) 

ating  a  resistance  the  erosion  of  the  banks  as  well  as  the 
effect  on  the  flood  water  level  should  be  considered.  The 
only  practical  guide  in  this  case  is  what  is  happening  else- 
where on  the  same  stream. 

The  repetition  of  this  phenomena  in  a  stream  whose  bed 
is  composed  of  a  series  of  transverse  ridges  will  cause  a 
series  of  meanders  with  plan  and  profile  as  shown  in  Fig.  8. 

The  shore  protection  does  not  have  to  be  continuous  but 
may  consist  of  submerged  piers,  spaced  at  intervals,  which 
may  be  compared  to  fixed  points  so  arranged  along  a  bar  as 
to  prevent  its  bending. 

In  the  regulation  of  rivers,  the  question  is  often-raised  as 


to  whether  the  new  course  should  be  straight  or  curved 

From  what  precedes,  it  can  be  seen  that  a  Btralghc  channel 
would  decrease  the  erosion  and  consequently  there  Is  nothing 
to  prevent  its  use.     It  Is  very  common  In  Switzerland. 

However,  from  the  point  of  view  of  navigation,  the  straight 
channel  may  be  criticised  because  it  Increases  the  slope  and 
consequently  the  erosion  of  the  bottom  of  channel.  On  the 
Rhone  (where  the  piers  are  used  to  regulate  the  existing 
(hannel  rather  than  correct  it)  It  is  stated  that  a  channel 
with  a  well  defined,  long  radius  curve  Is  more  easy  to  main- 
tain than  a  straight  one  because,  during  the  low  stages,  the 
water  in  a  straight  channel  is  divided  up  Into  several  small 
streams  by  the  irregularities  of  the  bottom. 

When  the  slope  increases  downstream  the  river's  tendency 
to  bend  is  replaced  by  a  tendency  to  straighten  Its  bed.  The 
main    current   leaves    the    concave    (exterior)    shore    of    the 
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Fig.   9 — Outlet   of  the   Canal    Flowing    Into   the    Moselle. 

curve  and.  in  spite  of  centrifugal  force,  establishes  itself  on 
the  convex  (interior)  shore. 

The  same  thing  occurs  during  a  flood  but  the  obstacles 
change  in  relative  importance  so  that,  in  some  cases,  the 
variations  in  the  slope  may  be  reversed.  Then  the  current 
digs  against  the  concave  bank  and  forms  a  ditch  which,  at 
low  water,  may  give  rise  to  an  island  or  a  dead  arm. 

In  torrential  water  courses,  the  location  of  the  main  cur- 
rent near  the  concave  bank  and  the  presence  of  large  logs  on 
the  convex  bank  is  not  suflicient  reason  for  neglecting  the 
foundations  of  any  structure  located  on  the  convex  bank. 
These  logs  were  probably  brought  down  by  an  exceptional 
flood  followed  by  the  present  course.  Another  great  flood 
may  wash  away  the  entire  convex  bank  and  form  a  new 
Chanel. 


Protection  of  River  Banks 

A  writer  in  the  Schweizerische  Bauzeitung  calls  attention 
to  the  need  of  guidance  as  to  the  best  means  of  protecting  the 
banks  of  rivers.  Technical  opinions  differ  widely.  One  expert 
will  consider  the  use  of  fascines  and  a  facing  of  dressed  stone 
essential;  another  will  advise  the  use  of  rough  stone  blocks 
merely  laid  at  random  on  the  bank.  Besides  these  there  are 
the  new  methods  of  using  reinforced  concrete  slabs  and  wire 
netting.  The  collection  of  numerous  observations  chows 
that  the  erosion  increases,  firstly,  with  the  hydraulic  gradient 
of  the  water,  and,  secondly,  with  its  depth,  and  that  it  is  the 
same  for  all  cases  in  which  the  hydraulic  gradient  is  multi- 
plied by  the  depth  is  a  constant.  This  constant  multiplied 
1,000  may  he  designated  the  erosion  factor,  and  represents 
the  action  upon  the  bed  of  the  river  or  stream,  and  also  neces- 
sarily upon  the  banks  and  any  protection  which  may  be 
placed  thereon. 

After  describing  the  various  actions  of  the  water,  the 
author  refers  to  the  constant  described  above,  and  states  that 
its  value  lay  between  1  and  300  in  a  large  uumber  of  cases 
of  which  he  had  collated  the  data.  He  has  arranged  these 
in  two  tables  in  the  form  of  groups,  and  gives  sketche.'i  rep- 
resenting the  precise  type  of  protection  which  has  been  found 
adequate  for  the  banks,  of  rivers  having  constants  included 
in  a  given  group.  The  first  gfoup,  for  example.  Includes 
all  cases  where  the  erosion  factor  has  a  value  from  1  to 
.5,  and  here  the  protection  may  vary  from  nothing  to 
a  thin  covering  of  loose  stones,  the  bank  having  a  slope  of 
1  in  2.  The  protection  increases  until  from  20  to  30,  one  of 
large  loose  stones  or  dry  walling  is  used,  and  this  ends  the 
first  series.  The  second  series  comprises  factors  from  30  to 
.SOO.  and  for  the  last  the  banKs  were  protected  by  very  large 
granite  hlocks  laid  with  dry  joints,  and  the  bed  was  covered 
with  large  pieces  of  rock.  The  hydraulic  gradient  was  200 
per  1,000,  and  the  depth  of  water  1.30  m. 
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Sewage  Treatment  Works  of  Bir- 
mingham   and    Utilization 
of  Sludge 

By  JOHN  D.  WATSON, 

Engineer    to    the    Birming-ham    Tame    and    Rea    District    Drainage 

Board. 

From  the  Surveyor,  July  4,  1919. 
With  the  idea  of  carrying  on  the  functions  of  oxidizing 
the  liquid  of  sewage  and  the  septicization  of  sludge  simul- 
taneously. Dr.  Imhoff  patented  about  1904,  and  in  German 
fashion  boonied,  a  2-story  tank,  which  had  the  Travis  hydro- 
lytic  tank  for  its  prototype.  The  lower  chamber  of  this  "tank 
is  for  fermentation,  and  the  upper  one  for  sedimentation. 
The  Birmingham  plan  provides  two  separate  shallow  tanks, 
one  placed  alongside  the  other,  to  do  the  same  work: 

Birmingham's  IVIethod.— In  comparing  the  two,  it  is  claimed 
for  the  Birmingham  method  that  the  cost  of  construction  is 
less;  it  is  better  under  control;  the  results  obtained  under 
normal  conditions  equally  good,  and  under  abnormal  condi- 
tions—such as  obtain  in  time  of  rainfall— much  better.  Op- 
erating costs  of  the  Birmingham  method  are  greater  than  by 
the  Imhoff  method,  but  the  latter  is  distinctly  inferior  wheii 
large  quantities  of  antiseptic  substances  like  gas  tar  arrive 
unheralded  at  the  outfall  works.  It  is  desirable  to  isolate 
highly  antiseptic  matter  instead  of  automatically  distributing 
it  over  the  whole  surface  of  the  fermentation  chamber,  or 
lower  story  of  the  Imhoff  tank,  where  it  tends  to  inhibit  the 
action  of  the  anaerobic  organisms  upon  which  the  success 
of  the  process  depends. 

There  are  no  doubt  advantages  and  disadvantages  based 
upon  physical  and  topographical  circumstances  pertaining 
to  both  methods  which  an  engineer  must  appraise  in  deter- 
mining the  design  most  suited  to  individual  cases;  but  the 
author  maintains  that  the  shallow  flat  tank  has  more  to  com- 
mend it   than  the  other. 
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Layout  Pf  Sewage   Purification   Works  of   Birmingham,   England. 
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A  marked  feature  of  the  Birmingham  installation  is  the 
temporary  character  of  the  sludge  digestion  tanks,  many  of 
which  are  formed  by  a  combination  of  excavation  and  em- 
bankment; the  material  employed  to  make  the  latter  is  com- 
posed chiefly  of  engine  ashes  laid  on  the  soft  material  from 
the  e.xcavation.  No  lining  of  flagstones  or  inside  coating 
of  any  kind  is  given  to  these  improvised  tanks,  the  sludge  it- 
self having  been  sufficient  to  seal  all  the  interstices  of  the 
ash  embankments.  These  tanks  or  lagoons  are  sufficient  to 
effect  the  main  objects  in  view,  but  they  do  not  admit  of  the 
sdvantages  of  quick  and  thorough  emptying  and  refilling  as- 
sociated with  well-built  vertical  sided  tanks.  Still,  when 
cheapness  of  construction  is  essential  as,  for  instance,  when 
one  is  e.xperimenting,  this  form  of  construction  has  much  to 
commend  it;  indeed,  if  the  Birmingham  installation  had  had 
to  be  designed  with  the  view  of  obtaining  Local  Government 
Board  sanction  to  a  loan,  the  probability  is  that  it  would  never 
have  been  built,  and  the  gigantic  experiment  which  is  about 
to  be  described  would  never  have  been  made. 

After  the  inflowing  sewage  from  a  population  of  about 
loU.OOO  persons  passes  through  the  detritus  pit,  from  which 
the  heavy  solids  are  dredged  by  an  electrically-operated 
dredger,  it  flows  through  the  flve  sedimentation  tanks  work- 
ing in  parallel  and  subsequently  through  what  is  called  a 
balancing  tank.  Each  of  the  former  has  a  capacity  of  slightly 
more  than  1,000,OOU  gal.  and  the  latter  7,000,000  gal.,  together 
12,.500.000  gal.,  or  about  half  the  dry-weather  flow  coming  to 
this  the  main  outfall  of  the  Drainage  Board's  main  sewer- 
age district.  Each  5.000,000-gal.  sedimentation  tank  is  cleaned 
every  week,  and  the  balancing  tank,  which  is  run  in  series 
with   them,  less  frequently. 

The  crude  sludge— 29.5  per  cent  water— arrested  in  the 
Saltley  sedimentation  tanks  alone  amounted  to  1,523,000  cu. 
yd.  during  the  past  four  years,  or  an  average- of  380,750  cu. 
yd.  per  annum,  the  whole  of  which  was  transferred  to  39 
sludge  digestion  tanks  or  lagoons  possessing  a  total  capacity 
equal   to   28,250,000  gal. 

The  total  dry  solid  matter  removed  from  all  tanks  at  Salt- 
ley,  etc..  outfalls,  including  Minvvorth  tanks,  in  the  four  years 
1915-1918.  amounted  to  110,000  tons  or  75  tons  per  diem,  all 
of  which  was  transferred  to  the  sludge  digestion  lagoons. 

The  density  of  the  sludge  removed  chiefly  depends  on  the 
frequency  of  the  cleaning  operation.  During  1915  these  tanks 
were  emptied  once  in  two  or  three  weeks,  when  the  average 
water  content  of  the  sludge  was  87  per  cent,  whereas  the 
weekly  cleaning  during  the  four  years  under  consideration 
yielded  sludge  with  a  water  content  of  about  92.5  per  cent. 
Theoretically,  the  more  frequent  the  emptying  operations 
the  better,  but  economy  suggests  a  curtailment  of  the  opera- 
tion when  temperatures  are  low.  When  temperatures  are 
high  there  should  be  frequent  cleaning,  and  the  strictest 
avoidance  of  obstructions  in  the  sewers  should  be  encouraged 
if  objectionable  odor  is  to  be  reduced  to  a  minimum.  This 
becomes  even  more  imperative  as  the  area  of  a  drainage 
district  increases. 

Sludge  Digestion  at  Birmingham  Plant. — It  has  been  shown 
that  with  care  the  putrefaction  of  the  liquid  can  be  prevented, 
hut  the  successful  digestion  of  the  sludge  has  proved  to  be 
a  more  difficult  problem;  still,  with  accumulated  experience 
and  the  expansion  of  the  tank  area,  the  operations  at  Bir- 
mingham have  been  conducted  with  greater  ease,  economy 
and  success  as  time  went  on. 

The  digestion  tanks  used  at  first  consisted  of  an  existing 
installation  of  20  tanks,  16  of  them  with  an  aggregate  ca- 
pacity of  4,539,500  gal.  and  tour  of  them  with  an  aggregate 
capacity  of  2,723,680  gal.,  all  so  thoroughly  well  built  and 
equipped  with  emptying  arrangements  that  they  are  easily 
the  best  of  the  installation  of  39  tanks. 

For  the  first  two  years  the  digestion  operations  were  con- 
ducted in  two  stages  in  this  installation  of  20  tanks.  The 
16  tanks  were  used  for  primary  digestion  and  the  four  larger 
ones  for  the  secondary  digestion.  Two  stages  were  adopted, 
as  it  was  found  in  the  very  early  days  that  vigorous  fermenta- 
tion was  the  better  maintained  thereby  and  tank  space  was 
saved  to  such  an  extent  by  pumping  from  one  tank  to  an- 
other that  the  second  pumping  was  economical  when  com- 
pared with  the  prospect  of  an  increased  capacity;  it  was 
soon  discovered  also  that  inoculating  raw  sludge  with  ripe 
sludge  thus  obtained  from  the  secondary  tanks  had  an  ex- 
cellent effect  upon  the  "speeding-up"  process.  Further,  tem- 
perature was  too  obviously  a  beneficial  factor  in  the  suc- 
cess of  the  process  to  be  ignored. 

The   following  mode   of  operation   was   adopted   at   the  be- 
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ginniiig  of  1912  and  has  been  continued  ever  since:     In  cold  worth,  which  form  part  of  the  installation  of  3y  tanks    were 

weather  the   sludge  .s   transferred   fro.n   the   particular  sedi-  formed  by  surplus  spoil   from  the  bacier  abed  «1^  and  d^ 

mentation  tank  whose  turn  it  is  to  be  cleaned  out  into  the  sludge  from    rL   drjing-bed  area?  and  ttey  perfom  a"  lea7t 

selected   digestion   tanks    (generally   five   or   six   in   number)  three  functions                                                       Perionn  ac  least 

by  the  main  set  of  pumps;  simultaneously  some  of  the  ripest  (1)  They   give   time   for   the   completion   of   the   fermenla- 

of  the  available  sludge  is  pumped  by  a  small  pump  into  the  tion   process 

same  delivery  main  in  the  proportion  of  1  to  4,  thus  inoculat-  (2)  They  permit,  with  almost  no  detriment  to  the  Installa- 
ing  at  the  earliest  possible  moment  the  fresh  sludge  with  the  tion,  the  admission  of  humus  from  the  bacteria  beds    flush- 
fermentative  organisms;    in  addition,  steam  from  one  of  the  ings  from  tanks,  and  flushings  from  distributing  plDes' 
Lancashire  boilers  is  injected  into  the  delivery  main  to  pro-  (.3)  They  act  as  decanters  of  supernatant  water 

doned    and   during   the   heat   of   summer   neit^her   inoculation  lT"^Z:lT.oVo:ZrZ'^^^^^^^^^^^^^ 

nor  steam   injection   are   resorted   to.     The   biological  factor  age  of  sludge      The  author  finTs   that   the  averse   reau^e- 

governmg  the   digestion    process   must  necessarily   be   some-  ment  for  thp  nn<=t  fn,,-  v-.^L  h       k                 average   require 

what  complicated,  and  it  is  only  by  the  most  careful  observa-  "ur     months       It     hL^  heen      n/?  .'""''L  °  i'*  T^^^^l 

tion  of  the  conditions   which  bring  about  the  right  balance  sludge     Hrl.     JL           r^          y.^       ,t      ''.^"""f"^'      "'''' 

«  ,-   ■                   .          ^,     i                                   "       ^   ■»6"^   Ku.uu^c  siuuge     dries     more     readily     when     the     digestive    orocesH 

of  hvmg  organisms  that  success  can  be  achieved.  has   been   carried  to  exhausUon  before  it  is  pumped   to  the 

Analyses.— The   following   tables   of   analyses  indicate   two  drying  area;   hence  the  economy  of  ample  tankage 

different   sets  of  conditions.  Table  A   where   the  fermenting  The   second  is  a  most  important  function.     The  so-called 

mass   was   very   offensive    and  Table  B   where   the   vigorous  .humus"  excreted   from   a   bacteria-bed,  like  the   sludge  dls- 

fermenting  mass  was  quite  inoffensive:  ehar.ed    from    an    activated-sludge    plant,    is   a    valuable   fer- 

TABDE  A.                      Total  counts  ti''zer,   but   so  far  has  not  yet   been  utilized   because  of  Its 

Organisms"per  c  c  "emulsive"   character   and   the   diflicultv    and   expense   of   de- 

2|Ll-':fi;?fo^:;^l^|-o??,l'^ll°"ati7'="c''.\\V.V.V.-.-.-.V.:;i{^t^  l30,oro'§§S  watering.  When  nearly  1.000  tons  of  it  have  to  be  got  rid 
Coii  gioup  tIooo  °^  ^^"^^  ''ay  the  importance  of  dewateiing  cannot  be  over- 
Proteus  group  (including  Enteritidis  sporofe'enes)    lOO.'ooo  estimated.   To   pump   it   back   to   the   beginning  of   the   proc- 

Fat-splitting ' organisms    .....  ^  ..'......'.'.'.'.'.'.'.'.'.'!.'.".'.'.■ .'           10,000  ®®®     **'"'   detritus   pit)     is    a   practicable   solution     in     most 

Cellulose lOOJOOO  cases,  but  not  when  it  has  to  be  forced  through  a  miles  of 

TABLE  B.       •  pumping  main.     .Mixing'  it  with  the  sewage  as  it  entered  the 

■  AerobTc'^''"^'  "^"^"Inaerobic"  *'"  tanks  just  before  spraying  it  over  the  bacteria-beds  was 

Per  c.c. '                 "    Per  c  c  tried,    but    Was    found    impracticable    owing     to    the   flbrous 

ip.B.  Its?"  c: ;;::;:.::;:;;::::;::  ::;fooo  000            'looTooo  ^™"""''  ''''"'"''  "'^''^  introduced  into  the  distributors.   ai- 

CoH  group   '  60,000                       '      '  lotting  a  lagoon  to  itself  with  the  view  of  trying  to  separate 

DenUrme^r™"'^  .■.■.■.■.■.•.■.■.■.■.".•.■.■.■.■.■.•.'.•.•.■.■.■.•     100000  at  llalt  ^°^''*^    ^™™    ^*^""^    ^^'    mechanical    action    alone    was    not   a 

Fat-splitting  organisms ......',....      100,000  at  least  success,    and    of   all    the    various   proportions    of   humus    and 

Cellulose  organisms 50,000  at  least  ripe  sludge  mixtures  made  with  the  view  of  encouraging  sep- 

Having  obtained   the   right   bacterial  balance,   so  to  speak,  aration.    the    best   result    was    obtained    where   the   smallest 

the  aim  is  to  maintain  it.    'VMiat  looks  like  an  inexhaustible  quantity  of  the  former  was  mixed   with  the  largest   propor- 

volume  of  sludge,  which  constantly  varies  in  character  (about  tion  of  the  latter.     This  is  understandable  when  one  remem- 

1,000  tons  per  day),  is  drawn  to  a  locality  literally  surrounded  bers  that  the  •'humus"  contains  5  to  0  per  cent  of  nitrogen, 

with   dwelling-houses,  factories,  etc.,  and  formerly  gave  rise  and  the  oxidized  sewage  effluent  conveying  it  has  in  its  com- 

to   loud   and   serious   complaints.     Now,   this   large   mass   of  position  a  sufficient  quantity  of  nitrates  to  anest  putrefac- 

foul  material  is  treated  on  the  same  site  without  any  offense  tive  tendencies.     How  long  this  humus  emulsion  will  remain 

whatever.  a   jelly   it   is  difficult   to   say,   but  there   are   samples  at   the 

Variation  in   the  character  of  sludge  is  only  to  be  looked  works  which  still  retain  that  jelly-like  character  after  expo- 

for   in   a  great    manufacturing   district   where   there    are   no  sure  to  the  atmosphere  for  six  years. 

restrictions    on   the    discharge    of   trade   waste   into   sewers;  The   third  is   not  the  least   important  function   of  this   la- 

but  these  are  sometimes  very  serious  in  their  consequences,  goon.     Water  rises  to  the  surface  when   fermentation  is  ex- 

as  when  large  discharges  of  tarry  products  from  coal,  water,  hausted,  and  frequently  when  it  is  quiescent,  when  it  may 

or  producer  gas-plants  suddenly  appear.  be  decanted   direct  to  the  filter-bed.     When  one  remembers 

The  saving  factor  in  the  situation  is  the  system  of  separate  that  by  reducing  a  90  per  cent  to  an  SO  per  cent  sludge  one 

sedimentation   and   separate   sludge-digestion   tanks,   so   that,  gets  rid  of  one-half  of  its  water  content,  the  importance  of 

whether  it  is  a  sudden  increase  of  volume  due  to  rainfall  or  decanting  as  much  liquid  as  possible  is  evident.     It  has  also 

an  overpowering  mixture  of  antiseptics,  the  large  number  of  been  proved  that  additional   advantage  is  gained   by  provid- 

sludge  tanks  in  all  states  of  ferme^itation  renders  the  scheme  ing  deep  lagoons,  thus  supporting  Mr.  A.  J.  Martin's  theory 

at  once  elastic  and  manageable.     The  capacity  of  the  whole  that  the  deeper  the  tank  the  denser  the  sludge  obtained;  at 

of  the  sludge-digestion  apparatus  is  equal  to  165,000  cu.  yd.  the  same  time  the  benefits  in  this  respect  must  be  measured 

or  2S. 000. 000  gal.,  which,  with  the  present  demand,  means  a  by  the  degree  of  emulsification  obtaining, 

time  retention  of  between  four  and  five  months.  The  rotted  sludge  or  residuum  of  the  fermentation  process 

Percent.  is   pumped   direct   to   the  drj'ing-beds,  which   are   in  the  Im- 

S-y' solid  matter. '.V. •' ^75  mediate    vicinity.     They  consist  of  plots  of  engine  ashes  150 

Specific  gravity  of  wet  siiidge  (estimated). !!!!.!...!!... .      l!o256  ft.  square,  and  have  a  total  area  of  54  acres.     All  the  plots 

Specific  gravity  of  dry  solid  matter 1.50  g^e    under-drained    with    4-in.    agricultural    tile-pipes    in    her- 

and  the  average  analysis  of  the  dry  solid  matter  is  as  follows;  ring-bone  fashion   toward   a   main  leader   which  conveys  the 

Percent.  drainage  to  a  well,  whence  it  is  pumped  with  water  decanted 
Matter  non-voi^lle^^.!^.^'^': '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'.'. '.'..'.'.'.'.'.'.  41.5  from  the  lagoons  to  a  percolation  filter  made  for  the  pur- 
Total  nitrogen 2.71  pose.     Each    drying-bed    is   formed   by   earthen   banks   about 

The   fatty   matter  in  the   crude   sludge   varies  greatly,   the  2   ft.  high.     The  area  is  provided   with  a  system   of  perma- 

actual  limits  for  the  figures  in  the  analyses  made  being  from  nent   2-ft.   gage   tramways— laid   to   suit  locomotive   haulage, 

16.86   per   cent  to   .31.00   per   cent,  with   an   average  of   22.20  both   steam   and   electric-  battery   locomotives— and   provided 

per  cent.     These  figures  represent  a  total  ether  extract,  but  with    conveniently    placed    turnoufs   and    crossings    to    allow 

it   is   probable   that   about   2   per   cent  of  this   ether   extract  temporary   rails   to  be  laid  through  the  beds  for  the  collec- 

is  resinous  matter,  and  the  real  fatty  matter  will  be  repre-  tion  of  dried  sludge, 

sented  by  an  average  figure  of  about  20  per  cent.  The  time  required  for  drying  varies  with  the  weather,  hut 

Those  who  see  the  Birmingham  works  tor  the  first  time  in  dry  weather  it  quickly  cracks  and  admits  air.  VTben  It 
are  struck  by  the  great  distance  (about  5  miles)  which  sep-  has  become  sufficiently  dry  to  he  lifted  in  lumps  it  should 
arates  the  sedimentation  tanks  from  the  bacteria  and  sludge-  be  conveyed  to  the  tip.  as  it  is  troublesome  to  the  work- 
drying  beds.  In  contemplating  this  it  should  be  remembered  men  when  it  gets  into  the  dr.v-as-dust  state:  indeed,  eye  pro- 
that  the  Saltley  section  of  the  board's  works, was  built  more  lectors  have  had  to  be  provided  in  such  cases.  The  embank- 
than   60   years   ago.  ments,  which  are  being  formed  of  the  dry  sludge,  are  about 

Functions    of    Lagoons.— The    improvised    lagoons-  at    Min-  15  ft.  in  height.     When  the  lumps  are  tipped  over  the  em- 
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bankments  the  drying  is  completed,  and  the  estimations  for  The  fact  that  they  are  possessed  of  a  plant  capable  of 
calorific  value  dried  at  212°  F.  give  an  aveiage  of  4,500  B.T.U.  treating  sludge  for  a  moderate  sum  does  not  satisfy  the 
or  something  similar  to  the  calorific  value  of  ordinary  house  Drainage  Board  that  they  have  done  all  that  they  might  to 
and  shop  refuse  as  burnt  on  a  destructor.  utilize  the  nitrogen  and  grease  found  In  It  to  the  best  ad- 
Costs.— It  should  be  clearly  understood  that  this  process  vantage.  Some  boards  might  say  that  they  have  done  all 
of  sludge  treatment  is  put  forward  as  a  complete  process  in  Hiat  is  required  of  them  by  controlling  effectually  an  enor- 
itself,  just  as  the  Imhoff  tank  process  was  put  forward  by  mous  potential  nuisance,  such  as  is  represented  by  arrest- 
the  German  engineer,  but  without,  in  this  case,  any  sug-  i"?  troni  300,000  to  400,000  tons  of  sludge  and  converting  it 
gestion  that  the  effluent  from  the  sedimentation  tank  could  into  a  non-smelling  dry  substance  (which  under  no  circum- 
be  discharged  into  a  stream.  It  effectually  converts  an  ex-  stances  can  be  re-converted  into  malodorous  sludge),  with- 
ceedingly  offensive  colloidal  mass  of  sewage  into  a  dry  sub-  out  establishing  a  huge  municipal  trading  concern  for  the  re- 
stance,  which  might  be  kept  in  one's  offlce  for  years  with-  covery  of  waste  products;  but  the  Drainage  Board  realize 
out  giving  off  more  odor  than  would  garden  soil  in  similar  the  possibility  of  doing  more  than  they  have  done,  and  fur- 
circumstances.  This  conversion  is  accomplished  without  t^er  that  it  is  their  duty  to  do  more  if  that  is  possible;  and 
nuisance  at  any  stage,  and,  judging  bv  pre-war  costs,  the  with  that  in  view  they  entered  into  a.  contract  with  the  Anglo- 
expense  is  similar  to  that  incurred  by  London  and  Manches-  Continental  Fertilizers  Syndicate.  Ltd.,  just  before  the  war 
ter.  In  a  report  which  the  author  submitted  to  the  Drainage  began,  by  which  that  company  agreed  to  treat  about  one- 
Board  in  June,  1914,  comparative  costs  were  given  as  fol-  Aftli  of  the  Birmingham  sludge  with  the  view  of  recovering 
jo-wg-  from  it  both  fats  and  fertilizers,  but  chiefly  fertilizers.     The 

Per  ton.  outbreak   of   war   upset    the    project    for   the   time   being,   the 

London   5.6d  Treasury  absolutely  forbidding  the  expenditure  of  money  on 

Birniinfe'ham     5.  id  ,        .    ...      ,  .     ,         ...     ,,       .            j-    i               i^      c                       •    „ 

Manchester 6.9d  work  of  this  kmd,  with  the  immediate  result  of  encouraging 

The   figures   for  cost   given   by  the   Roval   Commission   on  ^"^"^  gasworks   experiments,   which   have   turned   out   as   well. 

Sewage   Disposal  are  as   follows:                '  '*"'!  "°«'  ^^''^  the  war  is  over  the  company's  plans  are  to  be 

Per  ton  P'^'  '"^o  '^^  hands  of  builders  whose  initial  work  is  essential 

(30%  wateri.  before  the  company  can  begin  to  fulfil  their  agreement. 

Sea  dispo.sal    4. Id  to     fi.ad 

Trenching    in   soil ; l.Od  to     7. Oil  The    scheme    put    forward    by    the   company    is    as    follows: 

Prls^inl  ami  tarlfing""^' "'""^  *°  18  Od  The  sludge  is  warmed  to  a  temperature  of  about  90°  F.,  when 

Comparing    sludge"digestion"at'" Birmingham    with    these  *  ^'"'^^  «™°""'  °^  ^^^^^   *f''°"^  "-^  to  1  per  cent)   is  added, 

figures,  and   assuming  a  wet  sludge   containing   90   per  cent  ^°'i.  ^^^  ""'^^ure  allowed  to  remain  in  suitable   tanks   for  a 

water,  it  is  approximately  5d.  per  ton.  P*""'™'   "\  "^   t^"."''^'   Provision   being  made  to  keep  the   mix- 

ture  at   the   optimum  temperature   ot   90     F.     As   the  result, 

Cost  figures  are  bound  to  vary,  and  in  comparing  sludge  ^^^.^^j^  important  changes  take  place  in  the  character  of  the 

costs   care   should    be   taken   to   see   that   the   percentage   ot  smdge-the  particles   coagulate  into  a  compact  mass,  which 

water  in  the  sludges   coincides.     Another  statement  showed  gep^^^te  from  the  water  and  rise  to  the  surface,  being  buoyed 

the  cost  to  be  6,3d.  per  ton  of  sludge   (bS.b  per  cent  water),  ^p  ^^  jj^^   ^^^^^   evolved   from  the   ferment.     The   water  is 

made  up  as  follows:  j.^^   ^^  through   perforated   pipes   which,  while   allowing  the 

(1)  Cost  of  tankage,  digestion,  and  pumping  to  drying  beds:  ji^^jj  j^  p^<.j,_  ^^^^^  ^^^^  j^g  ^^^^^  sludge,  and  enables  the 

^,                                                                                           f„„„    s      d.  separation  of  the  water  from  the  sludge  to  be  effected  easily 

wages    1,622     10       0  .                   j-^u             ••                 ^  t    i^ 

Coal   710      5      0  and  quickly,  and  with  a  minimum  of  labor. 

Stores.'etc.     ........'.'.......'.'.'.'.'.'.'.'..'.'.'....'.'..'.'...'.'.'.'.  90       9       0 

Repairs,  etc 22    10      0  Some   changes   other  than   physical   are   brought   about   by 

Water  charges   75    ^    ^  jjjg  process,  and  the  colloids  are  affected  to  some  extent,  with 

£2,520    19      u  the  result  that  the  sludge  is  improved  tor  subsequent  treat- 

The  volume  of  sludge  dealt  with  was  260,000  cu.  yd.    Ap-  ment.     fermentation   reduces   the   sludge   from,   say.   90   per 

proximate  cost  per  cubic  yard  of  wet  sludge,  2.25d.  cent  water  content — which  is  the  average  of  ordinary  sludges 

(2)  Cost  of  drying  sludge,  lifting  and  carrying  to  tip:  — to  SO  per  cent,  equal  to  the  reduction  ot  one-halt  the  water 

£       s.     d.  content,  thus  reducing  the  cost  of  treatment.     The  operation 

28. S16  cu   yd.  of  dry  sludge 990    17      7  being  a  Static  one.  the  cost  of  working  is  small.     The  heat 

Cost   of   1    cu.    yd.   of   dry   sludge 8.3  ,     .                     .           ^         ,    j          •         t,»    •       j    ^            »i,       j          „ 

Cost  of  1  eu.  yd.  of  wet  .sludge 2.5  used    for   Warming    the   sludge    is    obtained    from    the   drying 

By  adding   (1)   and   (2),  wet  sludge,  86.6  per  cent  water=  Process,  and  may  be  either  furnace  gases,  or  hot  air  and  va- 

4.7d.  per  cubis  yard,  or  6.3d  per  ton.  Por  from  the  dryers,  which  would  be  otherwise  wasted. 

That  the  scheme  as  illustrated  at  Briniingham  is  as  per-  The  further  treatment  ot  the  sludge  depends  to  some  ex- 
fect  as  it  might  be  made  the  author  does  not  claim.  It  be-  tent  on  local  conditions.  Moisture  may  be  got  rid  of  by 
gan  as  an  experiment,  and  has  been  extended  from  time  to  treatment  in  dryers  heated  by  means  of  hot  air,  by  direct 
time  always  as  an  experiment.  The  great  tanks  and  lagoons,  heat,  or  in  steam-jacketed  drying-pans.  It  can  also  be  re- 
with  a  total  capacity  of  28.000.000  gal.,  have  been  built  in  a  dueed  to  about  50  per  cent  by  an  intermediate  process  of 
temporary  manner  out  ot  revenue  as  necessity  has  arisen,  pressing  in  ordinary  sludge  presses,  and  the  cake,  after  be- 
and  the  design  or  lay-out — apart  from  the  biological  side —  ing  broken  into  small  pieces,  finally  dried  to  a  moisture  con- 
if  design  it  may  be  called,  is  obviously  an  improvisation  to  tent  of  from  10  to  15  per  cent.  The  product  is  reduced  to  a 
meet  current  requirements  and  to  obtain  knowledge  rather  fine  powder  tor  easy  application  to  the  land;  it  is  then  in  a 
than  a  consistent  ideal  based  on  some  well-tested  prototype,  suitable  condition  for  further  treatment  if  grease  is  present 
Indeed,  our  calculations  were  so  far  out  of  truth  originally  in  sufficient  quantity  to  justify  its  recovery, 
that  at  one  time  we  hoped  that  by  an  intensive  fermenta- 
tion at  Saltley  the  20  brick-built  tanks,  which  have  a  capacity 

of  only  7,000,000   gal.,  would   suffice  for  treatment  of  all  the  ,    .         .■        ,    c  ■»•-        «    ><,,    •-■.,,1    c„    ■ »      a„    i^ 

,    ,                            °  International    Exposition    of    Municipal    Equipment. — An   in- 

sludge  arrivinc:  there  r           t     r 

ternational  exposition   ot  municipal  equipment   is   to   be  held 

Utilization  of  Nitrogen.— The  adoption  of  the  scheme  was  ;„  the  Grand  Central  Palace.  New  York  City.  It  will  include 
due  to  the  impossibility  of  septicising  sewage  and  sludge  to-  all  that  pertains  to  the  construction  and  proper  management 
gether  without  nuisance.  It  has  accomplished  what  it  es-  of  municipalities— tor  water,  heat,  light,  power,  fire  protection, 
sayed  to  do.  thanks  chiefly  to  the  consistent  work  of  our  health,  education,  policing,  amusement  and  other 'departments, 
chemist  and  superintendent  of  works;  but  its  final  success  This  exposition  will  be  a  permanent  institution,  and  will  be 
is  dependent  upon  the  profitable  utilization  of  the  nitrogen.  one  of  the  eight  or  nine  expositions  which  will  make  up  the 
which,  up  till  now,  has  been  lost  sight  of  in  the  predominat-  industrial  trade  mart  of  the  Merchants  and  Manufacturers'  fix- 
ing desire  to  get  rid  ot  sludge  with  a  minimum  of  nuisance.  change,  occupying  the  entire  Grand  Central  Palace.    The  mu- 

With  the  object  of  recovering  from  the  dry  sludge  nitrogen  nicipal  exposition  will  be  staged  on  one  whole  floor  with  50,000 

and  other  products  of  distillation,  a  boat-load  of  it  has  been  sq.  ft.   floor  space.     The  Merchants  and   Manufacturers'  Bx- 

sent  to  the  Saltley  gasworks  each  week  for  some  time.     Ab-  change  of  New  York,  which  operates  Grand  Central  Palace,  is 

solutely  trustworthy  results  will  not  be  available  until  more  owned  and  controlled  by  the  Nemours  Trading  Corporation,  of 

producers    are   installed    there;    but    the    gasworks    engineer,  which  Alfred  I.^Du  Pont  is  president.    Miss  Jeanne  Carpenter, 

Mr.  Chaney  says,  that  he  is  willing  to  give  3s.  6d.  per  ton  405  Lexington  avenue.  New  York  City,  is  director  of  the  Mu- 

for  it  delivered  in  boat  at  the  Saltley  gasworks.  nicipal  Exposition. 
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Special    Features   of    Carron    Dry 
Dock 

From  Eimiiu-eriug,   June   13.    1U1;1. 

An  important  addition  has  been  made  to  the  dry  dock 
accommodation  in  the  Firth  of  Forth  by  the  utilization  of  a 
disused  junction  lock  into  the  wet  dock  as  Grangemouth. 
The  utilization  of  the  lock  enables  vessels  up  to  340  ft.  in 
length  between  prependiculars  and  50  ft.  beam  to  be  ac- 
.commodated  for  repairs.  This  size  practically  covers  all 
types  of  vessels  trading  to  the  ports  on  the  Firth  of  Forth. 

Figs.  1,  2  and  3  are  respectively  longitudinal  section,  plan 
and  cross-section  of  the  lock  as  finally  completed.     The  suc- 


balance  was  manhandled  after  the  water  was  fully  drained 
off.  The  bottom  of  the  lock  was  concave,  as  shown  in  Hg. 
3,  and  a  layer  of  concrete.  18  in.  thick  at  center,  was  laid 
to  make  the  radius  less  acute.  An  18-in.  waterway,  Figs.  1 
and  2,  was  formed  under  the  keel  blocks  to  give  drainage  to 
the  pumps.  The  depth  of  this  channel  is  IS  in.  at  the  pump  end 
of  the  dock  and  6  in.  at  the  other  end.  To  give  foothold  at 
the  extreme  sides  of  the  bottom,  concrete  steps  were  intro- 
duced and  run  throughout  the  length  of  the  dock  (Fig.  3). 
The  dock  sides  being  practically  vertical,  an  arrangement 
of  narrow,  heavy  staging  with  ladders  adjacent  has  been  fit- 
ted, at  heights  to  suit  vessels  of  different  depths. 

The   pumping  machinery  is  placed  at  the  sea  end  of  the 
dock,  as  illustrated  on  Figs.  8  to  13.     It  consists  of  two  sep- 
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Figs.    1-7— Elevations,    Sections    and    Details   of    Carron    Dry    Dock. 


cess  of  the  undertaking  depended  on  the  watertighlness  of 
the  outer  gate  in  the  River  Carron.  and  therefore  open  to 
the  sea,  to  permit  of  it  being  made  an  efficient  permanent 
barrier  to  the  sea.  After  months  of  labor  the  leakages  were 
reduced  to  manageable  dimensions,  and  kept  under  by  tem- 
porary pumps,  and  the  gate  was  found  in  good  condition. 
Figs.  4  to  7,  annexed,  show  this  outer  gate  in  sufficient  de- 
tail to  make  a  description  unnecessary. 

The  second  uncertain  factor  was,  as  to  whether  the  lock 
bottom,  after  the  mud  was  removed,  would  be  found  suit- 
able to  permit  of  heavy  local  weights,  such  as  a  ship  being 
placed  on  it.  These  fears  were  found  to  be  groundless,  the 
bottom  being  fresh,  clean  and  undamaged.  The  mud,  of 
which  there  was  3,500  tons,  was  removed  by  utilizing  a  steam 
dredger,    which    conveyed    the    bulk   of    the    silt   to   sea;    the 


•irate  electric-driven  centrifugal  pumps  by  Messrs.  Drysdale 
&  Co  Yoker,  Glasgow,  each  capable  of  delivering  a  mean 
quantity  of  5,000  gal.  per  minute  against  an  average  head 
of  11  ft  when  running  at  a  speed  of  750  r.p.m.  The  pumps 
are  of  the  vertical-shaft  type,  placed  in  the  bottom  of  the 
dock  and  driven  through  vertical  shafting  supported  on  lig- 
num vitaj  bearings  of  the  water-lubricated  type.  Each  shaft 
is  supported  bv  a  heavy  ball  thrust  bearing  mounted  on  a 
massive  cast-iron  stool,  and  provided  with  accurate  means 
of  adjustment  for  the  setting  of  the  impeller  in  the  volute. 
Each  motor  is  coupled  to  its  respective  shaft  through  a 
shrouded  flexible  coupling.  The  pumps  are  designed  so  that 
in  the  event  of  the  head  falling  to  zero,  the  overload  does  not 
amount  to  more  than  2  per  cent  of  normal  full  load.  Thus 
the  pump.s  are  capable  of  running  under  all  conditions  with- 
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out  attention  to  valves,  etc.  The  motors  are  of  the  o-phase 
slip-ring  pattern  suitable  for  440  volts,  50  period,  o-phase 
supply.  The  machines  are  fitted  with  brush  lifting  and  short- 
circuiting  gear  and  are  provided  with  attachments  on  the 
switch  gear  and  the  motor  to  prevent  starting  up  in  other 
than  the  proper  sequence.  When  the  pumps  are  required 
to  deal  with  drainage  water  in  which  state  they  need  to 
be  primed,  a  small  electrically-driven  vacuum  pump  of  the 
reciprocating  type  is  brought  into  use.  It  is  arranged  so 
that  it  can  take  a  certain  amount  ot  water  through  the  valves. 
This  small  pump  can  be  connected  to  any  one  of  the  main 
pumps  by  suitable  change-over  cocks.  The  whole  equipment 
is  designed  with  a  view  to  attain  maximum  hydraulic  effi- 
ciency, and  it  can  be  operated  with  unskilled  attention. 

While  it  is  true  that  the  lock  is  run  dry  by  gravitation  as 
the  tide  recedes,  the  water  in  the  dock,  even  at  low  tide,  can 
only  fall  to  the  height  of  the  silted  mud  outside  in  the  river. 


Wages  of  English  Municipal  Laborers.  Th.i  rates  of  pay  of 
the  labor  staff  of  the  Tilbury  I'rban  Council,  according  to  The- 
Surveyor  of  April  2.5,  1919,  were  as  follows:  Sweepers — Is. 
3%d.  (31  ct.)  per  hour  up  to  47  hours,  time  and  a  half  above 
47  hours.  Sundays  and  holidays  double  time.  House  Scav- 
engers— Is.  41/^  d.  (33  ct.)  per  hour  up  to  47  hours,  time  and 
a  half  above  47  hours.  Sundays  and  holidays  double  time. 
With  bonus  of  50  per  cent  on  sale  of  all  paper,  rags,  etc.,  col- 
lected in  addition.  Carters — £3  2s.  ($15)  per  week  of  54 
hours.  Laborers — Is.  4i^d.  (32  ct.)  per  hour  up  to  47  hours,, 
time  and  a  half  above  47  hours.  Sundays  and  holidays  double 
time.  Sewer.  Cleaners — Is.  5d.  (32  ct.)  per  hour  up  to  47 
hours,  time  and  a  half  above  47  hours.  Sundays  and  holidays 
double  time.  Lavatory  Attendants — £3  ($14.50)  per  week  of  54 
liours.  Road  Tarring  Laborers — Is.  4%d.  (34  ct.)  per  hour  up  tO' 
47  hours,  together  w'ith  4d.  per  day  dirty  money. time  and  n  half 
above   47   hours.     Sundays  and  holidays  double  time.     Hous- 
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Figs.    3-13 — Pumping    and     Drainage    Arrangements    of    Carron     Dry     Dock. 
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The  pumps,  therefore,  have  always  this  head  to  pump  against, 
and  the  outlets  were  put  through  the  dock  gates  at  this  level 
(Fig.  8)  to  reduce  the  load  on  the  pumps  during  the  bulk  of 
the  time  they  have  actually  to  work  in  order  to  make  the 
dock  dry.  As  the  entrance  is  from  the  wet  dock,  vessels 
can  enter  the  dry  dock  at  any  time. 

The  bottom  parts  of  the  keel  blocks  are  of  reinforced  con- 
crete, and  the  upper  parts  of  oak,  making  a  suitable  combi- 
nation ensuring  strength  and  fixity  of  position  with  adjust- 
ment for  height.  No  change  of  any  kind  has  been  made  on 
the  original   flooding  and  emptying  sluices. 


Liverpool  Municipal  Farm  Shows  Profit  — The  Liverpool.  Eng- 
land, city  council  realized  la-^t  year  a  profit  of  $4. GOO  from 
the  farm  at  Carr  Hall,  Lathom,  according  to  The  Surveyor.  The 
farm  consists  of  about  SO  acres  and  was  originally  purchased 
for  £9,000  ($43,000)  for  the  purpose  of  disposing  of  the  city 
refuse.  Local  objection  was  raised,  and  it  was  decided  to 
make  use  of  it  as  a  farm.  Large  quantities  ot  hay,  straw, 
oats,  and  potatoes  have  been  raised,  and  in  addition  a  small 
stud  is  maintained  tor  horse-breeding,  while  in  the  sunimer 
part  of  the  land  is  used  for  turning  out  horse.,  in  need  of  rest. 


ing  Estate  Handy-men — Is.  5d.  (34  ct.)  per  hour  up  to  47 
hours,  time  and  a  halt  above  47  hours.  Steam  Roller  and 
Tractor  Drivei's — Is.  0%d.  (37  ct.)  per  hour  up  to  47  hours, 
time  and  a  half  above  47  hours.  Sundays  and  holidays  double 
time. 


Reinforced  Concrete  Grand  Stand  at  Vienna. — A  reinforced 
concrete  grand  stand  with  a  seating  capacity  for  50.000  per- 
sons was  completed  last  year  for  the  race  course  at  Vienna, 
according  to  Beton  u.  Eisen.  The  structure  is  in  three  sec- 
tions, one  270  ft.,  a  second  170  ft.  and  the  third  417  ft  in^ 
length,  each  section  being  separated  from  the  others  by  lob- 
bies 33  ft.  wide.  The  roof  of  the  structure  slopes  slightly 
towards  the  back,  and  projects  at  the  front.  Special  consid- 
eration has  been  given  to  wind  pressure  m  designing  this 
root.  The  various  floors  have  been  calculated  to  carry  a  load 
of  G,%  tons  per  square  foot  in  case  of  panic.  A  test  load  of 
10  tons  per  square  foot  was  applied  to  the  various  parts  of 
the  building  with  satisfactory  results.  Other  characteristic 
features  are  the  wide  stairways,  the  large  space  allotted  to 
the  paying  booths  and  the  ample  accommodaiion  for  refresh- 
ments.    The  stand  was  commenced  in  1912. 
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The   X-Ray  Examination  of  Metals 

From  Engint'eririg.  May  9,   1919. 

It  is  not  the  object  of  this  paper  to  describe  the  raiiio- 
iiutallogiaphic  installation  used  in  the  laboratories  of  Messrs. 
.Schneider's  Le  Creusot  Works,  nor  to  explain  the  working  of 
the  apparatus.  The  apparatus  used  is  the  standard  type 
plant  ]iianufactured  by  Messrs.  H.  Pilon,  who  are  the  licensees 
Jor  the  Coolidge  tube  in  France. 

The  normal  working  current  used  is  4  milli-amperes  with 
a  spark  gap  of  25  cm.  (10  in.),  con-espouding  to  a  difference 
of  potential  at  the  terminals  of  about  120,000  volts. 

Every  precaution  has  been  taken  to  protect  the  operator 
from  the  X-rays   and   secondary  radiation. 

The  apparatus  under  discussion  permits  of  the  penetration 
of  40  mm.  of  steel,  it  is  easily  transported  and  may  be  in- 
stalled in  a  workshop  for  the  purpose  of  examining  samples 
•on  the  spot. 

Results  Obtained. — The  following  is  a  summary  of  the  re- 
.suits  obtained  since  the  plant  was  installed: 

I  a)  Researches  into  segregation  and  blowholes.  Influence 
of  aluminium  on  cast  steel. 

(b)  Examination  of  steels  containing  different  percentages 
of  tungsten. 

(cj     Examination  of  compound  metals. 

The  first  application  which  suggests  itself  is  an  investiga- 
tion into  the  heterogeneity  of  material  (microscopic  hetero- 
geneity, of  course).  The  diffusion  of  the  X-rays,  the  conse- 
quent formation  of  secondary  rays,  and  the  grain  size  of  the 
emulsion  of  the  photographic  plate  limits  the  size  of  particle 
detectable  to  a  diameter  of  not  less  than  1/5  mm. 

This  method  was  first  of  all  applied  to  the  investigation 
-of  blowholes  in  cast  steel.  Steel  plates  (railw.ay  fishplates 
23  mm.  thick)  were  cast  in  sand  moulds  without  any  special 
j)recaution  being  taken. 

Application.— \Vhen  a  steel  casting  is  made  and  it  is  de- 
sired to  ascertain  whether  blowholes  form  in  the  metal  when 
cold,  a  small  piece  of  extra  metal  about  20  mm.  to  oO  mm. 
thick  is  cast  in  one  with  the  main  casting,  this  extra  piece 
beitig  examined  under  the  X-rays. 

When  a  new  casting  is  being  made  in  which,  owing  to  the 
method  of  casting  adopted,  there  is  reason  to  suspect  the 
existence  of  a  defect  at  a  particular  point,  this  particular  part 
is  radiographed  to  ascertain  whether  the  metal  is  sound. 
This  may  lead  to  a  change  being  made  in  the  method  of 
casting. 

Unfortunately  there  are  limitations  to  this  method  owing 
to  the  lack  of  penetration  of  the  X-rays.  It  is  not  possible 
lo  penetrate  a  thickness  of  more  than  45  mm.  of  ordinary 
steel,  and  even  for  this  thickness  the  time  of  exposure  is 
considerable. 

When  the  percentage  of  tungsten  (which  is  of  high  atomic 
weight,  viz.,  1S2)  is  high,  the  plates  are  not  so  permeable  to 
the  X-rays  as  when  this  percentage  is  low. 

When  suitable  illumination  is  employed  these  differences 
show  up  much  more  clearly  on  tfe  negatives  than  on  the 
positives.  Thus  three  carbon  steels,  containing  0.6  per  cent, 
0.9  per  cent  and  1.15  per  cent  of  carbon  respectively  give  a 
radiograph  in  which  are  clearly  observable  the  differences 
in  capacity  corresponding  in  these  percentages.  We  have 
not  been  able  to  make  from  this  negative  a  satisfactory  posi- 
tive on  which  the  different  degrees  of  capacity  may  be  clearly 
distinguished. 

It  would  appear  possible,  then,  to  apply  radiography  for 
the  purpose  of  a  rapid  aiialysis  in  particular  cases.  If,  for 
instance,  carbon  steel  bars  have  been  mixed  up  inadvertently 
with  tungsten  steel  bars,  they  could  be  -sorted  out  speedily 
by  radiography,  instead  of  a  chemical  analysis  being  neces- 
sary, which  is  always  a  long,  delicate  and  expensive  opera- 
tion. The  following  might  be  the  modus  operandi  in  this 
case.  Bars  of  unknown  composition  and  a  bar  of  the  stand- 
ard steel  of  the  same  thickness  would  be  laid  on  a  slab.  A 
radiograph  would  then  be  taken  and  the  opacity  associated 
with  each  bar  measured.  The  values  obtained,  compared 
against  a  chart  drawn  up  from  steels  of  known  composition, 
would  permit  of  a  deduction  of  the  nature  of  the  various 
bars. 

The  method  has  also  been  applied  to  the  examination  of 
an  ingot  of  a  light  aluminum  alloy,  110  mm.  in  diameter. 
The  radiograph  enabled  the  ingot  to  be  sawn  through,  with- 
out error,  at  the  end  of  the  blowhole,  which  was  clearly 
shown  in  the  photograph. 

Conclusions. — In    the    present    state    of    our    knowledge    of 
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x-rays  and  their  production,  the  application  of  radlometaJ- 
lography  enables  a  visual  examination  to  be  made  of  ordinary 
steels  provided  their  thickness  does  not  exceed  40  mm.  lo  4,'. 
mm.  This  limiting  thickness  is  reduced  when  the  steel  con- 
tains at  least  one  con.stituent  of  higher  atomic  weight.  It 
would  be  of  inestimable  value  in  metallurgy  if  ingots  of  20 
em.  thickness  and  upwards  could  be  radiographed,  but  un- 
fortunately we  have  not   yet   reached   that  stage. 

Stiil,  every  step  in  the  direction  of  finding  a  director  more 
sensitive  to  the  X-rays  than  those  that  we  already  know 
(photographic  plate,  barium  platino-cyanide  screen,  lonlsation 
phenomena)  will  lead  to  progress  in  radiometallograpby. 
Similarly,  as  the  means  of  producing  X-rays  of  high  pene- 
trative power  are  improved,  it  will  be  possible  to  Increase 
the  scope  of  X-rays  in  the  examination  of  metals. 


Salaries   of   Engineers 

Letter  in  The  Surveyor,  June  27,  1919. 

There  appears  to  be  a  growing  tendency  on  the  part  of 
borough  and  urban  district  councils,  and  even  county  coun- 
cils, to  advertise  for  assistant  engineers  or  surveyors  with- 
out .stating  the  salary  offered  for  the  appointments.  Surely 
this  is  a  method  of  advertising  to  be  regretted.  It  appears 
to  me  very  much  like  putting  appointments  up  for  auction- 
in  other  words,  endeavoring  to  obtain  a  good  man  at  the 
lowest  possible  salary.  Is  this  an  indication  of  meanness  on 
the  part  of  the  councils  concerned,  or  does  it  indicate  an 
inability  to  decide  the  value  to  the  council  of  the  official  re- 
quired?   Surely  the  straightforward  way  is  to  state  the  salary. 

In  my  opinion,  the  average  young  engineer  has  a  fair  idea 
of  his  own  "money  value"  judging  by  the  experience  he  has 
gained,  and  is  often  guided  in  his  choice,  when  applying  for 
appointments,  by  the  salary  offered,  the  qualifications  and 
experience  demanded  being  usually  the  same,  whether  the 
salary  offered  is  il50  to  £.350.  I  suggest  that  this  is  a  mat- 
ter to  which  the  leading  professional  institutions  might  well 
give  attention. 

Anotlier  matter  which  occurs  to  me  as  being  grossly  un- 
just is  the  relative  salaries  paid  by  some  councils  to  their 
surveyors  and  assistant  surveyors.  In  a  certain  borough  that 
I  have  in  mind  the  surveyor  receives  the  salary  of.  approxi- 
mately £800  per  annum — at  present  inclusive  of  bonus  The 
deputy  surveyor  receives  £300,  chief  assistant  £230.  and 
four  or  five  other  assistants  from  £90  to  .£200  per  annum. 
These  salaries  all  include  war  bonus  (  £1  per  week).  I  doubt 
if  there  is  one  man  on  the  wages  book  of  that  borough  sur- 
veyor's department  who  receives  less  than  £2  per  week,  and 
many  of  the  partly  skilled  laborers  receive  over  £3  per  ■week. 
The  road  foreman  is  paid  £4  per  week  (or  ,£20S  per  an- 
num), and  yet  the  chief  assistant,  who  is  a  man  of  consider- 
able experience  under  various  councils,  and  an  Assoc. M.Inst. 
C.E.  (incidentally  a  qualification  possessed  by  neither  the 
surveyor  nor  deputy),  is  deemed  to  be  worth  only  £4  10s. 
per  week.  I  do  not  question  that  the  surveyor  in  this  case 
deserves  his  salary,  but  surely  there  cannot  be  £500  per 
annum  difference  in  value  to  the  council  between  the  work  of 
the  surveyor  and  his  deputy,  particularly  when  one  is  fully 
aware  that  the  bulk  of  the  "donkey  work '  of  the  depart- 
ment usually  falls  to  the  lot  of  the  deputy  surveyor  and  chief 
assistant.  "     . 

When  shall  we  see  the  leading  institutions — i.  e..  the  In- 
stitution of  Civil  Engineers  and  the  Institution  of  Municipal 
and  County  Engineers — take  up  the  case  for  any  hut  the  man 
at  the  top  of  the  department?  How  often  does  it  happen  at 
present  that  the  engineer  or  surveyor  will  not  recommend 
substantial  increases  of  salaries  for  his  assistants  because 
such  recommendations,  if  persisted  in,  may  endanger  the 
increase  he  hopes  for  personally?  I  would  like  to  think  that 
the  borough  I  have  in  mind  is  an  isolated  case,  hut  I  am 
afraid  that  many  similar  cases  could  be  quoted.  I  suggest 
that  it  should  be  possible  for  the  Local  Government  Board  to 
fix  a  scale  of  remuneration  for  various  appointments,  based 
on  the  population  of  a  town,  or  on  the  number  of  professional 
assistants  employed. 

I  have  looked  in  vain  during  nearly  20  years'  experience 
of  the  profession  for  some  action  to  be  taken  in  support  of 
the  young  engineer  and  surveyor,  and  I  suppose  I  shall  still 
be  looking  when  the  time  comes  for  me  to  retire  from  the 
profession  'through  old  age.  not  through  having  made  suffi- 
cient money  to  live  on.  unless  the  time  comes  when  an 
Assoc. M.Inst. C.E.  can  demand  better  pay  than  a  road  fore- 
man). 
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Reinforced   Concrete  Hangars  for 

the  Naval  Aviation  Center 

of  Algiers 

By  E.  GARRET. 
From  L,e  Genie  Civil,  May  21.  Will. 
Until  June,  1917,  the  Naval  Aviation  Center  of  Algiers  was 
supplied  onl.v  with  Bessonneau  portable  hangars,  made  of  a 
wooden  framework  covered  with  waterproof  cloth,  for  hous- 
ing the  hydroaeroplanes  which  patrolled  the  coast.  Because 
of  the  increasing  necessity  of  protecting  the  transports  trav- 
eling between  Algiers  and  France  from  submarines,  it  was 
decided  that  hangars  with  a  clear  floor  space  110  by  131  ft. 
(32  by  40  meters)  should  be  built.  The  Service  des  Pouts  et 
Chaussees,  then  doing  a  great  deal  of  work  for  the  navy,  was 
asked  by  the  Minister  of  the  Navy  to  co-operate  with  the 
manufacturers   and   contractors   of   Algiers   in   building   these 


kilogr.  per  sq.  meter  on  the  vertical  elevation).  In  addition, 
the  maximum  load  on  the  ground  should  not  exceed  2,018  lb. 
per  sq.  ft.  U  kilgr.  per  sq.  cm.)  when  only  dead  loads  were 
considered. 

On  the  footings  of  the  first  two  hangars  were  placed  three 
rows  of  reinforced  concrete  columns,  spaced  106  ft.  (32.75 
meters),  center  to  center.  The  distance  between  columns  in 
each  row  was  16.4  ft.  (5  meters).  These  columns  were  car- 
ried to  a  height  of  23  ft.  (7  meters)  above  the  floor. 

The  two  outside  longitudinal  walls  and  the  partition  sepa- 
rating the  two  hangars  were  built  of  a  local  brick  6  in. 
(1.5  cm.)  thick.  The  space  between  two  adjacent  columns  is 
divided  into  three  panels  by  two  reinforced  concrete  beams 
connecting  the  columns.   These  beams  support  the  brick  work. 

The  rear  end  of  the  hangars  is  an  ashlar  masonry  wall 
whose  height  varies  from  23  ft.  (7  meters)  at  the  columns  to 
49.2  ft.  (15  meters)  on  the  axis  of  the  hangar.  The  front 
end    IS   filled    by   the   reinforced   concrete   roof   truss,   leaving 
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Transverse    Section 

important  structures.  The  contractors  were  required  to  ob- 
tain all  labor  and  material  locally.  Three  types  of  construc- 
tion were  studied: 

(a)  Masonry  foundations   supporting  a  steel  framework. 

(b)  Masonry  foundations  supporting  a  wooden  framework. 

(c)  Reinforced  concrete  buildings  with  a  tile  roof. 

The  Minister  of  the  Navy  approved  the  project  for  rein- 
forced concrete  because  the  necessary  materials  could  be  ob- 
tained in  the  colony  and  because  no  skilled  labor  was  re- 
quired. 

In  August,  1917,  a  contract  was  signed  by  the  Minister  of 
the  Navy  and  MM.  J.  Gregori  et  Fils,  contractors  for  the  con- 
struction of  two  regular  double  hangars.  They  are  to  be 
built  according  to  the  designs  of  MM.  Pelnard-Considere, 
Coquot  et  Cie,  of  Paris.  These  two  hangars  were  to  be 
located  near  the  existing  hangars  on  the  flats  of  the  inner 
harbor  of  Agha,  immediately  south  of  the  great  pier  com- 
pleted at  the  outbreak  of  the  war. 

The   foundations   offered   no   special   difficulties.     The   site 


of    Complete    Shed. 

underneath  a  clear  entrance  110  ft.  (32  m.)  wide  by  24.4  ft.. 
(7m.)  high  for  each  hangar.  This  opening  is  closed  by  doors 
in  panels  18  by  23  ft.  (5.5  by  7  m,),  each  panel  being  a  metal 
frame  covered  with  galvanized  corrugated  iron. 

It  was  originally  planned,  because  of  the  span,  to  build  the 
roof  either  as  a  barrel  arch  of  parabolic  section,  stiffened  by  a 
few  ribs  or  a  roof  of  some  other  form  supporting  reinforced 
concrete  slabs  instead  of  tiles.     This  was  not  done. 

The  final  accepted  roof  design  called  for  a  framework,  in- 
cluding the  purlins,  of  reinforced  concrete,  with  a  roof  cover- 
ing of  tile  manufactured  in  Algiers.  The  sheeting  and  rafters 
were  similar  to  those  used  with  a  metal  roof. 

Besides  insuring  a  very  watertight  roof,  this  construction 
8a\e  a  relatively  light  roof,  thereby  effecting  an  important 
saving  in  cement  and  steel. 

On  each  column,  every  16.4  ft.  (5  meters),  rests  a  rein- 
forced concrete  truss  made  up  of  a  top  chord  in  the  form  of 
a  parabolic  arch  and  a  bottom  chord  to  take  up  the  thrust  of 
the  arch. 
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Transverse  Section  and  Part  Lon 

was  an  old  beach,  covered  to  a  depth  of  6.5  to  8  ft.  (2  to  2.5 
meters)  with  the  waste  from  a  quarry. 

The  bottoms  of  the  footings  for  the  reinforced  concrete 
columns  were  originally  established  at  elev.  +  1.92  ft. 
(+  0.59  m.)  but  an  examination  of  the  excavations  showed 
that,  for  many  footings,  it  would  be  necessary  to  go  deeper 
because  of  the  poor  quality  of  the  soil.  Part  of  these  foot- 
ings was  therefore  poured  under  water,  using  a  concrete  com- 
posed of  3.45  bbl.  (600  kilogr.)  of  cement  to  1.3  cu.  yd.  (1  cu. 
meter)  of  sand  and  gravel. 

In  calculating  the  size  of  the  footings,  it  was  assumed  that 
the  maximum  load  on  the  ground  should  not  exceed  4,096  lb. 
per  sq.  ft.  (2  kilogr.  per  sq.  cm.l,  taking  into  account  both 
the  dead  load  carried  by  the  columns  and  the  wind  load  (150 


gltudinal  Section  of  Hanger  No.  2. 

For  the  interior  trusses  the  section  of  the  top  chord  meas- 
ures 9.9  by  27.5  in.  (25  by  7()  cm.)  and  the  bottom  chord  6.3 
by  15.7  in.  (16  by  40  cm.)  To  prevent  the  bending  of  the 
bottom  chord  under  its  own  weight,  two  vertical  members 
connecting  the  bottom  chord  to  the  top  chord  have  been  pro- 
vided. 

The  arches  are  tied  together  by  reinforced  concrete  purlins, 
3.3  by  15.7  in.  (10  by  40  cm.l,  spaced  7.4  ft.  (2.25  m.)  apart. 
by  a  ridge  beam  5.9  by  59  in.  (15  by  -50  cm.)  and  by  a  strong 
beam  located  at  the  top  of  the  columns. 

To  obtain  a  slope  which  would  drain  properly,  the  center 
part  of  the  roof  does  not  follow  the  outline  of  the  arch  but 
is  lifted  above  it. 

The   wooden   rafters  are   easily  fastened    to   the   reinforced 
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concrete  purlins  by  nailing  them  to  wooden  strips  cast  in 
the  purlins. 

The  rainwater  from  the  two  interior  slops  runs  into  a 
reinforced  concrete  gutter,  19.7  by  7.9  in.  (50  by  20  cm.), 
which  discharges  every  32.S  ft.  (10  m.),  through  vertical  pipes 
into  a  sewer  laid  along  the  base  of  the  columns. 

The  end  truss  over  the  doorway  is  like  the  interior  trusses 
except  it  has  fifteen  vertical  members,  instead  of  two,  spaced 
6.56  ft.  (2  meters)  apart.  Halt  of  the  panels  between  these 
verticals  are  closed  with  a  hollow  tile  wall,  the  rest  contain 
windows.  The  lower  chord  of  this  truss  is  a  foot  bridge  6.50 
ft.  (2  m.)  wide,  which  serves  both  as  a  support  for  the  metal 
doors  and  a  platform  for  operating  the  windows. 


Salaries  of   English  Engineers 

Letter  in   The   Engineer.    July   4,    laut. 

In  view  of  the  fact  that  a  very  large  number  of  ex-service 
men  are  now  training  for  the  engineering  profession,  may 
I  be  permitted  to  call  attention  to  the  very  poor  prospects 
offered  at  the  present  time  to  fully  trained  engineers?  For 
instance,  the  borough  engineer  of  a  large  English  town  is 
advertising  for  an  assistant  engineer,  and  the  salary  offered 
is  £150  ($729)  per  annum.  Candiates  for  this  post  must 
possess  a  sound  knowledge  of  building  construction,  survey- 
ing, levelling  and  drawing  office  routine,  and  be  able  to  pre- 
pare specifications,  estimates  and  quantitie;^  for  sewer  and 
roadwork.  The  salary  stated  is  no  more  than  that  paid  to 
builders'  laborers  in  some  districts,  and  is  certainly  less  than 
that  obtained  by  bricklayers,  masons,  carpenters,  etc.  Yet 
the  advertisement  says  that  preference  will  be  given  to  can- 
didates who  are  connected  with  the  Institution  of  Civil  Engi- 
neers! 

Is  it  any  wonder  that  the  Appointments  Department  of  the 
Ministry  of  Labor  is  so  helpless  in  obtaining  suitable  appoint- 
ments for  ex-officers  and  others,  when  the  public  bodies  of 
the  country  are  setting  such  a  low  standard  of  remuneration 
for  professional  qualifications  which  take  many  years  of 
hard  study  and  considerable  expense  to  attain? 

MAURICE  W.   SALMON.   Capt.,  R.  E. 


"Excessive"  Water  Consumption  of  40  Gal.  per  Capita. — The 

water  engineer  of  Swansea,  Mr.  Collinson,  reports  that  the 
unmetered  or  domestic  consumption  for  the  March  quarter 
this  year  averages  32  (Imp.)  gal.  per  head  per  day,  and  this, 
compared  with  59  (Imp.)  gal.  per  head  per  day,  which  was 
the  figure  for  the  same  area  and  corresponding  quarter  in 
1917.  shows  a  remarkable  change  in  the  state  of  affairs.  "In 
total  it  means,"  Mr.  Collinson  continued,  "that,  without  the 
least  stinting  of  anybody's  use  of  water,  a  quantity  of  4,S00,- 
OOO  gal.  per  day  now  suffices  in  place  of  a  former  consump- 
tion of  8.850.000  gal.  per  day  for  domestic  purposes.  But,  on 
the  other  hand,  a  further  2,000,000  gal.  per  day  will  have  to 
be  saved  in  order  to  reach  the  standard  maintained  by  most 
well-conducted  water  undertakings.  The  fact  that  a  neigh- 
boring water  authority  is  actually  a  the  present  time  spend- 
ing a  capital  sum  of  £300,000  on  a  water  scheme  yielding 
a  total  supply  of  only  1,500.000  gal.  per  day,  illustrates  the 
enormous  financial  importance  of  what  has  already  been  done, 
and  what  still  remains  to  be  done,  in  the  matter  of  cutting 
down  the  waste  of  water  in  connection  with  the  Swansea  un- 
dertaking." Mr.  Collinson  also  alludes  to  the  excessive  con- 
sumption at  Mumbles,  amounting  to  40  (Imp.)  gal.  per  head 
per  day,  owing  to  defective  service  pipes.- -The  Surveyor. 
May  9,  1919.  ^ 


Cleaning  Clay  and  Loam  from  Sands. — In  a  paper  on  ''Stands 
for  Concrete  Making"  read  before  the  Concrete  Institiite  P. 
G.  H.  Boswell  stated  that  some  method  of  ".scrubbing"  is  the 
only  way  to  clean  ballast  effectively  from  adherent  clay  and 
loam.  On  the  other  hand,  the  dust  produced  in  the  crushing 
of  aggregate  can  easily  be  washed  away.  If  the  aggregate  is 
required  down  to  50-mesh,  an  upward  current  of  water  at 
ordinary  temperature  of  about  5  ft.  per  minute,  or  1  in.  per 
second,  will  remove  all  material  smaller  than  this.  If  the 
aggregate  is  required  to  be  not  smaller  than  :0-mesh,  a  veloc- 
ity of  about  15  ft.  per  minute  will  remove  the  material  not 
required.  The  objection  to  most  sand  washers  in  use  is  that 
the  water  first  washes  the  dirty  sand,  and  then,  before  it 
leaves  the  apparatus,  is  filtered  again  by  the  clean  sand; 
much  of  the  clayey  and  vegetable  matter  thus  remains  In 
the  sand. 


Extraction  of  Grease  from  Sewage 
Sludge  at  Morley 

By  F.  TURNER, 
Boious'h  Engineer  and  Surveyor. 
From  The  Surveyor,  May  30,  1919. 
The  sewage  was  originally  t^e^ted  with  lime,  pasBed 
through  settling  tanks  and  on  to  filters.  A  crrUln  nuniu«r  of 
sludge  lagoons  had  been  provided.  The  ellluent  from  the 
works  was  satisfactory,  but  the  amount  of  sludge  produced 
was  greater  than  was  expected.  It  was  estimated  at  that 
time  that  the  dry-weather  flow  was  1.375.000  gal.' per  24 
hours,  and  the  sludge  produced  in  the  settling  tanks  after  the 
supernatant  water  had  been  drawn  off  was  550  tons  per  week. 
The  original  intention  for  the  disiiosal  of  th,s  sludge  was  to 
run  it  into  lagoons,  where  it  would  be  air  dried,  and  then 
lake  it  out  to  a  tip  and  offer  it  to  farmers.  A  certain  amount 
was  taken  away  by  farmers  at  the  beginning,  but  it  was 
found   to  be  unsuitable  for  use  as  a  manure,  aiid  the  dried 
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Layout    of    Sewage    Sludge    Plant    at    Morley. 

sludge  began  to  accumulate  at  an  alarming  rate.  In  about 
six  years  12  acres  of  land  had  been  covered  with  air-dried 
sludge  to  an  average  depth  of  3  ft.  In  the  meantime,  at  in- 
tervals, samples  of  sludge  had  been  sent  to  analysts  for  ex- 
amination in  order  to  ascertain  whether  or  not  it  would  be 
worth  while  to  attempt  to  extract  grease:  but  the  analyses 
showed  that  the  amount  of  grease  in  the  sludge  did  not  aver- 
age more  than  16  per  cent  of  the  dry  materia!,  and  it  was  not 
considered  that  grease  extraction  could  be  carried  out  without 
loss. 

It  was,  however,  imperative  that  some  other  method  of 
sludge  disposal  should  be  adopted  quickly,  as  the  tipping 
space  was  limited,  and  also  large  accumulations  of  this  materia! 
in  a  tip  were  not  at  all  desirable.  In  1913  a  small  chemical 
laboratory  was  fitted  up  in  the  engineer's  office  with  a  view  of 
carrying  out  systematic  experiments  on  the  sludge  in  order  to 
rind  out  whether  or  not  it  would  be  possible  to  extract  any 
valuable  content,  and  particularly  to  suggest  some  form  of 
treatment  which  would  convert  the  undesirable  sludge  into 
a  desirable  manure.  The  experiments  carried  out  showed 
that  if  the  grease  present  could  be  extracted  and  the  moisture 
reduced  the  resultant  material  would  have  a  ready  sale  as 
manure.  Experiments  on  a  large  number  of  samples  showed 
that  the  amount  of  free  grease  in  the  sludge  was  not  greater 
than  16  per  cent  of  the  dry  material,  but  in  addition  there 
was  a  considerable  quantity  of  combined  grease  present  in 
the  form  of  soap — mainly  lime  soap — and  uie  total  quantity 
of  grease  calculated  on  the  dry  material  was  about  30  per 
cent. 

It  was  then  evident  that  grease  could  be  extracted 
without  much  loss,  and  perhaps  nrofltably.  particularly  if  the 
lime  soap  could  be  eliminated.  Laboratory  experiments  were 
then  carried  out  with  a  view  of  changing  precipitants  from 
alkali  to  acid,  and  as  a  result  of  these  experiments  it  was 
decided  to  use  sulphuric  acid  (brown  oil  of  vitrei — 80  per  cent 
acid).  It  was  found  in  practice  that  B.  O. 'V.  gave  quite  as 
good  a  tank  effluent  as  the  lime,  and  that  the  final  effluent 
was  as  satisfactory,  although  the  color  was  somewhat  darker. 
The  acid  was  also  the  cheaper  precipitant.     In  .addition,  two 
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very   considerable   advantages    were   gained— the   quantity   of  film    over    sills    into    one   of    the    two    smaller   grease-set tling^- 

sludge   produced    was    reduced   25    per   cent,    while    the    total  tanks. 

amount  of  grease  was  greater  in  the  smaller  quantity  than  in  By  means  of  a  swivel  elbow  pipe  the  grease  is  taken  from 

the  larger  amount  produced  by  lime  precipitation,  the  amount  the  surface  and  run  into  the  grease  ram  fixed  below  the  refln- 

of  grease  varying  from  30  per  cent  to  45  per  cent  of  the  dried  ing  tanks,  from  which  it  is  then  ejected  by  steam  into  one  or 

material.  the  other  grease  refining  tanks.     Here  the  grease  is  refined 

While  using  lime  considerable  trouble  was  experienced  by  by  raising  it  to  boiling-point  by  means  of  a  closed  steam  coil, 

the  accumulation  of  large  quantities  of  lime  soap  in  the  dis-  and  spraying  with  cold  water,  and,  if  necessary,  adding  brown 

tribution  pipes  on  the  filters,  and  particularly  on  the  surface  oil  of  vitrei  amounting  to  2  or  3  per  cent,  and  maintaining 

of  the  filters,  requiring  the  constant  attention  of  men  to  clean  a   brisk   mixing   for  about  four   hours.     The   grease   is   then 

the  jets  and  considerably  retarding  the  flow  of  water  through  allowed  to  stand  for  about  twelve  hours;  the  dirt  and  water 

the  filters  and  therefore  their  capacity;  deposits  of  calcium  settle  to  the  bottom,  and  are  drawn  off.     The  refined  grease 

carbonate  on  the  mouth  of  the  jets  also  caused  considerable  is  then  barreled. 

trouble,  as  the  deposit  could  only  be  removed  by  taking  out  There  are  six  presses,  and   each  press  does  five  pressings 

the  jet  and  steeping  in  acid  water;  even  then  it  was  difficult  per  week 

to  remove.  Since  using  B.  O.  V.  these  diflSoulties  have  dis-  The  steam  for  both  the  press  plant  and  the  solvent  plant 
appeared,  and  the  surface  of  the  filters  do  not  require  nearly  is  obtained  from  two  Cornish  boilers,  which  were  originally 
the  same  amount  of  attention.  installed  in  connection  with  two  compound  horizontal  engines 
It  was  evident  now  that, the  degreasing  of  the  sludge  would  to  drive  a  sewage-screening  plant  and  iime  pans.  The  en- 
be  a  financially  successful  operation.  Some  experiments  were  sines  are  now  being  used  to  drive  a  dynamo  supplying  cur- 
carried  out  in  the  laboratory  on  the  destructive  distillation  I'ent  for  electrical  drives  of  machinery  in  the  solvent  plant 
of  sludge  with  a  view  of  recovering,  not  only  grease,  but  also  house  and  for  lighting. 

the  nitrogen  in  the  form  of  ammonium  sulphate,  and  leaving  It  has  been  found  that  the  sludge  cake  parts  with  moisture 

a  carbon  residue.     While  from  the  results  obtained  there  ap-  quickly    simply    by    Kirdrying,    and    is    sufficiently    dry    after 

peared   to  be  possibilities  in  this  direction,   there  were  cer-  being  out  about  a  month  to  be  used  as  fuel  in  the  boilers, 

tain  difficulties  in  the  way  which  would  require  considerable  The  sludge  cake  has  until  recently  been  burnt  in  the  boilers 

time  to  overcome,  particularly  mechanical  difficulties  in  the  with  about  3  tons  of  engine  coal  per  week.     This  is  sufficient 

design   of  retorts,  and  as  this  work  was  carried  out  during  not  only  to  run  the  press  plant,   but  to  supply  steam  for  a 

the  period  of  the  war,  when  it  was  well  nigh  impossible  to  considerable  amount  of  pumping  which  is  carried  out  on  the 

obtain  requisite  plant  for  experiments  on   a  larger  scale,  it  disposal  works.     The  pressmen  are  at  present  working  two 

was  decided  not  to  develop  on  these  lines.  12-hour  shifts  per  24  hours.     There  are  three  men  working  as 

Although  no  such  plant  had  been  used  successfuly  on  sew-  laborers  in  the  press-house  during  the  day  shift,  one  man  as 

age  sludge  at  that  time,  to  the  author's  knowledge,  the  plant  pressman   during   the   day,   and   one   pressman   on   the   night 

which  seemed  to  be  the  most  satisfactory  one  was  the  solvent  ^^'^}^- .  This  man  is  the  only  man  employed  during  the  night 

plant  worked  with  benzine  as  a  solvent  by  which  practically  shift  in  the  press-house. 

the   whole  of  the  grease   in  the   sludge  could   be  recovered.  ''   is   proposed   to   start   S-hour  shifts   shortly,   when   there 

The  serious  obstacle  that  presented  itself  to  the  use  of  such  a  "'^■'l  ^'e  required  a  pressman  for  each  shift  and  four  laborers 

plant  was  that  it  was  necessary  first  to  reduce  the  moisture  °"  ""^^  S-hour  shift. 

in  the  sludge  to  a  30  per  cent  maximum.     This  could  be  done  Financial   Position  of  Press  Plant.— The  amount  of  grease 

by  direct  drying   in   drying  machines,   such   as   the  Ruggles-  extracted  by  the  presses  averages  about  51/2  tons  per  week. 

Cole  or  Dublin  driers,  or  by  pressing  and  drying.     From  in-  The  grease  was  sold  throughout  last  year  at    £G0   per  ton. 

formation  obtained  it  appeared  that  to  dry  oludge  with  such  The  sale  price  today  is    £45  per  ton.     The  receipts  and  ex- 

a  high  percentage  of  grease  in  it  as  this  one  in  driers  was  penses  from  the  press  plant  per  week  are  as  follows: 

practically  impossible,  because  of  the  grease  carbonizing  and  ^^'i|'Pj,^7 ^f  grease  at  £45  per  ton £247    To    o' 

firing   the   sludge  in   the   drying  process.     It  was  finally  de-  Expenses— 

cided  to  recommend  steam-heated  filter  presses  for  the  pre-         Barreif''  13      4      0 

liminary  treatment.  17  tons  of  coal  at  26s.  per  ton 22      2      0 

A  single  filter  press  as  a  trial  was  first  installed  in  July,         ^^g*es^S•ludTn#'stokers  '^^' .!°'^:::.:::::.V..:.V.V.      21    19      0 

1915.   and    this    proved    an   unqualified    success;    the    results         Filter  cloths   30      6      0 

from  it  were  quite  equal  to  what  the  council  had  be^en  led  to  ^Sl^a't  B-p^rcent'imeresron-cosi-of  piani.':  i!::: !        3    iS      I 

expect,   and   other  presses   were  added   to   deal  with  all  the  ,—   —    — 

sludge  produced,  the  plant  being  paid  for  out  of  revenue    The  ^^8    12      6 

whole  installation  was  completed  in  December,  1917.     It  was  Receipts ^247    10'     0 

then  decided  to  erect  a  solvent  plant,  but  the  difficulties  in  Expenses ws    12    ^ 

obtaining  priority  certificates  and  plant  have  been  such  that  Balance  per  week £140    17      6 

it  has  only  recently  been  completed.  The  grease  produced  has  a  saponifiable  value  of  from  50 

Treatment    in    Press-House. — The   method    of   treatment   in  to  55  per  cent, 
the  press-house  is  as  follows:                       '  The  woodwork  and  brickwork  of  this  plant  have  been  badly 

The  sludge  is  fed  from  the  reservoir  along  a  wood  channel,  attacked  by  nitre  cake,  which  it  has  been  necessary  to  use  in 

as  required,  into  the  sludge-boiling  tanks.     These  are  six  els-  the  absence  of  B.  O.  V.    during  the   last  three  years.     Nitre 

terns,  12  ft.  square  and  G  ft   deep,  made  of  wood.     The  sludge  cake  is  an  acid  salt  by-product  produced  in  the  manufacture 

in  the  cisterns  is  treated  with  acid  (B.  O.  V.)  and  then  heated  of  nitric  and  sulphuric  acid.     Its  acid  strength  is  about  one- 

by  means  of  steam,  through  l-in.  steam  pipes,  passing  down  third  that  of  B.  O.  V.,  though  its  action  on  most  materials  is 

the  middle  of  each  tank  to  the  floor.     Live  steam  is  blown  more  violent. 

into  the  sludge  for  about  four  hours,  which,  in  addition  to  Extraction   Plant. — It  is  found  that  the   sludge   cake  after 

heating   it,   acts   as    an   agitator,   mixing   the    acid   with    the  airdrying  has  a  moisture  content  equal  to  about  28  per  cent, 

sludge.     The    sludge   is   then   run   into    the    sludge   ram   and  The  solvent  plant  deals  with  about  40  tons  of  the  cake  per 

forced  by  steam  from  the  ram  into  the  presses.     The  most  week  without  further  drying.     This  plant  has  only  recently 

economical  time  for  filling  the  presses  is  found  to  be  24  hours,  started  workihg,  and  it  is  not  possible  to  state  definitely  what 

during  which  time  the  sludge  in  the  presses  is  steamed  twice,  charges  it  will  be  found  best  to  work  with  or  the  time  taken 

for  a  period  of  30  minutes  each  time,  by  means  of  steam  pipes  in    treating   each    charge;    but    from    the    experience    so    far 

fitted  at  both  ends  of  the  presses.     The  yield  of  grease  ap-  gained  it  is  probable  that  the  quantity  of  cake  will  be  dealt 

pears  after  about  four  hours  from  the  time  of  starting  flUing,  with  in  six  charges,  and  the  time  taken  by  one  charge  will  be 

and  the  greatest  yield  is  for  a  period  of  six  hours  after  the  22  hours.     The  pressed  cake  is  taken  from  the  tip  in  wagons 

grease  starts  showing.  into    the    elevator   room,    and    is   fed    by   hand    into    a   cake- 

The  presses  are  fixed  on  supports  5  ft.  6  in.  above  the  floor.  breaker.     It  is  ejected  from  this  machine  into  the  foot  of  the 

There  is  a  wagon  road  under  the  presses,  and  in  emptying  the  elevator,    which   lifts    it    into   the   hopper    fixed    immediately 

cake  is  directed  by  means  of  chutes  under  the  presses  into  over  the   extractor.     The   capacity   of  the   hopper   is   exactly 

the  wagons  and  run  to  tip.     The  grease  and  water  is   con-  equal   to   the   capacity   of   the   extractor;    there    is   a   sliding 

ducted    by   means   of   a   channel   into   a    settling   tank.     The  door  on  the  bottom   of  the  hopper,   and   a  hinged   charging 

water  runs  away  from  this  tank  by  means  of  a  syphon  pipe  door  on  the  top  of  the  extractor.     The  extractor  is  3  cast- 

trom  near  to  the  bottom,  and  the  grease  finds  its  way  in  a  thin  iron   vessel   S   ft.  in  diameter  and  10  ft.  deep,   fitted  with  a 
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discharging  door  at  the  bottom  of  the  side  at  such  a  height 
that  the  treated  material  may  be  raked  out  into  wagons.     A 
false  bottom  of  removable  perforated  cast-iron  plates  is  fixed 
level  with  the  bottom  of  the  discharging  door,  and  the  per- 
forated  plates  are   covered  with   canvas,  an(i   another  set  of 
perforated   plates   of  lighter   metal   placed   over  to   hold   the 
canvas  in  position  and  to  carry  the  charge,  the  canvas  act- 
ing as  a  filter  for  the  solution  of  grease  and  solvent.     Under- 
neath the  perforated  floor  are  an  open   steampipe,  a  closed 
steam  coil,  and  connecticlis  to  the  solvent  storage  tank  and 
the  still.     There  is  a  cast-iron  pipe  connection  from  the  top 
of  the  extractor  connecting  with   the  main  condenser.     The 
benzine  storage  tank  is  fixed  alongside  the  still;  it  is  a  cast- 
iron  tank  with  a  capacity  of  1.500  gal.,  fitted  with  a  gauge 
glass  and  connections  to  the  extractor  and  separators.     The 
still  is  a   cast-iron  vessel,   similar   in   outward   shape  to  the 
extractor,  6  ft.  diameter  and  S  ft.  C  in.  deep,  with  connections 
to  the  extractor,  a  cast-iron  pipe  on  the  top  connecting  with  the 
condenser,  and  a  grease  pipe  connecting  the  bottom  with  the 
grease-refining  tanks.     The  still  contains  an  open  steam  pipe 
and  a  closed  steam  coil.   The  two  condensers  are  multitubular 
condensers,  each  containing  330  sq.  ft.  of  cooling  surface,  one 
working  in  conjunction  with  the  extractor  ana  the  other  with 
the  still:   they  are  arranged  also  for  working,  if  desired,  in 
series.     The   vapor   passes   through   the   tubes,   and   the  con- 
densing water  which  is  tank  effuent,  is  circulated  by  means 
of  a  Pulsometer  centrifugal   pump  round   the  outside  of  the 
tubes.     The  condensed  mixture  of  solvent  and  water  passes 
from   the   condenser   into   gravity   separator.-^,   one   separator 
connected   to   the   extractor  condenser  and   the  other  to  the 
still  condenser,  where  the  mixture  separates  because  of  the 
difference  in  specific  gravity.     The  water  is  taken  away  by 
means  of  a  syphon  pipe  connecting  with  the  drain,  and  the 
solvent  is  automatically  drawn  off  from  the  top  and  returned 
to  the  solvent  storage  tanks.     There  is  a  third  auxiliary  con- 
denser connected  with  the  separators,  similar  in  all  respects 
to  the  main  condensers,  only  smaller,  which  condenses  any 
vapors  which  have  escaped  the  main  condensers.     It  is  essen- 
tial that  the  condensers  should  be  very  efficient  in  order  to 
prevent  leakage  of  solvent. 

Extraction  Process.— The  extraction  process  is  carried  out 
as  follows:  When  the  extractor  has  been  chafged  with  dis- 
integrated cake  from  the  hopper,  and  the  doors  made  tight,  a 
quantity  of  solvent— from  300  to  500  gal.— is  run  into  the 
bottom  chamber  of  the  extractor  from  the  solvent  tank.  The 
steam  is  turned  gradually  on  to  the  closed  steam  coil,  and  the 
solvent  slowly  evaporates  through  the  charge,  passes  into  the 
condenser  and  back  to  the  storage  tank  by  way  of  the  sepa- 
rators A  portion  of  the  benzine  condenses  in  the  mass  and 
so  dissolves  the  grease.  The  dissolved  grease  as  a  grease- 
solvent  solution  at  the  same  time  continually  passes  from  the 
charge  through  the  perforated  plates  into  the  bottom  chamber 
of  the  extractor,  and  is  blown  out  by  steam  i;ressure  into  the 
still.  The  process  is  repeated  until  the  whole  of  the  grease 
has  been  dissolved  out  and  blown  off  into  the  still.  The  open 
steam  is  then  turned  on  in  addition  to  the  closed  steam  coil 
to  drive  off  the  solvent  remaining,  in  the  extracted  charge. 
The  extracted  material  is  ejected  trom  the  extractor  and  a 
new  charge  fed  in  from  the  hopper,  which  has  been  filled 
during  the  extraction  process,  and  the  process  repeated 
grease  solution  in  the  still  is  subjected  to  heat  by  means  of 
the  closed  and  open  steam  coils  until  the  solvent  has  been 
driven  off,  and  the  grease  is  then  blown  by  steam  to  the 
grease-refining  tanks,  where  it  is  refined  as  described  in  con- 
nection w-ith  the  press  plant. 

The  solvent  used  is  pr&troleum  benzine:  the  loss  is  about 
90  gal.  per  week,  or  2%  gal.  per  ton  of  cake  treated.     _ 

The  material  discharged  from  the  extractor,  containing  not 
more  than  4  per  cent  grease,  is  in  a  powdered  state:  m  this 
form  it  is  of  value  as  a  fertilizer.  There  has  been  already  a 
considerable  demand  for  it  from  manure  merchants  ine 
plant  requires  to  work  it  one  man  as  process  man  with  the 
additional  assistance  of  one  man  to  charge  the  hopper,  the 
workmen  being  at  present  on  12-hour  shifts. 

Expenses  and    Receipts   of  Extracting   Plant.-The  cost  01 
the  plant,  with  the  building,  is   £5.000 
ceipts  per  week  on  this  plant  are  as  follows: 


90  gal.  of  benzine  at  2b.  4'-;<1.  i>tr  gal 

Interest  on  ccst  of  plant — 15,000  at  6  per  cent 


lu 
6 


,  44       8     11 

Balance   per   week £188     11       1 

The  total  balance  from  the  two  plants  per  week  Is  ihere- 


fore — 

£ 

Balance  from  press  plant £140 

Balance  from  solvent  plant 188 


s. 
17 
11 


Total  balance   £329      8      7 

General. — The  total  cost  of  wages  on  press  plant  and 
solvent  plant,  together  with  stokers'  wages  and  cost  of  coal 
for  pumping,  have  been  included  in  the  above  statements, 
although  the  same  number  of  stokers  were  required  and 
ininiping  was  carried  out  when  lime  was  used  as  a  precipitant. 
Actually  the  number  of  men  employed  on  the  works  at  that 
time  to  deal  with  the  sewage  and  sludge  disposal  was  exactly 
equal  to  the  number  of  men  now  employed.  Including  those 
working  on  night  shift. 

The  yield  of  grease  from  the  two  plants  siven  above  may 
be  varied  as  experience  is  gained  in  the  use  ut  the  press  plant 
as  a  drier  simply.  Until  the  solvent  plant  was  put  into  op- 
eration the  object  has  been  to  obtain  the  maximum  yield  of 
grease  from  the  presses.  Now  any  grease  left  in  the  pressed 
cake  will  be  extracted  by  the  solvent  plant,  and  it  may  be 
found  better  to  use  fewer  presses  and  shorten  the  time  of 
pressing,  so  reducing  the  labor  in  the  press-house  and  the 
cost  of  the  press  cloths. 

Only  one  analysis  has  been  made  of  the  extracted  material 
from  the  solvent  plant,  and  that  was  from  the  first  week's 
working.  This  will  be  improved  in  two  respects— the  amount 
of  grease  and  moisture  will,  be  reduced.  The  analysis  :s  as 
follows: 

sample  contained  in  100  parts—  ^^m" 


The  expenses  and  re- 


Receipts — 
5  tons  of  erease  at  £45  per  ton.... 
16  tons  of  manure  at  10s.  per  ton. 


■BxpCTi.ws — 

Haulai^e   

Wapes.   including  stokers 

714  tons  of  coal  at  26s.  per  Ion. 


J- 

s. 

3. 

■>s 

0 

■I 

8 

0 

0 

■■?.■>. 

0 

n 

i 

s. 

d. 

f1 

.=; 

^» 

16 

Id 

n 

9 

15 

u 

The 

Organic  matter  other  than  grease 

Srease    

Phosphates    

Silicious  matter   

Calcium  sulphate,   etc 


Per  cent. 


11.89 
7.15 


100.00 


2.36 
2.87 


The  organic  matter  contains 

Nitrogen 

Corresponding  to  ammonia 

The  makers  of  the  presses  were  Messrs.  Knowles  &  Co.. 
Bradford,  and  of  the  solvent  plant  Messrs.  J.  F.  Carmichael 
&  Co.,  Liverpool. 

It  mav  be  of  interest  to  give  an  analysis  of  the  crude  sewage 
and  the  cost  of  precipitation.  The  following  is  the  average 
analvsis  of  six  samples  taken  on  consecutive  days.  Each 
sample  is  made  up  of  24  hourly  samples,  averaged  according 
to  rate  of  flow;  Sunday  is  omitted: 

1.54 
.Aiiimoniacal    nitrogen    j  ^- 

t!!^'^"a^<Jrbed=(?  hourV " iest "  wUh  string  permanli ::::;::     Miu 

Suspended  solids    181.10 

Solulile  solids  •. ' ' ' '     ij.so 

Chlorine    

The  amount  of  acid  precipitant  required  to  treat  the  sewage 
varies  considerably  according  to  the  class  of  work  engaged 
uDon  in  the  local  factories:  far  more  acid  was  required  during 
the  war  period,  and  is  now,  than  during  1913-14.  At  present 
of  B.  O.  V.  are  used  per  week  at  a  cost  of  £32  !>s.    11 


The       C  tons 


is  estimated  from  present  experience  that  if  lime  were  used 
the  cost  of  lime  alone,  without  mixing  at  the  works,  would 
be    £2r,  Ss.  per  week. 


Method   of   Preventing   Shanking    In    Hand    Drill    Steel.-In 
disctissing  a  paper.  -Economics  in  Hand  Drill  Steel.'Mn  the 

ourna  of  the  Chemical.  Metallurgical  and  Mining  Society 
n\  Read  said  that  one  of  the  principal  osses  was  due  to 
the  shanking  of  the  steel  under  the  blows  of  the  hammer.  By 
heating  the  end  of  the  drill  and  staving  it  up  so  as  to  give 
?he  head  a  bulbous  or  pear  shape  and  subsequently  temper- 

ng  if  Se  drill  was  provided  with  a  head  capable  of  res,3tlng 
hammer  blows  without  shanking.  It  appears  that  the  head 
?s  To  staved  up  that  the  least  possible  disturbance  is  created 

n  the  fi  St  instance  in  the  molecular  formation  of  .be  ,teeL 
Correct  draw  tempering  then  clothes  the  head  ^'t^  ^  to« 
coatTn<'  of  hard  tempered  steel-probably  not  much  more 
than  VIG  in  ?hick-below  which  is  a  body  of  lower  tempered 
sSpI      This  bodv  of  lower  tempered  metal,  increased  as  It  Is 

'^^'Tt^c^^'feve'ntf  t^d^sturbance  and  disintegration 
rUlSes  of  -^tal^hich   otherwise  take  place  u.der 

impact. 

(23) 


Ipinal  section  of  the  drill,  provides  a  reitiforce- 
*^        x_   iT.-   j:„»„^honpo  and   disintegration  01 
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The  Wind  Resistance  on  a  Train 

By  C.  F.  DENDY   MARSHALL, 
From  The  Engineer,  May  16,  1919. 

In  the  case  of  a  body  traveling  through  a  fluid  at  a  high 
velocity,  the  resistance  experienced  depends  on  the  shape 
to  an  extent  that  has  only  been  realized  of  late  years.  In 
theory,  at  all  events,  a  perfect  "stream  line"  body  should 
experience  no  resistance,  except  that  due  to  skin  friction. 

It  is  obviously  impossible  to  approximate  at  all  to  a  stream 
line  form  in  the  case  of  a  train,  but  that  is  no  reason  for 
going  to  the  other  extreme,  and  utterly  ignoring  the  ques- 
tion of  shape. 

Little  has  been  done  to  try  and  improve  matters,  except 
that  about  25  years  ago,  on  the  South-Western  Railway,  Mr. 
Brummond  made  some  of  his  smoke-box  doors  conical  in 
shape,  a  plan  followed  on  some  continental  railways,  and 
that  on  the  Paris,  Lyons  and  Mediterranean,  a  wedge  forma- 
tion with  the  same  object  appears  to  have  been  aimed  at. 
Neither  of  these  efforts  met  with  practical  success,  the  theory 
of  the  air  resistance  to  bodies  moving  through  it  being  com- 
paratively undeveloped,  and  the  necessary  experimental 
data  lacking.    The  cone  of  the  smoke-box  door  took  the  place 


.0022  V=  6 

,  or  roundly  —     V" 

375  10» 

The  value  of  this  expression  is  shown  by  the  curve  in  Fig. 
1.  At  60  miles  per  hour  it  is  approximately  I14  horsepower, 
and  at  SO  miles  per  hour  3  horsepower. 

If  we  know  the  "all  out"  speed  In  a  calm,  say,  70  miles 
per  hour,  numerical  limits  can  be  assigned  between  which 
the  speeds  will  lie  for  any  ratio  of  train  to  wind  speed. 
These   limits   are   shown   in   Fig.   2. 

Here  V  cos  a  represents  the  resolved  part  in  the  direction 
of  travel  of  a  wind  blowing  with  velocity  V  at  an  angle  a  to 
the  rails. 

It  will  be  readily  understood  without  entering  into  cal- 
culation that  the  speed  of  the  created  wind  creeps  up  as 
the  strength  of  the  natural  wind  increases,  and  that  80-  miles 
per  hour  is  quite  a  moderate  figure  to  take  for  it,  while  Fig. 
1  shows  how  sharply  the  demand  for  power  runs  up  with 
any  increase  of  speed  in  that  neighborhood. 

We  now  know  fairly  well  what  is  the  best  shape  for  a 
body  which  is  to  be  driven  through  the  air  at  speeds  of  the 
order  under  consideration.    The  front  should  be  quite  "bluff" 
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of  a  flattened  hemisphere  of  comparatively  quiescent 
air  which  is  pushed  along  in  front  of  the  ordinary  door.  So 
far  as  it  may  have  encroached  beyond  that,  it  must  have  in- 
tensified the  pressure  on  the  outer  part  of  the  front.  With 
regard  to  the  French  engine,  merely  substituting  sloping 
surfaces  for  upright  ones  is  an  expedient  that  is  of  rather 
problematical  value,  and  one  which,  under  certain  conditions 
of  wind  and  speed,  has  the  effect  of  increasing  the  side 
pressure  on   the  rail. 

Thanks  to  the  work  which  has  been  done  in  connection 
with  aeronautics,  it  is  now  possible  to  take  the  matter  up 
and  study  it  on  a  scientific  basis,  with  a  promise  of  sub- 
stantial   improvement. 

The  importance  of  the  front  wind  pressure  on  the  engine 
is  not  fully  appreciated.  The  horse-power  required  to  over- 
come it  increases  with  the  cube,  not  merely  of  the  speed  of 
the  train,  but  with  that  of  what  is  called  the  "created  wind," 
which  in  the  case  of  an  express  train  may  easily  exceed  SO 
miles  per  hour. 

It  may  now  be  taken  as  established  that,  for  speeds  within, 
and  even  far  beyond,  the  range  of  railway  speeds,  the  resist- 
ance of  the  air  to  a  surface  moving  normally  to  itself  is  rep- 
resented by  the  expression  KAV=,  where  A  is  the  area  ex- 
posed, V  the  speed,  and  K  a  constant.  If  A  is  measured  in 
square  feet,  and  V  in  miles  per  hour,  K  =;  .0033. 

The  constant  .0033  applies  to  the  total  resistance,  and 
includes  the  now  well  recognized  suction  on  the  back  of  a 
moving  body.  For  plane  surfaces  normal  to  the  wind  M. 
Eiffel  found  in  his  famous  experiments  that  the  suction  ac- 
counted for  %  of  the  total.  The  frontal  pressure  alone  may, 
therefore,  be  taken  as  .0022  AV=,  and  the  horsepower  re- 
quired for  every   square  foot  of  exposed  surface  is 


a  sharply  conical  or  wedge-shaped  form  not  being  at  all  the 
ideal  to  be  aimed  at.  What  is  required  is  to  eliminate  ever.v 
square  inch  of  transverse  flat  surface  that  can  possibly  be  dis- 
pensed with,  smoothing  off  pro,iections,  and  putting  in  gentle 
curves  parallel  to  the  natural  flow  of  the  air. 


Reinforced  Concrete  Hydraulic  Mains. — In  a  communication 
to  the  Soci6t6  Technique  du  Gaz,  M.  Martineau  describes  the 
successful  result  which  followed  the  emergency  measure  of 
constructing  ten  hydraulic  mains  in  reinforced  concrete,  un- 
dertaken as  the  only  possible  course  during  the  war,  in  con- 
sequence of  the  high  price  of  cast  iron  and  the  delay  in  get- 
ting such  work  completed.  The  metallic  remforcement  con- 
sists of  a  network  of  %  in.  round  iron  wire  formed  in  squares 
4  in.  by  4  in.  The  concrete  walls  have  a  thickness  of  2% 
in.  The  walls  of  the  .main  rest  on  I-iron  running  the  length 
of  the  retort-bench.  The  valve  of  the  tar-outlet  is  let  into  the 
concrete.  A  rebate  along  the  upper  part  of  the  main  receives 
the  cover,  formed  of  a  slab  of  concrete  into  which  are  set  the 
inspection  and  cleaning  boxes.  Before  being  taken  into  use, 
all  the  interior  surface  of  the  main,  as  also  the  lower  side  of 
the  cover  were  given  three  coats  of  hot  tar.  This 
was  done  in  order  to  close  up  the  capillary  pas- 
sages in  the  concrete,  and  thus  prevent  any  action  of 
ammonia  upon  the  metallic  reinforcement — the  con- 
tinuous flow  of  tar  during  the  working  maintaining  this  pro- 
tective coating.  The  main  was  taken  into  use  without  any 
mishap  in  the  way  of  expansion  or  leakage.  Test  pieces  of 
concrete  placed  in  it  at  the  time  of  commencing  operations, 
and  examined  six  months  afterwards,  showed  no  sign  of  any 
action  on  the  concrete  by  the  ammoniacal  liquor. 
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Traveling   Crane   of  Reinforced 
Concrete 

From   Le  G^nie   Civil,   March   8.    191li. 

The  scarcity  and  high  price  of  iron  and  steel  since  the  war 
has  caused  reinforced  concrete  to  be  used  instead  of  these 
metals  in  many  unn:^ual  places 

This  article  describes  a  new  use  of  reinforced  concrete, 
namely,  in  the  construction  of  traveling  cranes  for  factories. 

Because  of  the  enormous  demands  of  the  reconstruction 
work  for  sheet  iron,  plates,  flats  and  structural  shapes,  the 
Beccat  Co.  realized  that  the  difficulty  of  obtaining  these  ma- 
terials would  continue  long  after  i 
peace  was  declared  and  has  devel- 
oped a  satisfactory  crane  of  rein- 
forced  concrete. 

The  development  of  this  crane 
was  carried  out  as  follows: 

1st.  Experiments  with  the  con- 
struction of  cranes  of  several  dif- 
ferent types. 

2nd.  Experimental  design  of 
beams  which  would  have  not  only 
the  necessary  rigidity  but  also  suf- 
ficient elasticity  to  withstand  eas- 
ily the  shock  of  sudden  loads  and 
to  prevent  the  formation  of  cracks 
which  might  endanger  the  strength 
and  durability  of  the  crane. 

3d.  As  a  result  of  these  experi- 
ments, to  determine  the  distrihu 
tion  of  reinforcing  rods. 

4th.  To  so  connect  the  reinforce- 
ment of  the  main  beams  with  the 
cross  beams  at  the  end.  that  the 
different  members  will  act  to- 
gether as  a  monolith. 

5th.  To  provide  for  easy  mount- 
ing and  dismounting  of  the  driving 
mechanism. 

The  use  of  reinforced  concrete 
for  building  cranes  has  the  follow- 
ing advantages: 

1.  The  suljstitution  of  ordinary 
bars  for  structural   shapes. 

2.  Their  construction  at  the  fac- 
tory where  they  are  to  be  used, 
this  construction  being  carried 
out  simultaneously  with  that  of 
the  building,  by  the  same  contrac- 
tors and.  with  the  same  materials. 
All  of  the  mechanical  and  elec- 
trical equipment  need  not  be 
brought  on  the  job  until  the  crane 
is  ready  to  be  operated.  ' 

The  illustration  gives  a  general 
view  and  the  details  of  a  rein- 
forced concrete  crane  with  a  ca- 
pacity of  6,600  lb.  (3  tonne)  and  a 
span  of  32,8  ft.  (10  meters).  The 
arrangement  of  the  reinforcing  in 
the  main  and  secondary  members 
is  also  shown. 

The  rolling  gear  of  th'e  crane  is  removable  and  so  attached 
that  it  can  be  adjusted  to  take  care  of  any  warping  of  the 
crane.  The  rollers  and  bearings  as  well  as  the  drive  shaft 
are  all  easily  removed  and  replaced. 

These  cranes  are  constructed  of  a  rich  concrete,  2.3  bbl. 
(400  kilogr. )  of  cement  to  1.18  cu.  yd.  (0.9  cu.  meter)  of 
srave!  and  0..'32  cu.  yd.  (0.4  cu.  meter)  of  sand.  This  concrete 
develops  a  crushing  strength  of  about  7S0  lb.  per  sq.  in.  (-55 
kilgr.  per  sq.  cm.)  and  a  bond  strength  with  the  reinforcing 
nf  about  SO  lb.  per  sq.  in.  (.5. .5  kilogr.  per  sq.  cm.). 

The  weight  of  these  cranes  is  always  less  than  twice  the 
weight  of  an  ordinary  steel  orane  of  equal  capacity. 

This  difference  in  weight  will  be  decreased  in  the  future 
by  the  use  of  a  different  kind  of  steel  and  the  substitution  of 
an  artificial  stone  for  the  crushed  stone  and  gravel.  Accord- 
ing to  experiments  made,  during  tha  last  few  months,  in  the 
United  States,  the  concrete  made  of  artificial  stone  shows,  as 
compared  to  ordinary  concrete,  a  compressive  strength  about 


25  per  cent  greater,  a  bond  strength  about  20  per  cent  greater. 
a  resistance  to  impact  about  4  per  cent  greater  and  a  weight 
18  per  cent  less.  The  use  of  this  concrete  Will  decrease  the 
weight  of  the  crane  from  1/5  to  1/G. 

To  obtain  a  proper  factor  of  safety  the  maximum  flber 
stress  in  the  concrete  of  compression  members  Is  limliod  to 
498  lb.  per  sq.  in.  (35  kilogr.  per  sq.  dm),  even  under  the 
most  unfavorable  conditions.  The  maximum  allowable  ten- 
sile stress  in  the  reinforcing  is  17,000  lb.  per  sq.  In.  (12  kilogr. 
per  sq.  mm.l.  This  value  is  taken  because  it  Is  necessary"  to 
use  reinforcing  with  a  high  resistance  to  rupture  but  with  a 
very  low  elastic  limit. 


Three-ton    Derrick    Manufactured    by    Perbal. 


In  each  member  the  steel  and  concrete  have  been  so  propor- 
tioned that: 

(a)  In  the  tension  members,  the  reinforcing  alone  will  be 
sufficient  to  resist  all  tensile  stresses  developed  by  the  dead 
and  live  loads. 

(b)  In  the  compression  members,  the  concrete  and  steel 
will  withstand  easily  the.  stresses  developed  under  the  most 
unfavorable  conditions  of  loading.-  taking  into  account  the 
supplementary  stresses  due  to  bending. 

(c)  In  the  bending  members,  the  longitudinal  steel  alone 
must  be  able  to  resist  the  sudden  stresses  and  the  allowable 
bond  stress  must  never  be  exceeded. 

In  addition,  hooks  on  the  ends  of  the  bars,  stirrups  and 
hoops  have  been  provided  to  decrease  any  tendency  of  the 
reinforcing  to  slip. 

It  will  be  interesting  to  follow  this  new  application  of  rein- 
forced concrete  until  this  type  of  traveling  crane  has  proved 
satisfactory. 

(23) 
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English  Draftsmen's  Union 

The  association  of  Engineering  and  Sliipbuilding  Draugtits- 
men  of  Great  Britain,  according  to  the  Junt  issue  of  "The 
Draughtsman,"  the  organ  of  the  Association,  has  10,911 
members.  The  Association  has  won  its  first  ofHcial  strike, 
regarding  which  the  above  mentioned  Journal  has  the  fol- 
lowing to  say: 

"The  will  to  victory  has  been  conspicuously  displayed  ai 
Rochdale  in  the  case  of  the  draughtsmen  employed  by  Messrs 
Holroyds.  It  is  our  first  organized  strike  and  it  is  hoped  that 
the  demonstration  of  solidarity  given  by  the  Rochdale  men 
will  encourage  the  whole  profession  and  infuse  such  a  spirit 
into  the  members  as  to  render  resort  to  this  weapon  in  the 
future ,  unnecessary,  or,  at  most,  of  infrequent  occurrence. 
This  can  only  be,  however,  by  the  members  being  prepared 
at  all  times  to  vindicate  their  rights  in  drastic  fashion.  The 
strong  scarcely  ever  need  to  fight.  The  struggle  was  only 
won  by  the  splendid  solidarity  displayed  by  all  the  men 
affected  and  by  the  skillful  and  flfm  conduct  of  the  case 
by  the  local  leaders  as  well  as  by  Headquarters.  Although 
the  dispute  originated  on  other  grounds,  it  was  emphatically 
a,  struggle  for  mpre  leisure  and  more  money  and  the 
draughtsmen  won  Handsomely.  The  victory  will  have  reper- 
cussions in  areas  far  removed  from  the  neighborhood  of  Roch- 
dale. The  Association  is  in  dispute  at  present  with  another 
hrm  on  ;-adically  different  grounds,  although  justice  is  the 
basis  of  the  claim  in  both  cases.  The  Association  demanded 
the  reinstatement  of  two  members,  employed  by  Barclay, 
Curie  &  Co.,  Glasgow-,  who  were  dismissed  under  conditions 
which  led  the  Association  to  charge  the  Jirm  with  victimiza- 
tion. The  firm,  so  far,  has  decUned  to  admit  its  willingness 
to  reinstate  those  men  and  the  Association,  by  means  of  the 
publicity  of  the  vacancy  lists  and  other  lawful  weapons  has 
sought  to  restrain  its  members  from  taking  employment  with 
the  firm,  which  is  on  the  look  out  for  men.  Up  to  the  date 
of  writing  it  iiad  been  successful  in  this  object,  although 
some  misconception  had  arisen  as  to  the  department  with 
which  the  Association  is  in  dispute.  It  has  been  alleged 
that  it  is  unjust  to  penalize  one  department  for  the  sins 
of  another.  But  there  is  no  justice  between  those  who  go 
to  war.  The  firm,  as  our  Association,  is  one  and  indivisible, 
and  it  would  be  worse  than  foolish  not  to  strike  at  our 
adversary's  weakest  point.  A  very  gratifying  feature  o£  this 
necessarily  prolonged,  although  very  limited  in  extent,  strug- 
gle, is  the  loyalty  to  their  class  displayed  by  many  draughts- 
men who  are  not  members  of  the  Association.  They  also 
will   come  in  and  receive  fellowship  among  us." 

Last  December  the  Association  adopted  as  a  national  pol- 
icy a  standard  working  week  of  38  hours.  This  figure  was 
decided  upon  because  the  better  class  of  firms  already  had 
granted  draughtsmen  a  3S-hour  week.  A  writer  in  The 
Draughtsman  estimates  that  at  least  50  firms  have  reduced 
their  draughtsmen's  working  time  to  the  above  standard.  He 
then  goes  on  to  say: 

"In  the  opinion  of  the  writer  this  is  really  an  astounding 
result.  Astiiunding  because  such  concessions  have  been 
made — with  one  notable  exception — as  the  result  of  a  mere 
request 

"Surely  here  we  have  a  clear  example  of  the  efficacy  of 
organization.  The  mere  fact  that  the  draughtsmen  in  the 
offices  concerned  have  organized  and  have  spoken  with  one 
voice — without  the  employment  of  any  threat — has  been  suffi- 
cient to  induce  these  better-class  employers  to  reduce  iheir 
hours.  But  although  some  success  has  been  obtained  many 
failures,  too,  have  to  be  recorded.  For  one  pliant  employer 
we  have  been  faced  with  many  obdurate  ones  for  whom  a 
request  has  about  as  much  significance  as  has  the  cry  of  a 
child  for  the  moon!  In  these  cases  our  request  for  a  reduc- 
tion of  hours  has  been  looked  upon  as  mere  childishness  and 
of  no  more  importance.  Had  the  Association  been  possessed 
of  funds  wherewith  to  follow  up  unsatisfactory  replies  by 
suitable  action,  such  replies  would  undoubtedly  have  been 
less  frequent.  Some  employers  can  only  understand  the 
argument  of  force.  No  matter  how  reasonable  a  request  may 
te,  unless  backed  at  least  by  the  threat  of  more  forceful 
argument,  in  the  American  phrase,  "It  cuts  no  ice." 


'Well,  at  last  the  Association  is  settling  down  to  real  work. 
It  has  decided  that  to  justify  itself,  it  is  imperative  that  a 
good  banking  account  be  built  up.  It  has  raised  the  sub- 
scription from  a  merely  nominal  figure  to  one  that  can  be 
mentioned  in  Trade  Union  circles  without  bringing  a  blush 
to  the  cheeks  of  the  speaker.  It  has  done  this  for  the  express 
purpose  of  building  a  reserve  fund  with  which  to  back  its 
'appeals   to  reason.' 

"When  this  reserve  fund  has  assumed  proportions  com- 
mensurate to  the  size  and  completeness  of  our  organization 
numerically,  then  will  employers  begin  to  respect  us,  then 
will  the  various  Employers'  Federations  hasten  to  grant  that 
recognition  for  which  at  the  present  time  wo  are  as  it  were, 
'C*rying  in  the  Wilderness.' 

"Moreover,  this  question  of  hours  is,  in  the  writer's  opinion, 
one  particularly  suitable  for  settlement  between  the  Feder- 
ations and  the  Association.  In  other  words,  seeing  that 
the  A.  B.  S.  D.  has  made  the  38  hours  week  its  national 
goal,  it  is  a  question  for  national  settlement,  rather  than 
for  settlement  with  individual  firms.  We  have  no  intention, 
at  present  at  least,  of  adopting  a  national  policy  on  the 
question  of  remuneration;  wages  being  probably  a  miitter 
best  dealt  with  locally  and  through  the  Control  Scheme  when 
that  is  finally  adopted  and  put  into  operation.  On  the  other 
hand,  the  hours  question  at  once  presents  us  with  a  general 
policy  for  the  whole  Association.  Here  we  have  our  common 
rallying  ground.  Here  is  something  tangible,  understandable 
by  all,  presenting  the  same  phenomena  to  all,  and  equally 
desired  by  all.  Hence  I  say  this  is  a  question  for  national 
treatment  through  the  Federations  and  its  treatment  will  be 
more  or  less  successful  as  we  are  more  or  less  wealthy, 
as  we  are  more  or  less  organized  as  an  Association. 

"But,  further,  when  we  have  finally  achieved  our  purpose 
and  our  standard  week  of  3S  hours  is  an  accomplished  fact, 
are  we  going  to  stop  at  that?     I  think  noti 

"There  is  nothing  fixed  or  final  about  a  aS-hour  week  It 
is  simply  an  arbitrary  standard,  fixed  as  an  expediency 
suitable  to  the  circumstances  of  the  present — that  is  all. 

"The  Trade  Union  movement  has  in  this  matter  followed 
a  true  instinct  during  the  last  three-quarters  of  a  century 
in  seeking  a  continual  shortening  of  the  working  week.  This 
policy  must  be  pursued  in  the  future  with  no  lessened  per- 
sistency. It  is  no  answer  to  this  demand  to  say,  as  has  al- 
ways been  said  in  the  past,  that  industry  cannot  stand  it. 
if  industry  as  at  present  organized  will  not  permit  those 
engaged  in  it  to  have  reasonable  leisure  in  which  to  eujoy 
the  good  things  of  the  earth,  it  must  be  remodeled  on  more 
scientific  lines  and  the  waste  and  inefficiency  inherent  in 
the   present  form   eliminated. 

"Now  just  a  few-  words  about  overtime.  The  Association's 
policy  in  this  is.  that  all  time  worked  over  and  above  the 
normal  week  should  be  paid  for,  the  underlying  principle 
being  that  overtime  should  be  discouraged.  It  is  in  actual 
tact  an  extension  of  the  -working  week,  and  therefore  to  the 
extent  that  it  is  worked  we  are  robbed  of  that  leisure  which 
should  be  devoted  to  the  recreation  of  body  and  mind.  But 
besides  robbing  those  working  it  of  their  leisure,  it  tends  to 
the  unemployment  of  others.  If  the  unscrupulous  employer 
can  avail  himself  of  it,  he  will  not  extend  his  office  as  his 
business  grows.  It  will  pay  him  rather  to  attempt  to  get 
more  work  out  of  the  same  establishment  by  extending  the 
w-orking  week  of  those  already  engaged,  under  the  guise  of 
overtime.  It  is  bad  for  those  doing  the  extra  work,  and  bad 
for  those  -who  are  seeking  work. 

"But  there  is  another  aspect  of  the  question  that  should 
not  be  overlooked.  It  has  long  been  recognized  by  students 
of  economics  that  the  working  of  systematic  overtime  has 
a  baneful  effect  upon  wages.  There  is  a  distinct  tendency 
for  men  earning  a  low  wage  to  be  content  with  it  if  they 
can  work  sufficient  overtime  to  make  up  the  deficiency. 

"Hence  the  Trade  Unions  are  viewing  the  question  of 
overtime  with  more  and  more  disfavour.  Their  objective  is 
to  make  it  unprofitable  from  the  employer's  point  of  view. 
They  contend,  and  rightly  so.  that  it  should  only  be  allowed 
in  cases  of  temporary  emergency. 

"To  sum  up,  then,  the  A.  E.  S.  D.  has  adopted  the 
policy  of  a  38  hours  week.  In  the  opinion  of  the  writer  this 
should  not  be  regarded  as  more  than  a  temporary  expedient. 
The  ultimate  policy  should  be  the  attainment  of  the  maximum 
amount  of  leisure.  In  order  to  do  this,  overtime,  which  has 
many  detrimental  effects,  is  to  be  discouraged  and  ultimately 
not  countenanced  at  all.  except  in  cases  of  real  emergency." 


(26) 
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Power  from  Tidal  Waters 

From  The  Eiisiiieer.  June  13,  istl9. 
All  ingenious  scheme  (or  liarnessing  the  tidal  waters  of 
two  or  more  rivers  to  obtain  a  continuous  supply  of  electrical 
power  has  been  evolved  by  Mr.  J.  Smith  of  J.  Smith  &  Co., 
engineers.  Glasgow.  For  this  purpose  Mr,  Smith  proposes 
to  construct  a  dam  across  each  river,  and  install  hydro-elec- 
tric power  plant  which  would  he  operated  by  the  flow  of 
water  from  one  side  to  the  qther  side  of  the  dams.  There 
must  also  be  a  definite  time  relationship  between  the  tides 
of  the  rivers.  Considering  one  of  the  rivers  at  high  tide 
with  the  dam  gates  open,  the  water  would  be  at  the  levels 
A,  B  in  Fig,  1.  The  dam  gates  are  then  closed,  and  at  half 
tide,  three  hours  later,  the  water  will  be  at  the  levels  A,  C. 
The  water  turbines  are  now  started  and  the  flow  of  water 
through  the  turbines  is  adjusted  so  that  for  the  ne.xt  three 
hours  the  power  plant  is  driven  at  constant  head,  the  water 
finally  reaching  the  levels,  D,  E.  It  is  then  necessary  quickly 
to  adjust  the  water  during  the  turning  of  the  tides  to  the 
levels  F,  E  by  opening  all  the  sluice  gates  of  the  dams.  The 
.gates  are  then  closed,  and  in  the  ne.xt  three  hours  the  water 
.will  rise  on  the  sea  side  to  level  B — Fig.  2.  The  water  tur- 
tiines  can  then  again  be  operated  at  constant  head  for  three 
hours,  while  the  water  rises  from  the  levels  B,  C  to  the  levels 
D,  E.  The  dam  gates  are  then  opened  and  water  must  then 
pass  quickly  to  the  river  side  of  the  dam,  so  that  the  river  is 
raised  to  level  F,  which  corresponds  to  high  tide.  The  op- 
erations just  described  would  then  be  repeated,  and  it  will  be 
seen  that  the  turbines  for  the  one  river  can  be  worked  at  a 
constant  head  equal  to  half  the  rise  and  fall  of  the  river  for 
three  hours  from  halt  tide  to  low  tide,  and  again  from  halt 


Fig.    1,  Fig.   2. 

1;ide  to  full  tide.  Considering  now  the  second  river,  it  is  chosen 
with  the  tides  lagging,  or  leading  the  tides  of  the 
first  river  by  three  hours,  so  that  the  idle  periods  of  the 
plant  installed  on  the  first  river  correspond  to  the  working 
periods  of  the  plant  on  the  second  river.  Therefore,  by 
choosing  the  rivers  so  that  the  tidal  powers  are  approximately 
equal,  a  continuo|3  supply  of  power  can  be  obtained,  the  two 
sets  of  generators  being  connected  to  one  system  of  higli- 
tensioh  mains  and  working  in  parallel  during  the  change-over 
periods. 

As  an  example  of  the  magnitude  of  the  power  involved  in 
these  tidal  waters,  we  may  cite  the  figures  given  for  a  scheme 
utilizing  the  river  Severn,  the  riV:;r  Dee,  the  Menai  Straits 
and  the  river  Mersey.  The  rise  and  fall  of  the  river  Severn 
at  Portishead  is  taken  as  34  ft.,  and,  as  explained,  only  half 
that  fall — 17  ft. — is  used,  the  other  half  making  the  head 
which  is  kept  during  the  whole  time  the  turbines  are  work- 
ing. The  volume  of  water  used  at  this  head  is  74.5  miles  in 
length  by  one  mile  broad  by  17  ft.  deep.  The  amount  of  water 
constantly  passing  over  the  fall  for  three  hours  averages 
187,921,2.51  cu.  ft.  per  minute,  and  allowing  for  the  eflBciency 
of  the  turbine,  this  col'responds  to  approximately  4,770,000 
HP.  Turning  to  the  other  rivers,  the  river  Dee,  the  Menai 
Straits,  and  the  river  Mersey  would  be  grouped  together  to 
supply  power  alternately  with  the  river  Severn.  In  the  case 
of  the  Dee,  North  Wales,  which  has  28  ft.  rise  and  fall,  a 
constant  head  of  14  ft.  is  ensured.  The  volume  of  water  used 
at  this  head  during  the  three  hours'  run — approximately  15 
miles  long  by  4  miles  broad  by  14  ft.  deep — will  average  123.- 
099,300  cu.  ft.  per  minute.  As  regards  the  Menai  Straits,  a 
head  of  14  ft.  of  water  is  again  available,  with  an  average 
displacement  of  47,687,733  cu.  ft.  per  minute.  Finally,  for  the 
Mersey,  where  the  tide  is  26  ft.,  there  is  a  constant  head  of 
13  ft.  of  water,  and  there,  it  is  stated,  the  water  displaced 
is  99,977,710  cu.  ft.  per  minute,  corresponding  to  an  average 
mileage  of  40  miles  long  by  1  mile  broad  by  13  ft.  deep.  Con- 
sequently the  total  power  to  be  obtained  from  the  group  will 
average  5,650,000  HP.  The  continuous  horsepower  is  there- 
fore 4.77  millions  for  the  river  Severn  and  5.65  millions  for 


the  river  Mersey  group,  but  it  Is  suggested  that  the  mean 
value.  0,210,000  HP.,  could  be  maintained  coutinuously  by  ar- 
ranging the  larger  capacity  plant  to  assist  the  smaller  unit 
Ihere  appears  to  be  a  certain  flexibility  in  the  system  on 
account  of  the  surplus  water  available  at  each  end  of  the 
working  period  of  the  turbines.  The  Mersey  is  taken  as  3 
hours  .,0  minutes  behind  the  Severn  at  high  water  and  50 
minutes  behind  the  Dee  and  the  Menai  Straits. 

We  understand  this  scheme  has  been  submitted  for  con- 
sideration to  the  Water  Board  Committee  of  the  Board  of 
Trade.  Assuming  that  such  large  rivers  could  be  eraploved 
tor  this  purpose  and  that  the  scheme  is  quite  feasible.  It  Is 
claimed  that  the  average  cost  per  horsepower  of  plant  and 
cables  installed  would  be  somewhat  less  than  €17— about 
half  the  figure  recently  given  for  the  development  of  the 
waterways  in  Scotland— and  that  the  cost  of  electrical  energj- 
would  be  comparable  with  that  obtaining  in  countries  posses- 
sing large  hydro-electric  installations. 


English  Architects  and   Surveyors'  Assist- 
ants Form  Union 

From  The  Surveyor,  June  27,  1919. 
A  well-attended  meeting  in  furtherance  of  a  project  for 
the  formation  of  a  professional  union  for  architects'  and  sur- 
veyors' assistants  was  held  on  the  13th  inst.,  under  the 
presidency  of  Major  Ernest  Gray,  M.  P.,  London  County  Coun- 
cil, who.  in  introducing  the  business  remarked  that,  as  he 
understood,  the  proposed  organization  was  intended  for  the 
advancement  of  the  profession  to  which  they  belonged,  the 
improvement  of  the  conditions  of  each  individual,  and  to 
obtain  the  power  of  negotiating  in  a  corporate  capacity  with 
the  employers.  These  aims  were,  he  mainiained.  free  from 
adverse  criticism:  they  commanded  his  full  and  hearty  sup- 
port, and  he  believed  thoy  would  commend  themselves  to  the 
public  generally,  and  especially  they  ought  to  commend  them- 
selves without  hesitation  to  every  man  'a  the  profession 
whose  interests  were  not  merely  personal  and  selfish,  but 
who  desired  that  the  profession  to  which  he  belonged  should 
be  improved  in  status  by  raising  the  standard  of  admission 
and  removing  defects  which  existed,  thus  making  the  pro- 
fession more  worthy  of  the  trust  which  the  public  placed 
in    it. 

Speeches  were  delivered  by  Mr.  E.  H.  Walker  (chairman 
of  the  executive  committee  of  the  Engineering  and  Shipbuild- 
ing Draughtsmen's  Association)  and  Mr.  A.  H.  Glas.ipole 
(member  of  the  executive  committee  of  the  Engineering  and 
Shipbuilding  Draughtsmen's  Association),  urging  that  the 
association  should  be  made  democratic  in  its  structure  and 
methods;  that,  as  far  as  possible,  means  should  be  taken  to 
ensure  that  the  officials  should  not  dictate  its  policy,  but  be 
the  servants  of  the  association:  that  the  members  should 
seek  to  keep  the  ideal  constantly  in  view,  and  that  by  the 
formation  of  local  branches  the  association  should  be  placed 
upon  a  national  basis. 

Mr.  Maurice  Webb  (president  of  the  Architectural  Associa- 
tion) stated  that  the  council  of  the  association  of  which  he 
was  president  looked  upon  this  movement  with  every  pos- 
sible sympathy,  and  hoped  to  continue  to  allow  the  commit- 
tee of  the  new  organization  to  make  use  of  their  premises, 
and  to  help  it  as  much  as  they  could  as  long  as  It  was 
conducted  on  the  present  lines.  He  appealed  to  them  to 
make  education  one  of  the  planks  in  their  platform,  and  said 
he  thought  they  should  have  a  proper  benefit  society,  about 
which  there  was  no  possible  idea  of  charity,  working  In  con- 
nection with  the  Approved  Society  which  already  existed. 
Another  thing  that  helped  was  a  really  efficient  register, 
while  he  also  thought  that  the  question  of  "ghosting"— they 
knew  what  he  meant — was  one  that  should  be  taken  up, 
because  if  a  man  in  an  office  really  contributed  anything 
worth  contributing  to  a  design  it  should  be  recognized. 

Captain  Evans,  a  pioneer  of  the"movement  and  a  member 
of  the  Provincial  Committee,  also  spoke,  and  declared  that 
it  v.as  up  to  the  assistants  to  carry  on  the  project  by  means 
of  enthusiasm.  Subscriptions  had  been  received  from  all 
parts  of  the  country,  and  he  thought  it  would  be  recognized 
that  the  union  was  .eoing  to  be  of  great  service  to  provincial 
as  well  as  TiOndon  architects  and  their  assistants.  Hitherto 
theirs  had  been  the  most  lackadaisical  of  all  the  professions, 
but  he  knew  that  the  heart  of  the  profession  was  in  the 
movement. 
It  was  stated  that  the  subscription  would  be  10s.  per  annum. 
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New   Type  of  Spillway  With 
Long  Crest 

From  Le  Genie   Civil.  March   10,   llilS. 

The  Soci^tt'  Negri  is  building,  in  Italy,  in  the  rich  indus- 
trial region  of  Ligurie  a  group  of  four  hydro-electric  plants. 
These  plants  will  develop  about  100. OOo  kw.,  which  will  be 
distributed  in  the  Roja  and  Bionia  valleys.  At  present  the 
plant  at  San  Dalmazzo  has  just  been  finished.  It  is  located 
in  the  upper  valley  of  the  Bionia  and  obtains  its  water  from 
a  storage  and  regulating  reservoir  which  is  one  of  the  most 
important  of  its  kind  in  Europe,  not  only  because  of  the 
difficulties  of  constructing  the  dam.  but  also  because  of  the 
originality  of  its  design. 

The  plant  has  a  maximum  capacity  of  60,000  metric  HP. 
the  head  750  meters,  and  the  height  of  the  dam  58  meters 
above  the  foundations.  Its  altitude  is  1,373.50  meters  above 
sea  level,  which  made  the  construction  difficult.  This  high 
altitude  also  subjects  the  structures  to  very  severe  cold  and 
very   strong   ice   pressures. 

The  design  and  construction  of  the  spillway  presented  ex- 
ceptional difliculties  because  the  space  in  which  it  had  to  be 


the  method  of  bracing  the  boxes  with  reinforced  concrete 
beams  to  insure  rigidity.  The  concrete  used  is  composed  of 
350  kilogr.  of  cement,  0.40  cu.  in.  of  sand  and  0.80  cu.  in,  of 
gravel. 

This    spillway    functioned    perfectly    during    the    winter   of 
1917  in  spite  of  ice  19H  in.   (0.50  m)  thick. 


Effect    of    Wheelbarrow    Traffic   on    Road 
Surfaces   at   Shanghai 

From  The  Surveyor.  May  30,  1919. 
In  connection  with  road  problems  generally  in  Shanghai, 
careful  consideration  was  given  to  the  loads  carried  by  wheel- 
barrows and  handcarts  with  a  view  of  devising  means  to  re- 
duce the  obviously  injurious  effect  of  the  overloading  of 
these  vehicles.  With  regard  to  wheelbarrows,  it  was  found 
that  75  per  cent  had  loads  of  over  700  lb.  per  inch  width  of 
tire,  while  some  had  loads  of  1,100  lb.  per  inch  width  of  tire 
—the  wheels  in  all  cases  were  3  ft.  in  diameter.  Handcarts 
of  the  standard  local  type,  also  with  wheels  approximately  3 
ft.  in  diameter,  were  found  giving  loads  of  1,100  lb.  per  inch 
width  of  tire.     It  is  not  too  much  to  say  that  50  per  cent  of 
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Figs.    1. 


ong    Crest    Spillway    at    San    Delmazzo    Power    Plart. 


built  was  very  narrow,  so  narrow,  in  fact,  that  it  was  im- 
possfble  for  a  straight  spillway  to  handle  the  maxfmum 
discharge  of  150  cu.  meters  per  sec. 

The  Society  Negri  solved  the  problem  at  the  San  Dalmazzc 
power  plant  by  adopting  a  type  of  multiple  crest  spillway 
which  M.  Luiggi  calls  a  well  spillway.  Tts  principal  is  the 
multiplication  of  the  weirs  over  which  the  water  flows  by 
making  the  spillway  deep  rather  than  wide,  thus  obtaining 
the   required   discharge   without   an   excessive   head. 

Figures  1  and  2  show  that  the  spillway  is  made  up  of  nine 
rectangular  wells  (A,  B)  of  which  six  (B)  have  a  length  9 
meters  and  the  other  three  (A)  a  length  of  (7.5  meters).  The 
dimensions  w'ere  adopted  to  make  the  structure  conform  as 
closely  as  possible  to  the  rock  surface  on  which  it  is  built. 
Consequently  the  discharge  canal  C  rests  firmly  on  the  rock, 
and  the  nine  wells  through  which  the  water  flows  are  rein- 
forced concrete  boxes  built  over  it.  All  four  edges  of  each 
box  are  individual  weirs  and  the  required  spillway  length  is 
obtained  by  using  a  sufficient  number  of  boxes.  The  method 
of   operation   is   shown   in   Fig.   1. 

Figures  3  and  4  are  sections  through  the  spillway  and  show 


the  loaded  vehicle  cause  a  greater  pressure  than  any  form 
of  macadam  road  can  reasonably  be  expected  to  withstand. 
The  wheelbarrow,  being  a  single-wheeled  vehicle,  causes 
more  damage  than  the  figures  show,  because  the  tire  is  not 
in  full  bearing  except  upon  the  rare  occasions  when  the 
vertical  axis  of  the  w-heel  is  normal  to  the  road  surface.  A 
large  percentage  of  the  handcarts  are  badly  constructed  and 
have  excessive  axle  play.  Loaded  wheelbarrows  can  be  turned 
without  the  wheel  moving  about  the  axle,  and  loaded  hand- 
carts with  a  forward  movement  of  one  wheel  only.  As  the 
permissible  load  per  unit  width  of  tire  should  vary  in  a  cer- 
tain definite  mathematical  degree  with  the  diameter  of  the 
Vvheel,  a  diagram  has  been  prepared  showing  the  loading  for 
all  wheels  up  to  5  ft.  in  diameter,  and  the  scale  of  loading 
has  been  enforced  where  special  transport  permits  are  re- 
quired. In  view  of  the  excessive  loading  which  has  been 
long  permitted,  the  scale  is  on  a  generous  basis.  While  it  is 
fully  recognized  that  any  radical  and  sudden  change  would 
act  harshly  on  the  owners  of  existing  vehicles,  it  is  impor- 
tant in  the  interests  of  road  construction  and  maintenance 
that   reasonable   regulations   should  be   enforced. 
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It  is  well  known  that  bacteriological  examinations  of  water 
supplies  are  directed  to  the  detection  and  enumeration  of 
what  are  known  as  "indicator  organisms" — that  is  to  say, 
organisms  which  are  always  to  be  found  in  large  numbers 
in  the  excreta  of  man  and  animals.  The  presence  of  such 
organisms  in  water  indicates  potential  danger  to  the  health 
of  consumers  for  individuals  suffering  or  having  suffered, 
even  at  some  remote  time,  from  typhoid  fever  and  kindred 
diseases  may  void  the  specific  organisms  in  large  numbers 
in  their  excreta. 

Contamination  of  water  with  excretal  matter  derived  from 
animals  is  of  less  potential  danger,  for  the  lower  animals 
are  not  to  anything  like  the  same  extent  subject  to  these 
diseases.  The.v  are  known,  however,  to  be  subject  to  infec- 
tion with  the  Giiertner  group  and  paratyphoid  bacilli,  and 
with  animal  parasites,  though  such  infections  are  rare,  and 
contamination  with  animal  excretal  matter  must  be  regarded 
as  undesirable.  Moreover,  as  we  have  as  yet  no  means  of 
distinguishing  between  contamination  with  human  and  ani- 
mal excretal  matter,  so  similar  are  their  bacterial  flora,  we 
are  obliged  to  take  a  safe  course  and  regard  all  waters  show- 
ing definite  evidence  of  excretal  contamination  as  more  or 
less    unsatisfactory. 

There  are  three  groups  of  "indicator  organisms":  (1)  The 
B  coli  group,  (2)  the  Streptococcus  group,  and  (3)  the  En- 
teritidis  Sporogenes  group.  The  average  numbers  in  which 
they  are  present  in  one  gramme  of  human  faeces  are: 

Spores  of  B. 
B.  coli.  Streptococci.        Enteritidis  Sporogenes. 

100-1,000  million.     100-1,000  million.  1-10  million. 

It  is  evident,  therefore,  that  tests  based  on  the  enurrera- 
tion  of  B.  coli  and  streptococci  will  be  the  most  sensitive. 
In  this  paper  only  these  two  groups  will  be  considered. 

The  B.  Coli  Group.— Members  of  the  B.  coli  group  have  one 
characteristic  in  common — viz.,  the  fermentation  of  lactose 
with  production  of  acid  and  gas.  The  study  of  this  group 
reveals  the  fact  that  it  can  be  divided  and  subdivided  into 
a  number  of  types. 

From  MacConkey's  results  it  appears  that  87  per  cent  of 
the  lactose-fermenting  organisms  present  in  human  faeces 
all  produce  indole,  acid  and  clot  in  milk,  do  not  liquefy 
gelatine  nor  give  the  Voges  and  Proskauer  reaction.  In 
other  words,  they  possess,  practically  speaking,  the  cultural 
characters  of  Houston's  "typical  B.  coli."  Houston  found 
that  about  85  per  cent  of  the  lactose  fermenters  present  in 
human  faefces,  and  6.5  to  8.5  per  cent  of  those  present  in 
sewage,  possessed  these  characteristics.  The  results  of  his 
investigations  on  the  viability  of  members  of  the  B.  coli 
group  in  soil  and  water  show  that  the  atypical  varieties  per- 
sist for  longer  periods  than  the  typical,  and  are  therefore 
less  characteristic  of  recent  contamination.  Houston's  defi- 
nition of  typical  B.  coli  is  admirably  suited  to  routine  bac- 
teriological examination,  and  has  been  very  generally 
adopted   as   a  basis   for  bacteriological   reports. 

The  Streptococcus  Group.— It  sometimes  happens  that  in  a 
water  examination  only  lactose  fermenters  having  the  char- 
acteristics of  Houston's  "typical  B.  coli"  are  to  be  found. 
It  is  then  a  great  advant^e  to  have  recourse  to  another  test, 
and  the  most  satisfactory  corroborative  test  is  based  on  the 
enumeration  of  streptococci.  Savage  and  Read  have  shown 
that  the  majority  of  waters  showing  evidence  of  contamina- 
tion on  the  B.  coli  basis  contain  streptococci. 

In  calculating  percentages  nothing  is  to  be  gained  by  work- 
ing out  the  percentage  of  water-samples  which  contain  strep- 
tococci or  B.  coH  respectively  in  the  different  amounts.  The 
percentage  results  are  worked  out  in  two  ways.  In  one  way 
each  group  of  B.  coli  prevalence  is  taken  separately  and 
the  percentage  prevalence  of  each  group  of  waters  on  a 
streptococcus  basis  is  calculated.  In  the  other  way  each 
group,  of  streptococci  prevalence,  is  taken  separately,  and  the 
percentage  prevalence  of  the  waters  oi 
record od 

An  example  will  make  this  clear.     Take,  for  instance.  118 
samples    from   deep-water   supplies   containing   B.   coli   in 
or  30  cm  •   58  or  49.2  per  cent  contained  no  streptococci. 


B.   coli   basis   is      a  proportion 


10 
Or 


take  the  198  samples  from  deep-water  supplies  conUIaing 
no  streptococci;  04  or  32.3  per  cent  contained  B.  coli.  The 
mean  of  these  two  numbers  (49.2  and  32.3)  is  4u  per  cent, 
and  gives  a  fair  average  of  the  number  of  samples  in  which 
B.  coli  may  be  present  in  only  moderate  numbers  and  strepto- 
cocci absent.  In  other  words,  the  chances  are  rather  more 
than  even  that  streptococci  will  be  found,  and  if  not  found 
in  one  sample  they  probably  will  be  in  the  next,  or  a*,  any 
rate  in  subsequent  examinations.  This  correlation  between 
B.  coli  and  streptococci  is  a  point  the  author  particularly 
wishes  to  emphasize.  Apparently  the  value  of  this  test  aa 
carried  out  by  Savage  has  not  been  fully  appreciated. 

The  streptococcus  group  can  also  be  differentiated  into  a 
variety  of  types  by  fermentation  reactions;  those  producing 
acid  in  lactose  are  particularly  typical  of  excretal  contami- 
nation. Differentiation  of  this  group,  however,  ig  seldom 
practiced. 

The  streptococcus  enumeration  is  particularly  valuable  as 
an  index  of  recent  contamination.  This  was  shown  by  the 
results  of  an  investigation  carried  out  by  the  present  author 
in  conjunction  with  Dr.  W.  G.  Savage  on  the  relative  viability 
of  B.  coli  and  streptococci  in  water  under  conditions  closely 
resembling  those  of  a  well.  In  this  investigation  an  earthen- 
ware pipe  cemented  at  the  bottom  and  holding  about  40  litres 
of  water  was  used  as  the  model  well.  The  water  was  con- 
taminated with  excretal  matter  emulsified  with  water,  or 
with  sewage,  and  examinations  were  made  at  regular  inter- 
vals to  ascertain  how  rapidly  the  organism.s  diminished  in 
numbers   and    finally    disappeared. 

The;5e  experiments  with  excreta  or  sewage  added  to  a  large 
bulk  of  water  yield  minor  differences  in  the  individual  experi- 
ments, but  in  general  they  show  a  rapid  diminution  and 
elimination  of  the  streptococci  and  a  continuous,  yet  not  quite 
so  rapid,  diminution  in  the  number  of  B.  coli.  With  the  lat- 
ter it  was  more  common  to  find  persistence  in  small  numbers 
for  a  period  extending  to  many  weeks.  The  elimination  of 
the  streptococci  was  particularly  uniform  and  rapid.  At  the 
end  of  three  weeks  in  only  two  experiments  were  they  pres- 
ent in  mere  than  insignificant  numbers. 

The  decline  curves  of  both  organisms  agree  v.ery  closely,  as 
can  be  seen  most  readily  if  the  figures  are  plotted  out  as 
graphs. 

Comparison  with  the  viability  of  the  typhoid  bacillus  is  of 
special  interest.  Sir  A.  C.  Houston's  investigations  in  the 
viability  of  uncultivated  typhoid  bacilli  in  river  water  showed 
that  they  died  out  within  three  weeks,  even  when  as  many  as 
38,000  were  present  per  c.c.  of  the  infected  water. 

Several  lactose-fermenting  organisms  isolated  from  various 
sources  gave  the  Voges  and  Proskauer  reaction,  very  few  of 
which— only  6.3  per  cent— were  represented  in  human  faeces. 
These  types  have  recently  attracted  the  attention  of  American 
bacteriologists,  and  have  been  shown  by  them  to  be  rare  in 
the  excreta  of  man  and  animals,  more  common  in  sewage  and 
surface  water,  and  the  predominant  types  in  soil  and  grains. 
They  can  be  distinguished  in  the  laboratory  by  two  tests— (1) 
the  methyl-red  test,  and  (2)  the  Voges-Proskauer  reaction, 
alluded  to  above.  These  two  tests  are  very  closely  corre- 
lated, and  by  them  the  lactose-fermenting  organisms  can  be 
divided  into  two  main  types,  which  are  known  as— 

(1)  The  methyl-red  positive  type  ("M.R.+ ').  or  the  Voges- 
Proskauer  negative  type  (-V.P.— "),  and 

(2)  The  methyl-red  negative  type  C'M.R.— "),  or  the 
Vot;es-Pro=kauer  positive  type  ("V.P.-f "). 

The  first  i«  characteristic  of  excretal  contamination,  and  is 
sometimes  called  the  "Coli  type,"  while  the  second  is  not 
characteristic,  U  any  rate,  of  recent  .xrretal  contamination. 
and  is  sometimes  called  the  "Aero-  v  '  after  its  type 

organism,  B.  lactis  aerogenes. 

*  These  tests  commend  themselves  to  the  bacteriologist  as 
suitable  for  routine  work  in  the  same  wav  as  the  tests  of 
Houston,  by  their  simplicity,  and  are  particularly  to  be  wel- 
comed bv  those  in  whose  experience  particular  water  supplies 
have  vielded  only  atypical  varieties  of  lactose  fermenters 
acco-ding  to   Houston's  definition. 

Results  show  how  small  a  proportion  of  the  lactose-fer- 
mente  s  of  excreta  belong  to  the  "M.R.-"  type  and  how  large 
are  present  in  soil  and  grains.  Occasionally  a 
=  n«r.;npn  of  faeces  contains  a  fairly  large  proportion,  the  high 
figure  of  26  S  cent  obtained  by  Rogers.  Clark  and  Lubs  was 
due  to  a  single  abnormal  specimen,  and  to  the  employment 
'r,   method   specially   selected  to  favor  the  growth  of  this 


of  a  method   specia 


(29) 


142 


Engineering  and  Contracting  for  July  30,  1919. 


type,  and  does  not  represent  the  average  numbers  in  wUich 
they  were  actually  present. 

Records  of  various  observers  strongly  suggest  that  organ- 
isms of  the  "M.R. — "  type  are  the  more  resistant,  the  more 
capable  of  surviving  outside  the  animal  body,  and  of  finding 
a   favorable    environment   in   soil. 

Winslow  and  Cohen  carried  out  experiments  on  the  relative 
viability  of  these  two  main  types  in  water,  and  their  results 
show  that  there  is  distinct  evidence  that  the  viability  of  the 
"M.R. — "  type  is  greater  than  that  of  the  "M.R.+"  type. 

Experiments  show  a  decrease  in  the  "M.R.+"  type  from 
50  to  5  per  cent,  and  from  56  to  0  per  cent  respectively  (in 
sixty  days).  On  the  average,  however,  the  reduction  in  the 
percentage  was  from  54  to  29. 

As  the  methods  employed  by  American  bacteriologists  differ 
in  some  respects  from  those  usually  employed  in  this  cou-itry. 
it  was  thought  advisable  to  investigate  how  frequently  organ- 
isms of  the  "M.R. — "  type  were  likely  to  be  encountered  in 
the  routine  examination  of  waters  by  English  methods,  and, 
by  noting  the  association  or  absence  of  association  with 
streptococci,  to  ascertain  whether  the  presence  of  lactose- 
fermenting  organisms  of  this  type  affords  evidence  of  recent 
excreta!   contamination   or   not. 

Observations  were  therefore  made  by  the  author  of  a 
large  number  of  samples  of  water  from  various  sources.  Out 
of  200  samples  in  which  lactose  fermenters  were  present, 
organisms  of  the  "M.R. — "  type  were  encountered  in  CC,  or 
o3   per  cent. 

Lactose  fermenters  of  the  •■M.R.+"  type  and  streptococci 
were  absent  from  practically  every  sample,  strongly  suggest- 
ing that  in  general  no  recent  excretal  contamination  had 
occurred,  for  if  it  had  streptococci  would  have  been  found  in 
about  50  per  cent  of  these  samples.  (These  samples  were  of 
water  of  good  repute.) 

Other  samples  from  shallow  wells,  etc..  were  as  follows: 

(1)  Those  containing  no  streptococci  and  no  lactose  fer- 
menters of  the  '■M.R  +  "  type,  suggesting  no  recent  con- 
tamination. 

(2)  Those  containing  streptococci  and  probably  lactose 
fermenters  of  the  "M.R.  +  "  type  also,  though,  since  contami- 
nation was  sufficiently  proven,  further  search  for  this  type 
was    not    made. 

(S)  Those  containing  streptococci  and  lactose  fermenters 
of  the  "M.R.+"  type,  further  search  having  been  made  for 
this  type  for  the  purpose  ot  this  investigation. 

It  may  be  asked,  How  is  it  that  the  "M.R—"  type  are 
found  in  samples  of  groups  2  and  3  in  which  recent  excretal 
contamination  is  proved?  The  explanation  obviously  is  that 
a  certain  amount  of  self-purification  has  already  taken  place, 
but  the  contamination  is  sufficiently  recent  for  organisms  of 
the  "M.R.  +  "  type  and  streptococci  to  be  present  also  in 
larger  quantities  of  the  sample. 

Of  special  interest  was  the  occurrence  of  lactose  fermenters 
ot  the  "M.R — "  type  in  the  deep  wells,  several  miles  apart, 
supply  consists  of  seven  or  eight  wells,  several  miles  apart, 
varying  in  depth  from  250-450  ft.  These  wells  yield  a  very 
pure  supply,  lactose-fermenting  organisms  being  absent  from 
100  CC  in  85  per  cent  of  all  samples  examined.  In  the  spring 
of  1918  lactose  fermenters  were  found  in  a  much  larger  pro- 
portion, and  all  (with  one  exception)  were  found  to  belong 
to  the  "M.R. — "  type.  Streptococci  were  invariably  absent. 
The  inference  is  that  the  most  resistant  types  only  of  the 
lactose  fermenters  reached  the  underground  water,  though 
why  they  were  present  in  obnormal  numbers  at  this  particu- 
lar time  could  not  be  discovered.  The  only  exceptionally 
heavy  rainfall  occurred  five  months  previously. 

The  large  majority  of  lactose  fermenters  ot  the  "M.R. — " 
type  (about  85  per  cent)  show  capsule  formation.  Experi- 
ments by  the  present  author  show  that  some  capsulated  or- 
ganisms display  remarkable  viability  in  boiled  (or  steamed) 
hard  water.  In  one  experiment  the  organism  added  to  such 
water,  containing  no  measurable  trace  ot  saline  or  organic 
ammonia,  was  isolated  after  a  period  of  three  and  a  halt 
years.  It  should  be  noted  that  it  is  only  in  boiled  (or 
steamed)  hard  water  that  such  remarkable  viability  is  ob- 
served, though  in  unboiled  water  some  of  the  capsulated  types 
live  longer  than  the  non-capsulated  (in  one  experiment  four- 
teen weeks  as  compared  with  seven  weeks).  The  phenom- 
enon seems  to  be  dependent  upon  the  slow  deposition  ot 
supersaturated  carbonate  of  calcium  or  hydrate  ot  magne- 
sium, which  takes  place  in  the  boiled  water  after  filtration. 


Whether  the  necessary  conditions  for  prolonging  viability 
occur  in  limestone  silt  is  a  matter  worthy  of  investigation. 

Other  experiments  confirming  this  remarkable  behavior, 
one  of  which  was  carried  out  independently  by  Dr.  W.  G. 
Savage,  are  recorded  in  the  Journal  of  Hygiene  Vol.  XVI., 
No.  3,  January.  1918.  In  periods  varying  from  five  to  eleven 
weeks,  multiplication  from  fifty  to  one  hundred  fold  was 
recorded. 

Both  strain  T.  and  strain  N.D.  gave  the  Voges-Proskauei 
reaction,  and  belong  to  the  "M.R. — "  type.  Strain  N.Q 
produced  indole  and  acid  and  clot  in  milk,  and  was  therefore 
indistinguishable' from  Houston's  "typical  B.  coli,"  except  by 
the   methyl-red   and  Voges-Proskauer  tests. 

Conclusions. —  (1)  Although  attempts  to  distinguish  between 
luiman  and  animal  excretal  matter  by  the  characters  of  lac- 
tose-fermenting bacilli  present  have  so  far  been  unsuccess- 
ful, some  measure  of  success  has  attended  attempts  to  dis- 
tinguish between  recent  and  less  recent  contamination  by 
the  identification  of  the  less  resistant  and  more  resistant 
types. 

(2)  Clemesha  based  his  differentiation  on  :\IacConkey's 
classification:  Houston  on  the  more  simple  indole  test:  Sav- 
age retains  the  milk-clot  test,  and  notes  marked  weakness  of 
lactose  fermentation,  having  shown  that  these  attributes  tend 
to  diminish  with  soil  environment.  American  investigators 
have  recently  based  their  differentiation  on  the  methyl-red 
and  Voges-Proskauer  tests. 

(3)  The  more  resistant^  the  types,  obviously,  the  less 
evidence  there  is  of  recent  contamination  in  waters  in  which 
they  are   found. 

(4)  Most  valuable  information  as  to  recency  of  contam- 
ination is  afforded  by  the  enumeration  of  streptococci  bv  the 
simple  method  of  Savage. 

(5)  Association  or  absence  of  association  of  lactose  fer- 
menters with  streptococci  can  therefore  be  used  as  a  control 
in  judging  the  merits  or  demerits  ot  any  of  the  above  methods 
of    differentiation. 

(C)  Relative  absence  of  association  ot  the  lactose  fer- 
menters ot  the  "M.R.-r-"  type  with  streptococci  strongly  sup- 
ports the  view  that  they  are  the  more  resistant  types. 

(7)  Experiments  show  that,  under  certain  conditions,  the 
viability  of  capsulated  organisms  ot  the  "M.R. — "  type  may 
be  very  considerable.  Whether  similar  conditions  occut  in 
Nature  is  a  matter  requiring  further  investigation. 


Precautions  in  Using  Wood  Inserts  in  Wet 
Concrete 

In  a  recent  issue  of  The  Carpenter  and  .Builder,  of  Lon- 
don, a  correspondent  calls  attention  to  Ihe  necessity  of 
exercising  special  care  in  the  insertion  of  wood  in  wet  con- 
crete for  the  purpose  ot  fixing-blocks,  etc..  for  securing  fit- 
tings, and  various  other  requirements.  He  states  «hat  such 
a  method  is  outside  the  bounds  of  practicability  on  account 
of  the  expansion  due  to  moisture  absorbed  by  the  v.-ood- 
work  from  the  wet  concrete,  the  effect  of  which  is  invariably 
to  cause  serious  fractures  to  occur  in  the  concrete.  The 
writer  has  in  mind  an  important  public  work  where  it  was 
necessary  to  make  holes  in  the  top  of  a  concrete  wall  to 
receive  later  some  cast  iron  standards.  Upon  inspection  he 
found  that  square  wood  boxmoulds  made  of  one-inch  board 
had  been  inserted  in  the  w^et  concrete  for  the  purpose  of 
forming  the  necessary  standard  holes.  In  every  case  the 
moulds  had  expanded  to  such  an  extent  as  to  have  consider- 
ably damaged  the  stability  ot  the  concrete  by  fracture  where 
strength  was  most  essential.  This  led  the  writer  to  make 
investigation  and  experiments,  which  led  to  rather  interest- 
ing results.  Two  wooden  fixing  blocks  were  made:  one  was 
painted  with  two  heavy  coats  of  paint  with  a  view  to  making 
it  impervious  to  moisture;  the  other  was  thoroughly  soaked 
in  water  with  the  idea  of  causing  the  expansion  to  be 
complete  before  placing  it  in  the  concrete.  Each  block  was 
then  placed  in  two  equal  sized  blocks  of  concrete  in  moulds 
and  allowed  to  set  and  dry.  Very  soon,  however,  results 
were  apparent.  The  painted  wood  block  had,  in  spite  ot  the 
paint,  swollen  and  caused  very  bad  cracks  to  appear  in  the 
concrete,  while  the  other  wood  block  that  has  been  impreg- 
nated with  the  water  before  going  into  the  wet  concrete 
showed  no  signs  of  fracture  whatever  to  the  concrete.  The 
shrinkage  when  dry  was  immaterial,  and  made  no  detri- 
ment to  the  holding  propensity  of  the  block,  which,  by  the 
wav.  was  dovetailed  in  form.'" 
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Ritchie  Pre-Cast  Unit   System  of 
Concrete  Shipbuilding 

By  W.  XOBLE  TWELVETREES, 
From  Engineering,  June  27,  1919. 

In  most  of  the  British  yards  established  lor  the  biuMing 
of  reinforced  concrete  ships  and  barges,  the  monolithic  syj 
tern  of  construction  is  predominant,  the  idea  being  to  follow 
closely  the  methods  successfully  applied  in  the  forms  of 
buildings,  reservoirs,  bunkers  and  other  land  structures.  In 
some  cases  pre-cast  parts  or  units,  such  as  transverse  frames 
or  hull  plates,  have  been  incorporated  with  monolithic  work, 
a  method  of  procedure  which  is  often  convenient  in  land 
sti'uctures,  as  for  instance,  railway  or  highway  bridges  which 
have  to  be  built  or  rebuilt  in  a  minimum  period  of  time  with 
the  object  of  intefering  as  little  as  possible  with  traffic. 
The  method  has  also  proved  useful  in  the  case  of  wharves 
and  jetties  in  tidal  waters,  as  a  means  of  overcoming  the 
difficulty  of  executing  concrete  work  between  high  and 
low-water  levels,  or  even  below  the  latter. 

Two  or  three  shipbuilding  firms  have  gone  a  step  further 
by  adopting  pre-cast  units  on, a  more  extensive  scale.  Thus. 
in  the  Waller  system,  the  skin  of  the  hull  is  formed  entirely 
of  pre-cast  units  erected  and  combined  with  monolithic  trans- 
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Fig.    1 — Ritchie    System    of   Concrete    Ship    Construction. 

verse  frames  and  longitudinal  members.  In  the  Stroyer 
system  adopted  at  Tilbury,  pre-cast  units  of  very  large  dimen- 
sions are  employed  in  forming  f.e  parallel  portion  of  the 
hull,  the  transverse  frames  and  curved  ends  being  mo-ilded 
in  the  usual  manner.  A  third  method  to  which  the  present 
article  is  devoted  consists  in  the  use  of  pre-cast  units  of 
relatively  small  size  for  the  construction  of  the  entire  hull, 
the  units  being  carefully  jointed  together  after  erection  and 
braced  by  the  addition  of  stringers,  keelsons  and  other  mem- 
bers moulded  in  situ. 

The  system  now  in  question  is  that  originated  by  Mr. 
Harry  C.  Ritchie,  .A.  il.  Inst.  C.  E.,  A.  M.  I.  N.  A.,  of 
Liverpool,  and  adopted  so  far  by  Concrete  Seacraft,  Limited, 
Fiddlers  Ferry,  Lancashire;  Messrs.  Hughes  and  Stirling, 
Preston  Dock;  Stuart's  Concrete  Ship  Company  Limited, 
Northfleet;  and  Blackett's  Concrete  Ships,  Limited,  Stock- 
ton-on-Tees. The  writer  is  informed  that  arrangements  ar« 
now  in  progress  for  the  employment  of  the  system  in  Italy, 
Scandinavia  and  India. 

In  the  development  of  his  unit  system,  Mr.  Ritchie  had 
in  view  two  important  ends;  (1)  To  reduce  to  an  absolute 
ninimum  the  amount  of  timber  supports  and  forming  re- 
quired on  the  building  berth:  and  (2)  the  arrangement  and 
spacing  of  frame  membe^  in  a  manner  similar  to  that  gen- 
erally specified  for  steel  Wiips  and  a  reduction  in  scantlings 
with  consequent  reduction  of  structural  weight. 

To  assist  in  making  clear  the  essential  features  of  the  sys- 
tem, a  diagram.  Fig.  1,  is  annexed,  showing  the  units  adopted 


by  Mr,  Ritchie  and  the  means  adopted  for  jointing  and  brac- 
ing ihem  after  erection.  The  hull  is  built  up  of  unltu,  each 
consisting  of  a  thin  plate  and  two  deep  flanges.  Therefore 
the  complete  unit  has  a  trougblike  cross-section,  but  the 
depth  of  the  flanges  is  varied  suitably  with  the  position  of 
the  units  in  the  hull  of  the  vessel.  Referring  to  Fig.  1,  the 
two  rows  of  units  for  the  bottom  have  flanges  of  uniform 
depth  which  may  be  left  solid  or  pierced  by  oval  openings  as 
;n  the  diagram.  Rectangular  openings  are  formed  in  the 
flanges  just  above  the  upper  surface  of  the  plate  to  provide 
lor  the  passage  of  diagonal  bars  which  are  afterwards  con- 
creted  so  as   to   constitute   bracing   members. 

When  the  bottom  units  have  been  placed  in  position,  the 
;.butting  flanges  are  cemented  together  so  that  each  jointed 
pair  of  flanges  forms  part  of  a  transverse  frame.  The  units 
lor  the  sides  of  the  hull  are  similarly  formed  and  jointed 
together.  Each  bottom  unit  extends  from  the  bilge  to  the 
Liiiddle  line  athwartship,  so  that  two  units  make  up  the  full 
span  of  the  bottom.  The  side  units  extend  from  the  bilge 
to  the  sheer  strake,  and  above  them  are  the  deck  beam  units 
of  rectangular  section,  not  comprising  any  portion  of  the  deck 
slab,  which  is  moulded  in  situ.  All  the  longitudinal  mem- 
bers are  moulded  in  situ  about  the  units  after  the  latter 
have  been  assembled.  In  positions  where  the  longitudinals 
are  required  to  connect  the  ends  of  units,  as  at  the  centre 
line  and  bilges,  the  main  reinforcement  of  the  units  projects 
;n  hooked  form,  the  loops  from  adjacent  units  being  con- 
centric so  that  they  can  be  connected  securely  by  means 
of  steel  pins  and  wedges.  The  other  longitudinal  mem- 
bers are  formed  by  passing  the  maiu  reinforcing  bars 
through  the  openings  left  in  the  bottom  and  side  units,  and 
by  concreting  in  moulds  after  the  auxiliary  reinforcement 
has  been  assembled. 

An  important  feature  of  the  Ritchie  system  is  the  pro- 
vision of  diagonal  bracing  as  shown  in  the  diagram.  The 
reinforcing  bars  for  the  diagonals  are  close  to  the  Inner 
surface  of  the  shell  plates  and  pass  through  the  openings 
left  for  the  purpose  in  the  flanges  of  the  units.  The  bars 
are  anchored  to  the  shell  by  means  of  U-shaped  stirrups,  the 
ends  of  which  project  from  the  pre-cast  units  along  pre- 
determined lines.  The  diagonals  are  completed  by  con- 
crete moulded  in  situ. 

One  of  the  advantages  of  constructing  ships  of  rela- 
tively small  pre-cast  units  is  to  be  found  in  the  fact  that  the 
units  can  be  made  with  the  shell  face  upwards.  Thus, 
what  is  destined  to  form  the  outer  surface  of  the  hull  can 
be  trowelled  perfectly  smooth,  thereby  reducing  skin  friction 
to  a  minimum,  and  at  the  same  time  providing  a  good  and 
pleasing  exterior  surface. 

The  vessels  built  at  yards  where  the  Ritchie  system  has 
been  adopted,  are  with  one  exception  dumb  barges  of  1,000 
tons  deadweight  capacity  in  general  accordance  with  the 
specification  and  drawings  of  the  Ministry  of  Shipping. 


New  Concrete  Water  Towers  in  Germany 

Several  concrete  water  towers  were  built  in  Germany  dur- 
ing the  war,  according  to  the  Journal  fiir  Gasbeleuchtung  of 
April  5,  1919,  which  gives  details  of  some  of  these  structures. 
A  water  and  outlook  tower  was  erected  in  the  town  of  Schlld- 
berg,  in  Posen,  from  a  design  of  Klein  and  Wolff,  architects 
at  Breslau.  A  tank  of  250  cu.  metres  capacity  free,  1.  e.,  with- 
out connection  with  the  sustaining  structure,  rests  on  a  floor 
of  reinforced  concrete  borne  by  eight  pillars  of  reinforced 
concrete  joined  by  thin  ornamental  walls.  The  winding  stairs 
are  of  moulded  blocks  made  to  represent  stone.  At  the  top 
cornice  level  is  a  circular  outlook  gallery.  The  cost  of  the 
tov.er  was  Mk.  70.000.  Another  structure  is  a  water-tower 
or  industrial  works  in  Upper  Silesia.  The  lank.  which  has  a 
capacity  of  2  000  cu.  metres,  is  31.  metres  above  the  ground 
level  Below'  this  tank  is  another  of  150  metres  capacity 
for  drinking  water.  -And  on  the  ground  level  is  yft  another 
of  the  same  capacity  fol-  ozonising  purposes.  DlfficLltles 
with  the  foundations  made  it  necessary  to  excavate  down  to 
the  firm  rock,  and  to  fill  the  excavation  with  1  to  12  concrete. 
Here  again  the  main  tank  is  independent  of  the  supporting 
■structure  It  is  constructed  of  an  inner  portion  of  strong 
cement  4"cpnlimetres  thick.  It  is  carried  on  concrete  pll  ars 
bound  together  at  intervals.  The  total  cost  of  this  structure 
was   :\Ik.   3'i0.000. 
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Experiments  with  Clay  in  Its  Rela- 
tion to  Piles 

By  ALFRED  S.  E.  ACKERMANN. 
From  The   Surveyor,    March  14,    1919. 

This  paper  records  the  results  ot  95  experiments,  some 
taking  40  hours  each,  made  with  clay  during  the  period  De- 
cember, 1917,  to  February.  1919.  The  original  object  was  to 
determine  the  relationship  between  the  horizontal  pressure 
and  the  depth  at  any  given  point  in  clay,  the  method  and 
Its  theory  having  been  devised  about  a  year  before  Decem- 
ber, 1917. 

The  clay  used  for  the  experiments  was  obtained  from  the 
back  garden  of  the  author's  house  at  Hempstead  Garden 
Suburb,  London,  at  a  depth  ot  about  2  ft.  from  the  surface. 
It  is  yellow  in  color,  and  after  being  puddled  in  the  hole 
from  which  it  was  obtained  it  was  taken  into  the  workshop 
in  the  house  where  all  the  experiments  were  made.  It  was 
then  further  puddled  by  being  squeezed  bit  by  bit  through 
the  fingers,  all  stones  that  were  noticed  being  removed,  and 
the  portions  so  treated  were  put  in  a  vertical  coal-scuttle 
until  it  was  full.  The  clay  in  the  scuttle  was  puddled  from 
time  to  time  so  as  to  make  it  as  homogeneous  as  possible. 

By  having  only  one  guide  hole  tor  the  guide  and  load  rod 
in  the  apparatus  used  there  was  no  danger  ot  cross-binding. 
The  load  was  applied  to  the  top  of  the  rod  by  placing  weights 
in  the  self-centering  carrier,  which  ensured  the  load  acting 
centrally  and  vertically  down  the  rod.  for  the  self-centering 
carrier  and  the  rounded  top  of  the  rod  constitute  a  rude 
form  of  ball-and-socket  joint.  Care  was  taken  to  keep  the 
guide  rod  vertical  throughout  each  experiment.  This  needed 
little  more  care  than  that  necessary  to  start  with  it  vertical. 

The  penetration  h  was  obtained  from  two  measurements 
on  two  opposite  sides  of  the  pile  or  other  body  which  was 
being  gradually  forced  into  the  clay  (for  in  all  the  experi- 
ments the  loads  were  applied  gradually.  No  impactive  forces 
were  used  such  as  are  used  in  pile-driving).  Each  of  these 
two  measurements  was  made  by  callipers  vertically  between 
a  horizontal  projection  from  the  top  ot  the  pyramid  (or  from 
a  bracket  on  the  guide-rod)  and  a  small  plank  of  wood  which 
before  the  start  was  pressed  into  the  clay  until  the  top  sur- 
face of  the  wood  was  level  with  the  surface  of  the  clay.  The 
mean  of  these  two  readings  was  deducted  from  the  initial 
reading,  when  there  was  no  penetration,  the  difference  be- 
ing the  penetration  h. 

It  was  found  in  the  case  of  the  pyramids  that  they  soon 
came  to  rest,  especially  with  the  larger  percentages  of  water, 
but  in  the  case  of  the  bodies  being  parallel,  or  nearly  parallel, 
sides  there  was  a  tendency  for  the  penetration  to  increase 
very  slowly  for  a  considerable  time,  but  ultimately  these 
bodies,  too,  came  to  rest.  In  ronsenuence  of  this  creeping, 
each  load  in  most  of  the  experiments  was  left  on  for  the 
same  time,  so  that  the  readings  ot  h  might  be  comparable, 
even  though  a  somewhat  greater  value  of  h  would  probably 
have  been  obtained  if  the  loads  had  been  left  on  longer. 

In  the  earlier  experiments  it  was  not  realized  how  ex- 
tremely important  is  the  effect  on  the  results  of  the  percent- 
age of  water  in  the  clay,  and  this  percentage  was  conse- 
quently determined  only  in  a  few  of  the  earlier  experiments. 
One  of  the  most  important  facts  brought  out  by  the  experi- 
ments is  this  effect  of  the  water  in  the  clay,  and  when  once 
this  had  been  appreciated  the  percentage  was  always  de- 
termined for  each  set  of  experiments. 

The  total  vertical  supporting  capacity  of  piles  with  parallel 
or  cylindrical  sides  is  made  up  of  two  or  three  factors:  the 
friction  and/or  cohesion  on  the  vertical  sides,  and  the  ver- 
tical pressure  on  the  end  or  point.  The  separation  of  these 
factors  does  not  seem  to  have  been  done.  Taking  into  ac- 
count the  great  length  of  a  pile  compared  with  its  cross-sec- 
tion, it  would  appear  that  the  frictional  resistance  is  by  far 
the  more  important  factor,  but  at  least  one  experimenter 
(Crosthwaite:  Proc.  Inst.  Civil  Engineers,  Vol.  CCIII.,  p.  1S7 
to  p.  207,  Dec.  19,  1916),  has  stated  that  in  his  experiments 
with  a  model  cylindrical  pile  with  a  flat  end  "friction  did 
not  come  in,"  and  that  this  was  due  to  the  action  of  the 
clay  in  squeezing  out  horizontally  from  beneath  the  flat  end 
of  the  pile,  whereby  a  small  annulus  was  formed  between 
the  clay  and  the  vertical  cylindrical  surface  of  the  pile.  The 
experiments  herein  recorded  show  that  there  is  considerable 
friction  and/or  adhesion  between  the  vertical  surface  of  the 
pile  and  the  clay. 


Two  or  three  of  those  who  took  part  in  the  discussion  of 
tlie  papers  on  clay  by  A.  L.  Bell  (Proc.  Inst.  Civil  Engineers, 
Vol.  CXCIX,  1915,  pp.  233-336)  and  P.  M.  Crosthwaite  (Proc. 
Inst.  Civil  Engineers,  Vol.  CCIII.,  1917,  pp.  124-210)  expressed 
their  belief  that  moist  clay  probably  acted  as  a  heavy  viscous 
fluid,  but  no  proof  of  this  was  offered.  With  a  view  to  dis- 
cover the  facts  experiments  were  made  with  duralumin  discs 
63.  37  and  36  mm.,  respectively,  in  diameter  and  only  1  mm. 
thick.  Owing  to  the  thinness  of  the  discs  and  their  polished 
edges,  the  friction  of  the  clay  on  these  edges  has  been  neg- 
lected, though  an  approximate  correction  for  this  could  be 
made  if  necessary.  The  experiments  were  most  convincing. 
At  certain  critical  loads  the  discs  started  and  continued 
without  additional  load  to  sink  comparatively  rapidly  into 
the  clay,  and  the  motion  continued  until  stopped  by  the 
action  ot  the  bottom  of  the  bucket  or  the  weights  touching 
the  guide  frame. 

In  all  cases  the  water  in  the  clay  was  29  per  cent,  and 
in  all  three  cases  the  pressure  of  fluidity  had  been  reached 
when  the  penetration  was  about  100  mm.  It  was  pretty  ob- 
vious that  if  there  were  a  pressure  of  fluidity  it  would  be 
independent  of  the  diameter  of  the  disc  used  to  determine 
it;  but  the  assumption  that  for  the  same  penetration  and  per- 
centage of  water  the  mean  friction  on  the  parallel  sides  of 
piles  of  different  diameters  would  be  the  same  also  seemed 
obvious.  The  author,  having  proved  himself  wrong  in  this 
apparently  reasonable  assumption,  was  gratified  to  find  that 
at  least  the  pressiire  of  fluidity  was  independent  of  the  di- 
ameter, for  this  enabled  an  allowance  to  be  made  for  the 
pressure  on  the  ends  of  piles  of  different  diameters  and  the 
same  penetration,  and  deducting  these  from  the  total  loads 
the  total  friction  on  the  vertical  sides  of  the  piles  was  ob- 
tained, and  hence  the  mean  friction  per  unit  of  vertical  sur- 
face. 

Crosthwaite.  in  his  paper  (Proc.  Inst.  C.  E.,  Dec.  19,  1916) 
refers  (p.  149)  to  the  fact  that  the  penetration  of  a  cylindrical 
pile,  "instead  of  varying  directely  as  the  pressure,  increases 
enormously  with  the  pressure,"  and  he  states,  p.  160:  "The 
behavior  of  clay  under  increasing  pressure  is  to  the  author 
a  complete  mystery,  and  he  can  offer  no  physical  explana- 
tion as  to  why  the  settlement  should  vary  as  the  square  of 
the  pressure."  The  explanation  was  not  given  in  the  long 
discussion  and  correspondence  on  that  paper.  The  author 
of  this  paper  claims  that  hij  experiments  provide  the  explana- 
tion— namely,  that  increased  penetration  was  due  chiefly  to 
the  pressure  of  fluidity  having  been  reached,  and  possibly 
also  to  the  pile  having  "rubbed  itself  free"  in  the  upper  por- 
tion that  had   penetrated. 

In  the  discussion  on  Bell's  paper  (Proc.  Inst.  C.  E.,  Jan. 
12,  1915)  Mr.  ,1.  Mitchell  Moncrief  said  (p.  278):  "He  would 
he  obliged  to  anyone  who  would  explain  to  him  why  the 
average  frictional  resistance  was  less  at  471/2  ft.,  62  ft.,  and 
05  ft.,  than  at  22  ft.,  20  ft.  and  21  ft."  The  author  of  this 
paper  suggests  that  his  experiments  afford  the  explanation 
of  this  also — namely,  that  it  was  due  to  the  reduced  fric- 
tion on  the  upper  portions  of  the  cylinders  when  they  had 
sunk  into  the  greater  depths,  owing  to  these  upper  portions, 
"rubbing  themselves  free."  This  explanation  was  given  by 
Mr.  Bel!  at  j).  333  in  his  reply  to  the  discussion  on  his  paper. 

The  following  conclusions  relating  to  clay  appear  to  be 
justified  (and  propably  others  may  be)  by  the  qualitative 
and  quantitative  res\ilts  of  the  experiments: 

1.  For  the  tapered  bodies  gradually  forced  into  clay  the 
load  necessary  to  produce  a  given  penetration  is  propor- 
tional to  the  area  of  the  surface  of  contact  between  the  clay 
and  the  body. 

2.  The  load  to  produce  a  given  penetration  is  very  much 
greater  the  less  the  percentage  of  water  in  the  clay. 

3.  Clay  containing  a  definite  percentage  of  water,  and  at 
a  definite  temperature,  has  a  definite  pressure  of  fiuidity. 
and  when  this  pressure  is  reached  and  maintained  the  clay 
yields  indefinitely  as  a  dense  viscous  fluid,  unless  it  be  re- 
strained from  flowing  or  caused  to  rise  so  as  to  produce  a 
statical  head  of  clay. 

4.  The  pressure  ot  fluidity  is  greater  when  the  percentage 
of  water  is  less,  or  when  the  temperature  is  lower. 

3.  The  pressure  of  fluidity  per  se  is  independent  of  the 
depth  and  depends  solely  on  the  pfc-centage  of  water  in  the 
clay  and  the  temperature  of  the  clay. 

6.  For  equal  depths,  tapered  piles  support  a  larger  load 
per  unit  volume  of  the  piles  than  piles  having  parallel  sides. 

7.  The  reason  for  (6)   is  that  in  the  case  ot  tapered  piles 
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their  surfaces  keep  in  more  intimate  contact  with  the  clay, 
with  the  result  that  the  support  due  to  the  friction  on  their 
sides  is  greater  than  is  the  ease  in  parallel  piles. 

8.  With  a  view  to  increase  the  resistance  of  piles  they 
should  be  corrugated  as  well  as  tapered. 

9.  The  reasons  why  parallel  piles  with  blunt  ends  are 
not  so  efficient  per  unit  volume  is  that  the  pile  in  entering 
the  clay  rubs  the  surfaces  near  the  top  of  the  hole  made  so 
much  that  the  friction  (or  cohesion)  is  reduced  there,  and 
also  because  the  clay  in  squeezing  laterally  from  under  the 
end  partially  loses  contact  with  the  sides  of  the  pile,  thus 
also  reducing  the  friction  on  which  the  supporting  capacity 
of  a  pile  depends. 

1(1.  The  mean  intensity  of  friction  for  the  same  depth  of 
penetration  on  the  sides  of  parallel  piles  is  greater  in  the 
case  of  piles  of  small  cross  section  than  in  the  case  of  larger 
ones:  but  if  the  diameter  of  the  pile  be  reduced  beyond  a 
certain  amount  (the  depth  of  penetration  being  constant) 
then  the  mean  intensity  of  the  friction  appears  to  decrease 
again  Consequently  tor  a  given  quantity  of  material  of 
which  to  make  piles  a  large  number  of  small  piles  is  more 
efficient  than  a  smaller  number  of  large  ones. 

11.  Pointed  piles  are  more  efficient  per  unit  volumes  of 
pile  than  blunt  ones  because  the  points  cause  a  more  gradual 
lateral  displacement  of  the  clay,  thus  leaving  it  in  more  in- 
timate contact  with  the  sides  of  the  pile. 

12.  The  action  of  the  point  of  a  pile  is  to  cause  the  pressure 
of  fluidity  to  be  attained  on  its  surface,  whereupon  the  clay 
flows  out  of  the  way. 

13.  The  resistance  to  penetration  is  considerably  greater 
the  lower  the  temperature  of  the  clay,  probably  because  the 
pressure  of  the  fluidity  increases  as  the  temperature  de- 
creases. 

14.  The  density  of  clay  decreases  as  the  percentage  of 
water  increases. 

15.  The  work  done  per  unit  volume  of  displacement  in- 
creases as  the  angle  of  taper  decreases;  but  when  the  taper 
approaches  0,  or  is  0,  then  the  work  done  is  less  than  when 
the  angle  of  taper  is  larger,  for  the  reasons  given  in   (9). 

16.  When  forcing  a  disc  into  clay,  the  sides  of  the  hole  do 
not  crush  in  (unless  a  certain  critical  depth  be  attained) 
because  the  pressure  of  fluidity  of  the  clay  having  been  at- 
tained immediately  under  the  disc,  the  clay  flows  laterally: 
but  the  moment  it  has  escaped  from  beneath  the  disc  the  pres- 
sure is  reduced  to  the  statical  pressure  con-esponding  to  the 
local  head  of  clay,  and  when  this  is  less  than  the  pressure  of 
fluidity  the  clay  does  not  flow  into  the  hole  made  by  the  disc, 
but,  if  the  penetration  of  the  disc  be  carried  far  enough,  then 
ultimately  the  statical  head  of  clay  will  be  equal  to  the  pres- 
sure of  fluidity  and  the  sides  of  the  hole  near  the  bottom 
will   crush   in. 

17.  The  friction  of  clay  on  wood  is  greater  than  on  tin  plate. 
IS.  The  tensile  strength  of  the  clay  experimented  with  was 

greater  when  it  was  raw  and  dry  than  when  it  was  baked. 

19.  Clay  is  elastic.  , 

20.  The  contraction  of  clay  on  drying  probably  increases 
as  the  percentage  of  water  in  the  clay  increases. 


Recovery  of  Phosphates  and  Ammonia  from   Sewage. — The 

obtaining  of  fertilizer  phosphates  from  sewage  is  suggested 
in  ihe  Chemiker  Zeitung  (Jan.  21,  1919)  by  J.  Gonni.  of  Berlin. 
He  gives  no  data  as  to  the  probable  yield  and  admits  that 
the  sewage  treatment  fpr  phosphates  alone  would  be  unprofit- 
able; but  he  claims  to  gain  the  ammonia  at  the  same  time 
and  further  to  disinfect  the  sewage  and  to  utilize  the  residue 
-familiar  claims  of  workers  on  (he  sewage  problem.  He 
also  points  out  that  where  ammonia  is  recovered  from  gas 
w^ater  his  process  might  be  worked  in  similar  apparatus.  The 
main  idea  of  his  suggestion  is  that  phosphoric  acid  is  pre- 
cipitated as  calcium  phosphate  from  solution  of  calcium 
chloride  and  other  calcium  salts  by  sodium  phosphate  when 
ammonia  is  present.  He  separates  the  liquid  from  the  solid 
sewage  in  special  apparatus  which  prevent  the  escape  of 
ammonia  and  also  prevent  explosion  of  any  explosive  gas 
mixtures.  The  clarification  is  facilitated  by  adding  certain 
refuse  or  by-products  of  the  process  to  the  .sewage.  Calcium 
salts,  also  from  the  refuse,  and  some  sodium  phosphate,  it 
necessary,  are  then  added  to  the  liquor,  and  the  mud  pre- 
cipitated is  filter-pressed  or  centrifuged.  The  settled  liquid 
passes  into  distilling  apparatus:  more  mud  is  obtained,  and 
the  precipitation  and  distillation  are  repeated. 


New    Method   of    Rebuilding   Ma- 
sonry Bridges 

By  MM.  LUTTON, 
From.  I^  0<^nlc  Civil,  Jun     1.    r.ilj 

Many  railroad  bridges  in  the  north  and  east  of  France. 
which  were  destroyed  during  the  war,  will  soon  have  to  bo 
rebuilt.  The  rebuilding  of  the  metal  bridges  will  not  be 
especially  difficult  tor  the  factories  will  shortly  be  able  to 
furnish  the  necessary  materials.  But  thi.s  Is  not  the  case 
with  masonry  arch  bridges.  The  materials  for  these,  such  as 
cut  stone  or  ashlar  are  not  available  because  the  operation 
of  many  of  the  quarries  have  been  suspended  and  because 
good  stone  masons  are  very  scarce.  Another  difficulty  Is 
found  in  the  wooden  centering  for  the  arch  during  construc- 
tion. This  centering  is  not  easy  to  build  and  requires  skilled 
workmen  and  large  quantities  of  timber.  In  many  cases  the 
presence  of  the  debris  from  the  old  bridge  in  the  stream 
makes  it  almost  impossible  to  secure  firm  foundation3  for 
this  centering. 

These  different  reasons  have  led  to  the  use  of  concrete 
arches  because  sand  and  gravel  can  be  easily  obtained  and 


Fig.   1 — Sketch  of   Ring. 

to  the  development  of  construction  methods  which  will  avoid 
the  use  of  wooden  centers. 

The  Compagnie  de  I'Est  has  solved  the  problem  by  using 
reinforcing  which  is  strong  enough  to  support  the  forms  and 
concrete  during  construction. 

Another  solution  consists  in  building  up  the  arch  to  the 
required  size  with  thin,  pre-cast  arch-rings  placed  side  by 
side.  The  breadth  of  each  of  these  rings  ij  so  determined 
that  it  is  possible  to  lift,  transport,  and  place  the  ring  with 
the  aid  of  the  railroad  cranes.  The  breadth,  therefore,  varies 
with  the  span. 

For  example,  a  bridge  for  a  double  track,  2G.5  ft.  (8  meters) 
wide  and  2G..S  ft.  (8  meters)  span,  whose  arch  has  a  mean 
thickness  of  3.3  ft.  (1  meter)  would  be  built  by  placing 
twenty  of  these  arch  rings  side  by  side,  each  ring  being 
about  l(i  in.  (0.4  meter)  in  breadth.  The  weight  of  each 
ring  would  be  about  44,0ii0  lb.  (20,000  kilogr.),  which  can 
be  easily  handled   by   the   railroad   cranes. 

The  question  of  lifting,  transporting  and  placing  the  rings 
without  subjecting  it  to  undue  stresses  and  deformations  is 
most  important.  This  is  accomplished  by  the  use  of  light 
reinforcing,  by  locating  the  points  of  suspension  carefully  and 
by   providing   the   rods   if   necessary. 

Figures   2   and   :;   show   diagramatically   how   it   is  possible 
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Figs.  2  and  3 — Method   ol  Suspending   Ring. 

to  support  the  ring.  In  Fig.  2  the  ring  AB  is  suspended 
from  two  points,  C.  and  D,  located  a  certain  distance  from 
the  end.  The  parts  AC  and  BD  act  as  cantilevers  and  should 
be  reinforced  lightly  on  the  extrados.  The  middle  part,  CD, 
acts  under  its  own  weight,  as  a  beam  resting  on  two  sup- 
ports, and  develops  a  tendency  to  crack  on  the  intrados  at 
the  point  S,  and  to  spread  the  supports  C  and  D.  But  the 
l)ending  moments  developed  at  C  and  D  by  the  cantilevers 
counterbalances  this,  and  in  turn  tends  to  crack  the  arch 
on  the  extrados  at  S  and  to  bring  the  points  C  and  D 
nearer  together.  It  can  be  seen,  therefore,  that  it  Is  pos- 
sible to  so  locate  C  and  D  that  the  stresses  in  the  middle  part 
of  the  ring  will  not  exceed  a  specified  limit. 

In  Fig  3  the  arch  AB  is  suspended  from  points  C  and  D 
near  the  ends,  and  it  is  consequently  necessary  to  add  the 
tierod   cn   to   keep   them   from   spreading  and   cracking  the 

"'rhe  suspension  cables  are  fastened  to  short  pieces  of  rail 
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Ijassing  under  the  ai'ch  at  the  selected  points  and  resting 
against  reiniji-ced  projections  cast  on  the  ring. 

While  being  transported,  the  ring  rests  on  the  pieces  of 
r.ii.    which  in  turn  rest  on  supports  built  on  the  car. 

The  rings  are  cast  and,  to  raise  them  to  a  vertical  position 
a  frame  of  rails  is  used.  This  is  slid  under  the  ring  and 
bolted  together;  the  short  pieces  of  rail  to  support  the  ring 
are  fastened  to  this  frame  and  the  whole  is  then  turned  to  a 
vertical  position  with  a  crane. 

The  rings  are  cast,  either  near  the  bridge  to  be  rebuilt. 
if  the  ground  permits,  or  at  the  nearest  station  where  ma- 
terials can  be  easily  obtained  and  are  carried  to  the  Job 
on  cars.  Since  the  rings  are  cast  flat,  only  simple  wooden 
forms,  easily  built,  are  required.  The  rings  may  be  made 
iis  rapidly  as  desired,  depending  upon  the  number  of  work- 
men. While  this  goes  on  and  while  the  rings  are  drying,  new 


Fig.   4 — Position    of    Supporting    Rail. 

supports  on  piles  or  the  abutments  of  the  old  bridge  are 
prepared   to   receive    them. 

Whon  the  arch  rings  arrive  on  the  job  they  are  lifted  up 
by  means  of  a  crane  or  cable  way  and  lowered  on  to  the 
abutments.  Before  removing  the  suspension  cables  a  wedge 
is  driven  into  the  joint  between  the  ring  and  support  and 
concrete  poured  around  it  as  soon  as  the  cable  is  out  of  the 
way.  These  wedges  are  made  of  concrete  and  are  left  in 
the  joint. 

After  all  rings  are  in  place,  transverse  tie  rods  are  put 
in  to  hold  them  firmly  together.  The  vertical  cracks  be- 
tween the  rings  is  then  filled  with  cement  mortar  and  a  layer 
of  concrete  is  placed  over  the  whole  arch.  Then  the  span- 
drels are  poured  and  finally  the  space  between  the  spandrels 
is    filled    and    brought    up    to    grade. 


Diving  Bell  for  Quay  Wall  Construction  at 
Gothenburg 

The  Teknist  Tidskrift  of  April  IG,  1919,  contains  an  inter- 
esting description  of  the  bell  used  for  the  Central  Harbor  at 
Gothenburg.  The  bell  consists  of  an  airtight  chamber.  32  ft 
10  in.  long  by  24  ft.  8  in.  wide,  suspended  from  an  overhead 
ti-aveling  crane  with  longitudinal  and  transverse  travel.  It 
is  supported  from  rails  resting  on  piles  ilriven  along  the 
quay  W'all  and  securely  held  in  position  by  diagonal  struts, 
as  cross  ties  would  have  interfered  with  the  working  of 
the  bell.  It  is  provided  with  two  air-locks,  one  for  workmen, 
and  the  other  for  materials,  the  air  chamber  is  11  ft.  G  In. 
high,  arranged  for  water  ballast  tanks  on  top.  To  sink  the 
bell,  water  is  pumped  in  by  a  4  in.  electrically  driven  cen- 
trifugal pump.  The  maximum  air  pressure  used  is  21. .3  lb. 
per  sq.  in.  above  atmosphere  equivalent  to  50  ft.  of  water. 
The  quantity  of  water  in  the  tanks  is  regulated  by  the  air 
pressure  through  a  special  valve  which  permits  surplus  water 
to  overflow  and  adjusts  the  total  weight  of  the  diving  bell 
to  the  depth  of  immersion.  Compressed  air  is  supplied  by  a 
blowing  engine  erected  on  the  top  of  the  diving  bell  and 
driven  by  a  6  Hp.  electric  motor.  It  is  capable  of  deliv- 
ering 350  cu.  ft.  of  free  air  per  minute  at  a  pressure  of 
21.5  lb.  per  sq.  in.  The  lower  edge  of  the  diving  bell  can 
be  raised  5  ft.  above  water  level  in  order  to  be  quite  clear 
of  the  quay  wall  which  is  a  shell  of  reinforced  concrete 
with  a  heavy  top  and  suitable  partition  walls.  It  is  con- 
structed in  sections  of  164  ft.,  which  are  completed  in  two 
weeks,  the  wooden  forms  being  fixed  the  first  week,  and 
the  concrete  cast  the  second  week.  The  whole  of  the  v/ork 
is  executed  under  compressed  air,  the  diving  bell  being  raised 
as  the  work  proceeds  vtically. 


The  Sense  of  Art  in  Engineering 

From    The   Engineer.    April    25   and   May   9,    1919. 

It  has  been  said  that  an  intensified  period  of  art  influence 
invariably  follows  a  great  period  of  warfare,  and  as  it  is 
certain  that  a  great  period  of  engineering  activity  will,  sooner 
or  later,  follow  after  peace  is  declared,  it  may  not  be  waste 
of  time  to  consider  the  possible  relations  ox  art  and  engineer- 
ing, after  the  present  insane  Germanic  influence  has  been 
put  under  proper  control. 

As  Mr.  Waddell  says  in  his  "Bridge  Engineering,"  the 
bundation  of  esthetics  is  of  the  subjective  order,  being  the 
quality  of  the  impression  made  on  the  mind  of  the  observer 
by  the  thing  observed.  The  condition  of  mental  develop- 
ment of  the  observer  has  everything  to  do  with  the  effect, 
pleasing  or  otherwise,  produced  by  the  object,  as  witness 
the  different  and  varying  conceptions  of  the  beautiful  held 
by  the  various  divisions  of  the  human  species  during  the 
successive   stages   of  their  evolution. 

The  precepts  of  art  are  not  by  any  means  absolute  and 
immutable;  the  problem  of  embodying  them  in  engineering 
works  is  not  an  easy  one.  and  cannot  be  solved  by  theory 
alone.  We  do  know,  however,  that  the  present  and  newest 
t. pes  of  straight  girder  and  cantilever  bridges  are  in  many 
cases  an  offense  to  the  landscape,  and  that  the  vast  but 
old  aqueducts  of  the  Romans,  the  pleasing  arch  bridges  of 
stone,  the  catenary  curves  of  suspension  bridges,  are,  or 
are  fast  becoming,  obsolete.  We  also  know  that  the  earlier 
attempts  of  the  engineer  to  decorate  his  bridges  by  rosettes 
or  buttons  of  cast  iron  at  the  intersections  of  the  bars,  or 
by  rearing  portals  with  a  lavish  display  of  metal  shell  work, 
scrolls  of  forged  iron,  and  cast  and  gilded  tables  of  names 
and  dates  are  also  becoming  obsolete,  and  that  greater  care 
and  reticence  are  now  being  devoted  even  to  the  design  of 
concrete  and   reinforced  concrete  construction. 

The  artistic  architect  and  the  scientific  engineer  will  now 
agree  that  a  mask  of  ornamental  cast  iron,  covering  tlu- 
essential  features  of  a  structure  to  force  upon  it  an  effect 
of  grace  is  most  illogical.  "A  form  which  admits  of  no  ex- 
planation, which  is  mere  caprice,  cannot  be  beautiful,  and 
every  form  which  is  not  inspired  b.v  the  structure  ought  to 
be  rejected."  Many  European  bridges  fail  in  respect  of 
festhetics,  because  of  inappropriate  ornamentation,  such,  for 
instance,  as  exaggerated  portals  highly  bedecked  with  trim- 
mings that  outrage  good  taste.  Often  in  the  very  process 
of  making  structures  powerful,  compact  and  economical,  the 
ideals  of  beauty  have  been  satisfied,  without  any  apparent 
effort.  The  ideals  are  different  in  the  modern  battleship  to 
what  they  were  in  the  old  days  of  Nelson,  Dibdin  and  Camp- 
bell, but  they  are  quite  as  true.  The  Doric  order  of  archi- 
tecture would  still  be  beautiful  without  Its  sculptured 
friezes,  metopes  and  pediments,  and  the  latter  are  only  ad- 
missible because  of  their  artistic  reticence. 

It  is  remarkable  that  beauty  of  proportion  has  often  been 
proved  by  mathematics,  although  mathematics  allowed  to  be 
the  only  element  in  the  problem  has  seldom  produced  beau- 
tiful  results. 

Artistically  Designed  Structures  Not  Necessarily  Expensive. 
— There  has  been  a  general  impression  that  to  ingraft  archi- 
tectural effects  upon  engineering  construction  will  always 
/nvolve  the  necessity  for  an  increased  expenditure,  but  the 
truth  is  that  it  requires  the  expenditure  of  more  thought 
than  money  to  obtain  artistically  designed  structures,  al- 
though at  the  same  time  it  is  a  matter  requiring  special 
training,  and  therefore  cannot  well  be  done  through  mere 
instinct. 

In  his  book  referred  to  above.  Mr.  Waddell  gives  the  fol- 
lowing precepts.  A  structure  must  be  in  harmony  with  its 
environment ;  that  is.  its  general  outlines  should  merge  in 
those  of  the  landscape.  A  tall  church  spire,  for  instance, 
would  not  be  as  suitable  on  a  rocky  hill  top  as  a  squat  tower 
with  no  turrets.  The  sense  of  abruptness  should  never  strike 
the  observer.  Shrubbery  may  very  often  be  used  to  merge  a 
structure  into  the  landscape. 

Symmetry  in  the  lav-out  of  bridge  spans  is  always  pleas- 
ing, and  there  is  little  which  is  so  displeasing  as  unequal 
spans  without  apparent  necessity  for  their  inequality.  But 
any  divergence  from  symmetry  and  regularity  for  which  there 
is  an  evident  reason  produces  no  unfavorable  impression. 
Changes  in  outline  should  be  abrupt  unless  there  is  an  ap- 
parent reason.  The  harsh  outlines  of  a  cantilever  bridge 
can   be    relieved    by   making   the   chords   stimulate   a    curve. 
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and   certainly   the   straight   lir.es   of   chords   sI.ouUl   not   inter- 
sect  each  oiher  abrnptiy. 

Ornnmentation  Must  Justify  Itself. — Mere  orn;unentution 
affronts  the  sense  of  fitness,  all  forms  must  show  some  pur- 
pose in  their  general  relation,  and  each  part  of  a  structure 
must  be  treated  in  such  a  way  that  its  function  shall  be  ap- 
parent and  emphasized  according  to  its  importance.  As  .Mr. 
H.  H.  Statham  said  before  the  Royal  Institute  of  British 
Architects,  'The  Tower  Bridge  represents  the  vice  of  tawdri- 
ness  and  pretentiousness,  and  of  falsification  of  the  actual 
facts  of  the  structure.  The  exceedingly  heavy  suspension 
chains  are  made  to  appear  to  hang  on  an  ornamental  stone 
structure  which  they  would  in  reality  drag  down,  and  capi- 
tals are  inserted  where  they  have  nothing  to  do  with  the 
Structure."  Ornamentation  can  have  no  other  justification 
than  that  it  serves  to  render  clear  or  to  emphasize  the  func- 
tion of  a  member  in  the  structure.  Functional  efficiency — 
the  ability  of  any  member  or  detail  to  perform  the  duty 
assigned  to  it  in  an  efficacious  way— is  a  most  valuable  cri- 
terion. 

Many  arch  spans  have  recently  been  built  of  reinforced 
concrete  which  fail  artistically  because  the  arch  ring  is  not 
defined,  but  is  merged  in  the  spandril  walls,  or  in  which  the 
skew  backs  or  springings  are  not  defined,  or  in  which  the 
spandril  wall  is  not  separated  from  the  handrail  by  a  belt 
course  showing  the  grade  of  the  roadway,  or  in  which  the 
handrail  is  not  subordinated  to  the  main  parts,  or  in  which 
the  piers  have  not  distinctiveness,  the  fact  being  ignored 
that  the  more  important  part  of  the  pier  is  below  the  spring- 
ing ]ine. 

Method  of  Treatment  Depends  on  Material. — Different  kinds 
of  material  used  in  structures  call  for  different  treatment. 
The  advent  of  a  new  material  with  different  physical  proper- 
ties from  those  previously  used  creates  a  new  standard  of 
aesthetics.  This  standard  once  attained,  the  old  stimdards 
will  gradually  be  made  to  conform  to  the  new  conditions. 
Mr.  Waddell,  in  his  book,  confesses  that  from  an  artistic 
point  of  view  the  average  American  bridge  is  inferior  to  the 
average  European  structure,  and  states  that  while  it  is  ad- 
visable for  American  bridge  designers  to  study  carefully 
European  practice  in  respect  of  festhetics,  yet  they  should  be 
cautious  to  avoid  thoughtless  imitation,  because  decorative 
features  which  are  appropriate  to  the  heavy,  massive  and 
costly  bridges  of  Europe  would  be  out  of  place  when  en- 
grafted on  .some  of  the  ligin.  airy,  and  economic  structures 
characteristic  of  American   bridge  engineering. 

Mr.  .1.  M.  Linton  Bogle  read  a  paper  some  time  ago,  be- 
fore the  students  of  the  Institution  of  Civil  Engineers,  on 
"The  Artistic  Responsibilities  of  the  Engineer."  In  that 
paper  the  statement  was  made  that,  although  engineering 
structures  exerted  considerable  influence  on  the  lives  and 
character  of  the  people,  and  were  essential  to  the  happi- 
ness and  very  existence  of  the  population,  yet  the  inartistic 
appearance,  and,  indeed,  ugliness,  of  engineering  works  had 
done  incalculable  harm  to  the  dignity  of  the  town  and  to 
the  beauty  of  the  countryside.  This  author  further  states 
that  "every  common  thing  which  L-.  fittingly  designed  to  ex- 
press its  use  and  functions  adequately  is  a  thing  of  beauty," 
but  this  rather  overstates  the  case,  as  a  common  brick  or 
a  refuse  tin  in  that  case  would  as  such  be  beautiful.  The 
criticism  is.  however,  truly  made  that  the  engineer,  impelled 
by  the  laudable  object  of  making  his  work  more  pleasing, 
goes  further,  and  applies  some  form  of  ornamentation,  often 
wi'hout  having  regard  to  the  important  consideration  of  tra- 
dition. 

In  a  material  such  as  stout,  vve  have  the  exp'erience  and 
traditions  of  men  using  it  tor  thousands  of  years,  and  for 
the  engineer  to  be  ignorant  of,  or  to  ignore,  these  tradi- 
tions is  to  offend  against  the  proportions  and  the  principles 
which  they  embody. 

Nature  the  Master  Teacher. — Mr.  Joseph  Husband,  in  a 
paper  which  he  read  before  the  Institution  of  Civil  Engi- 
neers, entitled  "The  -95sthetic  Treatment  of  Bridge  Struc- 
tures." points  out  that  nowhere  is  the  fundamental  rule  of 
natural  beauty  of  a  fittingly  designed  object  better  exempli- 
fied than  in  Nature:  but,  in  this  case.  Nature  has  almost  in- 
finite tradition,  or  as  it  may  perhaps  be  better  expressed,  an 
infinite  development,  to  work  upon.  Nature  points  the  way. 
for  in  everv  case  the  most  beautiful  and  perfect  result  is 
obtained  by  the  most  economical  expenditure  of  ma- 
terial, and  the  simplest  arrangement  of  parts  for  accom- 
plishing the  object.  Added  ornament  is  not  only  unnecessary, 
but  entirely  foreign  to  the  end  in  view.     The  Britannia  Bridge 
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makes  no  pretension  to  architectural  beauty,  yet  a  greater 
H'sthetic  success  has  seldom  been  achieved.  The  piers  are 
devoiu  almost  to  meanness  of  architectural  detail,  but  their 
appearance  conveys  a  striking  impression  of  majesty.  The 
carrying  up  of  the  piers  to  a  considerable  altitude  above 
the  girders  add  greatly  to  the  effect,  and  the  cmitinulty  of 
the  gilders  is  suggested,  by  reason  of  the  perforation  of  the 
piers  by  them.  This  bridge  has  really  a  very  strong  archi- 
tectural flavor.  Architecture  does  not  necessarily  mean 
ornament,  and,  with  regard  to  iron  structures,  it  may  be 
accepted  as  an  axiom  that  where  ornament  walked  In  at  the 
door,  art  flew  out  at  the  window.  Whether  the  piers  of  the 
Britannia  Bridge  were  made  so  high  that  they  could  be  used 
for  suspension  chains  has  nothing  to  do  with  the  present 
appearance  of  the  structure. 

The  servile  imitation  of  architectural  detail  contributes 
only  to  a  painfully  ludicrous  appearance.  It  seems.  Indeed, 
a  pity  that  those  responsible  tor  the  perpetration  of  such 
designs  should  not  have  made  a  sufficient  study  of  archi- 
tecture, less  w-ith  a  view  to  its  employment  than  to  learn 
when  u,:t  to  us3  it.  In  the  discussion  which  followed  the 
reading  of  Mr.  riu':.land's  paper,  it  was  stated  that  it  took 
the  engineer  the  greater  part  of  his  life  to  become  a  master 
in  his  science,  and  it  took  an  architect  or  an  artist  the  whole 
of  his  life  to  learn  something  of  art.  It  seemed  rather  un- 
reasonable to  expect  that  any  one  man,  whether  an  engi- 
neer or  an  architect,  should  be  able  to  carry  out  a  work 
such  as  a  very  large  bridge  with  perfect  scientific  skill  and 
perfect  fe-thetic  taste.  On  the  Alexander  III,  bridge.  In 
Paris,  two  engineers- and  two  architect-,  had  been  employed. 
and  have  worked  anr'cabl/  together.  The  very  lamp  stand- 
ards were  put  into  the  hands  of  one  of  the  first  sculptors 
of  the  day.  In  Kngland  they  would  have  been  designed  In 
the  engineer's  office,  or  perhaps  made  from  an  old  foundry 
pattern.  French  engineers  have  devoted  a  great  deal  more 
attention  to.  and  have  succeeded  more  admirably  in.  giving 
a  pleasing  effect  to  their  structures  than  English  engineers. 
Sufficient  time  and  attention  is  not  devoted  in  the  usual  case 
to  the  study  of  the  appearance,  as  well  as  the  utility  of  the 
works  designed  by  engineers.  Clients  too  frequently  have 
an  idea  that  if  a  thing  is  only  ugly  it  must  be  economical. 
It  was  brought  out  in  the  discussion  on  Mr.  Husband's 
paper  that  Nature,  under  no  circumstances,  knows  a  straight 
line,  a  right  angle,  or  a  segment  of  a  curve,  without  one  or 
other  of  which  architecture  is  impossible.  Nature  also  some- 
times sets  her  own  laws  at  defiance,  decorating  apart  from 
constructing,  as,  for  instance,  when  she  puts  the  stripes  on 
the  tiger's  back,  although  these  markings  may  have  some- 
thing to  do  with  concealment.  Ornament  that  is  meaning- 
less, that  is  achieved  rapidly,  ornament  that  is  not  the  care- 
fully expressed  utterance  of  the  delight  the  designer  felt  in 
the  work  of  his  own  hands,  is  not  ornament  worth  having. 
The  application  of  a  castellated  form  to  a  bridge  pier  or 
abutment  is  an  anachronism  which  rankles  the  soul  of  an 
artist,  and  only  satisfies  an  untutored  craving  for  ornament. 
Artistic  Treatment  of  Concrete  Structure. — Professor  Beres- 
ford  I'ite,  lecturing  before  the  Concrete  Institute  on  "The 
.Esthetic  Treatment  of  Concrete."  said  that  the  simplest 
;]nd  directest  royal  road  to  ultimate  artistic  and  architectural 
success  in  that  material  would  be  reached  by  eschewing,  the 
process  implied  by  the  title  of  his  paper.  We  do  not  live  in 
the  past,  though  upon  it;  but  nevertheless  are  neces.sarlly 
part  of  the  world  to  which  an  architectural  or  aesthetic 
semblance  has  importance. 

Speaking  of  reinforced  concrete,  the  question  immediately 
arises  whether  the  provision  of  a  new  material,  and  the  ap- 
plication of  novel  methods  of  construction,  are  in  themselves 
sufficient  to  produce  original  aesthetic  design,  fresh  in  any- 
refreshing  sense,  having  attractiveness  and  elemental  U^auty. 
It  is  comparatively  easy  to  build  in  truth,  but  the  problem 
remains  to  design  it  with  beauty.  Professor  Pite,  in  his  paper. 
remarked  that  an  .TSthetically  affected  and  backward  look- 
ing generation  would  refuse  to  be  satisfied  with  unadorned 
veracities,  and  would  repeatedly  demand  beauty  until  some- 
thing sweet,  with  the  taste  of  which  it  was  thoroughly  fa- 
miliar, had  been  stirred  into  this  simple  fare. 

The  architect  sets  about  his  task  of  producing  pleasant- 
ness of  aspect,  and.  guided  by  an  instructed  instinct,  he  col- 
lects ideas,  beelike,  out  of  the  material  of  precedents  and 
motives  in   the   world   around   him. 

There  is  no  common  artistic  sense  or  experience  which 
will   enable   the   educated   and   cultivated   world   of  today  to 


148 


Eitginccriiir]  and  Contracting  for  Jtily  30,  1919. 


accejit  the  native  and  naked  tacts  of  a  reinforced  concrete 
building  of  ordinary  purpose,  such  as  a  wareliouse  or  office 
blocli,  as  anything  else  but  barbarous,  apart  from  some  har- 
monious relation  to  and  reflection  of  traditional  architec- 
tural forms  and  proportions  which,  by  long  usage  and  his- 
toric meaning  have  established  themselves  as  alphabets  and 
symbols  of  artistic  expression  in  the  building  arts.  It  would 
be  idle  to  tell  an  architect  that  his  reinforced  concrete  build- 
ing must  be  simply  true  to  its  material  and  purpose,  and  rely 
only  on  good  proportions  tor  success  and  artistic  effect. 
Therefore,  in  the  absence  of  artistic  power  to  educe  beauty 
out  of  the  utilitarian  factors  of  reinforced  concrete  building, 
we  are  compelled  to  adopt  and  adapt  those  past  architectural 
forms  which  have  canons  of  proportion,  and  have  attained 
by  long  acceptance  a  force  of  expression. 

These  architectural  forms  are  of  age-long  growth  and  de- 
velopment, and  though  they  come  to  us  in  stone  and  brick, 
and  therefore  seem  unsuitable  and  unreal  if  applied  to  a 
novel  artificial  material,  we  have  none  other  with  which  to 
make  that  public  appeal  for  sympathy  which  is  the  basis  of 
the  artistic  sentiment.  Professor  Pite  therefore  held  that 
we  find  no  instinctive  guidance  towards  an  unbi?|ed  and. 
fresh  originality  in  the  sesthetic  treatment  of  both  a  novel 
building  material  and  principles  of  unusual  application,  and 
also  that  invocations  of  good  proportion,  or  of  other  abstract 
principles,  though  useful  as  weapons  of  criticism,  are  simi- 
larly of  no  assistance  in  creating  a  system  of  design.  He 
further  held  that  superficial  color  treatments  are  insuffi- 
cient for  architectural  expression,  though  valuable  in  assist- 
ing testhetic  effect.  But  that  the  texture  of  concrete  sur- 
faces modifies  and  imparts  special  character  to  any  forms 
employed    for   architectural   purposes. 

The  only  method  by  which  definite  progress  in  an  archi- 
tecture of  concrete  will  be  possible  is  by  the  scholarly  and 
critical  employment  of  the  traditional  plastic  forms  of  archi- 
tecture modified  by  and  adapted  to  execution  in  concrete,  and 
this  is  its  Eesthetic  treatment. 

In  the  discussion  which  followed  the  reading  of  Profes- 
sor Pite's  paper,  the  author  disputed  the  right  of  engineers 
to  deal  aesthetically  with  any  subject  without  training.  He 
said  that  they  had  no  more  right  to  sit  down  and  talk  about 
how  they  designed  masses  having  vertical  and  horizontal 
forms  than  he  had  any  right,  as  an  architect,  to  discuss 
with  them  how  he  was  to  design  an  enormous  concrete  work. 
It  was  when  the  engineer  attempted  to  be  consciously 
aesthetic  that  he  exposed  the  cloven  hoof.  One  might  have 
the  natural  and  inevitable  results  of  utilitarian  and  construc- 
tive law  accumulating  in  aesthetic  force  and  value.  One 
might  have  them  in  the  Forth  Bridge  or  in  a  gasometer: 
one  had  it  in  the  original  basis  of  styles  of  architecture,  but 
ultimately  the  language  that  we  spoke,  the  music  that  we 
heard,  the  architecture  that  we  saw,  were  the  results  of  a 
long  process,  the  world-wide  historic  process  of  evolution- 
ary form,  and  it  was  the  doctrine  of  that  evolution  which 
needed   understanding. 

One  speaker  referred  to  a  reinforced  concrete  engineer 
who  stated  that  he  designed  beams,  slabs  and  constructional 
work,  but  that  the  lavatory  and  heating  arrangements  he 
left  to  the  architect.  This  statement  showed  that  this  engi- 
neer did  not  understand  what  architectural  treatment  meant. 
nor  what  were  the  duties  of  an  architect,  and  neither  did 
he  understand  the  aesthetic  treatment  of  concrete.  Another 
critic  believed  in  collaboration  between  the  engineer  and  the 
architect,  but  that  when  one  did  have  an  engineer  who  had 
a  moderate  training  as  an  architect,  there  was  no  reason  why 
he  should  not  combine  both  engineering  and  architecture. 
One  gentleman  said  that  the  characteristic  feature  of  rein- 
forced concrete  was  tension,  and  that  the  typical  form  of 
construction  in  that  material  was  the  cantilever.  Progress 
would  take  place  in  that  direction:  we  should  have  larger 
spans  and  greater  cantilevers,  and  we  should  then  consid- 
erably modify  our  present  ideas  of  proportion. 

Professor  Pite  affirmed  emphatically  that  it  was  not  possi- 
ble for  an  engineer  who  understood  something  of  architec- 
ture satisfactorily  to  deal  with  the  subject,  nor  that  it  was 
possible  to  imagine  certain  principles  of  proportion  and  ap- 
ply them  to  the  new  material  irrespective  of  architectural 
examples  in  other  materials.  If  we  departed  from  the  ac- 
cepted proportions  which  we  derive  from  traditional  archi- 
tecture, we  are  completely  at  sea. 

Certain  conclusions  can  be  drawn  from  this  valuable  dis- 
cussion on  the  aesthetics  of  reinforced  concrete.  It  should 
not  be  forgotten  that  we  are  working  in  a  cast  material  just 


the  same  as  if  we  were  working  in  cast  iron,  and  that  the 
forms  of  construction  should  be  suitable  for  a  cast  material 
in  the  same  way  that  the  engineer  working  with  cast  metal 
would  give  it  its  own  particular  forms,  suitable  to  the  casting 
box.  No  engineer  would  dream  of  c'astihg  a  girder  in  the 
form  of  a  steel  riveted  structure  with  rivet  heads  and  angle 
iron  connections,  and  yet  the  architect  sometimes  imitates 
the  forms  only  suitable  for  brick  or  stone  in  his  reinforced 
concrete  work.  No  man  by  sitting  down  and  thinking  can 
invent  a  new  architectural  style.  He  cannot  invent  a  new 
style  any  more  than  he  can  invent  a  new  animal. 

One  remarkable  statement  made  by  Professor  Pite  was  that 
the  absence  of  joints  was  sufficient  to  evolve  a  new  style 
upon  and  to  make  it  distinguishable  from  a  previous  style. 
Reinforced  concrete  seems  to  lend  itself  to  massive  styles 
such  as  the  Egyptian,  and  to  surface  decoration  styles  such 
as  the  Saracenic,  more  than  to  the  constructionally  decorated 
styles  such  as  the  Gothic.  A  flying  buttress  with  pinnacles 
would  seem  out  of  place  in  reinforced  concrete  construction, 
since  we  know  that  the  reinforcing  bars  can  be  placed  in 
such  a  position  that  the  buttress  shall  be  self-contained,  and 
then,  of  course,  flying  buttresses  are  unnecessary.  So  also 
in  the  case  of  the  dome;  the  material  can  be  perfectly  self- 
contained,  so  that  the  stresses  can  be  provided  for  without 
the  use  of  a  massive  or  heavy  wall  around  the  base  of  the 
dome.  A  flat  roof  may  be  used  in  reinforced  concrete  work, 
since  a  flat  roof  can  as  easily  be  made  waterproof  as  one 
of  steeper  pitch. 

It  seems  a  simple  expedient  for  an  architect  to  treat  his 
buildings  in  the  way  that  an  engineer  is  supposed  to  treat 
his  structures;  that  is,  to  provide  for  utility  only,  and  then 
to  clothe  the  naked  utility  in  some  way  that  is  pleasing  to 
the  eye  of  the  public,  but  yet  not  to  affect  or  have  reference 
to  any  architectural  style.  But  this  is,  of  course,  possible 
no  more  than  it  is  possible  for  a  man  to  speak  out  the  ex- 
pression of  his  ideas  in  any  other  language  than  that  to 
which  he  is  accustomed:  that  is,  the  traditionary  language. 
To  this  extent,  then,  is  the  man  bound  to  act,  if  he  proposes 
to  decorate  at  all:  he  is  bound  to  base  the  work  on  previous 
experience  on  earlier  styles,  just  as  a  man  who  speaks  can- 
not do  otherwise  than  speak  in  words  which  he  has  used 
before,  and  which  he  cannot  go  beyond. 

Architectural  Element  In  Engineering  Works. — Mr.  H. 
Heathcote  Stratham,  in  a  paper  read  before  the  Royal  Institute 
of  British  Architects,  said  that  in  the  iSth  century  engineers 
had  played  a  more  important  part  in  the  world  than  archi- 
tects, and  had  had  opportunities  similar  to  those  enjoyed  by 
the  architects  when  the  medieval  cathedrals  were  built  in 
the  13th,  14th  and  15th  centuries.  Engineering  works,  prop- 
erly so-called,  are  those  in  which  structural  and  practical 
requirements  alone  are  taken  into  account,  without  any 
special  consideration  of  aesthetics,  or  any  special  effort  at 
what  may  be  called  architectural  effect.  In  a  general  way, 
it  may  be  said  that  it  is  the  effort  to  make  them  "orna- 
mental,"  in  the  popular  sense  of  the  word,  which  spoils  them. 

The  most  serious  drawback  to  iron  structures,  considered 
in  their  relation  to  scenery,  consists  in  the  necessity  for 
painting  them.  In  stone  we  have  a  natural  material  which 
luirmonizes  with  the  landscape;  in  brick  we  have  a  material 
which  takes  on  tints  from  weather,  and  therefore  ultimately 
luirmonizes:  in  the  case  of  iron  we  are  reduced  to  the  paint 
pot.  Simplicity  of  design,  absence  of  anything  like  pre- 
tentiousness, a  simple  definition  of  the  practical  lines  of 
the  structure,  are  the  conditions  under  which  it  will  have 
the  best  efftect.  Any  attempt  at  artistic  or  decorative  treat- 
ment of  the  Forth  Bridge  would  have  been  preposterous,  and 
would  have  defeated  its  own  ends.  But  there  are  occasions 
when  an  engineering  work  may  fitly  be  the  subject  of  ornate 
treatment   as   a   work  of  architecture. 

The  two  mistakes  we  most  frequently  meet  with  in  ornate 
modern  engineering  works  are  coarseness  of  design  in  orna- 
ment and  mouldings,  and  want  of  perception  of  scale.  Scale 
may  be  regarded  in  two  lights.  It  consists  partly  in  propor- 
tioning all  the  parts  and  details  of  a  design  in  such  a  way 
that  they  shall  have  a  harmonious  relation  to  one  another; 
this  is  perception  of  scale  in  the  ;ibstract.  Conventional 
scale  is  the  recognized  and  habitual  proportion  to  each  other 
in  details,  such  as  those  of  the  architectural  orders,  which 
have  by  long  use  come  to  have  a  certain  recognized  relation 
to  one  another,  so  that  the  use  of  one  of  them  on  an  entirely 
different  scale  fo  what  we  are  accustomed  to  confuses  our 
sense  of  proportion  in  the  structure. 
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New  Form  of  Block  Work  for 
Building   Construction 

From  The  Surveyor,  April  25,  1919. 
For  many  months  past  Mr.  Albert  C.  Freeman,  a  well- 
known  architect,  has  been  working  in  conjunction  with  Mr 
E.  J.  Elgood,  of  Messrs.  E.  J.  Elgood,  Limited,  the  reinforced 
concrete  contractors,  to  invent  a  form  of  building  construc- 
tion which  should  be  of  a  permanent  character,  and  with  mate- 
rials within  the  immediate  reach  of  all  housing  authorities 
Messrs.  Freeman  and  Elgood  have  now  applied^  for  a  patent 
for  this  new  form  of  reinforced  concrete  brickwork  which  is 
simple  in  construction  and  of  an  ine.xpensive  character.  With 
this  invention  buildings  can  be  erected  in  a  most  efficient, 
economic  and  rapid  manner,  and  it  is  claimed  at  a  consid- 
erable less  cost  than  by  any  other  method.  This  construc- 
tion is  given  the  name  of  the  ■Cat-Ar,"  deriving  its  name 
from  the  "Catenarian  Arch,"  on  the  principle  of  which  it  is 
proposed  to  erect  the  buildings.  It  may  be  mentioned  that 
the  Catenarian  Arch  was  adopted  by  Jacques  Germain  Sorif- 
flot  for  the  middle  dome  destined  to  support  the  lantern  of 
the  Church  of  Sainte  Genevieve  at  Paris  in  1872. 

The  "Cat-Ar"  construction  consists  of  reinforced  concrete 
blocks,  size  24  in.  by  9  in.,  and  in  thicknesses  of  6  in.  and 
4  in.  The  blocks  are  cast  in  machines  with  hollow  cavities 
2%  in.  deep  all  round.  After  being  dried  and  matured  they 
are  built  up  in  the  same  manner  as  brickwork.  The  blocks 
are  bedded  together  with  sheets  or  strips  of  expanded  metal 
bedded  and  grouted  with  cement  into  the  grooves  of  the 
respective  blocks,  both  horizontally  and  vertically.  As  will 
be  seen  from  the  accompanying  illustration,  the  wall  liricks 
are   bonded   into    the   roof   bricks,   and    the   reinforcement   is 
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Construction. 


oof  has  been  its  high  cost  and  weight.  The  use  of  rein- 
torced  concrete  bricks,  constructed  on  th,-  arch  prlndp  e 
overcomes  both  of  these.  I„  the  construction  the  .nne; 
vd  Is  adjoining  the  sides  of  the  roof  will  be  constructed  per- 
ecly  upright  and  independent.  By  this  means  air-chamberB 
NMll  be  provided,  thus  making  the  building  of  a  more  even 
temperature^cool  in  summer  and  warm  in  winter  The 
space  occupied  by  the  air  chambers  can  be  devoted  to  cup- 
boards, so  that  no  actual  floor  space  Is  wasted. 

The  floors  and  ceiling  will  be  constructed  of  reinforced 
concrete  beams  and  slabs;  therefore  it  will  be  seen  that 
no  Umber  is  employed  in  the  construction,  with  the  exception 
of  joinery  work  for  such  as  doors  and  window  frames  and 
sashes.     The   roofs   and   checks   of  all   dormers   will   be  con- 
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Sections    of   Walls   and    Roof. 

Ktructed  of  concrete  and  canopy  and  hoods  over  doorvaya 
will  be  treated  in  a  similar  manner.  The  only  brickwork 
employed  will  be  that  for  chimneys  and  fire-places.  No 
tiles  or  slates  will  be  required  for  the  roofs,  and  no  rain- 
water pipes  or  gutters  will  be  employed.  The  rain-water  pass- 
ing from  the  roofs  will  be  collected  in  open  channels  In  the 
ground  of  the  building,  and  then  carried  to  discharge  into 
a  storage  tank,  to  be  subsequently  used  for  garden  or  allot- 
ment purposes. 


continuous,  so  that  the  whole  structure  becomes  one  solid 
mass  of  masonry;  The  internal  walls  are  reinforced  in  a 
like  manner  and  tied  into  the  end  walls  and  the  roof.  It 
is  claimed  that  a  6-in.  reinforced  "Cat-Ar"  wall  is  equal  in 
strength  to  that  of  14  in.  of  ordinary  brickwork.  The  bricks 
are  strong  and  rigid,  due  to  the  perfect  distribution  of  rein- 
forcing metal,  and  present  a  perfect  finished  appearance  from 
the  beginning.  The  exterior  walls  can  be  finished  with  rough- 
cast cement-work  and  give  the  appearance  of  age  and  stabil- 
ity equalled   by  the   old-time   stone  wall. 

In   the  design  of  these  buildings   the   outer  side  wall  will 
form  the  roof.     The  only  objection  ever  made  to  a  concrete 
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Causes   of   Failure   in   Slag    Concrete 

Although  well  made  slag  concrete  is  a  very  reliable  build- 
ing material,  there  have  been  cases  where  concrete,  in 
which  slag  has  been  used  as  an  aggregate,  has  failed.  The 
chief  causes  of  failiire  were  given  by  Dr.  .).  E.  Stead  in  a 
paper  read  last  June  before  the  Cleveland  institution  of 
Engineers  as  follows:  (1)  The  scrimping  of  the  cement,  leav- 
ing the  finished  concrete  in  a  very  porous  condition,  which 
is  not  serious  in  constructions  above  water  level,  but  where 
fresh  or  salt  water  has  free  passage  into  or  through  the 
concrete  is  almost  certain  to  cause  disintegration — rapidly  by 
sea  water  and  less  so  with  fresh  wafer.  Whatever  the  aggre- 
gate may  be.  porosity  in  concrete  is  certain  to  lead  to  pre- 
mature destruction  by  sea  water.  (2)  To  the  use  of  the  lines 
from  old  slag  dumps,  which  often  contain  coal  ashes  and 
other  deleterious  substances.  It  is  therefore  desirable  to 
riddle  off  and  reject  all  that  will  pass  a  sieve  with  M  In. 
mesh,  or  better,  the  pieces  smaller  than  1  in.  in  diameter. 
F'referably  it  is  safer  not  to  use  anything  but  pure  clean  slag. 
Coal  ashes  are  sometimes  present  in  mixed  dumps  and  con- 
tain sulphides  of  iron,  which  in  presence  of  air  and  water 
produce  acid  solutions  which  react  on  the  slag,  dissolving  a 
portion  of  the  alumina  and  lime,  producing  the  aluminium- 
calcium  sulphate,  which  may  cause  eX"pansion.  Concrete 
floors  and  pavements  have  been  know'n  to  expand  and  buckle 
purely  owing  to  the  oxidation  of  the  sulphide;j  and  production 
of  hydrated  calcium  sulphate,  and  possibly  due  to  the  pro- 
duction of  the  double  salt  just  referred  to,  particularly  in 
cases  where  care  has  not  been  taken  to  remove  the  fine  slag, 
and  when  the  concrete  has  been  porous  and  kept  In  a  damp 
condition.  It  is  advisable  therefore  not  to  use  any  fine  slag 
at  all  for  floors  exposed  to  such  conditions,  but  employ  ordi- 
nary sand  instead,  and  in  confined  positions,  such  as  the 
floors  of  dwelling  houses,  to  refrain  from  .ising  slag  as  an 
aggregate  owing  to  the  property  slag  has  of  yielding  sul- 
phured hydrogen  when  it  is  moistened. 
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On  the  Metallurgical  Information 
Required  by  Engineers 

By  LIEUT.  COL.  C.  F.  JENKIN. 
From  Engineering,   March  2S,  1919. 

For  the  past  four  years  the  writer  has  been  responsible 
for  recommending  materials  for  all  parts  of  aeroplanes  and 
aero-engines.  In  engineering  it  has  been  customary  to  ad- 
here to  the  use  of  materials  which  experience  has  shown  to 
be  suitable  tor  the  different  parts,  but  in  aircraft  a  new  fac- 
tor is  of  paramount  importance— viz.,  weight— with  the  result 
that  new  materials,  such,  for  example,  as  aluminum  alloys, 
are  constantly  being  suggested  and  tried  for  purposes  for 
which  they  have  never  before  been  used.  Further,  it  has  be- 
come of  importance  to  use  all  materials  in  their  strongest 
condition:  thus  the  bulk  of  the  steel  used  is  so  treated  as  to 
have  a  strength  about  double  that  of  the  steel  used  for  ordi- 
nary engineering  work.  In  order  to  be  able  to  judge  whether 
a  new  material  (or  an  old  material  in  a  new  condition)  is 
suitable  for  any  particular  use  the  following  fundamental 
problem,  therefore,  becomes  of  essential  importance: 

"On  what  properties  of  the  material  does  its  suitability  tor 
any  particular  purpose  depend?" 

This  question  has  arisen  in  connection  with  all  sorts  of 
materials— metals,  timber,  flax  and  hemp,  rubber,  paint,  etc., 
and  in  connection  with  their  use  in  engines,  aeroplanes, 
balloons,  armament,  instruments,  etc.  To  simplify  the  prob- 
lem let  us  confine  our  attention  to  metals  for  use  in  engines. 
In  order  that  a  metal  may  be  suitable  tor  a  particular  part 
of  an  engine  it  must  possess  certain  properties  which  the  en- 
gineer can  easily  specify,  e.g.:  — 

1.  Stability— i.e.,  strength  to  resist  deforniatiion  (beyond 
a  minute  extent). 

2.  Long  Life — i.e.,  endurance  when  subjected  to  stress  (of 
a  definite  sort)  and  when  subjected  to  abrasion  and  corrosion. 

3.  Special  Properties  for  certain  parts— e.g.,  a  low  coeffi- 
cient of  friction  for  bearing  metals. 

For  simplicity  we  may  confine  our  attention  to  items  1  and 
2.  Stability  and  long  life,  then,  are  the  properties  desired 
by  the  engineer:  but  these  are  not  among  the  properties 
which  are  known  to  the  metallurgist  and  when  the  engineer 
asks  for  information  he  is  given  a  very  different  list  of  data, 
viz.:  — 

Chemical    analysis. 
Microstructure. 

Mechanical   tests— ultimate   strength,   elastic   limit,   elonga- 
tion,  reduction   of  area.     Bend   tests   of   different   sorts. 
Brinell,  scleroscope.    Izod.    Fatigue  range. 
Chemical  reactions. 

There  is  hardly  any  correspondence  between  the  two  lines. 
In  an  attempt  to  bridge  the  gap  between  the  two  we  use  a 
terrible  list  of  vague  words  to  hide  our  ignorance. 
Hardness. 
Springiness. 

Toughness  and  brittleness. 
Fibrous  or  crystalline  structure. 
Resistance  to  shock  or  vibration  or  impact 
Some  comparison  may  be  attempted  between  the  two  lists 
by  putting  them  in  parallel  columns:  — 
Stability     under    tensile    or     com-      Elastic   limit. 

pressive   stresses    Scleroscopic    hardness. 

Stability    under    bearing    pressure      Brinell  hardness. 

(rivet  holes,  pin  holes,  ball  bear-      Resistance    to    scratch- 

ings)     ing. 

Lite  under  steady  stress   Elastic  limit. 

Life  under  varying    stress    Fatigue  range. 

Life  under  abrasion    "Hardness"  (one  of  the 

meanings). 

Life  under  corrosion   The  chemical  reactions 

on     which     corrosion 
depends  are  little  un- 

-T"-Ttr,od. 

Of  no  interest  to  the  engineer Chemical  analysis. 

Of  no  interest  to  the  engineer Microstructure. 

Little  interest  except  as  giving  a"| 

margin  of  strength  before  final  \  Ultimate  strength. 

fracture     in      some     steadily- J 

stressed  parts   

No  interest   Elongation. 

No  interest   Reduction  of  are.i 

No  interest   Benfl  test. 


No  interest   Brinell. 

No  interest   Izod. 

To  illustrate  the  want  of  correspondence  between  the  two 
columns  let  us  suppose  that  it  is  desired  to  replace  steel  by 
an  aluminum  alloy  for  some  purpose.  It  is  obvious  that  it 
is  impossible  to  make  any  useful  comparison  by  comparing 
the  analyses  or  the  microstructure  of  the  two  metals.  It  is 
really  useless  to  compare  the  ultimate  strengths,  elongations, 
reductions  of  area,  Brinell  and  Izod  figures.  For  consider 
the  elongation.  Why  do  we  specify  17  per  cent  elongation 
for  a  steel  crankshaft  when  1/10  per  cent,  if  it  occurred, 
would  ruin  it?  Is  there  any  reason,  then,  to  specify  17  per 
cent  elongation  for  an  alumnium  crankshaft?  These  appar- 
ently important  mechanical  tests  are  really  no  more  rational 
guides  than,  say,  color.  As  a  matter  of  fact,  an  experienced 
eye  can  judge  as  well  by  the  color  of  the  steel  fracture  as 
by  the  Izod  figure  of  a  fracture.  But  it  is  obviously  useless  to 
compare  steel  and  aluminum  by  color. 

If  the  metallurgist's  properties  are  so  useless  to  the  engi- 
neer, why  are  so  many  of  them  included  in  the  specification? 
Owing  to  the  lack  of  knowledge  about  the  life  and  stability 
/,t  materials  it  is  not  possible  to  specify  such  qualities,  and 
the  engineer  has  to  specify  some  definite  material  which  he 
wishes  to  use,  either  for  an  experiment  or  as  a  result  of 
former  experience.  For  this  purpose  he  uses  the  chemical 
analysis  to  define  the  material,  and  the  microstructure  and 
mechanical  tests  to   define   the   condition  of   the   material. 

What,  then,  is  needed  to  enable  a  satisfactory  answer  to 
the  problem  to  be  given? 

1.  It  is  necessary  to  ascertain  what  physical  pr»perties 
of  the  metal  they  are  which  determine  Its  behavior  under 
the  conditions  specified  by  the  engineer. 

2.  It  is  necessary  to  determine  tests  which  shall^  show 
the  extent  to  which  those  physical  properties  exist  in  any 
metal. 

Z.  The  names  for  these  properties  must  be  accurately  de- 
fined. 

As  an  example,  consider  a  crankshaft.  It  is  suggested  that 
the  only  properties  which  may  need  to  be  considered  are:  — 

1.  The  fatigue  range.  The  designed  stress  must  not  ex- 
ceed this. 

2.  Freedom  from  sharp  cracks  or  faults.  Such  faults  may 
be  due  to  casting  flaws,  or  to  a  crystalline  structure  which 
encourages  surface  cracks  during  machining. 

Wearing  property  may  be  found  to  be-  unnecessary  with 
properly  lubricated  bearings— if  not,  this  must  be  added  to 
the  list.  '' 

All  the  other  properties  enumerated  on  the  previous  page 
may  be  found  to  have  no  direct  bearing  on  the  suitability 
of  a  material  for  crankshafts.  It  may  be  gratifying  to  a 
steel  maker  to  see  a  broken  crankshaft  twisted  v^p  all  sorts 
of  shapes  after  an  accident— but  why  should  it  not  have 
snapped  off  like  glass? 

The  above  two  requirements  for  a  crankshaft  may  be  re- 
ferred to  more  elementary  properties  by  the  metallurgist. 
He  may  be  able  to  indicate  the  types  of  solution  or  crystal- 
line aggregate  which  are  likely  to  give  the  desired  results. 
If  we  could  arrive  at  such  a  result  it  would  be  a  great  ad- 
vance on  our  present  position.  Such  complete  solutions 
have  been  reached  in  a  few  cases,  and  are  certainly  not  im- 
possible. 

As  an  example  of  a  test  properly  designed  to  determine 
the  required  property,  Strohmeyer's  test  for  the  fatigue 
range  may  be  given.  A  little  further  research  on  this  test 
will  probably  make,  it  perfectly  tnistworthy.  There  is  no 
doubt  what  it  measures. 

A  satisfactory  answer  to  the  problem  should  not  oe  beyond 
the  reach  of  the  metallurgist  and  engineer  if  they  work  in 
conjunction.  The  reason  that  former  attempts  have  had 
such  relativelv  unsatisfactory  results,  appears  to  be  that  en- 
gineers and  metallurgists  have  not  worked  together,  and  that 
engineers  have  not  fully  realized  the  fundamental  nature  of 
the  problems  they  were  attacking. 

It  may  be  possible  to  correlate  the  essential  engineering 
properties  with  the  results  given  by  existing  types  of  test, 
and  it  is  on  these  lines  that  most  work  has  hitherto  been 
done  but  more  probably  new  methods  of  testing  will  have  to 
be  devised  If  new  methods  of  testing  are  needed  it  is  im- 
portant that  tliey  should  be  designed  to  give  the  precise 
information  required.  Too  many  new  tests'  have  been  de- 
vised in  recent  years  without  any  exact  knowledge  of  what 


the.r  results  signify.  As  a  consequence  a  great  amount  of 
research  has  been  expended  in  endeavoring  to  interpret  the 
meaning  of  the  new  tests,  which  research  would  hLve  been 
more.j^omabiy  spent  in  devising  tests  to  give  the  essen U^ 
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Collective  Systems  of  Payment  by 
Results 

From   Engineering,   Jan    17    1919 

the    1st  two  o.'X°/'"°^  '"^^'"^^  ""^^  '^"^^^  P'^-^^  --'^^ 
nins    nf   ^l  f     -^^'^-  ^^''^''^^'  ^^  ^  «•««""  of  the  stim- 

ulus of  war  conditions,  and  the  present  is  an  opportune 
time  to  discuss  the  trend  of  such  applications  and  to  point 
ZJZT""  °'  ""'  ''''°"-'  °'  experience  in  operation.  S  s 
terns    of   payment    by    results    may    conveniently   be    divided 

sys°temr        "''    '■''"'^-    ''^    '"''^■'^"^'    ^"^    ^^^    -"-"ve 
It  has  been  proved  repeatedly  that  .in  the  operation  of  all 
systems  of  payment  by  results,   considerable  difflcult'es  wu! 
«ail>  be  experienced  and  the  desired  results  will  be  seriously 
postponed    unless    the    following    three    fundamental    condi 
tions  are  fulfilled.     Firstly,  that  there  must  be  a  sufficTencv 
of   work,    so    that    the    increased    output    accruing    from    en- 
hanced   opportunity    to    attain    to    higher    earnings    can    be 
accommodated.     Increased  output   may  mean   thaf  less  men 
will  be  required  for  the  work  in  view,  and  in  such  case  pro- 
vision must  be  made  to  absorb  the  surplus   so  created  into 
other  work,  also  carrying  remuneration  according  to  results. 
It  has  frequently  happened  that  speeding-up  has  thrown  men 
Idle,  and  if  not  paid  off.  the  argument  Is  used  that  were  nor- 
mal conditions  to  operate,  workers  would  be  paid  off      The 
consequence   is   a   set-back    to    payment    by    results       Partly 
arising  out  of  this  condition,   payment   by   results  and   time 
work  should  not   be  intermittent.     This   condition  of  partial 
application   encourages   dishonest   booking   of    times   against 
^,^      /n  '^^''^"y'^e  records,  and  preventing  in  large  measure 
the    full    benefits    of  payment    by   results     from    being  expe- 
rienced     Lastly,   suflicient   knowledge   and   experience   must 
be  available  for  and  applied  to  the  fixing  of  time  limits,  piece 
prices,   or   standard   outputs,   which,   when   once   fixed,   must 
not  be  altered  unless  the  conditions  are  changed      This  last 
condition  IS  obvious,  but  success  depends  very  largely  upon 
the   application   of   such   knowledge    and    experience    as    are 
generally  available.    Too  generous  an  estimate  leads  to  temp- 
tation  to  cut   rates  and   so  to   restriction   of  output,   causes 
dissatistaction  amongst  neighboring   workers  of  equal   skill 
displaying  similar  application  who,  with  a  normal  price    can 
not   earn   so   much.     Tight   or   scant   times    and    prices'  are 
equally   bad.    cause   discontent   and    tend    again    towards    re- 
striction,   since   a   worker,   finding   that   a   reasonable    bonus 
can  not  be  earned,  settles  down  in  dissatisfaction  to  a  mini- 
mum speed.  , 

In  many  classes  of  work  severe  difficulties  are  encoun- 
tered m  the  initial  stages  of  introduction,  and  much  care 
study  and  patience  should  be  exercised  in  making  the  change 
from  time  to  piece  or  bonus  work.  In  cases  where  the  three 
leading  conditions  have  not  been  sufficiently  fulfilled,  failure 
with  individual   systems  has  resulted. 

With  individual  systems,  it  frequently  occurs  that  a  per- 
centage of  the  workers  in  a  shop,  who  may  contribute  in 
part  to  the  successful  eal'ning  of  higher  wages  bv  those 
directly  on  payment  by  results,  are  performing  w^ork  that 
cannot  be  accurately  measured  and  so  cannot  be  dealt  with 
by  an  individual  system.  The  foregoing  considerations  have 
been  the  cause  of  considerable  extension  of  the  collective 
system,  and  in  some  cases  of  a  change  from  the  individual 
to  the  collective  system. 

The  disadvantages  of  the  individual  system  may  be  stated 
to  be  the  amount  of  work  and  study  involved  in  fixing  up 
satisfactory  standard  times  or  prices  for  each  job  and  for 
each  individual  worker.  Furthermore,  even  with  sufficiently 
accurate  times  or  prices,  a  certain  amount  of  friction  is 
l)ound  to  be  set  up  amongst  workers  by  the  fact  that  the 
relative  capacity  of  individuals  becomes  apparent.  With 
faulty  rate-fixing  the  consequences  are  obvious. 

One  of  the  greatest  difficulties  in  practice  in  the  operation 
of  the  individual  system  of  payment  by  results  is.  as  already 
mentioned,  the  difficulty  of  extending  an  individual  system 
to  cover  all  the  workers  in  any  shop.     The  individual  sys- 
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explanation      Unde     the    hea^'n'-"'   V" m"'''"^'""  "'  '"""^^ 
included  cases  where  a  numbernf    """l^'''"'*'    «>-«teni8"    are 

oge^he,    on   n    ^.T  ^  '"l  "■'°''''''  °'  '*>«  "^"^^  '^^de  work 
togethei    on  a  job,  at  a  fixed  time  or  a  price    it  is   nn.    »■ 

set  o    boileis  be  given  out  to  a  large  squad  of  men  berhaos 
of  various  trades,  it  becomes  then  a  collective  system      Col 

nonev      T,      ,n'  '    f  contract    for    a  certain    sum     of 

nionej,     01     so     many     hours,    is    given    to     a      relatively 

i  defin°r''I  °'  ^"'■^"'■^  °'  ^'''■•'°"«  "•^«>e«  for  carry  ng  2 

nfnci    .     '^°°"^^'^'   piecework   system."     Secondly,    where   so 
much  bonus  or  money  over  and  above  the  time  rate  Is  pa!d 

n.  toT  ""'^'""  °'  ''°'''''''  °'  '°  '»»«  ^-ho'e  shop.  accC 
workers  rT''':^  °I  ^"■"'^  turned  out  by  this  number  of 
n  °fi.  ,  •  ^^  ""^  "'°P  '°  ^  S'^-e"  «me.  Thirdly,  that  of 
in  c  "itin'T  ^'  ''^^P'-"-"'  time,  we  may  remark,  excep 
in  ceitain  cases  of  piece  work,  the  t-ime  rate  of  wages  Is 
customarily  guaranteed.  ^ 

v,^',7",l  ^^  '^.^°  """'  ""^^^  collective  systems  of  payment 
b}  results  eradicate  certain  of  the  disadvantages  of  ihe  indi 
idual  system,  in  that  the  whole  shop  can  be  liven  an  incen- 
tive  owards  increase  of  production.  One  disadvantage  which 
will  immediately  occur,  will  be,  that  whereas  with  individual 
systems  certain  highly  skilled  workers  are  encouraged  and 
rewarded  according  to  their  skill,  with  the  collective  system 
the  encouragement  is  much  less  direct.  Also  the  average 
worker  has  not  the  same  incentive  to  speed  up  as  with  the 
individual  system,  and  the  best  that  can  be  advanced  for 
the  collective  system  is  a  general  leveling-up. 

With  collective  piece  work  or  contract  piece  work  the 
contractor  will  wish  to  choose  the  men  with  whom  he  will 
work,  which  will  tend  towards  the  elimination  of  the  less 
efficient  workers;  and  the  functions  of  the  contractor  will 
become,  in  large  measure,  those  of  management,  in  that  he 
will  be  interested  in  the  supply  of  material,  and  the  progress- 
ing of  work  in  stages  preliminary  to  his  contract.  These 
considerations  will  naturally  become  diverted  from  the  fore- 
man or  from  the  management  to  this  contractor.  This  Is 
not  stated  necessarily  as  a  disadvantage,  but  simplv  as  a 
consequence. 

To  turn,  however,  to  those  systems  where  the  whole  shop 
IS  working  under  a  collective  bonus  scheme,  this  bonus  can 
be  paid  in  two  ways.     One,  when  so  much  per  cent  over  the 
Ume  rate  is  paid  to  every  worker  for  every  unit  of  production 
turned  out  per  unit  of  time:    and  secondly,  where  so  much 
money  is  paid   in  total   wages,  or  so  many   total   hours  are 
allotted  to  each  unit  of  production  and  all  the  workers  share 
in  proportion  to  their  time  rate,  either  totally  or  partially, 
according  to  any  scale  (such  as  the  Halsey,  Rowan,  etc.),  any 
saving  in  time  or  money  over  the  standard  hours  or  price. 
The   first   system   is   obviously   wrong.     It   means   that   even  ' 
should  a  shop  be  working  at  only  25  per  cent  efficiency,  some 
work  is   being  turned  out  and   some   bonus  over  and  above 
the   time  rate  falls  to   be  paid.     The  second   system   is  cor- 
rect, in  that  the  fewer  the  workers'  hours  per  unit  of  output. 
the  larger  the  bonus  per  hour  per  worker.    This  latter  system 
has  been  much  advocated  and  extensively  adopted   in   shell 
and    munition    works,    and    has    undoubtedly    achieved    con- 
siderable   success. 

The  fixing  of  the  collective  output  bonus  appears  much 
simpler  than  the  rate-fixing  required  ivith  an  individual  sys- 
tem. With  a  collective  system  the  basis  is  generally  to  pay 
bonus  in  proportion  to  improvement  on  past  performance, 
without  due  consideration  to- the  measure  of  the  efficiency 
of  such  performance.  It  is  exceedingly  difficult  to  measure 
the  efficiency  of  a  shop  without  that  detailed  investigation 
required  by  the  individual  system.  With  individual  systems 
errors  tend  to  correct  themselves.  With  the  collective  shop 
system  the  error  may  be  much  greater.  Where  practice 
has  been  imperfect  in  the  past,  it  is  possible  so  to  fix  an  out- 
put bonus  with  the  collective  system,  that  large  wages  will 
be  paid,  without  the  requisite  rate  of  production  or  overall 
efficiency  having  been  approach^''      '  >  ■>    .    .i-  w   ■..,..-^..  ..„. 
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on  past  performance  has  been  achieved.  In  other  words,  a 
proportion  of  the  workers  are  giving  considerably  less  than 
100  per  cent  output  and  will  take  the  same  percentage  bonus 
as  the  best  worker.  The  writer  has  seen  collective  bonus 
shops  w^here  considerable  bonus  was  being  earned,  and  where 
on  some  sections  of  the  machines  a  proportion  of  the  work- 
ers were  required  to  do  very  little  work.  Such  a  state  of 
affairs  would  not  be  so  readily  possible  in  the  case  of  the 
individual  system,  if  properly  administered,  where  times, 
rates  and  bonuses  are  not  calculated  merely  in  relation  to 
past  performance,  but  where  due  regard  is  given  to  the  out- 
put that  should  be  possible  of  attainment. 

The  collective  system  is  popular  with  the  workers,  and 
this  is  its  greatest  asset.  It  is  the  purpose  of  these  short 
notes  to  issue  a  warning  against  the  complacency  with  which 
the  improvement  resulting  from  the  introduction  of  collective 
bonus  is  generally  regarded  and  to  insist  on  the  necessity  of 
that  careful  individual  investigation— inseparable  from  the 
best  operation  of  the  individual  system— in  order  that  we 
may  correctly  assess  our  efficiency  performance  not  in  re- 
gard to  the  past,  but  relatively  to  and  only  to  the  best  of 
which  we  are  capable. 


steel  bevel  gearing,  for  operating  the  nut  of  the  screw  used 
to  force  the  tines  into  the  road   surface. 


New  Road  Scarifier 

From  The  Engineer,  June  13.  1019. 

A  form  of  road  scarifier  in  which  special  efforts  have  been 
made  to  take  full  advantage  of  the  weight  of  the  roller  to 
which  the  machine  is  attracted,  in  keeping  the  tines  well  into 
their  work,  is  shown  in  the  accompanying  illustration.  The 
scarifier,  which  is  known  as  the  Allen,  and  which  is  made  by 
the  Oxford  Steam  Plow  Co.,  Ltd.,  of  Cowley  Works,  Oxford, 
also  possesses  the  merits  that  the  stresses  which  it  imposes 
on  the  roller  are  well  distributed,  while  arrangements  are 
made  for  absorbing,  as  far  as  possible,  vibrations  caused  by 
tearing  up  the  surface  of  the  road. 

The  view  shows  how  the  working  point  of  the  tines  is 
brought  forward,  right  under  the  curve  of  the  rear  roller 
until  it  is  within  2  ft.  of  the  axle,  so  that  as  much  weight  as 
possible  can  be  brought  to  bear  on  the  scarifier  without  put- 
ting undue  stresses  on  the  tender  of  the  machine.  The  tines 
are  fixed  in. a  cast  steel  frame,  from  which  the  tool-holders 
project  well  forward.  A  pair  of  wedges  is  used  to  fix  each 
tine  in  its  box  and  enables  the  tools  being  withdrawn  up- 
wards, instead  of  it  being  necessary,  as  is  the  case  with  some 
forms   of   scarifier,   to    run   the   roller  over   a   gully   or  other 
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The  Discharge  of  Large  Cast-Iron 

Pipe-Lines  in  Relation  to 

Their  Age 

By  ALFREJD  ATICINSON  BARNES. 

.\b.stract  of  paper  read  Feb.    25,    1019.   before  Institute  of  Civil 
Engineers. 

Dealing  first  with  the  general  methods  of  conveying  water 
from  a  catchment-area  by  means  of  aqueducts  which  combine 
masonry  conduits  with  cast-iron  pipe-lines,  the  author  points 
out  that  the  sizes  of  the  former  portions  are  usually  made, 
in  the  first  instance,  of  a  capacity  sufficient  to  convey  the 
whole  of  the  anticipated  yield. 

The  pipe-lines,  however,  are  usually  laid  by  instalments, 
the  time-intervals  between  these  being  primarily  determined 
by  the  progressive  increase  in  the  consumption  of  water  as 
found  from  the  town's  supply  statistics.  Hence  it  is  im- 
portant that  the  individual  discharging  capacities  of  the 
several  pipe-lines  should  be  accurately  known  from  year  to 
year,  and  the  author  therefore  deals  in  this  paper  with  the 
subject  of  the  diminution  in  those  discharging  capacities  as 
caused  by  incrustation. 

The  paper  is  an  attempt  to  reduce  to  a  definite  law  the 
relation  between  the  effect  of  incrustation  of  the  mains  on 
the  one  hand,  and  the  number  of  years  that  these  have  been 
in  use  on  the  other;  and  the  results  are  based  upon  observa- 
tions carried  out  in  the  past  upon  the  flow  in  the  pipes  of  the 
Thirlmere  aqueduct,  which  supplies  Manchester  with  water 
from  the  Lake  district. 

A  table  of  experiments  is  given  showing  the  hydraulic 
gradients  and  the  recorded  flow  in  pipes  of  44  in.  and  40  in. 
diameter,  after  these  have  been  in  use  for  various  periods. 
The  results  are  plotted  on  a  diagram,  and  a  law  is  given  re- 
lating the  age  of  the  pipes  with  the  diminution  in  discharge. 
These  diminutions  are  expressed  as  percentages  of  the  dis- 
charge of  a  new  asphalted  pipe,  which  is  presumed  to  work 
at  the  particular  net  hydraulic  gradient  which  existed  during 
each  experiment. 

A  formula  is  given  for  the  discharge  of  the  clean  asphalted 
cast-iron  pipe,  and  a  diagram  is  included — based  on  this 
formula— from  which  the  quantity  passing  in  pipes  ranging 
from  24  in.  to  60  in.  in  diameter,  when  new,  can  be  read  off. 

The  author's  formula  for  this  clean  discharge  is: 
Q  =  47.087  (f ""  t°  ""^  cub.  ft.  per  second, 
the  dimensions  being  in  feet. 

The  actual  flow  found  by  experiment  in  the  incrusted  pipe 
is  compared  with  the  flow  in  the  clean  pipe  as  given  by  the 
above  formula;  and  the  results  have  led  the  author  to  adopt 
for  the  pipes  in  question  the  following  equation,  to  represent 
the  diminution  in  discharge  with  age: 

Percentage   diminution   in   discharge  =  13    (age   of  pipe   in 
years)"". 

In  view  of  the  seriousness  of  the  rate  of  decrease  of  flow 
in  the  early  years,  the  policy  is  suggested  of  adopting  some 
system  of  cleaning  the  pipes  before  the  incrustation  is  very 
far  advanced. 


Allen    Road    Scarifier. 

hollow  and  draw  out  the  tines  downwards.  The  two  wedges 
are  tapered  in  opposite  directions  and  can  thus  be  tightened 
or  loosened  by  a  hammer  from  above.  The  frame  of  the 
tool-holder  is  machined  on  both  faces  and  slides  inside  a 
main  casting,  which  also  has  machined  faces.  The  main 
casting  is  well  stiffened  by  deep  ribs  and  is  tied  to  the  out- 
side end  of  the  back  axle  by  a  pair  of  rods,  w^iile  the  bot- 
tom, inside,  corner  is  stayed  to  the  fire-box  with  another 
stout  rod.  Besides  these  attachments  the  scarifier  is  bolted 
to  the  side  and  bottom  of  the  tender,  with  wooden  blocks 
interposed  to  act  as  cushions  and  to  localize  vibration.  On 
the  top  of  the  main  casting  there  is   mounted  a   set  of  cast 


Calculation  of  Strength  of  Concrete  Columns. — In  columns 
having  part  of  the  reinforcement  in  the  form  of  a  spiral  wire, 
as  in  the  Considere  system,  the  strength  of  the  concrete  is 
most    satisfactorily    calculated    by   means    of   the   expression 

P 
where  P  is  the  centrally  acting  force,  F^  the  cross 


aFj.  15  Fo 

sectional  area  of  the  concrete,  F,.  the  area  of  the  vertical 
reinforcing  bars  and  a  is  a  coefficient  which  depends  upon 
the  Shane  of  the  column.  If  the  height  of  the  column  divided 
by  its  diameter  is  x,  the  following  values  have  been  found  by 

experiment: 

X  0.8         2.0         6.5 

a  for  hexagonal  columns         . .         1.3         2.0        3.0 
a  for  square  columns    .  .  •  ■         1-3         17         1.9 

From  this  it  follows  that  a  square  column  is  slightly  smaller 
in  area  than  a  polygonal  one.  The  best  spiral  number  for 
F/,  is  %  per  cent;  this  number  is  more  advantageously  in- 
creased by  reducing  the  distance  between  the  turns  of  the 
wire  than  by  increasing  the  diameter  of  the  wire.— Beton  ii. 
Eisen.  1918. 
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Mr.  Breed  Favors  Day  Labor  Only 
as  a  Last  Resort 

During  1918  the  Xew  York  Corami-ssion  of  Highways  con- 
structed G8  miles  of  roads  by  day  labor  on  15  contracts  that 
were  canceled.  In  his  last  annual  report,  H.  Eltinge  Breed, 
formerly  First  Deputy  Highway  Commissioner,  says; 

"The  work  in  general  was  very  satisfactory  as  to  speed 
and  quality.  The  costs  were  not  excessive  although  we  faced 
a  handicap  of  comparison  at  the  start  because  most  of  the 
contracts  were  taken  at  extremely  low  figures  and  the  con- 
tract prices  were  far  below  the  cost  of  present  day  work. 

In  closing,  I  will  state  that  if  is  my  belief  that  such  work 
should  not  be  carried  on  as  a  general  practice.  It  places 
upon  the  department  entirely  too  great  an  amount  of  detail 
and  too  much  personal  responsibility  upon  the  ensdneers  and 
superintendents  handling  it.  It  has  proved  in  the  last  two 
years   that    it    is    possi- 
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ble  and  feasible  as  a 
last  resort  tor  a  com- 
missioner of  highways. 
It  prevents  him  frorhi 
having  his  hands  tied 
by  wilfully  obstructive 
tactics  of  a  surety 
company,  as  evidenced 
in  the  past  by  their 
bidding  in  completion 
work  at  prices  far  be- 
low cost  after  which  no 
work  would  be  started: 
and  provides  the  citi- 
zens of  our  State  with 
relief  when  ordinary 
methods  of  procedure 
fail.  When  kept  down 
to  a  minimum  and  used 
only  in  the  extremity, 
the  system  has  proved 
its   value." 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


In  carrying  on  this  day  labor  work  each  job  was  under  a 
superintendent  who  had  been  a  successful  contractor.  Such 
plant  as  was  needed  was  rented  from  the  superintendent, 
who  was  also  paid  a  salary.  This  plan  resulted  in  as  high 
a  degree  of  efficiency  as  can  be- expected  under  the  day  labor 
system,  yet  Mr.  Breed  concludes  that  day  labor  work  "should 
not  be  carried  on  as  a  general  practice."  Where  civil  engi- 
neers have  been  put  in  charge  of  construction  gangs,  the 
results  have  usually  been  unsatisfactory;  for,  simple  as  man- 
agement of  men  seems,  it  is  an  art  not  acquired  in  a  short 
time  by  anyone.  Moreover,  natural  aptitude  for  handling 
men  efficiently  is  more  rare  than  is  commonly  supposed. 
Educated  engineers,  perceiving  the  success  of  some  illit- 
erate men  as  superintendents,  are  prone  to  infer  that  man- 
agement is  easily  and  quickly  learned  by  anyone.  This  is 
far  from  true.  There  are  a  vast  number  of  "tricks  of  the 
trade'  to  be  learned  before  one  can  be  a  successful  super- 
intendent.       Some      of 

these      "tricks"      seem 

never  to  be  thoroughly 
learned  save  by  men 
wKo  have  risen  from 
the  ranks.  Perhaps 
there  is  also  a  good 
deal  of  triifh  in  the 
following  sLitement  of 
a  successful  contractor: 
"I  have  learned  that  a 
foreman  who  has  never 
worked  with  his  own 
hands  cannot  secure 
the  good  will  of  his 
men.  They  regard  a 
.^ofi-handed  man  as  a 
dude,  and  will  not 
work  for  him  as  hard 
as  for  a  foreman  with 
calloused  mitts.  The 
same  holds  to  a  some- 


(29) 


154 


Engineering  and  Contrading  for  August  6,  1919. 


what  less  degree  as  to  superintendents;  there  is  no 
getting  away  from  the  fact  that  workmen  are  more  sym- 
pathetic toward  superintendents  who  have  once  v.orked  with 
their  hands  than  tow-ard  those  whose  work  has  be^n  entirely 
mental." 

Partly  in  recognition  of  this  tact  and  partly  yo  inculcate 
the  habit  of  observing  methods,  teachers  of  mining  engi- 
neering have  required  mining  students  to  l;:bor  under  ground 
as  laborers,  drillers,  muckers,  etc.,  for  months  at  a  stretch. 
Summer  schools  of  practical  mining  can  be  studied  with 
profit  by  teachers  of  civil  engineering,  if  the  object  is  to  train 
the  students  to  become  managers  of  construction  gangs. 


High  Contract  Prices  Should  Lead 

Neither  to  Postponement  Nor 

to  Day  Labor 

It  is  difficult  to  realize  that  the  cost  of  road  and  street 
construction  has  doubled  in  five  years.  Conseqi;ently  when 
contractors  bid  twice  as  high  as  in  1914,  there  is  a  strong 
inclination  to  reject  all  bids.  In  some  cases  this  leads  to 
postponement  of  the  work  till  next  year.  In  other  cases  it 
lends  to  construction  by  day  labor.  Whichever  of  these  two 
courses  is  adopted  there  will  be  regret.  Wages  are  rising 
and  prices  of  materials  show  no  sign  of  falling.  Hence  con- 
tract prices  are  apt  to  be  higher  next  year  than  now. 

Work  done  by  day  labor  is  rarely  done  as  cheaply  as  by 
contract.  Usually  day  labor  work  on  roads  costs  fully  25 
per  cent  more  than  if  done  by  contract;  and  not  infrequently 
the  cost  is  double.  Men  working  for  a  city,  county  or  state 
simply  will  not  exert  themselves  as  when  working  for  an 
individual.  The  editor  travels  extensively,  and  wherever  he 
goes  is  nearly  always  able  to  distinguish  a  "day  labor 
gang"  from  a  "contract  gang"  at  sight.  The  typical  "con- 
tract gang"  shows  far  more  energy  than  the  iypical  "day 
labor  gang." 

It  is  frequently  said  that  "day  labor  work"  would  always 
be  as  efficient  as  contract  work  if  good  managers  were  in 
charge,  but  this  is  not  true.  Whoever  has  been  superin- 
tendent or  foreman  over  construction  forces,  bo^h  day  labor 
and  contract  gangs,  knows  that  it  is  usually  i'upracticable 
to  get  a  day  labor  gang  to  work  as  vigorously  as  a  contract 
gang. 

"The  State  is  rich.  Don't  break  your  back  saving  a  few 
cents  for  the  State."  "Who  put  the  Governor  '.n  his  soft 
job?  Your  votes  and  mine.  Well,  the  Governor  appointed 
the  Commission:  the  Commission  appointed  the  engineers, 
and  they  appointed  the  foremen.  So  every  l.ist  Jack  of 
them  owes  his  job  to  our  votes.  Why  should  we  sweat  more 
than  the  men  who  owe  their  jobs  to  us?"  Such  is  the  rea- 
soning of  the  man  that  wields  the  shovel  or  runs  the  engine 
on  a  day  labor  job.  It  is  sophistical  reasoning,  but  you  can 
no  more  convince  him  of  his  error  than  you  can  persuade 
a  Hindoo  that  the  system  of  caste  is  grossly  uneconomic. 


How  City  Development  Is  Hamp- 
ered by  State  Laws  and  Charters 

The  Legislature  of  New  York  grinds  out  more  than  a 
thousand  laws  annually,  of  which  not  3  per  cent  are  of 
state-wide  application.  In  other  words,  07  per  cent  of  the 
laws  are  purely  local,  and  most  of  them  would  not  be  re- 
quired were  the  municipalities  free  to  direct  their  own 
affairs.  Commenting  on  this  condition,  Ossian  1<*.  Carr,  ex- 
president  of  the  City  Managers'  Association,  said- 

"Take  it  in  the  city  of  Geneva  in  New  York:  It  is  neces- 
sary for  that  city  to  go  to  the  State  Legislature  in  order  to 
increase  the  salary  of  the  Superintendent  of  Streets  from 
$75  per  month  to  $90  per  month.  That  is  a  fair  sample  of 
our  legislation  in  New  York.  It  is  made  necessary  by  the 
constitution  of  the  State,  and  the  fact  that  the  cities  of 
the  State  in  their  charters  specify  everything  in  detail.  It 
permits  absolutely  no  flexibility  in  administering  the  affairs 
of  most  cities  in  that  state. 

"Laws  which  ar^  passed  in  Albany  to  take  immediate 
effect  and  which  do  have  local  application,  we  sometimes 
hear  about  right  away  and  sometimes  six  months  after.  Just 
two  weeks  ago  this  was  brought  very  forcibly  to  my  mind. 
We    were    selling    bonds,    or    attempting    to    sell    bonds    for 


school  purposes.  The  bonds  had  ali'eady  been  sold  for 
the  erection  of  schools,  amounting  to  $88,000.  On  account  of 
the  increased  prices  of  labor  and  materials  it  was  necessary 
to  augment  this  issue  by  $15,000  more  The  local  legislation 
was  going  through  with  it  in  the  regular  form  as  provided 
for  in  our  city  charter,  and  the  bonds  were  duly  sold,  sub- 
ject to  the  opinion  of  our  bond  attorneys  in  New  York. 
About  ten  days  before  these  bonds  were  to  be  delivered 
our  bond  attorneys  wrote  to  me  and  advised  me  that  section 
so  and  so  of  Chapter  868  of  the  laws  of  1917  expressly 
repealed  the  provisions  of  our  own  city  charter  placed  the 
previous  year,  and  therefore  these  bonds  were  not  legal,  the 
defect  being  that  this  state-wide  law  required  that  no  school 
bonds  in  a  third  class  city  could  pass  a  bond  issue  in  excess 
of  $20,000.  Larger  sums  of  indebtedness  should  te  provided 
for  by  civic  indebtedness.  This  is  a  sample  of  some  of  our 
legal  problems  in  the  State  of  New  York.' 

We  have  commented  frequently  on  city  charters  that 
limit  city  indebtedness  to  such  an  extent  that  oconomically 
desirable  improvements  cannot  be  made.  If  engineers  wish 
to  be  great  public  benefactors  they  should  study  State  laws 
and  city  charters  with  a  view  to  outlining  a  comprehensive 
plan  of  reform.  Even  better  than  lawyers  are  engineers 
qualified  to  point  out  the  economic  defects  of  existing  laws 
and  charters  In  many  a  western  city,  for  example,  a  pav- 
ing contractor  is  unable  to  secure  payment  until  his  entire 
contract  has  been  completed.  This  probably  results  in  adding 
10  per  cent  to  the  contract  prices.  Such  wasteful  practices 
can  be  speedily  eliminated  if  engineering  societies  will  un- 
dertake to  do  so. 


Japan,  a  Country  Without  Paved 
Highways 

Samuel  Hill,  the  good  roads  propagandist,  went  to  Japan 
last  November  to  show  the  Japanese  Government  and  peo- 
ple that  their  economic  backwardness  is  mainly  attributable 
tc  lack  of  suitable  highways.  He  has  succeeded  in  organ- 
izing a  Japanese  good  roads  association  that  is  vigorously 
working  for  paved  roadways  in  city  and  country. 

There  is  not  a  mile  of  hard  surfaced  highway  ir.  all  Japan, 
inclusive  of  the  cities.  Tokyo,  a  city  of  three  ni'Mion  people, 
hasn't  an  inch  of  paved  street.  The  inhabitants  of  cities 
go  shod  in  stilt-like  wooden  clogs,  or  "geta,"  to  keep  their 
feet  out  of  the  mud.  There  are  61,000  miles  of  Government 
roads  in  Japan,  but  there  are  few  bridges,  excep'  over  the 
smallest  streams.  Nearly  all  the  transportation  over  the 
roads  is  by  carts  hauled  by  men  and  women. 

It  required  no  imagination  to  picture  the  economic  revolu- 
tion that  paved  highways  and  motor  vehicles  would  effect  in 
this  nation  of  dirt  roadways.  But  it  did  require  imagination 
to  conceive  that  an  American  enthusiast  could  change  the 
Japanese  practice  of  trundling  their  produce  through  dust 
and  mud.  Mr.  Hill  has  shown  not  only  that  imagination  but 
the  good  will  and  energy  needed  to  make  it  fruitful.  Al- 
ready a  paved  road  is  being  built  from  Yokohama  to  Tokyo, 
and  others  are  being  planned. 

It  was  America  that  first  opened  Japan  to  the  ocean  borne 
comm.ercc  of  the  world.  It  is  an  American  that  has  persuaded 
the  Japanese  to  begin  to  get  rid  of  their  ancient  dirt  roads. 
Perhaps  some  day  a  statue  of  Samuel  Hill  will  stand  in 
Tokyo,  in  gratitude  to  the  persuasive  tongue  pnd  genial 
personality  that  won  Japan  over  to  "the  good  road  move- 
ment.' 


Forty]  Millions    for    Roads   in 
California 

By  a  vote  of  7  to  1  a  forty  million  dollar  bond  issue  for 
State  roads  has  been  carried  in  California.  This  will  make 
the  per  capita  expenditure  for  State  roads  higher  in  Califor- 
nia than  in  any  other  State.  Among  Western  States  Cali- 
fornia has  been  the  leader  in  liberal  appropriations  for  road 
construction.  In  addition  to  large  appropriations  by  the 
State,  every  important  county  has  been  equally  liberal.  It  is 
hard  to  estimate  the  -value  of  paved  roads  to  the  people  of 
California,  but  when  only  one  voter  in  eight  opposes  such 
a  huge  issue  it  is  evident  the  millions  already  invested  in 
roads  are  regarded  as  having  been  wisely  spent. 


Providing  Road  Funds  By  Tax  on 
Gasoline 

To  the  Editor:— Several  months  ago,  while  sitting  at  lunch 
in  the  hotel  at  St,  Catharines,  Ontario,  I  got  taiUing  with  a 
stranger  about  good  roads  and  the  means  of  raising  money 
for  them.  He  suggested  that  a  tax  on  gasoline  used  in 
motor  vehicles  would  be  the  most  equitable  meann  of  raising 
funds.  A  little  later,  in  looking  through  my  files  of  literature 
on  paving  and  road  making,  1  ran  across  an  article  by  Mr. 
Clifford  Richardson,  written  many  years  ago.  in  which  he 
discussed  the  same  matter. 

Some  months  past,  I  wrote  an  article  suggesting  the  "Wheel 
Tax,"  which  many  of  the  magazines  published.  There  is  some 
analogy  between  the  wheel  tax  and  the  gasoline  or  fuel  tax, 
as  both  try  to  secure  the  money  from  the  actual  user  of  the 
road  in  some  proportion  to  the  service  they  receive 

An  annual  tax  on  the  'wheel  '  would  not  take  into  con- 
sideration how  much  the  vehicle  having  the  w^heel  was  used 
during  the  year:  while  a  tax  on  the  "gas"  would  be  in  direct 
relationship  to  the  actual  use  on  the  road.  The  more  a 
vehicle  is  operated,  naturally,  the  more  gas  ^  requires:  also, 
the  heavier  the  vehicle,  the  greater  amount  of  gas  it  con- 
sumes per  mile.  Therefore,  a  tax  on  gas  would  most  equit- 
ably compensate  for  the  destructive  use  of  the  road  by  the 
owner  of  the  vehicle. 

The  "gas"  tax  would,  of  course,  present  some  difficulty. 
Means  would  have  to  be  found  for  taxing  vehiclej  not  using 
gas:  and  there  would  surely  be  other  flies  in  the  ointment. 
One  of  these  would  be  the  necessity  of  the  province  or  state 
carefully  supervising  the  distribution  of  gasoline  to  users  of 
road  vehicles. 

As  the  matter  of  raising  money  for  road  improvement  seems 
to  be  the  greatest  stumbling  block  in  the  way  of  "good  road" 
management  and  construction,  it  seems  to  me  that  this  is  a 
very  vital  issue  to-day.  I  would  like  to  see  a  much  more 
exhaustive  discussion  on  the  subject  of  taxati'-'n  for  good 
roads  than  we  have  yet  had. 

C.   A.   MULLEX 

Director    of    Paving    Dep-'.rtraent 
Montreal,  Que.  Milton  Hersey  Co.,  Ud. 
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Methods  of  Letting  Contract 
Work. 

To  the  Editor:  Attention  is  directed  to  article  on  page 
89  of  Engineering  &  Contracting  for  July  23,  headed  "Ad- 
vantages and  Disadvantages  of  Various  Method.5  of  I.^tting 
Contract  Work,"  by  .J.  A.  L.  Waddell. 

In  the  above  mentioned  article  Mr.  Waddell  states  that 
the  best  manner  for  letting  contracts  on  the  co-operative 
basis  is  a  modification  of  the  Graff  Method.  Tf  we  under- 
stand this  method  correctly,  it  is  simply  a  sliding  percentage 
scale  contract  with  a  maximum  guaranteed  cost  to  the  owner. 
When  a  contractor  bids  on  any  work,  is  low  bidder  and  is 
awarded  the  contract,  he  must  divide  his  profit,  if  any,  with 
the  owner,  and  if  he  loses  he  has  no  protection  v.hatever. 

Is  it  not  true  that  the  best  contract  that  can  oe  executed 
is  the  one  that  obtains  for  the  owner  the  lowest  price  for 
the  work?  Is  it  not  also  a  fact  that  the  contract  which  will 
obtain  from  the  contractor  his  lowest  figure  is  the  one  that 
is  equitable  to  the  contractor  as  well  as  the  ownsr  and  will 
protect  the  contractor  in  the  case  of  unforeseen  contin- 
gencies? Where  is  the  justice  in  any  contract  which  re- 
quires that  the  contractor  shall  assume  all  the  gamble  and 
the  owner  be  fully   protected? 

Under  the  Graff  Method,  if  a  contractor  expected  to  make 
10  per  cent  profit,  he  must  figure  a  20  per  cent  profit  on 
the  work  in  order  to  divide  such  profit  with  the  owner  and 
still  retain  his  10  per  cent.  What  is  the  advantage  of  de- 
ceiving the  owner  in  this   manner? 

We  have  done  considerable  straight  percentage  work 
and  have  not  a  single  dissatisfied  client,  and  it  is  not  our 
experience  that  work  cannot  be  done  as  cheaply  under  a 
percentage  contract  as  by  the  lump  sum  method.  We  be- 
lieve from  observation  you  will  find  that  in  most  cases 
where  percentage  contracts  run  excessively  high,  it  is  due 
to  the  fact  that  the  engineers  in  charge  of  that  work  assume 
all  authority  on  the  job  and  take  the  actual  construction 
work  out  of  the  hands  of  the  contractor,  which  naturally 
will   make   the  work  cost  considerablv  more  lor  the   reason 


that  a  contractor  cannot  take   the  Interest  in   reducing  the 
cost  where  he  is  not  allowed  to  handle  his  organization 

We  believe  that  the  best  contract  written,  for  the  owner, 
under  the  present  uncertain  labor  and  material  conditions. 
is  one  which  provides  for  the  payment  of  the  actual  cost 
plus  a  fixed  sum  for  supervision  and  profit.  When  a  con- 
tractors fee  is  fixed,  his  only  Interest  is  to  satisfy  the 
owner  and  get  the  job  done  as  quickly  as  possible,  and  the- 
way  to  satisfy  the  owner  is  to  reduce  the  cost. 

The  best  co-operative  contract  we  have  seen,  In  our  opin- 
ion, is  the  one  described  on  page  409  of  Engineering  &  Con- 
tracting for  April  23,  prepared  by  Harrington,  Howard  & 
Ash,  Kansas  City,  Mo.,  in  which  bids  are  received  on  a 
cost  plus  a  fixed  tee  basis.  If  the  actual  cost  is  less  than 
that  estimated  by  the  contractor  the  amount  is  distributed 
equally  between  the  owner  and  the  contractor;  if  the  actual 
cost  is  more  than  that  estimated  by  the  contractor,  the  con- 
tractor is  paid  his  profit  fee  less  one-half  the  amoiint  which 
the  actual  cost  of  the  work  is  in  excess  o£  the  contractor's 
estimated  cost,  but  in  no  event  shall  the  contractor  be  paid 
less  than  the  actual  cost  of  the  work  plus  one-third  of  the 
contractor's  profit  fee. 

Bonding  companies  claim  that  a  percentage  contract  with 
a  guaranteed  cost  is  the  most  unsatisfactory  contract  that 
can  be  written  from  the  contractor's  viewpoint,  and  right- 
ly so  A.  J.  M'KEXZIE, 

Vice  President  and  General   Manager  McKenzie  Construc- 
tion Co. 

San  Antonio,  Tex. 


Half  Section  Plan  of  Road   Construction 

The  State  Highway  Department  of  Pennsylvania  has  Is- 
sued the  following  statement  outlining  its  reasons  for  not 
ordering  the  construction  of  new  highways  in  half  sections, 
so  that  half  of  the  road  can  be  used  while  the  other  halt  is 
being  built: 

"The  half-section  { Ian  of  construction  is  Impracticable  and 
not  economical  in  Pennsylvania,  in  the  building  of  modern- 
type  pavements,  because  of  the  general  narrowness  of  Penn- 
sylvania thoroughfares.  Roads  so  constructed  would  not 
give  satisfaction,  inasmuch  as  it  would  not  be  possible  to 
avoid  variable  conditions  in  the  construction  of  the  two  sides. 

"Contractors  will  bid  much  higher  on  this  type  of  con- 
struction, because  they  would  have  to  cover  the  length  of  the 
road  twice,  instead  of  once.  Materials  can  only  be  stored  in 
one  half  the  road. 

"Especially  where  the  road  is  dusty  there  is  a  marked  dis- 
advantage in  using  a  half-wide  section,  because  the  materials 
become  dirty,  not  only  from  the  dust,  but  from  dirt  thrown  • 
up  by  traffic. 

"The  congested  right-of-way — that  is,  the  small  width  from 
fence  line  to  fence  line,  as  well  as  the  width  necessary  tor 
heavy  grading  on  most  Pennsylvania  roads,  mitigate  against 
half-way  construction.  Contractors  would  be  handicapped 
through  traffic  tying  up  grading  operations.  And  Pennsyl- 
vania roads  carry  more  brid.ges  which  would  have  to  be  re- 
built than  do  most  other  states. 

"Most  of  the  construction  on  the  state's  primary  system 
cannot  be  classed  as  resurfacing.  In  discussing  the  half- 
width  idea,  the  only  economical  and  reasonable  way,  so  tar 
as  the  state  is  concerned — and  most  certainly  the  contrac- 
tor, is  to  eliminate  traffic  from  the  section  being  recon- 
structed. Both  time  and  money  are  saved.  Any  other  course 
would  be  poor  housekeeping. " 

Improved  Roads  Save  $1  per  Day  for  Each  User. — The 
inipnived  roads  of  Milwaukee  County,  Wisconsin,  save  t25.0O0 
a  day  to  the  people  who  use  them,  according  to  the  estimate 
of  the  county  commissioner  of  highways,  as  reported  to  the 
Bureau  of  Public  Roads  of  the  United  States  Department  of 
.Vgriculture.  The  statistics  are  based  on  a  census  ot  the 
traftic  taken  periodically  during  the  past  tour  years.  The 
census  is  made  by  selecting  .52  points  s'-attered  throughout 
the  county,  and  making  seven  counts  at  each  point,  one  tor 
every  day  of  the  week.  The  count  is  not  made  on  consecutive 
days,  but  at  various  periods  from  April  to  November,  so  as 
to  arrive  at  average  conditions.  This  census  is  taken  to 
determine  the  durability  of  certain  types  of  pavement,  accord- 
ing to  the  amounts  of  traffic  a  square  yard.  It  shows  that 
about  25,000  vehicles  of  all  kinds  travel  the  highways  each 
day.  Traffic  on  the  road  has  increased  about  42  per  cent  a 
year  during  the  four  years  in  which  the  census  has 
been  taken. 
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Standard]  Sections  of  State    Highway    Department  of    Pennsylvania 

for  Road  Pavements 
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Tractor  -  Trailer    Outfit    Kept    in 
Continuous  Operation  Haul- 
ing Gravel 

In  connection  with  their  contract  for  constructing  gravel 
roads  in  Wabasha  county,  Minn.,  the  contractors,  A.  Guthrie 
&  Co..  St.  Paul,  Minn.,  are  operating  a  tractor-trailer  outht 
day  and  night  in  hauling  gravel.     The  outfit  consists  of  five 


Movable   Gravel   Storage   Bin. 

4  cu.  yd.  Troy  trailers  and  a  120  hp.  heavy  artillery  lype  Holt 
caterpiUer  tractor.  The  hauling  is  being  done  over  a  dirt 
road  and  a  speed  of  2  miles  per  hour  on  low  gear  and  3  miles 
on  high  is  obtained. 
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Number  wagons 
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Delays  minutee 
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DAY 


. ...  Oil 
. ...  Oil 
Grease 
Grease 
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Time  Engineer . . 
Time  Breakman . 
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The  gravel  is  excavated  from  a  long  surface  pit  by  meaDs 
of  a  drag  line  which  loads  into  a  40  cu.  yd.  capacity  storago 
bin.  This  bin  is  supported  on  rollers,  as  shown  Id  the  illus- 
tration, so  that  it  can  be  moved  along  as  the  drag  line  is  ad- 
vanced. The  bin  is  equipped  with  two  gates,  one  loading 
into  the  front  end  of  the  trailer  and  the  other  into  the  rear 
end.  This  arrangement  maltes  it  unnecessary  to  move  tha 
train  while  the  particular  car  under  the  gates  is  being  tilled. 

The  gravel  is  dumped  on  the  grade  of  ihe  road  to  be  Im- 
proved and  later  is  spread  with  a  road  michine  and  drag. 

Night  and  day  shifts  are  worked  on  the  drag  line,  two 
men  being  employed  for  each  shift.  Two  men  also  are 
emi)loyod  on  the  train  for  each  shift.  The  hauling  outfit  is 
kept  in  practically  continuous  operation.  To  Jo  this  the 
night  crew  is  taken  out  in  a  Ford  to  meet  the  train,  and  the 
day  crew   is   Drought   back  in   the  same  car. 

The  simple  blank  illustrated  is  used  tor  recording  oper- 
ations of  the  tractor.  This  is  filled  out  by  the  englneman 
and  turned  in  each  day.  The  blank  is  printed  on  cheap 
paper  and  assembled  in  the  form  of  a  pad. 


Cost  of   Earth    Road    Maintenance    with 
Tractor  Outfit  and  with  Mule  Outfit 

The  following  data  from  the  daily  cost  and  progress  re- 
port of  the  Highway  Commission  of  Cherokee  County.  South 
Carolina,  give  comparative  figures  on  the  cost  of  maintaining 
roads  in  that  county  with  a  tractor  outfit  and  with  an  8- 
niule  outfit.  The  tractor  outfit  consists  of  a  13-25  Lauson 
tractor  and  two  7-ft.  blade  road  machines.  With  this  outfit 
9  miles  of  road  were  covered,  four  breadths  of  blade,  in  a  10- 
hour  day.  The  daily  operating  cost  based  on  21  work  days 
in  a  30-day  month  was  as  follows: 

Kerosine,  20  sals,  at  15  ct $  3.00 

Gasoline,   1  gal.  at  26  ct 26 

Oil,  1  gal.  at  75  ct 75 

Interest  on  equipment   1.00 

Repairs    1.00 

Engineman     3.50 

Machine  operators:    1  at  $4.50,  1  at  (3  7.50 


Total  coi!t  per  (lay  $17.01 

C(>.st  per  mile  at  9  miles  per  day   $1.S9 

The  mule  outfit,  consisting  of  8  mules  and  two  standard 

road   machines,  covered   10  miles  of  road,  four  breadths   of 

blade,   in   10  hours.     The  daily  operating  cost,  based  on  24 

work  days  in  a  30-day  month,  was  as  follows: 

S  mules  at  $1.25   $10.00 

2   drivers  at   ?2.50    ' 5.00 

Interest  on  etiuiprnent    1.00 

Repairs  and  shoeingr  1.80 

Machine  operators;    1  at  $4.50,  1  at  $3   7.50 

Total  cost  per  day   $25.30 

Cost  per  mile  at  10  miles  per  day  $2.5.1 

The  costs  using  a  3-way  drag  or  leveler  are  as  follows: 

The  tractor  will  cover  9  miles  twice  over  la  10  hours  at 
a  cost  per  day  of  $12.01,  or  $1,334  per  mila. 

A  6-mule  outfit  will  drag  10  miles  twice  over  in  10  hours 
at  a  cost  per  day  of  $18,  or  $1.80  per  mile. 

Mr.  N.  C.  Hughes,  Jr.,  Engineer  of  Uie  County  Highway  Com- 
mission, who  furnished  the  above  data,  also  states  that  when 
the  occasion  demands  the  use  of  a  scarifier,  one  made  to 
attach  to  an  engine  drawn  road  machine,  there  i?  no  com- 
parison between  team  power  and  horse  power,  the  dlf-' 
ference  in  the  cost  of  operation  being  so  much  ir  the  trac- 
tor's favor. 

Mr.  Hughes  also  writes  that  for  maintaining  a  system  of 
highways  an  all  tractor  outfit  or  an  all  team  outfit  is  an  un- 
balanced proposition  Both,  in  hia  opinion,  are  needed  to 
coordinate  each  other,  for  there  are  certain  phases  which 
arise  in  maintenance  of  roads  to  handle  which  one  or  the 
other  will  prove  not  suitable. 


Blank  for   Recording   Tractor   Operations    (Actual   Size   2?4x5    In.). 


Settling  Road  Fills  by  Puddling.— The  ponding  method  of 
curing  concrete  roads,  which  originated  in  California,  is  now 
being  employed  in  that  state  for  settling  road  fills.  By  this 
method  an  earth  dike  about,  12  in.  high  is  built  along  the 
extreme  outer  edges  of  the  fill.  Cross  dikes  of  the  same 
height  are  then  thrown  up  at  intervals  of  6  to  lo  ft.  To  aid 
in  distributing  the  water  through  the  material  holes  are 
bored  through  the  fill  with  a  post  hole  auger.  Each  ponding 
area  is  then  filled  witli  water  to  within  2  In.  of  the  top  of 
the  lowest  dike.  The  areas  are  refilled  with  water  two  or 
three  times  or  until  settlement  appears  to  have  ceased.  On 
heavy  adobe  or  clay  fills,  care  must  be  taken  not  to  Intro- 
duce an  excess  of  water,  especially  If  the  season  Is  late. 
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Lessons  from  1918  Experiences  of 
Patrol  System  of  Road  Main- 
tenance in  Wisconsin 

Since  May  1,  1918.  the  o.iKKi-niile  state  trunk  highway  sys- 
tem of  Wisconsin  has  been  maintained  by  the  counties  in 
accordance  with  the  directions  and  specifications  and  to  the 
sati<ffaction  of  the  State  Highway  Commission.  The  main- 
tenance is  carried  out  under  the  patrol  system,  supple- 
mented in  practically  all  counties  by  small  gangs  for  recon- 
struction and  heavy  repair  work.  The  commission  has  re- 
cently issued  a  bulletin,  compiled  by  Mr.  J.  T.  Donaghey. 
State  Maintenance  Engineer,  outlining  the  ideas  successfully 
put  in  operation  and  the  lessons  learned  in  the  1918  main- 
tenance work.  The  matter  following  is  reprinted  from  the 
bulletin. 

Lessons  Learned  from  1918  Maintenance  Experience. — A 
poor  earth  road  may  be  changed  to  a  good  one  for  from  |1()U 
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Fig.     1 — Blank     Designed     by     Wisconsin     Highway     Commission     for 
Recording   Cost  of   Motor  Truck   Operations. 

to  J300  per  mile  by  the  use  of  a  heavy  blade  grader  and  large 
tractor. 

Width  and  smoothness  of  surface  are  of  more  importance 
than  low  grades. 

Where  a  patrol  maintenance  system  is  in  operation,  no 
road  should  have  more  than  a  4  to  6  in.  crown  for  a  24-ft. 
shoulder  to  shoulder  roadway. 

An  application  of  2  to  3  in.  of  sandy  gravel,  not  larger  than 
%  in.  in  size,  on  the  surface  of  a  clay  road  will  i;ive  excellent 
results.  Small  stock  piles  of  the  material  should  be  depos- 
ited along  the  roadside  for  the  patrolman's  use  in  strength- 
ening the  weak  places.  Ruts  will  occur,  but  persistent  light 
grading  or  planing  will  result  in  an  excellent  and  cheap 
temporary  surface. 

Many  roads  ordinarily  called  "sand  roads"  can  he  converted 
into  very  satisfactory  roads  tor  light  traffic  by  moving  in  to 
the  center  with  a  blade  grader  the  new  top  soil  from  the 
roadside  for  a  wearing  surface  and  keeping  the  surface 
smooth  with  a  grader  or  planer.  The  bad  sand  requires  a 
mixture  of  clay  if  available:  if  not,  a  covering  of  cedar  shav- 
ings, marsh  hay,  straw,  fine  brush  or  weeds. 

The  patrol  sections  should  not  exceed  S  miles  in  length 
for  team  patrol  and  that  the  patrolman  should  live  on  the 
section  and  as  near  the  center  of  his  section  as  possible. 
Where  a  competent  patrolman  can  not  be  secured  who  lives 
near  the  center  of  a  section,  it  is  economy  for  counties  to 
build  a  shack  for  the  patrolman  to  be  located  near  the  center 
of  the  section.  The  saving  of  time  will  repay  the  cost  of 
the  shack  in  two  seasons  or  less. 

The  best  single  tool  for  the  patrolman's  use  in  keeping  the 


road   surface   smooth   is   the   4-wheeled,   2-horse  idad   grader. 
Next  is  the  road  planer. 

A  wavy,  uneven  gravel  road  can  be  scarified  and  then  re- 
shaped with  a  grader  at  a  cost  of  from  $50  to  $7.5  per  mile, 
resulting  in  an  excellent  road.  If  new  material  is  required 
it  must  be  of  a  size  passing  a  one-inch  ring. 

A  9  ft.  gravel  or  macadam  road  can  be  scarified  and 
widened  to  a  16  ft.  width  by  covering  the  old  surface  and 
314  ft.  of  each  shoulder  with  from  2  to  3  in.  of  fine  gravel. 
The  persistent  use  of  the  light  grader  or  planer  will  produce 
a  well  compacted  surface  without  the  use  of  a  ri>ller.  This 
is  both  an  excellent  and  cheap  method. 

A  9  ft.  stone  or  gravel  macadam "roat'.  can  be  successfully 
widened  to  a  IG  ft.  width  by  resurfacing  with  2  to  3  in.  of 
stone,  extending  the  stone  over  3%  ft.  of  each  shoulder  and 
binding  the  new  material  with  bitumen.  If  the  road  is  prop- 
erly constructed,  the  3  in.  depth  of  stone  on  the  shoulder  will 
amply  care  for  reasonably  heavy  traffic. 

A  badly  worn  macadam  surface  can  be  maintained  more 
cheaply  by  the  application  of  about  2  in.  of  sand  and  that 
this  will  result  in  a  more  satisfactory  road  to  travel  than  if 
a  surface  treatment  is  applied.  It  must  be  gone  over  fre- 
quently   with   the   road   grader  or  planer. 

No  road  should  receive  a  bituminous  surface  treatment 
except  where  the  surface  is  smooth  and  clean  and  that  when 
bitumen  is  used  it  should  be  of  a  quality  and  of  a  sufficient 
quantity  to  penetrate  the  road  surface  thorousnly.  Holes 
appearing  in  the  surface  should  be  patched  immediately  by 
the  patrolman.  It  is  a  waste  of  funds  t-o  apply  surface  treat- 
ments and  not  use  an  absorbent  of  stone  chips,  pea  gravel  or 
torpedo  sand.  The  surface  treatment  of  roads  taking  care  of 
heavy  traffic,  that  have  been  previously  treated,  should  be 
continued,  provided  they  have  been'  properly  maintained. 

Plans  for  Future  Maintenance. — Based  upon  the  results  ob- 
tained in  1918  by  "heavy  blade  grader  work,"  the  commission 
plans  to  improve  every  mile  of  road  on  the  system  by  that 
method,  except,  possibly,  the  former  state  aid  work,  within 
the  next  three  years. 

The  benefits  derived  from  having  the  entire  .system  well- 
drained  and  graded  to  a  safe  width  for  travel  (24  ft  from 
shoulder  to  shoulder)  can  hardly  be  estimated.  The  factor 
of  safety  alone  is  worth  the  cost.  The  very  worst  sections 
were  graded  in  1918,  the  next  worst  will  be  taken  care  of  in 
1919,  and  this  work  will  he  continued  each  year  until  the 
whole  system  is  properly  graded. 

Heavy  clay  roads  which  cannot  be  covered  with  a  high 
type  of  surfacing  within  the  next  2  or  3  years  will  be  covered 
with  2  or  3  in.  of  fine  gravel,  if  available  within  a  reason- 
able haul. 

Practically  all  gravel  roads  not  surface  treated,  as  well  as 
many  miles  of  macadam,  will  be  scarified  and  reshaped  at 
least  once  a  year.  The  best  time  for  this  work  is  early  in 
the  season. 

Motor  Trucks  In  Patrol  Maintenance. — The  commission 
does  not  encourage  the  use  of  motor  trucks  for  patrol  main- 
tenance. However,  each  county  should  own  one  or  more  2 
to  3%  ton  trucks  for  delivering  material  to  the  patrolmen, 
where  the  maintenance  material  must  be  hauled  a  distance 
of  2  miles  or  more  during  the  summer  season.  A  good  team 
of  horses  or  mules  can  perform  any  and  all  work  on  a  patrol 
section  that  can  be  done  with  a  motor  truck,  but  in  many  in- 
stances not  as  fast.  On  the  other  hand,  a  team  can  do 
numerous  kinds  of  work  that  cannot  be  done  with  the  truck. 
A  motor  truck  to  be  profitable  to  the  owner  must  be  con- 
stantly in  use.  This  is  not  possible  on  patrol  maintenance. 
The  team  or  truck  must  stand  by  the  roadside  a  large  per- 
centage of  the  time  while  the  patrolman  is  doing  handwork. 

There  are  several  counties  where  the  type  of  road  and  ex- 
isting conditions  warrant  the  use  of  motor  trucko  for  patrol 
work.  In  such  counties  the  commission  will  insist  upon  the 
patrolman  doing  only  such  work  with  the  truck  as  can  be 
done  economically.  Teams  must  be  used  to  do  the  natural 
team  work.  We  doubt  very  much  if  there  is  one  county  in 
the  state  using  motor  trucks  for  either  construction  or  main- 
tenance work  that  knows  the  true  unit  cost  of  operating  the 
trucks,  which  cost  must  allow  for  depreciation  and  upkeep, 
as  well  as  for  cost  of  operation. 

The  form  (Fig.  1)  has  been  devised  for  the  express  pur- 
pose of  keeping  the  true  cost  of  motor  truck  operations. 
Each  construction  job  or  patrol  section  is  charged  with  the 
work  performed, by  each  truck,  the  truck  being  credited  with 
ihe  same.     The  fixed  and  operating  costs  of  each  truck  are 
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charged  to  the  individual  truck.  This  melliod  i,!aces  each 
truck  on  a  business  basis.  The  same  method  is  employed  in 
keeping  tractor  costs. 

Counties  having  gravel  available,  even  though  at  long 
hauls,  should  plan  to  haul  at  least  a  portion  of  the  necessary 
maintenance  material  during  the  winter.  The  nfiterial  will 
then  be  at  hand  for  the  patrolman  to  care  for  the  "bad  spots" 
as  the  frost  is  leaving  in  the  spring. 


Cost  of  Street  Cleaning  at  St.  Paul,  Minn. 

Cost  of  Hand  Sweeping. — The  city  o(  St.  Paul  has  an  area 
ot  55. -14  square  miles,  of  which  3.27  is  water.  There  are  91 
miles  of  paveer  streets,  5%  miles  of  paved  alleys,  45  miles  of 
macadam  streets,  13  miles  of  gravel;  and  395  miles  of  roads 
graded  only  and  22  miles  of  alleys  graded  only.  The  paved 
area,  streets,  bridges  and  alleys  amounts  to  2,339,122  sq.  yd. 
Of  this  58  miles  or  1.347,051  sq.  yd.  of  paved  streets  are 
cleaned  by  hand  sweeping.  The  force  in  1918  consisted  of 
an  inspector  at  $115  per  month,  assistant  inspector  at  $90  per 
month,  105  to  125  sweepers  and  15  shovelers  at  27%  ct.  per 
hour  and  14  teams  at  75  ct.  per  hour;  all  working  8  hours. 
According  to  the  last  annual  report  of  M.  N.  Goss,  Com- 
missioner of  Public  Works,  the  total  cost  in' 1918  of  hand 
sweeping  this  district,  including  the  shovelers  and  the  haul- 
ing away  of  street-sweepings  averaged  $67.23  per  1,000  sq.  yd. 
tor  the  season.  Each  sweeper  in  uniform  is  assigned  to  a  dis- 
trict and  sweeps  and  patrols  3,200  to  1T,600  sq.  yd. 

In  the  business  district  paved  alleys  are  swept  once  a  week 
by  the  sweeping  crew,  two  teams  and  four  mon  being  as- 
signed to  this  work  The  rubbish  receptacles  at  street  cor- 
ners have  their  contents  removed  by  a  single  team  and  one 
or  two  men  to  assist. 

Street  Flushing.— The  streets  in  that  portion  uf  the  busi- 
ness district  boimded  by  St.  Peter,  Eighth,  Third  and  Broad- 
way, are  flushed  every  night  during  the  season.  There  are 
7.12  miles  of  streets,  or  a  paved  area  of  140,400  sq.  yd.  in  this 
district.  Three  Studebaker  flushers  are  used  on  this  work; 
the  crew  consists  of  a  foreman,  three  teamsters,  and  two 
gutter  cleaners— they  work  eight  hours.  The  average  cost 
fn  1918  of  operating  one  fiusher  on  this  night  service  was 
$11.52;  the  cost  per  mile  per  night  is  $4.85,  and  the  cost  per 
1,000  yd.  23.6  ct.  These  costs  include  pay-roll,  oil.  waste, 
gasoline  and  water,  but  no  repairs  to  equipment.  Seven 
Studebaker  flushers  are  owned  by  the  city,  and  six  are  op- 
erated continuously  on  day  shifts  on  streets  outside  ot  the 
district  above  described — they  work  nine  hours. 


Cost   of   Squeegeeing.— Seven   squeegees   or   scrubbing   ma- 
chines are  owned  by  the  city  and  are  used  on  smooth  pave-      ,,g  (jprived  may  be  fully  known  to  every  voter 


How  to   Provide   a   County   with 
Good  Roads 

The  improvement  of  county  road.s  has  become  so  urgent 
to  properly  develop  the  resources  of  the  country.  It  is  neces- 
sary for  the  authorities  and  citizens  to  devise  ways  uiid 
means  of  bringing  such  a  development  about.  The  follow- 
ing plan  for  accomplishing  this  is  suggested  by  the  Highway 
Industries  Association; 

In  undertaking  this  improvement,  a  number  of  important 
features  have  to  be  taken  into  consideration  and  given  care- 
ful study.  The  entire  road  mileage  of  the  county  must  be 
ascertained;  the  number  of  miles  of  roads  that  it  will  be  ad- 
visable to  improve;  the  character  of  the  tralHc.  that  passes 
over  each  road;  an  estimate  of  future  tratlic;  the  ability  of 
the  county  to  raise  sufficient  funds  to  improve  the  mileage  se- 
lected; and  the  methods  in  which  this  money  can  be  raised. 
A  close  study  should  be  made  of  the  present  taxable  basis, 
and  the  financial  obligations  of  the  county,  the  tax  rate,  and 
the  amount  it  would  increase  the  tax  rate  to  build  the  roads 
by  a  direct  tax  or  by  bonds.  The  linancial  ability  ot  the 
county  having  been  ascertained,  the  approximate  amount  of 
money  the  county  can  raise  by  bonds  or  other-.vise  deter- 
mined, and  the  roads  classified,  a  system  can  be  laid  out  in 
keeping  with  the  amount  of  money  to  be  expended  with  ade- 
quate provision^  for  maintenance. 

It  is  most  important  that  a  close  study  be  made  of  the 
existing  roads,  a  system  laid  out,  and  the  cost  ot  improving 
such  a  system  determined.  In  estimating  the  cost,  pro- 
vision should  be  made  for  future  maintenance  £o  that  the 
burden  placed  on  the  county  would  not  be  such  as  to  raise 
the  annual  tax  above  that  prescribed  by  liw  or  become  bur- 
densome to  the  taxpayer. 

Bonds  should   be  of  the  serial   variety,  lite  not   exceeding 
,25  years,  preferably  20  year.s,  and  bearing  2  ra'3  of  interest 
that  will  make  them  attractive  to  investors. 

The  roads  selected  should  be  so  co-ordinated  as  to  form  a 
complete  system,  connecting  up  the  most  important  poinl-s 
and  railroad  stations  in  the  county.  It  the  county  has  no 
county  engineer,  the  services  ot  an  experienced  road  engi- 
neer should  be  secured  to  lay  out  the  system,  and  make  an 
estimate  of  its  cost  cf  construction,  and  maintenance. 

The  system  of  roads  having  been  selected  and  laid  out, 
cost  of  construction  ascertained,  and  the  financial  ability  of 
the  county  being  found  capable  of  constructing  such  a  sys- 
tem, it  will  then  be  necessary  to  plan  a  campaign  of  informa- 
tion and  education,  so  that  when  the  issue  is  put  before  the 
oiers  it  will  be  clearly  understood,  and  the  great  benefit  to 


ments.    such    as    asphalt,    asphalfic    concrete,    and    creosoted 
block,  with  success. 

The  average  cost  of  squeegeeing  in  the  business  district, 
outside  of  the  "night  district"  was  19.4  ct.  per  l.ono  sq.  yd. 
and  in  the  residence  district  34.6  ct.  per  1,000  sq.  yd.  for  one 
scrubbing;  the  higher  cost  in  the  residence  district  is  due 
to  the  necessity  of  having  the  squeegees  followed  by  a  pick- 
up wagon  to  clean  up  the  gutters,  ».ind  in  the  downtown  dis- 
trict, this  service  is  performed  by  the  teams  hauling  street 
sweepings. 


The  best  way  to  bring  this  about  is  to  form  a  good  roads 
organization  such  as  a  county  good  roads  association;  elect 
a  chairman,  a  vice-chairman,  for  each  district  ot  the  county. 
and  a  secretary.  Under  a  vice-chairman  each  district  should 
form  a  committee,  bringing  together  as  many  people  as  pos- 
sible who  will  work  for  the  passage  of  the  bond  issue  or 
special  law  by  calling  the  attention  of  the  memiiers  of  the 
legislature,  and  all  the  people  to  the  great  need  tor  improved 
roads  and  the  benefit  that  will  be  derived   therefrom.     The 

,.._„,  committee  should  extend  their  activities  to  each  community 

All  paved  streets  in  the  residence  district  are  either  flushed      ^^  ^^^  district  by  holding  meetings  and  sending  out  literature, 
or  scrubbed  once  a  week  and  oftener  where  necessary.  setting  forth  clearly  the  object  of  the  campaign  ar.d  what  (t 

hopes  to  accomplish. 

Oregon    Society    of    Engineers    Votes   to    Amalgamate    with  ■       -      - 

American   Association   of   Engineers.— By  unanimous  vote  on  License   Examinations  for   Idaho    Eng.nsers.-The   enforce- 

July  24  the  Oregon  Sociefv  of  Engineers  decided  to  amalga-       ment  of  regulations  governing  the  practice  of  surveying  and 
mate  with  the  Am<^rican  Association  of  Engineers.     Other  so-      civil   engineering   in   Idaho   now    comes   under   the   Comm.s- 


ioner  of  Law  Enforcement.  R.  O.  Jones.  Boise,  Idaho.  There 
is  now  a  law  regulating  the  practice  ot  civil  engineering  in 
Idaho  which  appears  to  include  all  branches  except  mining 
and    metallurgv.     Examination    for    civil    engineers    will    be 

,;.uo.     ine  quesuon   o.   ama,,.u......  .».   ....   held  the  second  Tuesday  in  September  and  that  -[^^^^^y^^^ 

several   other   societies   and   is' now   under   consid^ation    by      the  first  Tuesday  m  September.     ^"^  .^"" ^^  "^  '^"■^J/ . ^^^ 

ot  same  has  been  Ir-  ■!  -•"-■"   '"ne  1,  1903,  unless  made  b\  a 


cieties  that  expect  to  vote  upon  amalgamation  in  the  near 
future  are  the  Engineers'  Club  of  Kansas  City,  the  Engineers 
and  Architects'  Association  of  Southern  California,  the  South- 
western Society  of  Engineers  and  the  Houston  Engineers' 
Club.     The  question   of  amalgamation  has  been   initiated  by 


them. 


licensed  surveyor. 


California  Votes  $40,000,000  for  Completing  Its  Main  High- 
way System.— By  a  vote  of  7  to  1  the  citizens  of  California 
authorized  a  $40,000,000  bond  issue  for  the  completion  of  the 
main  highway  system.  There  will  be  a  further  $10,000,000 
spent  by  counties,  who  have  already  voted  their  bonds  aitd 


Next  Convention  of  the  American  Road  Builders'  Associa- 
tion.—The  board  of  directors  of  the  American  Raad  Builders' 
A.s=ociation  have  decided  to  hold  the  next  convention  of  the 
association  at  Louisville.  Ky.,  Feb.  9-13,  1920.     Both  the  ses- 


about  $10,000,000  of  Federal  aid  will  be  expended  to  certain      sions  of  the   convention   and   the   «^ibition   wiU   ^e  accom 

"  \r,  cover      modated   in   the   First   Regiment   Armory,   wnicn   is   suua 

within  two  or  three  blocks  of  the  leading  hotels  of  the  city 


post-'road;:     This  make's  a  total  of  some  $60,000,000  to  cover      modated_^inJhe   First   Regiment   Armory,   which   is   situated 
a  program  that  will  take  some  three  years.  *"■ 
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Eiif/iinrriiiij  (uid  Contract iiu/  for  Ai((/ust  (i.  1919. 


The  Advantages  of  Tank  Car  Ship- 
ments of  Asphalt 

By    CHARLES    E.    MURPHY, 
.\sphalt   Sales  Department.    The   Texas   Compan\'. 

Tank  car  shipments  of  asphalt  have  increased  so  re- 
niarka'oly  during  the  last  few  years  that  it  now  3eems  timely 
to  review  some  of  the  reasons  for  this  increase.  The  first 
and  paramount  reasons  are  that  tank  car  ship'nents  have 
given  universal  satisfaction,  they  have  proved  to  be  eco- 
nomical, have  reduced  considerably  the   labor  of  transporta- 


Modern    Tank    Car    Near    Loading    Stations    at    Refinery    Preparatory 
to    Being    Filled    with    Asphalt. 

tion,  and  that  where  possible  to  be  used  they  have  effected 
quicker,  safer  and  easier  handling  of  the  material. 

From  the  viewpoint  of  economy,  shipment  of  asphalt  by 
tank  car  may  be  considered  from  several  different  aspects, 
under  the  following  headings:  Original  cost.  It  is  un- 
necessary to  pay  for  containers  and  the  freight,  on  same. 
There  are  no  barrels  to  be  stripped,  and  the  amount  of  man- 
handling of  the  material  is  negligible.  There  is  no  necessity 
for  storage  space  to  put  barrels  or  drums.  Problems  of  dis- 
posing of  empty  barrels  or  drums  is  eliminated. 

Considering  the  first  aspect,  it  is  obvious  that  the  original 
cost  of  the  material  is  considerably  reduced  by  tank  car 
shipment,  because  the  cost  of  handling  at  the  refinery  is 
less.      The   cai;s   are   placed    at   the   valve   houses    at   the    re- 


^'^:s€^"**^ 

^^B^^^^^fc^r^^.  -tj*-'-' '' 

^^^^p^^^^ 

Road   Oil   Distributor  Being   Loaded  from  Tank  Car  by   Hand-Pump 
Method.     Handle  of  Pump  May  Be  Seen  at  Top  of  Photograph. 

finery  and  are  loaded  mechanically  through  pipe  lines  run- 
ning directly  to  the  storage  tanks.  Contrast  thip  with  the 
method  of  shipment  in  barrels  or  drums,  where  considerable 
human  labor  is  required,  and  much  time  is  consumed  in  the 
packing  operation.  In  the  tank  car  method  all  this  is  ob- 
viated, and  the  natural  result  is  a  more  economical  output. 

No  Cost  for  Containers. — In  discussing  the  second  phase  of 
the  question  from  an  economical  viewpoint,  there  is  more 
than  the  fact  that  the  consumer  does  not  have  to  pay  the  cost 
of   the   containers.     He   pays   for  the  net   asphalt   only.     He 


gives  nothing  for  the  use  of  the  tank  car,  unless  it  be  retained 
more  than  48  hours,  when  a  demurrage  charge  is  made.  This 
charge  is  not  asked  so  much  for  the  use  of  the  car  as  for  a 
guarantee  of  its  early  return.  In  comparing  this  with  the 
cost  of  barrels,  for  which  of  necessity  a  charge  must  be 
made,  one  must  also  consider  the  freight  charge  on  these 
containers. 

Under  the  third  heading  stating  that  there  are  no  barrels  to 
be  stripped,  one  should  consider  the  ease  and  economy  with 
which  the  asphalt  is  pumped  from  the  tank  cars  in  compari- 
son with  the  e.xtensive  labor  required  in  handling  containers. 
The  material  may  be  pumped  with  facility  direct  from  the 
car  to  the  storage  plant,  which  operation  demands  a  small 
;imount  of  manhandling 

Storage  Problem  Obviated. — The  problem  of  providing  sto- 
rage space  for  drums  and  barrels  is  usually  one  that  entails 
time,  effort,  and  expense.  Furthermore,  it  must  be  apparent 
to  all  that  after  the  barrels  or  drums  have  been  emptied, 
their  disposal  is  sometimes  a  troublesome  matter.  Often- 
times, it  is  possible  to  return  them  to  the  seller,  who  gives 
a  small  remuneration,  but  in  such  cases  the  containers  must 
necessarily  be  In  usable  condition. 

One  of  the  phases  of  tank  car  shipments  which  usually  per- 
plex consumers  is  the  process  of  heating  the  asphalt  for  re- 
moval from  the  tauk  cars.  The  expansion  caused  by  heat- 
ins  an  S,OiiO-gal.  tank  car  to  a  temperature  of  i!00  to  350° 
for  unloading  varies  between  9  and  lOVa  per  cent  of  the  orig- 
inal gallonage.  From^  an  actual  test  it  has  been  determined 
that  in  the  heating  of  asphalt  in  tank  cars  there  is  an  in- 
creased expansion  of  0.000.35  per  degree  in  temper:iture  above 
i;0°.     Thus    in    heating   asphalt   in    a   tank   car   360°    for   un- 


Auto-Distributor    Being    Loaded    with    Asphalt    from    Tank    Car    by 

Pressure   Supplied   by  the   Automobile.      This   Process   Is   More 

Modern  Than  the   Hand-Pump   Method. 

loading,  the  gallonage  would  be  increased  approximately  10% 
per  cent.  Therefore  it  is  necessary  to  load  a  tank  car  only 
to  within  about  101/2  per  cent  of  its  capacity.  It  should  not 
be  necessary  under  normal  conditions  to  heat  a  tank  car  con- 
taining from  50  to  GO  penetration  material  much  over  300°; 
that  is,  if  the  car  is  unloaded  with  an  efficient  pump  and  the 
distance  to  which  the  material  is  pumped  is  short. 

Rules  for  Unloading. — Below  are  a  few  general  rules  which, 
it  followed  judiciously,  will  result  in  easy  unloading  of  asphalt 
from  tank  cars: 

When  there  Is  a  steam  connection  on  top  of  tho  shell,  this 
connection  should  be  used  for  the  inlet  and  the  bottom  con- 
nection for  the  outlet.  After  the  steam  is  connected,  do  not 
open  the  valve  wide  all  at  once  but  turn  it  on  very  slowly, 
taking  ten  to  fifteen  minutes  to  get  steam  through  the  entire 
coil.  This  permits  the  coll  to  heat  up  gradual'y  thereby 
causing  minimum  strain  on  the  coil. 

Before  turning  on  steam  the  outlet  valve  of  the  steam  coil 
should  be  opened  wide,  to  blow  out  any  water  that  may  be  in 
the  coil.  Later,  when  the  coils  are  clear  of  water  and  warm, 
the  valve  should  be  properly  regulated  to  preve?if  waste  of 
steam. 

Always  remove  the  dome  cover  before  turning  on  the 
steam. 

Do  not  allow  moisture  to  enter  the  car  from  the  outside, 
through  the  dome.  If  it  Is  raining  or  snowing  when  unload- 
ing arrange  a  suitable  cover  so  that  any  moisture  on  the  In- 
side of  the  car  will  have  a  chance  to  get  out  in  the  form  of 
steam,  and  so  there  will  be  no  danger  of  moisture  getting 
into  the  asphalt. thicugh  the  dome. 


(36) 


Eiiglntering  and  Coutractiiuj  for  J(/////.v/  0.  inif). 
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Both  the  contents  of  the  car  and  the  exhaust  from  the  out- 
let valve  should  be  frequently  inspected  to:  First,  see  that 
the  asphilt  is  not  foaming;  second,  see  that  the  coil  is  work- 
ing properly. 

It  the  asphalt  should  rise  in  the  dome  and  show  a  tendency 
to  foam  over,  the  steam  should  be  turned  off  in  plenty  of 
time  to  permit  the  asphalt  to  settle  back,  and  the  '.steam  can 
be  turned  on  again:  and  by  working  carefuily  in  this  manner 
any  cause  for  trouble  will  be  eliminated  where  there  are 
only  traces  of  moisture.  In  such  cases  use  a  thermometer 
and  keep  temperature  just  below  190°  F.  until  the  moisture 
is  worked  out. 

Also,  if  it  is  fotfnd  that  the  contents  of  the  car  contains 
moisture  or  that  there  is  a  small  leak  in  the  coil,  the  car 
contains  moisture  or  that  there  is  a  small  leak  in  the  coll, 
the  car  may  be  unloaded  in  most  cases,  provided  dry  com- 
pressed air  is  available.  A  perforated  pipe  shi  uld  be  low- 
ered into  the  inside  of  the  car  through  the  dome,  placed  on 
the  bottom  of  the  car  and  attached  to  the  compressed  air 
line.  A  small  amount  of  air  applied  in  this  manner  has  a 
tendency  to  drive  moisture  out  of  the  asphalt  without  ex- 
cessive foaming. 

An5  bubbling  of  steam  up  through  the  asphalt  indicates  a 
leak  in  the  coils  of  more  or  less  extent.  The  steam  should 
be  turned  off  immediately,  and  after  cooling  about  15  minutes 
should  be  turned  on  first  one  coil  and  then  the  other  to  de- 
termine which  coil  is  defective.  Steam  should  not  be  kept 
on  a  defective  coil,  as  it  will  condense  to  water  in  the  asphalt 
and   later  cause  foaming. 

•Slight  foaming  can  be  overcome  by  stirring  asphalt  through 
the  dome  vigorously  with  a  paddle.  This  breaks  up  the  bub- 
bles and  will  oftentimes  make  it  possible  to  unload  a  car 
which   is    inclined   to   foam. 

Before  raising  the  valve  and  attempting  to  iinload  the 
asphalt  from  the  car,  the  contents  should  be  carefully  exam- 
ined with  a  rod  or  pole  from  top  to  bottom  to  determine  if 
the  asphalt  in  the  bottom  of  the  car  is  completely  liquefied. 
The  first  asphalt  to  melt  rises  to  the  top  of  the  car.  the  un- 
nielted  portion  continually  settling  down  upon  the  coils  and 
gradually  taking  on  a  heavy  "liverlike"  consistency  until  the 
entire  contents  of  the  car  completely  liquefies. 

The  connecting  line  for  pumping  out  should  never  be  less 
than  four  inches,  and  where  necessary  bushed  to  the  outlet 
connection. 

Coils  should  always  be  blown  out  with  air  in  freezing 
weather  every  time  the  steam  is  turned  off  for  any  length 
of  time,  in  order  to  prevent  condensed  water  freezing  and 
bursting  them. 

If  the  unloading  line  is  not  steam-jacketed,  a  small  fire 
under  it  will  prevent  the  first  asphalt  from  cooling  in  the 
line.     Such  fires  should  not  come  in  contact  with  the  car. 


Table  for  Converting  Cubic  Yard  Weight 
to  Tons 

In  view  of  the  fact  that  all  shipments  and  most  purchases 
of  coarse  and  fine  aggregate  are  based  on  the  ton  weight, 
the  following  conversion  table,  worked  up  by  Mr.  Theo.  A. 
Polansky,  C.  E.  Parkersburg,  \V.  Va.,  should  prove  of  gen- 
eral service: 

TABLE    SHOWIKG    CUBIC    YARH    ^^•E1GHTS    IN    POUNDS    IX 
TON  ■R.-EIGHT  EQUIVALENTS. 
Weight  of  Equivalent  weight      Fracti 


aggresrates  in  pounds  in    tons, 

per  cubic  yard.  , 

?.10O  ^   1.050 

2-150  1.0T6 

2,200  1.100 

2.250  1  125 

2.300  1.150 

2.350  1.175 

2,400  1.200 

2.450  1.225 

2.R00  1.250 

2,550  1.275 

2,608  1.300 

2.650  1.325 

2.700  1.350 

2,750  1.375 

2.800  1.400 

2.850  1  495 

2.30O  ,4.50 

2.950  1.475 

3,060  1.500 

3.050  1  525 

•3.100  1.550 

3.150  1.57S 

3.200  1.600 

3.250  1.625 

3.300  1.650 


cubii 


tional  number  ot 
■   yardf    per   ton. 

0.952 
0.930 
0.909 
0.8SS 
0.869 
0.851 
0.833 
0.816 
0.800 
0.784 
0.769 
0.754 
0.740 
0.727 
0.714 
0.701 
0.689 
0.677 
0.666 
0.655 
0.645 
0.635 
0.625 
0.615 
0.606 


Suggestions  for  Contractors  on 
Concrete  Road  Construction 

I'seful  suggestions  on  concrete  road  building,  compiled 
from  long  observation  and  practice  in  tliis  kind  of  work,  are 
given  by  Mr.  Clyde  K.  Learned,  Highway  Engineer  ot  the 
['.  S.  Bureau  ot  Public  Roads,  in  Public  Roads,  the  official 
publication  of  the  Bureau.    The  suggestions  follow: 

Xever  attempt  to  build  a  concrete  pavement  unless  you 
already  have  built  one  or  have  in  your  organization  at  least 
one  good  foreman  thoroughly  acquainted  with  this'  type  ol 
construction. 

Troublesome  equipment,  especially  the  principal  items  such 
ai-  the  mixer  and  the  pump,  often  will  cause  delays  that  are 
more  costly  than  interest  on  new  equipment.  Therefore,  In 
all  cases  where  used  equipment  is  employed,  it  is  advisable 
to  see  that  all  is  thoroughly  overhauled  and  put  into  good 
running  order  before  starting  work.  If  the  job  is  a  large  one. 
especially  if  isolated  from  repair  shops,  it  usually  will  pay  to 
consider  carefully  the  purchase  of  new  raixer  and  pump. 

The  cables  on  the  mixer,  as  well  as  various  pnrts  on  the 
mi.xer,  the  pumps,  and  other  machines,  are  subject  to  rapid 
wear.  To  avoid  delays  caused  by  the  breakage  of  such  parts, 
spares  should  be  kept  on  hand  or  under  order  at  all  times. 

Have  on  hand  at  all  times  a  list  of  repair  parts  and  the 
neirest  agencies  tor  each  machine. 

Careful  Overhauling  of  Equipment  Saves  Money. — Keep  all 
nuts  on  the  mi.ver  tightened  and  use  plenty  of  oil  and  grease. 
it  is  money  well  spent  to  have  the  machinist  spend  ample 
time  in  carefully  overhauling,  cleaning,  and  acijusting  all 
machines  on  the  job. 

Use  a  well-laid  loop  in  feeding  the  mixer.  By  laying  a 
3.  by  6  ft  platform  in  front  of  the  skip  and  by  properly  plac- 
ing the  runways  a  large  skip  can  be  loaded  in  a  surprisingly 
short  time. 

In  soft  ground  it  will  be  necessary  to  provide  runways  for 
the  wheelbarrow  men  and  for  the  mixer  itself.  In  fact,  it  is 
always  better  to  have  runways,  but  where  they  are  used 
ample  room  should  be  provided  at  the  skip  for  turning  and 
th<^re  should  be  no  drops  onto  or  off  of  the  runways. 

Have  the  material  that  is  distributed  on  the  road  ahead 
of  the  mixer  properly  placed  as  considerable  delay  is  caused 
when  wheelbarrow  men  have  to  wheel  materials  a  long 
distance 

Place  a  reliable  man  in  charge  of  receiving  and  placing 
materials  and  do  not  depend  upon  the  teamsters  or  the  truck 
drivers  to  allocate  them  properly.  Dump  wagons  and  trucks 
often  cut  up  the  subgrade,  with  the  result  that  more  or  less 
material  may  be  lost  in  the  ruts.  This  loss  can  be  largely 
eliminated  by  having  a  laborer  fill  any  ruts  where  a  load  is  to 
be  dumped. 

Take  Care  of  the  Subgrade. — Many  contractors  do  not  pay 
enough  attention  to  the  preparation  of  the  subgrade  or  to 
taking  care  ot  it  after  it  has  once  been  shaped  up.  with  the 
result  that  they  have  costly  delays  at  the  mixer  and  much 
unnecessary  expense  in  reshaping  the  subgrade.  If  enough 
care  is  exercised-  in  these  particulars  it  usually  is  possible 
to  eliminate  the  one  or  two  men  working  on  the  grade  ahead 
ot  the  mixer. 

Figure  the  proper  spacing  of  the  loads  before  cement  is 
piled  along  the  road  ahead  of  the  mixer. 

Have  the  cement  dumped  on  the  opposite  side  ct  the  road 
from  the  pipe  line. 

Shake  out  and  tie  up  cement  sacks  as  they  are  used.  A 
man  will  shake  enough  cement  out  of  the  tags  to  more  than 
pay  his  wages. 

Have  the  sacks  gathered  up  every  night  rather  than  left 
in. piles  along  the  road. 

Have  boards  placed  under  any  cement  that  is  to  be  left 
out  over  night  and  have  enough  canvas  on  hand  to  cover  it 
in  case  of  rain. 

If  side  forms  are  to  be  iised,  grade  the  road  so  that  the 
shoulders  will  not  interfere  with  placing  them. 

■.Vhere  wooden  side  forms  are  to  be  used  over  and  over 
it  will  save  money  to  cap  them  with  angle  irons. 

If  motor  trucks  are  used  for  hauling,  it  generally  will  be 
advisable  for  them  to  back  in  to  dump  their  loads, 

Economy  in  Use  of  Trucks. — For  hauling  the  materials  for 
a  concrete  road  it  is  more  economical  to  use  trucks  with  a 
capacity  of  from  3%  to  5  tons  than  trucks  of  a  smaller 
capacity  unless  local  soil  conditions  make  the  operation  of 
such  large  trucks  inadvisable. 
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A  small-capacity  truck  often  proves  economical  for  hauling 
cement,  as  it  can  be  driven  between  the  material  piles  on 
the  road  and  has  comparatively  little  tendency  to  damage 
the   subgrade. 

Before  buying  a  pump  do  a  little  figuring,  takiiig  into  con- 
sideration the  size,  length,  and  condition  of  the  pipe  line  to  be 
used,' the  maximum  vertical  height  to  which  water  is  to  be 
raised,  tne  amount  of  water  that  will  be  required,  and  the 
source  from  which  it  must  be  obtained.  When  the-  supply  is 
from  a  deep  bored  well  it  will  be  necessary  to  provide  an 
extra  pump  for  lifting  the  water  from  the  well.  This  should 
be  a  deep-well  pump  connected  to  an  appropriate  engine.  It 
is  used  to  pump  the  water  into  the  storage  tank  or  reservoir 
from  which  the  high-pressure  pump  draws  the  water  for 
the  mixer. 

Do  not  use  less  than  a  2-in.  pipe  line,  and  discard  all  defec- 
tive lengths  and  rethread  all  poor  ends  before  laying  it. 

Water  Requirements. — The  water  requirements  will  vary 
from  20  gal.  to  as  much  as  GO  gal.  per  minute.  This  includes 
water  for  the  concrete  mixing,  for  wetting  the  subgrade,  and 
one  stream  for  curing  the  concrete.  Usually  one  stream  is 
not  enough  to  keep  the  green  concrete  in  good  condition,  so 
it  will  often  be  necessary  to  resort  to  night  pumping  to  pro- 
vide enough  water  for  this  purpose. 

The  following  tables  will  be  of  assistance  in  determining 
the  size  of  pump  required  for  most  conditions: 

TABLE  I. 

IjOss  in  friction  head  (in  feet)  in  2- 

inch  pipe. 

2  miles.       3  miles.       4  miles. 

102  153  20+ 

220  330  440 

3S8  5S2  776 

592  888  1,184 

60   lail... ! 468  936  1,404  1,872 

To  the  loss  in  head  in  the  above  table  it  will  be  necessary 
to  add  the  vertical  height  that  the  water  is  to  be  pumped 
and  to  make  allowance  for  angles  and  valves. 

The  theoretical  horsepow^er  required  to  raise  w;ter  to  dif- 
ferent heights  is  given  in  the  following  table: 


Per  miute. 
20    gal. 
30    gal. 
40    g'al . 


Water  required  per  minute. 

1  mile, 
51 

30   "al              

..     110 

..     194 

50  sal 

..     296 

50    s:al 1.25 

60    gal 


TABLE  IL 

, Height 

to  be 

raised 

(in  feet). 

, 

100          200 

300 

400 

500 

bCO 

0.50         1.00 

1.50 

2.00 

2.50 

3.0U 

.75         1.50 

2.25 

3.00 

3.75 

4.50 

1.00         2.00 

3.00 

4.00 

5.00 

6.00 

1.25         2.50 

3.75 

5.00 

6.25 

7.50 

1.50         3.00 

4.50 

6.00 

7.50 

9.00 

Multiply  theoretical  horsepower  by  4  for  deliveries  ot 
30  gal.  per  minute  or  less  and  by  3  for  deliveries  ot  from 
30  to  125  gal.  per  minute. 

EXAMTLE. 
Required,  40  gal.   per  minate;  maximum  distance  to  be  pumped 
=  2  miles,  vip  a  hill  100  ft.  in  height. 
From  Table  I: 

Loss   in  head  in  pipe  line —  388  ft. 

Vertical   height   up  hill =  100  ft. 

Estimated  loss  of  head  in  valves,   elbows,   etc =    20  ft, 


Total  head   

From  Table  II: 

Theoretical   horsepower   required 

Actual    horsepower    required    for    engine    and    pump 
three  times  theoretical  horsepower •. 


508  ft. 


^^ 


5  HP. 
15  HP. 

Relief  Valves  to  Prevent  Damage. — The  vertical  distance 
from  the  water  surface  to  the  pump  should  not  exceed  20  feet, 
and  a  foot  valve  should  be  placed  on  the  end  of  the  suction 
pipe.  To  prevent  damage  from  excessive  pressure  in  the 
line  all  pumps  should  be  provided  with  relief  valves. 

Provide  a  1-inch  hose  from  pipe  line  to  mixer. 

At  the  pump  provide  a  check  valve  in  the  main  pipe  line. 
and  between  it  and  the  pump  put  in  a  tee  with  a  short  nipple, 
on  which  a  globe  valve  is  set.  Open  the  globe  valve  before 
starting  the  pump,  allowing  the  water  to  discharge  into  the 
air  at  this  point.  Close  the  valve  as  the  engine  gets  up 
speed. 

Globe  valves  should  be  provided  in  the  pipe  line  about, 
every  1,000  feet  apart.  2-inch  to  1-inch  tees  from  200  to  300 
feet  apart,  and  unions  about  .500  feet  apart. 

The  insert  for  the  mixer  should  be  made  up  a?  follows: 
A  1-inch  short  nipple,  a  1-inch  globe  valve,  and  another  1-inch 
short  nipple,  to  w'hich  the  mixer  hose  is  coupled. 

The  hose  for  wetting  down  the  concrete  usually  is  1-inch 
size,  as  it  is  easy  to  drag  around.  The  inserts  .ire  made  by 
using  a  1-inch  nipple,  then  a  1-inch  square-head  cock,  and 
then  another  1-inch  short  nipple.  About  a  dozen  of  these  in- 
serts should  be  provided,  and  they  should  be  moved  from 
place  to  place  as  the  progress  of  the  work  requires. 

Pipe    Line. — In   laying   the   pipe   line   eliminate   sharp    sags 


and  raises  as  much  as  possible,  for  air  pockets  at  the  high 
points  will  cause  much  trouble.  If  an  extra  tee  is  placed  at 
each  high  point,  a  nipple  inserted  and  a  valve  attached, 
the  air  pockets  can  be  blown  off  readily.  Providi  a  similar 
outlet  at  all  low  spots  in  order  that  the  pipe  may  be  drained 
if  occasion  requires. 

Two  men  can  lay  1,500  to  2.000  feet  of  good  pipe  a  day. 

If  the  size  of  the  job  warrants  it  a  blacksmith  shop  will 
save  considerable  time.  Provide  it  with  a  blacksmith's  outfit, 
a  strong  bench  vise,  a  drill  press,  and  a  supply  of  various 
sizes  of  round  and  flat  iron. 

Use  white  lead  or  a  mixture  i)i  graphite  and  machine  oil 
for  connecting  pipe  line.  Machine  oil  is  preferable  if  the  pipe 
is  to  be  taken  apart  frequently. 

When  a  split  or  a  leak  occurs  in  the  pips  line  amrk  it  with 
red  lead,  so  that  it  will  be  noticed,  and  cut  out  the  defective 
section  before  laying  the  pipe  again. 

Provide  a  good  grade  of  1-in.  hose  for  general  use  on 
the  work 

Tools  and  Supplies  for  Repair  Work. — The  following  list  ot 
tools  and  supplies  are  recommended  for  repair  ■-.■ork  on  the 
concrete  mixer  and  pipe  line: 

Hinge  pipe  vise  and  bench  (light  and  movable). 

Pipe  cutter,  pipe  dies,  and  holder. 

Breast  drill,  with  assortment  of  bits. 

Cold  cutters,  cold  chisels,  and  hacksaws. 

Wrenches — monkey,  Stillson,  Westcotts,  open-end.  etc. 

Hose  menders  and  couplings. 

Pliers  and  end-cutting  nippers. 

Rubber  packing,  electric  tape,  and  candle  wicking. 

Assortment  of  carriage  and  machine  bolts. 

Extra  supply  of  valves,  tees,  ells,  unions,  couplings,  nipples, 
plugs,  and  reducers. 

Rolls  of  18-gauge  wire  for  bundling  cement  sacks. 


Proposed  Specifications  for  Block  for  Gran- 
ite Block  Pavement 

At  the  last  annual  meeting  of  the  American  Society  for 
Testing  Materials,  the  Committee  on  Road  Material?,  of  which 
Mr.  A.  H.  Blanchard  is  chairman,  submitted  the  following 
tentative  specification  for  granite  paving  blocks: 

The  blocks  shall  be  of  granite  of  medium-size  grain,  showing  an 
even  distribution  of  constituent  minerals.  They  shall  be  of  uniform 
quality  and  texture  throughout,  and  free  from  seams  or  dis- 
integrated materials. 

Physical  Properties  and  Tests. — The  average  of  three  tests  on 
sample  blocks  shall  conform  to  the  following'  requirements  as  to 
physical  properties: 

FOR  HEAVY  TR.AiEFIC. 

French  coefficieTit  of  wear not  less  than  11 

Toughness    not  less  than     9 

FOR  MODBRATELr  HEAVY  TRAFFIC. 

French  coefficient  of  wear not  less  than     S 

Toughness    not  less  than     7 

The  French  coefficient  of  wear  shall  be  detei-mined  in  accord- 
ance with  the  Standard  Test  for  Abrasion  of  Road  Material  (D  2> 
of  the  American  Society  for  Tesi:mg  Materials.^ 

The  toughness  shall  be  determined  in  accordance  with  the  Stand- 
ard Test  for  Toughness  of  Rock  (D  3)  of  the  American  Society 
for    Testing  Materials. = 

Dimensions. — The  blocks  shall  conform  to  the  following  require- 
ments as  to  dimensions: 

Ijength  on  top,  in 8       to  12 

Width  on  top,  in 314  to     4V4 

Depth,   in 4?4   to     5% 

Dressing. — The  blocks  shall  be  so  dressed  that  the  faces  will  be 
approximately  rectangular  in  shape,  and  the  ends  and  sides  suffi- 
ciently smooth  to  permit  the  blocks  to  be  laid  with  joints  not 
exceeding  i/4  in.  in  width  at  the  top,  and  for  1  in.  downward  there- 
from, and  not  exceeding  1  in.  in  width  at  any  other  part  of  thf 
joint. 

The  wearing  surface  of  the  blocks  shall  show  no  depressions 
more  than  %  in.  deep,  and  the  edges  and  corners  shall  be  un- 
chipped  and  unbroken. 

Inspection. — .\t  least  six  blocks  shall  be  selected  for  physical 
tests  by  the  engineer  or  his  authorized  representative,  subsequent 
to  delivery  at  the  place  of  use,  so  as  to  fairly  represent  actual 
deliveries.  No  sample  shall  include  blocks  that  would  be  rejected 
by  a  visual  examination.  The  bedding  plane  shall  be  marked  on 
at  least  two  of  th3  blocks  selected. 

.\11  deliveries  shall  be  subjected  to  further  inspection  at  the 
place  of  use.  prior  to  and  during  laying.  All  blocks  which  fail 
to  conform  to  the  requirements  of  Sections  1.  3  and  6  shall  be 
rejected. 


■1918  Book  of  .\. 
=Ibid.,  p.   625.  - 


S.  T.  :M.   Standards,  p.  623. 
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Construction  details  for  the  smaller  items  entering  into  the 
roads  constructed  by  the  State  Highway  Department  of  New 
Jersey  are  illustrated  below.  The  upper  right  hand  drawing 
shows  the  standard  concrete  gutter.  The  joints  for  this  are 
to  be  of  the  premoulded  bituminous  composition  type  and  are 
to  be  placed  every  10  ft.  When  the  gutter  is  constructed 
over  a  French  drain  2  in.  of  gravel  is  used  instead  of  the  6 
in.  sand  foundation  shown  in  the  cut. 

The  next  illustration  shows  the  standard  French  drain.  A 
6  in.  porous  tile  is  used  on  all  French  drains  except  where 
V.  T.  standard  sewer  pipe  is  called  for  on  the  plans.  The 
cross  drain  construction  is  a  6  in.  porous  tile  into  8  or  10  in. 
vitrified  "Y's.''  Salt  hay  is  placed  between  the  stone  and 
subgrade.  The  filling  over  the  tile  may  be  21/2  in.  slag  or 
approved  broken  stone.  The  standard  methods  of  banking  on 
curves  are  shown  in  the  lower  right  hand  drawing. 


The  standard  wooden  guard  rail  is  made  of  0  in.  x  i\  in. 
cedar,  locust,  oak  or  chestnut  posts,  surfaced  on  four  sides, 
2  in.  X  8  in.  oak  or  chestnut  rails  and  2  in.  x  (i  in.  caps.  The 
rails  break  joint  alternately  on  center  of  posts.  Sldti 
rails  are  fastened  with  tJO-D  spikes  and  Vx  bolts.  Bolts 
have  button  heads  and  cast  ogee  washers  on  face  of  fence, 
and  fiat  washers  and  square  nuts  on  back  of  posts. 

The  lower  4  ft.  of  posts  are  treated  with  coal  tar  preserva- 
tives. All  joints  are  painted  with  two  coats  of  whfte  lead 
and  oil  paint  before  being  assembled.  Kxposed  portion  of 
fence  is  painted  with  two  coats  white  lead  and  oil  after 
erection. 

In  the  drawings  of  the  standard  details  for  catch  basins  and 
culvert  pipes  the  illustration  at  the  right  shows  the  typical 
construction  where  the  culvert  is  less  than  3%  ft.  below  the 
grade  of  the  gutter.  The  other  drawing  shows  the  construc- 
tion when  the  culvert  is  over  3>^  ft.  below  gutter  grade. 
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Maintenance  of  Earth,  Gravel  and 
Macadam  Roads* 

By  CAPT.  J.  A.  DUCHASTEL, 
City  Manager,  Outremonl.  Quebec. 

Misconception  Regarding  Permanent  Roads. — There  are 
many  people  who  believe  that  once  a  road  has  been  built  it 
is  down  forever,  especially  if  it  has  been  constructed  of  the 
so-called  "permanent'  type,  but  this  is  quite  incorrect.  Road 
maintenance  should  begin  the  day  and  moment  the  road  hat- 
been  completed.  1  do  not  mean  by  this  that  large  sum'-: 
should  be  spent  for  maintenance  on  new  roads,  but  some 
thorough  inspection  and  superinienCence  should  then  be 
started  and  kept  uu. 

Too  many  people  misunderstand  the  meaning  of  the  word 
"permanent"  applied  to  road  construction.  The  dictionary 
definition  of  this  word  is  too  often  taken  literally.  The  worci 
"permanent"  is  derived  from  the  latin  "permanens,"  from 
"per"  (through)  and  "manere"  (remain),  that  is  to  say  "re- 
main for  ever."  It  has  been  the  custom  to  use  this  word 
"permanent"  when  a  more  durable  type  of  road  construction 
has  been  advocated,  and  many  road  enthusiasts  have  mir- 
usod  this  term. 

Another  erroneous  conception  people  have  about  the  per- 
manency of  a  road  is  due  to  the  fact  that  they  have  ideas 
about  the  roads  built  by  the  Romans  and,  according  to  what 
they  have  been  told,  are  still  in  use  today.  It  is  quite  true 
that  some  Roman  roads  are  still,  in  existence  and  used  even 
today,  but  the  wearing  surface  has  been  replaced  time  and 
time  again. 

I  know  only  two  permanent  features  of  a  road  and  they  are: 

1.  Its  location. 

2.  The  heavy  grading  work  which  was  done  at  the  early 
stages  of  its  construction. 

All  other  details  of  road  construction,  mcluding  bridges 
and  culverts,  are  more  or  less  of  a  temporary  nature. 

The  road  surface,  or  better,  the  wearing  surface  of  a  road 
has  only  a  limited  life,  and  the  sooner  the  public  is  accustomed 
to  realize  this  fact  the  better  it  will  be.  The  life  of  a  road 
surface  depends  upon  the  nature  of  the  materials  used  in  its 
construction  and  also  upon  the  nature  and  volume  of  the 
traffic  traveling  over  it. 

The  surfaoe  of  a  roadway  should  be  selected  with  respect 
to  the  traffic  the  road  is  liable  to  have  after  the  improve- 
ments have  been  completed.  It  is  sometimes  very  hard  to 
determine  in  advance  density  of  the  future  traffic.  Improved 
roads  will  attract  an  ever  increasing  traffic,  but  a  fairly  close 
estimation  can  be  ai  rived  at  after  a  little  study. 

General  Principles  of  Roads. — The  majority  of  the  roads 
in  this  province  are  of  the  non-permanent  type,  and  my  in- 
tention is  only  to  talk  upon  the  maintenance  of  the  earth 
roads,  the  gravel  roads,  and  the  macadam  roads. 

There  are  a  few  general  principles  common  to  all  roads 
that  I  would  like  to  bring  out  here. 

A  bad  road  wears  out  much  faster  than  a  good  road,  and 
consequently  the  cost  of  maintenance  is  greatly  increased  if 
the  road  has  been  neglected  for  any  length  of  time. 

Two  types  of  wear  to  roads  are  known: 

The  Surface  Wear. — This  wear  is  caused  by  the  direct 
contact  of  the  wheels  passing  over  the  road,  and  by  the  hoofs 
of  horses,  and  also  by  the  deteriorating  action  of  the  ele- 
ments, such  as  wind,  rain,  etc. 

The  Internal  Wear. — This  wear  is  caused  by  too  heavy 
loads  and  frost  action.  The  materials  with  which  the  road 
is  constructed  are  disturbed  from  their  position  and  a  gen- 
eral disintegration  sets  in. 

Maintenance  of  Earth  Roads. — I  wish  to  submit  ,t  few  sug- 
gestions in  connection  with  the  maintenance  of  earth  roads. 
It  must  be  remembered  that  the  great  majority  of  roads  in 
this  province  are  of  this  type. 

1.  When  the  surface  of  an  earth  road  is  very  rough  it  is 
advisable  to  harrow  it  with  a  spike-tooth-harrow,  so  as  to 
facilitate  the  dragging.  It  is  preferable  that  this  harrowing 
be  made  in  the  spring  when  the  road  surface  is  still  impreg- 
nated with  water. 

2.  All  the  ruts  and  depressions  of  the  road  surface  must 
be  filled  with  material  of  same  nature  of  the  road  surfac<; 
itself. 


•FVom    a  paper   presented    ilay   2il    at    the    Sixth    Canadian    Good 
Roads  Congress. 


3.31t  is  important  that  no  sod  or  vegetable  matter  of  any 
kind  be  used  to  fill  the  ruts  or  depressions  of  the  road. 

4.  In  reshaping  the  road  surface  use  a  road  drag,  and  maki> 
sure  that  all  the  ruts  and  depressions  have  been  thoroughl\ 
filled. 

5.  In  dragging  a  road  it  is  important  that  the  dragging  ba 
started  from  the  sides  of  the  road  working  towards  the  centei. 

6.  No  ridges  should  be  left  on  any  portion  of  the  road  after 
the  dragging  has  been  completed. 

T.  The  best  time  of  the  year  to  do  this  work  is  early  in 
the  springtime  and,  it  necessary,  after  a  heavy  rain. 

S.  It  is  necessary  to  remove  all  foreign  substances  that 
might  have  been  brought  up  to  the  surface  of  the  road  by 
dragging. 

9.  It  is  also  very  important  that  the  culverts  be  thoroughly 
cleaned,  and  that  their  outlets  be  left  in  good  order.  The 
ditches  must  be  cleaned  and  enlarged  if  necessary,  so  as  to 
improve  the  drainage. 

The  cost  of  maintaining  this  type  of  road  varies  from  $5'l 
to  $100  per  mile  per  year,  according  to  the  width  of  the  road. 

Maintenance  of  Gravel  Roads. — The  suggestions  made  in 
connection  with  the  earth  roads  can  be  applied  to  the  gravel 
roads  if  they  have  not  been  superficially  treated  with  bitumi- 
nous material. 

The  cost  of  maintaining  this  type  of  road  varies  from  ?lo  to 
$-tO  per  mile  per  year.  This  price  is  exclusive  of  the  cost 
of  the  cutting  of  weeds,  etc. 

Maintenance  of  Macadam  Roads. — Modern  traffic,  composed 
of  steel  tire  vehicular  traffic  and  automobile  and  heavy  truck 
traffic,  has  been  the  cause  of  many  failures  of  highways  that 
were  considered  of  first  class  construction  up  to  recent  years. 
The  steel  tire  grinds  and  pulverizes  the  road  metal,  and  the 
automobile  traffic  sweeps  the  dust,  thus  produced,  away.  To 
prevent  this  surface  wear  it  has  been  necessary  to  find  some 
material  that  will  set  as  a  sort  of  preservative  to  the  road 
surface.  After  numerous  experiments  road  builders  have 
found  that  the  methods  of  oiling  the  roads  produced  a  carpet 
coat  giving  good  results. 

The  bituminous  carpet  is  laid  on  the  road  with  the  idea  of 
protecting  it  from  wear  from  traffic  and  climatic  conditions. 
It  renders  the  road  impervious  and  lengthens  the  life  of  the 
road  considerably. 

To  be  effective,  the  carpet  coat  must  be  laid  according  to 
the  following  rules: 

All  dust  must  be  thoroughly  removed  trom  the  road  sur- 
face with  brooms  so  as  to  permit  an  intimate  adhesion  be- 
tween the  road  carpet  and  the  road  surface.  For  economy 
sake  it  is  advisable  that  a  rotary  horse  sweeper  be  used.  All 
the  small  depressions  of  the  roadway  in  which  dust  might 
lodge  should  again  be  swept  by  hand  brooms.  The  road 
surface  should  resemble  a  mosaic  after  the  sweeping  is  done, 
and  all  stones  should  be  exposed  over  the  entire  area. 

The  liquid  bitumen  should  be  applied  after  heating,  and  in 
moderate  quantities.  The  quantity  applied  per  square  yard 
will  vary  from  '^  to  V3  Imp.  gal.,  depending  upon  the  condi- 
tions of  the  road  surface.  All  surplus  bitumen  win  be  swept 
with  hand  brooms  over  the  road  so  as  to  avoid  the  formation 
of  puddles,  otherwise  the  carpet  would  be  of  unequal  thick- 
ness and  creeping  of  the  road  surface  would  soon  take  place. 

A  couple  of  hours  after  the  application  of  the  bitumen,  the 
surface  should  be  covered  with  sufficient  coarse  sand  or 
screenings  to  absorb  all  the  bitumen. 

No  road  oiling  should  be  undertaken  unless  the  roadway 
's  absolutely  dry,  otherwise  any  dampness  at  the  surface  ot 
the  roadway  might  prevent  the  adhesion  of  the  carpet.  Un- 
less perfect  adhesio.n  is  obtained  the  carpet  is  apt  to  break 
away  in  slabs  during  the  cold  weather. 

It  is  important  that  the  heating  ot  the  bitumen  shall  b-^ 
constantly  observed  and  the  use  of  thermometers,  is  recom- 
mended. Care  should  be  taken  that  the  flash  point  of  the  road 
oil  be  not  exceeded. 

In  the  case  of  bleeding  of  finished  surface  an  application  of 
coarse  sand  or  screenings  should  be  made  without  delay.  I 
have  had  some  experience  myself  in  road  oiling  and  am 
pleased  to  state  that  the  results  obtained  are  far  beyond  my 
expectations.  I  find  that  the  roadways  that  I  have  treate.l 
with  road  oils  have  been  cheaper  to  maintain  from  year  to 
year.  They  are  easier  to  clean:  they  are  dustless  and  mud- 
less. 

Cost  of  Road  Repairs  and  Oiling  at  Outremont. — I  give  a 
few  figures  showing  the  annual  cost  of  repairs  tc  roadways 
in  Outremont  fbr  the  past  9  years,  and  also  the  cost  ot  oiling 
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these  roadways.     It  will  be  noticed  that  the  cost  per  square  £>, 

yard  for  the  repairs  has  decreased  from  1910  to  1918  at  th.-  otreSSCS     if!     CoflCrete      Road      Sl'dbs 

rate  of  50  per  cent,  and  this  is  in  the  face  o£  the  fact  thai  f^             \\TU        I           r  1 1                  •■t^        ^ 

the  wages  and  material  have  increased  S3  per  cent.  IrOni    W  OeelS    Ol    HeaVy     rrUCks 

CITY   OP   OUTREMONT   COST    OP   STl^EKT    REl'.MRS.  '}^  '^'''^  present  time  it  is  iinposible  to  calculate  the  proper 

(Permanent  pavenu-nts  not  included.)  thickness  of  a  concrete   road  .slab   with   much   certainty.     It 

<'ost          .VveraK,:  is  Itnown    that  a  thicker  slab  is  required  where  the  HUbgradf 

,„Y«J'-                         Total  cost.            sci.  .v,!.         s.|."yrt.,  ct.    ot'Tabor  '*  ^"^  "''''"   '"'»'"■«  •'  "offers  »  good   bearing,  and   that  heavv 

}s„ *iH^f              IH-m              ■■!              Si-5|)  '"^'Is  require  a  thicker  supporting  slab  than  light  loads    how 

1912 ::!::::::::      14:412               2oi1i9              ^l                lis  '""ch  thicker,  however,  has  not  been  determined.     The  stress 

llli l^ll^             p^flj             ^s               i>5  'n  a  slab  depends  upon  the  bending  moment  produced  in  the 

WIS.;...:::;:::::::::      nxH              300.751              l'->               175  ^lab.  and  this  in  turn  is  dependent  largely  upon  the  dlslrlbu- 

\l\^ 11-311              302.784              3.7               2:00  tion  of  pressure  over  the  subgrade.     It  is  recognized- that  un- 

l9is;:::::::::;:::::::      Jr"'!              IhP'i             ti               1-7°  ""'f"im  subgrade  pressures  are  due  to  causes  other  than  the 

c.qT  OP  >.-rr.F-.=-r  ,  ,r,  ,x-,.                           '  ^J^"''^'  ^""""^^  '"""'^  tarried  by  the  slabs.    An  investigation  to 

(Obi  Ol   STUEDT  c.iLiNo.  ^^^^           Average  ''''^'^"'■«"    ^ow    the    road    slab  is  stressed  directly  under  the 

per            '  price  wheels  of  heavy  trucks  and  to  determine  whether  this  stress 

lau'T'!''- ^°T  ?8?-            "^"3  ^00        '"■  VI-  "•    °Vf  7-?'"'  '*  ""'^  ^"  "•'  ^  governing  influence  in  the  designs  of  the  slab. 

1915 2,fi2l              101.930              2.H               i:75  has  been  initiated  by  the  U.  S.  Office  Bureau  of  Public  RoaUs. 

mf;;: :;:::: :;:::;:::     liil        HUTn        i\         lif,  "^'"^  '^'^^^  '^  ""e  of  a  series  of  investigations  outlined  to  m. 

191S 15,202              I38:ti90              V.3               1:76  clude   an   adequate   range   of   the   different   varieties   of   sub- 

grades  and  slab  thickneses.     The  test  was  made  on  the  con- 

r»    ,^*        e    1       •        XT       J    J    ^       Ti          .       IX.     .  *^''^"^   """'"'   between   Camp   Humphreys   and   Alexandria.   Va. 

Better  Salaries  Needed  to  Retain  Highway  The  road  surfacing;  at  this  point  is  is  ft.  wide,  s  m.  thick  ac 

Engineers  in  Public  Service  ^^^  center,  and  G  in.  at  the  sides,     a  1:1%:3  gravel  concrete 

^'as   used,   having  a   crushing  strength,   as   determined   by  t> 
Up  to  2,  years  ago  road  building  was  merely  the  avocation  by  12  in.  cylinders  cast  in  the  field  at  the  time  the  road  was 
of  farmers,  which  they  followed   for  a  few  days  during  the  •ai'3>  of  ''.190  'b.  per  square  inch.   The  aggregates  in  the  con- 
summer.     In  1892  the  first  steps  were  taken  toward  changing  "'^^^   ^'   "^'*    P"'"'   ""'^""'^    Potomac    River   sand    and    gravel. 

this  farmers'  avocation   to  a   profession.     Before   1892   there  ^ "'"!'';",  '°'"^  ''™'  !,'"'°"^^  **  *';"■  T  ?"  I'lf  '""^'''"'^  '" 

the  past  has  remained  rather  wet  and  soft.  The  soil  is  corn- 
were  practically  no  engineers  used  in  country  road  construe-  posed  of  a  sticky  clay,  which,  when  wet.  has  very  low  bear- 
tion,  and  there  was  no  idea  in  the  general  public  conscious-  ing  value. 

ness  that  it  would  be  profitable  to  employ  them  for  this  pur-  To  measure  the  pressure  distribution,   four  pressure  cells 

pcse.     Expenditures  for  roads  have  grown  from  hundreds  ot  were  designed   in  the  Bureau  of  Public  Roads.     In  order  to 

thousands    to    hundreds    of    millions    per    year.     With    this  determine   the   distribution  of   pressures   under  heavy   wheel 

growth  there  has  gradually  grown  up  a  conviction  that  road  concentrations,  a  class   B   standard   army   truck   was   loaded 

building  is  too  important  to  leave  entirely  to  men  who  only  with  .5   tons  of  sand.     The  front  wheels  and   re.^.r  wheel  ot 

work  at  it  for  a  few  days  a  year,  and  now  the  real  oppoi-  the  loaded  truck  were  weighed  separately  and  the  axle  loads 

tunity  for  the  trained  highway  engineer  is  at  hand.     While  were  found  to  be  ."i.OOO  lbs.  and  17.000  lbs.,  respectively, 

there  is  still  in  existence  a  feeling  in  the  minds  of  some,  who  On  Feb.  5,  1919.  a  test  was  made  on  ths  Camp  Humphreys 

unfortunately    usually    arrogate    to    themselves    the    title    ot  road  with  this  loaded  truck.     It  was  backed   1  ft.  at  a  time 

"taxpayers"   (and  usualy  pay  little  tax),  that  a  public  offlce  up   to  the   central   measuring  cells.     When    the   rear   wheels 

is  a  private  snap  and  that  anyone  who  is  ambitious  to  fill  the  reached   a    position   directly   over   the    cells,    the   truck    was 

job  is   satisfactory,   regardless   of  his   lack   of  ability  or  the  backed    1    ft.  at  a  time  still  farther  until  the  front  wheels 

waste    of    public    money    which    his    inefficiency  may  cause.  were  just   over  the  cells.     As  a   second   test   the   truck   was 

there  is  on  the  other  hand,  fortunately,  a  rapidly  growing  ap-  backed  with  the  wheels  as  close  to  the  side  of  the  road  as 

preciation  that  it  is  good  business  for  the  public  to  pay  for  possible  so  that  they  would  be  made  to  come  directly  over 

brains  and  ability  in  public  service — that  poor  pay  results  in  the  cell  placed  at  the  extreme  side  of  the  road.    During  the 

poor  work  and   is   a   costly  investment.     Private   business   is  progress  of  the  preliminary  measurements,  taken  ever  a  po- 

much  more  keenly  appreciative  of  these  facts  than  the  public  riod  of  four  months,  opportunities  offered  themselves  for  ob- 

and  the  opportunities  and  good  salaries  that  are  necessary  t.)  taining  some  idea  of  the  effect  of  light  loads  on  the  subgrade 

attract   the   best  engineering   and   executive   brains   are   quito  pressures    and  these  are  presented  in  the  following  table: 

likely  to  come  from  contractors  and  material  companies.    Th3  Pront     Rear 

salaries  paid  today  to  the  men  who  sell  the  machinery  and  „     .     b„i|.-     truck     t^uck 

road  materials  that  we  use  are  mufh  higher  than  are  paid  for      Load  on  slab  '. ...  '200      >350      '3.680      '2.500      '8.50i» 

equal  ability  in  county  and  state  highway  service.     The  engi-  Maximum  intensltj-  of  pressure.    =0.2       '04         '3J            =1         '6^, 

,  -,      .  ,  ,  Racius  of  area  of  distribution '2  "514  "3  'i> 

neer  who  can  devise  a  system  of  constructing  concrete  road.s      

at  ordinary  prices  at  the  rate  of  a  mile  a  week  can  get  $10,000  'Pounds.     'Pounds  per  square  i)nch.    'Feet. 

a  year  from  a  contractor,  because  he  will  increase  his  profits  The   results   of  the   investigation   are   given   by   Mr.   A.  T. 

to  justify  that  and   much   more.     The  engineer   who  can   in-  Goldbeck.   Engineer  of  Tests.   U.   S.   Bureau   of   Roads.   In   a 

vent  a  concrete  road  building  outfit  that  will  cut  the  cost  in  report   made   public  recently   by   the   Bureau.     The   tentative 

per  cent  is  likewise   sure  of  a  highly  paid   job,   because  the  conclusions    drawn    from    this    preliminary    investigation    are 

contractor's    profits   will   be   increased   to    warrant   it.     I    be-  as  follows: 

lieve  these  things  can  be  and  will  be  done.  The  size  of  th^  I.  Thai  a  concrete  road  slab  under  the  action  of  traffic  or 
contracts  that  will  be  let  is  so  great  that  contractors  are  go-  perhaps  under  the  influence  of  frost  and  different  pereentagen 
ing  to  be  very  anxious  to  get  men  with  the  training  and  of  moisture  in  the  subgrade  is  continually  bending,  so  thai- 
ability  to  do  this,  and  there  is  room  for  a  large  number  of  the  reaction  pressures  between  the  subgrade  and  slab  are 
them.  The  effect  of  this  saving  will  be  to  draw  our  best  neither  constant  nor  uniform  in  intensity. 
Toen  from  public  employment  unless  the  public  is  wis-3  2.  The  reaction  pressures  due  to  heavy  wheel  loads  are  a 
enough  to  provide  funds  to  pay  these  men  sufficient  to  keep  maximum  directly  under  the  loads  and  vanish  to  zero  in  a 
them  in  public  service.  Most  of  the  county  boards  increased  comparatively  small  radius,  which  partially  depends  upon  the 
the  pays  of  their  county  commissioners  this  last  November  intensity  of  the  load.  A  heavy  wheel  load  is  distributed  ove.- 
in  recognition  of  this  fact.  I  consider  this  one  of  the  most  a  larger  radius  than  a  light  wheel  load.  For  this  particular 
hopeful  signs  I  know  of  pointing  toward  the  efficient  spend-  subgrade.  a  load  of  8.500  lbs.  has  a  radius  of  distribution  of 
ing  of  our  highway  funds.  There  isn't  a  county  in  the  statn  pressure  of  about  C  ft.,  most  of  the  pressure,  however,  being 
that  can  affofa  to  pay  less  than  $2,500  a  year,  if  they  can  get  exerted  over  a  radius  of  about  4  ft. 

the  right  sort  of  a  man.     The   salaries  needed  tc  draw  the  3.  As  the  concrete  slab  recovers  from  its  deflection  after 

best    brains    available    into    highway    work    are    insignificant  the  passage  of  a  load  more  readily  than  the  soft  subgrade. 

compared    to    the   waste   ol   money   that   will    result   if   these  there  is  a  tendency  for  the  continual  deflection  of  the  slab  to 

brains  are  not  drawn  into  highway  work.— W.  O.  Hotchkiss,  produce  areas    having    very    little    or  no    bearing.     If     the 

Secretary  Wisconsin  Highway  Commission,  in  an  address  be-  traffic  is  concentrated  at  the  center  of  the  road,  as  it  is  on 

fore  the  Annual  Road  School  of  the  Commission.       '  many  concrete  roads,   the  confim.r^i    dpflention   tends   to   de 
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press  a  soft  subgrade  away  from  the  center  of  the  slab,  which 
would  then  be  more  largely  supported  at  its  sides.  In  ex 
Irerae  instances  this  might  account  for  some  longitudinal 
cracking  in  concrete  roads. 

4.  As  nearly  as  can  be  estimated  from  the  results  of  this 
test,  the  tensile  stress  in  an  S-in.  concrete  slab  directly  under 
an  8,500  lb.  wheel  load  at  rest  on  the  road  is  only  34  lbs.  per 
square  inch  when  the  slab  is  well  supported  on  the  subgrade 
As  the  modulus  of  rupture  of  1:1%:  3  concrete  Is  about  (iOO 
lbs.  per  square  inch,  it  is  seen  that  this  pavemen:;  should  be 
able  to  withstand  considerable  impact  before  cracking. 
Should  the  concrete  arch,  over  very  soft  spots,  so  that  there 
is  no  support  directly  under  the  load,  the  tensile  stress  may 
become  very  high.  Such  a  condition  arises  when  the  side;- 
of  the  slab  are  raised  by  frost  action  or  possibly  when  the 
subgrade  is  worked  any  from  under  the  slab  by  continual 
deflection. 

5.  It  is  probable  that  the  tensile  stres  which  results  in  tha 
slab  directly  under  heavy  wheel  loads  is  never  very  great  as 
long  as  the  slab  rests  on  the  subgrade  and  it  is  unlikely  that 
the  slab  design  would  ever  be  controlled  by  this  stress. 


State    "Reward"    Township    Roads    in     Pennsylvania. — The 

governor  of  Pennsylvania  has  signed  the  bill  providing  for 
a  system  of  state  "rewards"  to  townships  for  the  construc- 
tion and  improvement  of  township  roads,  and  for  the  erec- 
tion and  construction  of  township  bridges,  in  townships  of 
the  second  class.  An  appropriation  of  $1,000,000  will  be  avail- 
able beginning  Dec.  1.  1919.  The  new  law  takes  the  place 
of  the  one  which  provided  for  bonuses  of  50  per  cent  of  the 
amount  expended  by  townships  for  road  work,  not  exceed- 
ing $20  per  mile.  Ey  the  terms  of  the  new  law  the  State 
Highway  Department  will  pay  rewards  when  work  by  the 
township  has  been  completed  and  inspected.  Kewards  will 
be  granted  by  the  Commonwealth  for  improvements  of  the 
following  nature:  Grading  and  draining  a  section  of  road 
not  less  than  %  mile  long ;  graveling  or  cindering  a  graced 
and  drained  road  not  less  than  %  mile  in  length;  for  macad- 
amizing a  road  or  tor  constructing  a  Telford  macadam  road 
not  less  than  %  a  mile  long;  for  constructing  .)  concrete, 
brick  or  bituminous  surfaced  road  of  not  less  than  a  %  mile 
in  length:  for  the  erection  and  construction  of  t-'idges  3  ft. 
or  more  span,  constructed  of  concrete  or  stone  or  a  com- 
bination of  concrete  and  stone,  or  a  steel  bridge  with  a 
floor  constructed  of  materials  approved  oy  the  State  High- 
way Department,  and  tor  the  purchase  and  installation  of 
culvert  and  drain  pipe.  The  rewards  are  to  equal  33 Vs  per 
cent  of  the  cost  of  the  proposed  improvements,  not  to  ex- 
ceed certain  sums.  All  of  these  rewards  will  be  based  on 
roads  the  improvement  for  which  is  to  be  a  width  not  less 
than  16  ft.;  and  a  corresponding  reduction  or  addition  in  the 
amount  of  the  reward  will  be  made  as  ihe  width  of  the  im- 
proved road  is  increased  or  reduced;  but  no  reward  shall 
be  made  for  the  improvement  of  any  road  less  than  12  ft. 
wide. 


Tractor  Has  Advantages  Over  Horses  for  A!aska  Road 
Work. — Tractors  have  given  good  results  in  the  construction 
and  maintenance  of  military  and  post  roads  in  Alaska,  accord- 
ing to  the  last  annual  report  of  the  Board  of  Rond  Commis- 
sioners for  Alaska.  The  report  states  that,  in  June,  1918, 
two  12-25  hp.  tractors  of  the  wheel  type  were  shipped  to 
Fairbanks,  where  they  are  being  given  a  thorough  test  on 
a  100  mile  section,  with  very  satisfactory  and  economical 
results.  At  present  each  tractor  is  doing  the  work  of  eight 
horses,  at  a  daily  operating  eost  about  equal  to  the  cost  of 
feeding  three  horses. 

"It  is  apparent,"  continues  the  report,  "that  in  Alaska  the 
tractor  has  numerous  advantages  over  horses,  which  must  be 
fed  throughout  the  year,  although  the  working  season  is 
never  more  than  five  months  in  length.  During  part  of  the 
winter  the  horses  are  used  to  haul  and  distribute  supplies 
for  the  next  season's  work,  but  the  cost  is  extremely  high, 
due  to  high  wages  and  cost  of  boarding  teamsteis,  the  large 
amount  of  forage  consumed  by  the  horses  while  doing  the 
work,  the  time  lost  through  extremely  cold  weather,  etc. 
While  it  will  be  necessary  to  do  a  certain  amount  of  this 
winter  freighting  for  some  time  to  come,  a  tractor  will  be 
used  experimentally  this  fall  to  test  its  desirability  for 
freighting  during  the  open  season." 


Recomended   Practice   of  Mississ- 
ippi Valley  State  Highway  De- 
partments for  Concrete 
Road  Construction* 

Proportions. — One-course  road:  The  concrete  for  a  one- 
course  pavement  that  is  to  be  machine  finished  should  bo 
mixed  in  the  following  proportions:  1  sack  of  cement,  2  cu. 
ft.  of  sand  and  4  cu.  ft.  of  coarse  aggregate.  For  work  that 
is  to  be  hand  finished  the  proportions  should  be  1  sack  of 
cement,  2  cu.  ft.  of  fine  aggregate  and  31/2  cu.  ft.  of  coarse 
aggregate. 

Two-course  road:  The  proportions  of  the  concrete  for  a 
two-course  pavement  should  be  as  follows:  For  the  lower 
course,  1  sack  of  cement.  2  cu.  ft.  of  fine  aggregate  andi  4  cu. 
ft.  of  coarse  aggregate. 

The  proportions  for  the  wearing  course  should  be  1  sacfe 
of  cement.  2  cu.  ft.  of  fine  aggregate  and  3%  cu.  ft.  of  the 
coarse  aggregate  prescribed  for  the  wearing  course  of  the 
two-course  pavements. 

Quantity  of  water:  It  is  recommended  that  extreme  care 
he  employed  in  proportioning  the  mixture  as  regards  water 
content,  and  that  this  fact  be  checked  by  the  slump  test  as 
follows:  For  the  test,  0  by  12  in.  cylinders  should  be 
tamped  full  of  the  concrete  as  mixed  and  the  cylinder  im- 
mediately removed.  For  work  that  is  to  be  finished  by  hand, 
the  slump  of  the  concrete  upon  removing  the  cylinder  should 
not  exceed  6  in.  and  for  work  that  is  to  be  machine  finished 
the  slump  should  not  exceed  2  in. 

Thickness. — The  thickness  should  be  not  less  than  7  in. 
at  the  sides  nor  8  in.  at  the  center  for  two-track  roads  up  to 
20  ft.  in  width.  The  thickness  for  single-track  roads  should 
be  not  less  than  7  in.  at  any  point. 

Widths. — It  is  inadvisable  to  build  concrete  roads  less 
than  18  ft.  in  width.  Where  a  single-track  road  must  be 
built  it  should  be  made  9  ft.  in  width  and  the  9  ft.  should 
be  centered  on  the  center  line.  Pavements  with  widths 
between  10  ft.  and  IG  ft.  should  not  be  built. 

The  width  of  grade  to  be  traveled  should  be  not  less  than 
24  ft.  tor  any  width  of  pavement  and  the  minimum  over-all 
width  of  shoulders  should  be  at  least  8  ft.  more  than  the 
pavement  width. 

Crown. — The  crown  should  be  a  total  of  1  in.  for  two- 
track  roads  not  exceeding  20  ft.  in  width.  If  on  center  line 
the  crown  for  single-track  roads  should  be  %  in.  If  placed 
with  one  edge  on  the  center  line  the  surface  should  be 
sloped  all  one  way  with  a  total  slope  of  1  in. 

Alignment. — No  radius  should  be  less  than  200  ft.  on  cen- 
ter line  cf  turns. 

Widening  Turns. — On  all  turns  the  center  line  of  the  road 
should  be  marked  by  a  white  strip  8  in.  wide. 

Superelevation  of  Curves. — Except  when  drainage  condi- 
tion may  prevent,  the  grade  of  the  original  center  line  be- 
fore widening  is  to  be  maintained  where  pavement  is  super- 
elevated.  The  crown  of  the  surface  is  to  be  flat  where 
pavement   is   superelevated. 

Grades. — Concrete  pavements  can  be  successfully  con- 
structed on  any  maximum  grade  likely  to  prove  best  from 
general  economic  consideration.  In  the  middle  west  maxi- 
mum grades  exceeding  6  to  8  per  cent  should  not  be  adopted 
under    ordinary    circumstances. 

Considering  the  permanency  of  concrete  surfacing  a 
greater  expenditure  of  money  is  justified  in  eliminating  fre- 
(luent  and  minor  breaks  or  changes  in  grade  than  is  the 
case  with  a  less  permanent  type  of  road. 

Vertical  curves  on  steep  grades  should  be  sufficiently 
long  to  give  an  unobstructed  view  of  at  least  250  ft. 

Subgrade. — It  is  recommended  that  if  possible  the  sub- 
grade  for  a  concrete  pavement  be  not  trenched  out  and  that 
it  be  kept  higher  than  the  berms,  so  as  tc  provide  drainage 
directly  to  the   side   ditches. 

Very  careful  attention  should  be  given  to  the  rolling  of 
the  subgrade.  It  is  recommended  that  a  macadam  type  of 
roller  be  used,  weighing  not  less  than  10  tons.  If  the  roll- 
ing at  any  time  causes  the  subgrade  to  become  wavy,  the 
rolling  should  be  stopped  immediately  over  the  wavy  parts, 

•Prom  the  report  of  the  conference  of  the  Mississippi  Valley 
Association  of  State  Highway  Departments,  held  last  February  at 
Chicago  to  consiiier  questions  relatini^'  to  rural  concrete  road  con- 
struction. • 
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and  the  soft  material  investigated.  In  clays  this  is  almost 
always  due  to  moisture  and  unless  it  is  possible  for  it  to 
dry  odt  by  the  sun  and  wind  without  delaying  the  ^'ork,  ii 
should  be  removed  and  replaced  with  dry  clay  or  other 
suitable  material  that  can  be  rolled  in  a  sitsfactory  man- 
ner. If  any  depressions  develop  they  should  b3  filled  witn 
acceptable  material  as  the  rolling  progresses.  Sand  and 
sandy  soils  require  a  minimum  amount   of  rolling. 

It  is  recommended  that  the  rough  grading  be  complete! 
very  closely  to  the  intended  cross  section  of  the  subgrads 
and  to  the  full  width  of  the  shoulders.  Avoid  ^ihallow  till- 
ing without  plowing.  Avoid  filling  narrow,  deep  ruts  without 
plowing  and  disking  The  finished  subgrade  irrmediately 
ahead  of  the  concrete  should  be  corrected  to  jroper  cross 
section,   using  a   template. 

AVhere  the  method  of  depositing  the  aggregates  on  tho 
subgrade  is  followed,  the  subgrade  should  be  completed 
fully  in  sections  not  exceeding  60t>  ft.  in  length  imme- 
diately before  the  aggregates  are  deposited.  The  surface 
should  be  brought  to  true  cross  section,  using  a  template  or 
other  acceptable  method.  The  roller  should  be  kept  in  con- 
stant operation  while  the  aggregate  is  being  delivered.  Any 
ruts  or  irregularities  caused  by  the  handling  of  the  aggre- 
gates should  be  filled  up  and  thoroughly  tamped.  Wher- 
ever possible,  hauling  over  finished  subgrade  with  teams  or 
motor   trucks   should   be   avoided. 

Where  necessary,  to  avoid  formation  of  an  objectionable 
layer  of  dust,  the  subgrade  should  be  sprinkled  in  advance 
of  placing  materials. 

Mixer.— The  mixer  should  be  of  a  standard  paving  type 
having  a  capacity  of  at  least  2-bag  batch,  commonly  known 
as  size  No.  14. 

The  mixer  should  be  equipped  with  a  boom  and  bucket 
or  some  other  mechanical  device  that  will  deliver  concrete 
of  a  proper  consistency,  also  with  an  automatic  timing  de- 
vice and  a  device  that  will  accurately  measure  the  water 
for  each    batch. 

Water  Supply. — In  addition  to  the  general  recommenda- 
tion of  the  American  Concrete  Institute  recommended  prac- 
tice, the  water  supply  should  be  free  from  in.iurious  sub- 
stances, duplicate  pumping  machinery  should  be  provided, 
booster  pumps  should  be  provided  on  long  pipe  lines,  and 
in  all  pipe  lines  there  should  be  provided  unions  at  inter- 
vals not  greater  than  1,000  ft.  Tees  for  supply  water  to  the 
mixer  and  for  sprinkling  should  be  placed  at  intervals  not 
greater  than  100  ft. 

Time  of  Mixing. — Materials  should  be  mixed  at  least  one 
minute  after  the  entire  batch  is  in  the  drum.  The  speed  of 
the  drum  should  be  not  less  than  12  revolutions  per  minute. 

Side  Forms. — Steel  side  forms  should  be  used  and  after 
the  forms  are  set  the  joints  should  be  inspected  carefully, 
using  a  straight  edge  to  insure  proper  horizontal  and  ver- 
tical  alignment. 

Placing  Concrete. — The  operation  of  depositing,  spreading, 
and  finishing  the  concrete  should  be  as  nearly  continuous 
as  possible  for  the  full  width  an/"  thickness  of  the  pave- 
ment. When  delays,  of  sufficient  length  to  permit  the  con- 
crete deposited  to  attain  initial  set,  are  necessary  a  suit- 
able header  should  be  placed  at  right  angles  to  the  road 
and  the  concrete  finished  to  this  header  to  true  elevation 
and  cross-section. 

The  concrete  may  be  transported  from  the  mixer  to  place 
on  the  subgrade  in  any  convenient  manner  which  avoids 
the  segregation  of  materials.  Any  device  or  method  of 
operation  which  tends  to/  segregate  the  materials  in  such  a 
manner  that  later  operations  do  not  completely  eliminate 
such    segregation   should   not   be   permitted. 

Placing  Concrete  in  Cold  Weather. — Every  effort  shoula 
be  made  to  arrange  for  closing  concrete  road  work  in  the 
fall  or  on  about  such  date  as  the  Weather  Bureau  reports 
for  the  locality  for  the  past  10  years  indicate  the  probability 
of  temperatures  materially  below  the  freezing  point.  If 
circumstances  necessitate  continuing  work  for  a  short  period 
after  freezing  weather  is  likely  to  occur,  precautions  should 
be  observed  which  will  insure  positively  that  tne  concrete 
may  not  become  frozen  under  the  most  extreme  conditions 
of  temperature  for  the  period,  as  indicated  by  weather  re- 
ports for  the  past  10  years.  Concrete  should  be  protected, 
absolutely  from  freezing  by  suitable  means  for  at  least  7 
days    after   placing. 

Expansion  Joints. — Expansion  joints  should  be  used  only 
in  specific  cases,  such  as  junctions  between  the  pavement 
and  other  fixed  objects. 


Expansion  Joints  when  used  should  consist  of  etlUer  nigli 
grade  wool  felt  or  a  fibrous  material  cpmbined  with  a  coal 
tar  or  asphalt  compound.  The  Bller  should  contain,  by 
v.eight,  not  more  than  8  per  cent  of  mineral  matter  and 
not  less  than  .')  per  cent  nor  more  than  25  per  cent  of  liber. 

Contraction  Joints. — Contraction  joints  should  not  be  used. 
Construction  joints  should  be  made  at  the  end  of  each  day's 
work  or  when  mixing  is  stopped  for  any  reason  longer  than 
one   hour 

Reinforcement.— For  pavements  up  to  18  ft.  in  width  with 
good  foundation  the  value  of  any  practicable  amount  of  rein- 
forcement   is    questionable. 

Kor  pavements  over  is  ft.,  and  especially  where-  founda- 
tions are  not  thoroughly  satisfactory,  reinforcements,  mainly 
in  a  transverse  direction,  may  be  used   to  advantage. 

Where  reinforcement  is  used  it  should  be  wire  mesh  or 
separate  bar  reinforcement,  not  less  than  40  lb.  per  100 
sq.  ft.,  and  the  proportion  of  transverse  to  longitudinal  steel 
should  bo  not  less  than  :j  to  1. 

The  reinforcing  should  be  placed  not  less  than  2  in.  from 
the  finished  surface  of  the  pavement,  .•\djacent  widths  of 
the  fabric  should  be  lapped  not  less  than  4  in.  when  the  lap 
is  made  perpendicular  to  the  center  line  of  the  pavement 
and  not  less  than  1  ft.  when  the  lap  is  parallel  to  the  center 
line. 

Machine  Finish. — When  mixtures  of  relatively  dry  consist- 
ency are  used,  such  as  those  necessary  to  secure  maxiniun. 
strength  as  far  as  such  strength  is  determined  by  the  water 
content,  mechanical  strikers  and  tampers  should  be  used- 
Machines  should  be  so  constructed  and  operated  that  they 
strike  oft  and  thoroughly  tamp  the  concrete.  They  should 
be  so  constructed  that  they  may  be  readily  operated  over 
the  same  area  repeatedly.  .Machines  to  serve  the  purposes 
above  indicated  should  b.'  subject  to  the  approval  of  the 
engineer.  The  mechanical  device  or  devices  used  should 
be  so  made  and  operated  as  to  leave  the  flnishea  slab  true 
to  grade,  crown,  and  surface  and  absolutely  free  from  porous 
places. 

Hand  Tamping. — 11  a  mechanical  finisher  is  not  used  and 
the  consistency  of  the  concrete  is  to  be  as  above  described, 
after  spreading  the  concrete  should  be  thoroughly  hand 
tamped  by  means  of  a  tamper  of  the  nature  of  a  strike  board 
operated  by  one  or  two  men  stationed  at  each  end  of  the 
tamper  on  opposite  aides  of  the  roadway.  Hand  tamping 
should  be  vigorous  and  sufficient  to  consolidate  the  concrete 
in  such  a  manner  as  to  close  all  voids.  The  hand  tamper 
should  be  followed  by  a  final  strike  board  and  all  operations 
carried  on  in  such  a  manner  as  to  leave  the  surface  behind 
the  final  strike  board  true  to  grade,  crown,  and  surface,  and 
absolutely    free   from    porous    places. 

Roller  and  Belt  Finish. — If  a  medium  consistency  is  used, 
the  concrete  should  be  spread,  agitated,  and  tamped  in  such 
a  manner  as  to  insure  positively  the  avoidance  of  stone 
pockets  or  porous  places.  It  should  be  .struck  off  true  to 
grade,  crown,  and  surface.  It  should  then  be  rolled  by  .t 
light  hand  roller  of  approved  design  operated  in  such  a  man- 
ner as  to  remove  the  surplus  water  and  leave  the  surface 
true  to  grade  and  crown. 

When  hand  methods  of  striking  and  tamping  are  used  the 
final  finishing  should  be  executed  by  means  of  an  approved 
belt  operated  in  such  a  manner  as  to  leave  the  pavement  true 
to  crown  and  free  from  waves,  ridges,  depressions,  or  other 
irregularities  and   with  a   uniform   mat   surface. 

Curing. — As  soon  after  finishing  as  may  be  possible,  with- 
out marring  the  surface,  the  slab  should  be  covered  with 
canvas.  When  the  concrete  has  set  sufficiently  to  obviate 
the  possibility  of  marring,  and  where  local  conditions  per- 
mit, suitable  longitudinal  and  transverse  dikes  should  be 
built  and  water  supplied  to  cover  the  surface  of  the  con- 
crete to  a  uniform  depth  of  2  in.  The  water  should  be  main- 
tained on  the  surface  for  not  less  than  14  days.  I'nder  con- 
ditions where  it  is  impractical  to  adopt  the  ponding  method 
of  curing  the  surface  of  the  concrete  should  be  covered  with 
not  less  than  2  in.  of  earth  and  kept  moist  for  at  least  14 
days  by  wetting  not  less  frequently  than  intervals  of  12 
hours. 

Traffic  should  not  be  permitted  to  use  the  pavement  iu 
less  than  21  days  if  the  pavement  has  been  subject  to  favor- 
able curing  conditions;  nor  in  less  than  40  days  if  subject 
to   unfavorable  curing  conditions. 

Traffic  should  not  be  permitted  to  use  the  pavement  for 
a  period  of  at  least  three  days  after  removal  of  the  water  or 
earth   covering. 
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Road  Building  24  Hours  Per  Day 

The  possibilities  of  operating  road  building  plant  24  hours 
per  day  are  pointed  out  by  Mr.  William  Ord  in  an  interesting 
article  in  Successful  Methods.  The  matter  following  is  taken 
from  the  article: 

Quantity  Construction  of  Roads  Possible. — Speed  of  con- 
struction, and  consequently,  greatly  increased  production,  is 
influenced  by  many  factors,  sucli  as  availability  ct  materials 
—which  we  have;  efficient  machinery — which  can  be  pro- 
cured; adequate  labor  supply — which  is  uncertain;  and  con- 
tinuous operation — which  is  part  of  the  answer.  Granting 
that  materials  and  machinery  are  available,  the  coordination 
of  the  problems  of  labor  supply  and  continuous  operation 
furnish  the  rest  of  the  answer.  Labor  supply  ani  operation 
are  inseparable,  and  a  small  amount  of  plant  calls  for  an  in- 
creased labor  supply. 

With  an  adequate  supply  of  labor-saving  machinery,  the 
number  of  men  required  for  operation  is  reduced  and  the 
labor  problem  partly  solved.  Yet  the  rule  works  both  ways. 
With  plenty  of  both  labor  and  machinery,  by  obtaining  more 


^  "  These  Smfcbes  moved  as  Mixer  moves 

Track  Secftons  hfted and  hid  os:de  as  M^ver  ^m^ 

Fig.    1 — Lighting   for   Single    Mixer   Job. 

continuous  operation,  such  as  by  operating  24  hours  a  day, 
the  output  is  greatly  increased.  A  small  plant  operated  con- 
tinuously will  produce  more  than  the  spasmodic  operation 
of  a  large  plant. 

The  length  of  the  working  season  is  another  controlling 
factor  in  securing  quantity  construction.  Verily,  "making 
roads  while  the  sun  shines"  is  a  matter  of  dollars  and  cents 
to  the  road  builder.  Within  the  glare  of  the  night  lights 
many  miles  of  road  may  be  built  in  the  future.  With  a  short 
working  season,  which  lasts  only  from  5  to  8  months  in  some 
sections,  the  need  for  continuous  operation  is  most  emphatic. 
It  has  been  estimated  that  from  20  to  24  working  days  a 
month  is  a  good  average  for  most  highway  construction  jobs 
and  this  estimate  makes  no  allowance  for  delays  from  any 
cause  other  than  bad  wgather.  Bad  weather  is  particularly 
effective  in  causing  delays  in  material  haulage  >vhere  teams 
or   motor   trucks   are   used. 

Grading  is  done  in  the  day  as  much  in  advance  of  the  pav- 
ing as  circumstances  will  permit.  But  it  is  frequently  neces- 
sary to  carry  on  grading  and  paving  work  at  the  same  time 
and  it  is  essential  that  the  roadway  be  unobstructed  while 
grading  is  in  progress  if  economical  results  are  to  he  secured. 

Adequate  Plant  Essential.  The  efficient  making  of  concrete 
roads  leads  to  a  division  of  the  work  in  4  operations: 

1.  Unloading  the  material   (sand,  stone  and  cement); 

2.  Loading  and  hauling  the  material  to  the  mixer; 

3.  Mixing  the   concrete,  and 

4.  Finishing  the  surface. 

Economical  management  of  the  work  involves  the  combi- 
nation of  these  operations  so  that  cars  of  raw  material  are 
unloaded  quickly  to  save  demurrage  charges  and  to  insure 
sufficient  storage  to  make  the  operation  of  the  plant  inde- 
pendent of  railroad  deliveries ;  economical  methods  of  re- 
loading on  the  haulage  equipment;  rapid  and  unmterrupted 
transportation  to  the  mixer;  continuous  operat'on  of  the 
mixer  to  obtain  the  largest  possible  number  of  square  yards 
of  completed  road,  for  the  progress  of  the  mixer  is  the 
progress  of  the  road;  and  lastly  a  thorough  finishing  to  make 
an  honest  and  presentable  job.  In  all  these  operations  the 
reduction  to  a  minimum  of  the  hand  labor  required  is  the 
only  sure  road  to  true  economy. 

Generally  it  will  be  necessary  to  operate  the  unloading 
plant  during  the  night  shift.  This,  however,  is  not  unusual 
at  the  present  time.  A  ^reat  many  contractors  are  doing 
much  of  their  unloading  at  night  in  order  to  get  the  most 
uso  out  of  their  plant  and  in  order  to  save  demurrage  on 
railway   cars.     Night  unloading  is  also   frequently  necessary 


in  the  case  of  bunched  deliveries  of  freight  cars  aud  shortage 
of  material  due  to  delayed  freight  shipments. 

Location  of  Lights  for  Night  Work. — In  the  typical  unload- 
ing plant  layout  shown  in  Fig.  1,  gravity  storage  bins  are 
placed  at  intervals  along  the  railroad  siding  with  narrow  gage 
track  running  under  the  bins  past  tlie  cement  shed  and  then 
to  the  mixer.  The  material  is  transferred  from  cars  to  bins 
or  cars  to  stock  piles  by  means  of  a  clam  shell  bucket  op- 
erated by  a  locomotive  crane.  Sufficient  storage  space  in 
excess  of  bin  capacity  is  provided  to  make  operation  inde- 
pendent of  railroad  delivery. 

Materials  are  drawn  from  the  gravity  bins  into  road  cars 
having  separate  and  properly  proportioned  compartments 
for  such  materials,  and  a  water-tight  box  for  cement.  As 
no  cement  leaves  the  storage  shed  except  in  the  water-proof 
box  in  the  road  car,  great  economy  is  effected  in  handling 
it,  regardless  of  whether  the  material  is  received  in  bulk  or 
in  sacks. 

The  layout  illustrated  in  Fig.  2  involves  the  use  of  a  tunnel 
arrangement  instead  of  the  bins.  This  method  of  loading 
cars  is  particularly  well  adapted  to  a  large  job  on  which  two 
concrete  mixers  are  operating. 

The  method  of  lighting  these  types  of  unloading  plants  are 
shown  in  Figs.  1  and  2.  The  headlight  on  the  unloading 
crane  should  be  of  considerable  power.  This  light  is  par- 
ticularly efficient  since  it  swings  with  the  revolving  of  the 
crane,  continuously  illuminating  the  bucket  and  r.ne  material 
being  handled. 

The  only  lights  required  at  the  bins  are  lanterns,  one  being 
placed  at  each  bin  gate  and  another  being  provided  as  a 
hand  lantern  for  the  man  operating  the  bin  gate.  A  good 
tunnel  man  does  not  want  a  great  deal  of  light;  he  prefers 
to  work  in  the  darkness. 

The  labor  required  for  the  night  unloading  operations  is 
less  than  would  be  supposed.  The  ordinary  method  of  han- 
dling night  work  is  to  do  only  those  things  that  are  absolutely 
necessary  for  laying  the  pavement,  other  work  being  done  in 
the  day  time.  While  night  work  is  generally  much  less  effi- 
cient than  day  work,  a  considerably  smaller  number  of  men 
are  employed. 

Hauling  to  the  Mixer  Easier  at  Night. — The  main  advan- 
tage in  operating  trains  at  night  instead  of  day  time  is  the 
fact  that  traffic  along  the  highways  is  small  and  consequently 
delays  at  crossings  and  other  points  where  road  traffic  might 
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Fig.   2 — Lighting   for  2-Mixer   Job. 

interfere  are  decreased  to  a  minimum.  By  hauling  material 
in  road  cars  instead  of  motor  trucks  or  wagons,  <  onstruction 
work  delays  due  to  wet  weather  do  not  enter  into  the  scheme 
of  things  to  any  great  extent.  The  handling  and  placing  of 
concrete  is  not  discontinued  unless  it  is  raining  so  hard  as 
to  damage  the  surface  of  the  finished  concrete.  This  method 
of  transporting  material,  together  with  independence  of 
weather  conditions  reduces  rehandling  to  a  minimum. 

The  locomotive  headlight  and  the  train  tail  light  will  give 
sufficient  illumination  for  night  hauling.  The  trainmen  also 
use  hand  lanterns. 

Train  crews  should  consist  of  two  men  for  night  operations, 
the  same  as  ordinarily  used  in  the  day — that  is,  the  locomo- 
tive engineer  and  one  train  man.  No  track  work  will  be 
done.  The  size  of  the  track  crews,  therefore,  are  increased 
in  the  day  time  to  provide  for  night  operations. 

Mixing  and  Finishing  at  Night. — Since  the  progress  of  the 
mixer  is  the  measure  of  the  progress  of  the  completed  road, 
continuous  operation  of  this  unit  is  the  key  to  quantity  con-' 
struction.  AU  operations  up  to  this  point  have  been  for  the 
purpose  of  keeping  the  mixer  supplied  with  raw  material — 
the  mixer  makes  the  road. 

The  complete  hatch  method  of  handling  material  which  is 
illustrated  in  Figs.  1  and  2  may  be  divided  into  six  operations: 
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1.  Cement  cover  removed.  Two  men  _:ittach  hail  to  car 
body. 

2  Mixer  operator  lowers  skip.  Weight  of  skip  raises  car 
body  from  running  gear. 

3.  Batch  transfer  is  swung  around  until  batrh  is  over 
charging   skip  ready  to   be   dumped. 

I.     Aggregates  are  dumped  into  charging  skip. 

5.     Empty  car  body  is  swung  back  over  running  gear. 

C.  Operator  raises  skip  to  discharge  batch  into  mixer.  As 
skip  raises,  car  body  is  lowered  on  running  i^ear.  Bail  is 
detached.     Cycle  of  operation  is  repeated. 

For  night  work  this  method  of  operation  offers  many  ad- 
vantages. No  material  is  wasted  and  there  is  no  fuml)ling 
on  the  subgrade  picking  up  material  piled  there.  A  uni- 
formly proportioned  concrete  mixture  is  obtained  without  the 
cost  and  trouble  of  measuring,  as  all  this  work  is  accom- 
plished at  the  loading  station. 

The  number  of  men  required  at  the  mixer  is  reduced  to  a 
minimum  and  consequently  night  work  is  made  much  easier 
to  handle.  Ordinarily  the  same  number  of  men  will  be  used 
at  the  mixer  for  the  night  shift  as  for  the  day  shift.  Each 
man  has  certain  duties  which  he  repeats  day  after  day  and 
learns  to  perform  automatically  so  that  night  .vork  is  no 
more  difficult  than  day  work. 

High  power  lights  are  required  at  the  mixer.  The  most 
convenient  places  for  these  lights  are  shown  in  Figs.  1  and 
2.  It  is  important  that  the  switching  points  be  well  illum- 
inated and  that  the  mixer  operators  have  sufficient  light.  It 
is  well  to  have  an  extra  man  around  the  mixer  to  look  after 
odd  jobs  and  to  assist  the  train  men  in  the  rapid  handling 
of  cars. 

Tamping  and  finishing  machine  work  follow  close  upon  the 
mixing  operations.  This  work  requires  good  'lluniination. 
but  since  the  use  of  machines  makes  the  finishing  process 
more  or  less  automatic  the  chief  use  for  lights  is  to  illum- 
inate the  finished  surface  and  to  locate  any  foreign  material 
which  may  be  imbedded  in  the  concrete  so  that  it  may  be 
removed  before  the  concrete  sets.  The  night  finishing  crew 
is  the  same  size  as  the  day  finishing  crew. 

Curing  at  Night.  Curing  always  has  been  done  at  night  by 
many  contractors.  This  has  been  due  to  the  fact  that  the 
pumping  plant  frequently  has  been  so  small  that  it  could  not 
supply  a  sufficient  amount  of  water  to  provide  for  the  mixer 
and  also  for  wetting  the  rinishing  work.  Wetting  down  the 
finishing  work  is,  however,  more  conveniently  done  in  the 
afternoon. 

Covering  and  all  work  of  similar  nature,  such  as  trimming 
shoulders,  etc.,  should  be  done  by  day  crews  of  adequate 
size. 

Form  setting  should  be  done  in  the  day  and  surtic.ent  length 
of  form  laid  to  provide  for  the  night  operations.  This  neces- 
sitates more  side  forms  and  a  larger  crew  placing  forms  in 
the  day  time.  Pumping  plants  will  be  operated  continuously. 
Hand  lanterns  are  the  only  lights  necessary  at  the  pumps. 

Less  Labor  Required  for  Night  Work.— For  24-hour  day 
operation  three  shifts  are  necess£(--y.  It  is  seldom,  however, 
that  more  than  two  shifts  are  necessary  or  that  it  is  eco- 
nomical to  operate  more  than  two  shifts.  The  following  is  a 
list  of  the  actual  crew  required  for  a  night  shift  operating 
two  mixers  on  a  2-mile  average  haul  for  materials ; 
Unloadins  and  Hauling: 

Crane    operator    | 

Crane    fireman    , 

Clean-up  meT  in  cars   t* 

Train    ^superintendent    .^ ,. 

Engine   runners    ' J.' 

Trainmen I' 

Bin  6'atemt*n    .^ : ** 

Mixing-  and  Finishing:     "  . 

Batch  transfer  men   2 

Track   men    , 

^^lxer  i.perators   .j 

Firemen     ^ 

Concrete    spreaders        1 

Finishing   machine"  operators    5 

Foremen     7~ 

Pip^men     • o 

Pump  operators   

Total  men  for  night  shift    ' ' 

Economies  Effected  by  Night  Work.— While  a  road  is  un- 
der construction,  the  same  rules  of  business  economy  apply 
as  in  the  case  of  the  construction  of  a  city  skyscraper.  In 
this  work,  it  is  customary  to  do  night  work  whenever  pos- 
sible, for  during  the  construction  period  the  money  invested 
is  returning  no  income. 

The  actual  loss  on  a  building  that  costs  S500,000  and  takes 
a  vear  to   construct   is  |30,000   based   upon  interest  at   6   per 
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cent.  If  in  the  case  of  one  lo-mile  section  of  road  the  lu- 
vestment  was  $300,000,  the  interest  loss  for  this  potlod  while 
the  road  cannot  be  used  (sections  of  the  road  may  be  iu 
service,  but  the  bad  portions  reduce  hauling  efficiency), 
based  on  interest  at  G  per  cent,  is  $18,n00.  But  tMs  loss  ts 
small  compared  to  the  loss  of  time  to  users  of  it  e  road  and 
the  inconvenience  to  traffic,  with  the  accompanyinR  preven- 
tion of  profitable  hauling.  The  losses  due  to  thette  causes 
are  difiicult  to  estimate,  but  they  are  large. 

From  the  contractor's  standpoint,  perhaps  tne  greatest 
saving  from  night  work  conies  in  the  reduction  of  overhead 
expense  on  equipment.  This  overhead  is  made  bn  of  yearly 
depreciation  (which  frequently  totals  more  than  the  payroll 
cost  of  operation),  interest,  lost  time,  office  expense  and 
other  items.  The  saving  in  overhead  is  largely  clear  prottt 
and  may  amount  to  as  much  as  $10,000  on  a  single  season's 
work  on  a  10-mile  concrete  road  job. 

It  must  be  remembered  also  that  the  largest  monthly  pay- 
ments are  based  on  completed  pavement.  This  reduces  the 
amount  of  cash  the  contractor  has  tied  up.  By  completing 
a  maximum  number  of  miles  in  the  least  possible  time  the 
greatest   net   profits  are  obtained. 


Hauling  Over  Subgrade   in    Illinois  State 
Road   Construction 

The  new  general  specitications  for  road  work  of  the  Illi- 
nois State  Highway  Department  contains  the  following 
clause: 

"Hauling  by  teams,  trucks  or  otherwise  over  the  Qnally 
completed  subgrade  for  a  distance  of  more  than  500  feet  will 
not  be  permitted.  If  hauling  over  the  subgrade  for  such  dis- 
tance results  in  ruts  or  other  objectional  irregularities,  the 
contractor  shall  reroll  the  subgrade  before  materials  are  de- 
posited upon  it." 

As  some  misunderstanding  has  arisen  concerning  the  mean- 
ing of  the  requirement,  >Ir.  Clifford  Older,  Chief  Highway 
Engineer,  has  issued  the  following  explanation: 

The  section  is  intended  to  prohibit  the  contractor  from 
finishing  and  rolling  the  subgrade  and  then  hauling  all  ma- 
terial over  it  for  distances  as  great  as  one-quarter,  one-half, 
or  even  one  mile,  with  the  result  that  the  subgrade  is  rutted 
and  ruined. 

Under  this  section,  the  contractor  may  finish  his  subgrade 
for  any  length  ahead  of  the  mixer  that  is  desired  and  may 
then  haul  and  dump  his  materials  upon  it.  The  only  restric- 
tion is  that  the  contractor  must  shape  and  roll  the  subgrade 
at  such  times  as  will  be  necessary  to  keep  ruts  out  of  the 
subgrade.  and,  after  the  final  rolling,  wagons  or  trucks  must 
not  be  run  over  the  finally  rolled  and  completed  subgrade  for 
a  distance  of  more  than  .500  ft. 

This  may  be  briefly  stated  as  follows:  The  distance  from 
the  point  where  the  last  material  was  dumped  to  where  the 
trucks  or  wagons  enter  the  finally  rolled  and  completed 
subgrade  must  not  exceed  500  ft. 

If  hauling  over  the  subgrade  for  such  distance  results  In 
ruts  or  other  objectionable  irregularities,  the  contractor  shall 
reroll  the  subgrade   before  materials  are  deposited  upon   it. 

Breaking  Up  Concrete  Pavement  with  Dynamite.  -A  blast- 
ing mat  made  of  planks  was  used  In  breaking  up  concrete 
pavement  with  dvnamite.  The  work  was  done  at  Warren. 
Pa  It  involved  the  removal  of  a  GO  ft.  wide  by  100  ft.  long 
section  of  navement  in  connection  with  the  grading  for  the 
approach  to  a  new  bridge.  Thirty  pounds  of  dynamite  were 
used  to  blast  out  the  concrete,  which  was  from  8  to  12  in. 
thick  To  avoid  binding  the  concrete  It  was  shot  at  angles 
and  great  care  had  to  be  e.xercised  to  avoid  damaging  the 
houses  that  lined  both  sides  of  thi.s  thoroughfare  and  to  pro- 
tect from  injury  the  many  people  who  passed  this  point 
daily  Instead  of  a  regulation  rope  blasting  mat.  which,  due 
to  the  closeness  of  the  work  would  only  have  permitted  the 
shooting  of  one  charge  at  a  time,  a  special  planking  arrange- 
ment was  used  which  permitted  two  blasts  to  be  set  off  at 
once  by  battery,  each  shot  consisting  of  three-quarters  of  a 
cartridge.  This  mat  was  built  of  six  oak  planks,  83  In.  long, 
16  in  thick  and  12  in.  wide.  These  were  joined  together  by 
two  6  ft  planks  S  in.  wide  and  6  in.  thick.  The  contrivance 
was  reinforced  with  ordinary  boiler  iron,  each  plank  being 
thus  lined  separately.  The  success  of  the  work  is  attested  by 
the  fact  that  not  a  building  was  marred  nor  a  single  window 
broken  in  the  vicinity.  As  blasting  was  restricted  to  certain 
hours  it  required  six  days  to  complete  the  work. 

) 


170 


Enyhnvrini)  and  Contiacting  for  August  ti,  1919. 


Good  Roads.* 


By  RODMAN  WILEY, 
Commissioner  of  Fublic  Roads  of  Kentucky. 

Bad  Road  Tax  Is  More  Than  Good  Road  Tax. — It  Is  no 
longer  a  question  of  not  being  able  to  aftord  good  roads  be- 
cause from  a  plain  business  standpoint,  you  cannot  afford 
to  be  without  good  roads.  The  tax  tor  bad  roads  is  many 
times  more  than  the  ta.x  would  be  for  good  roado  Consider 
the  country  store  located  10  miles  from  a  railroad  station 
on  a  bad  road.  On  every  article  that  is  purchased  at  the 
store  there  is  a  bad  road  tax,  whether  it  be  a  plow,  a  hoe, 
a  pair  or  overalls  or  a  dress,  not  because  the  country  mer- 
chant is  making  any  more  profit  than  the  town  merchant 
but  because  the  country  merchant  has  to  pay  an  enormous 
price  for  hauling  his  goods  from  the  railroad  station  to  the 
store  and  that  cost  must  be  added  to  the  selling  price  in 
order  for  him  to  make  the  same  profit  that  is  made  by  the 
town  merchant. 

The  question  of  not  having  the  money  to  build  roads  is 
one  that  we  have  framed  in  our  minds,  it  is  not  really  true. 
A  county  will  always  be  poor,  financially  speaking,  if  it  con- 
tinues to  have  bad  roads.  As  a  plain  business  proposition, 
any  man  could  well  afford  to  take  options  on  tne  property 
on  both  sides  of  the  highway  and  build  that  road  of  good 
materials  at  his  own  expense;  because  when  completed 
the  increase  in  the  property  values  alone  would  more  than 
pay  for  the  cost  of  the  road  and  at  the  same  time  leave  to 
him  a  good  profit. 

Suppose  a  road  is  to  cost  $20,000  per  mile,  and  that  the 
county's  share  of  the  cost  is  25  per  cent  or  $5,000.  There 
are  640  acres  to  the  square  mile  and  for  both  sides  of  the 
road  that  would  be  1,280  acres,  and  if  you  consider  that  the 
country  is  not  benefited  for  any  greater  distance  than  a 
mile  from  the  road  and  that  the  property  owners  are  to  pay 
all  of  the  county's  part  of  the  cost,  that  would  mean  that 
they  would  only  have  to  pay  about  $4  per  acre.  Any  sensible 
man  knows  that  a  good  road  will  benefit  a  farm  a  great  deal 
more  than  $4  per  acre.  Besides  the  country  is  benefited 
for  a  much  greater  distance  than  one  mile  from  the  road. 
Why  is  it  that  a  man  will  confront  such  figures  and  yet  not 
be  willing  to  build  good  roads?  It  is  one  of  the  i^est  invest- 
ments in  the  world.  No  government,  no  state,  no  county, 
and  no  individual  tLat  has  ever  built  roads  is  willing  to  sell 
the  roads  for  what  they  cost,  which  is  to  my  mind  sufficient 
proof  that  roads  are  an  excellent  investment. 

Before  the  farmer  would  lay  aside  the  cradle  and  use  the 
modern  reaper;  before  bankers  and  other  business  concerns 
would  purchase  adding  machines;  before  all  business  houses 
would  have  telephones  installed,  it  was  necessary  to  have 
a  campaign  of  advertising  and  education.  If  such  things  are 
desirable,  figure  what  was  lost  by  doing  withoui  them,  so 
why  cannot  we  skip  the  agitation,  the  educational  campaign 
and  build  roads  NOW  instead  of  waiting  a  number  of  years 
and   losing   money   by   having   bad   roads? 

Greater  Part  of  Money  Left  in  County. — If  a  county  should 
build  an  earth,  gravel  or  macadam  road  costing  $200,000,  and 
it  happened  to  be  of  such  an  assessed  valuation  that  it  only 
paid  25  per  cent  of  the  cost,  the  county's  part  would  be  $50,- 
000  and  in  building  the  road  there  would  be  left  in  the 
county  at  least  $150,000  or  three  times  as  much  as  the 
county  furnished.  You  can  easily  verify  what  \  have  said 
by  going  to  the  records  in  your  own  county  where  state  aid 
work  has  been  done  You  will  find  that  practically  all  the 
money  has  been  paid  out  in  hiring  men  and  teams  and 
about  the  only  money  that  leaves  the  county  is  that  which 
goes  to  purchase  a  few  feet  of  culvert  pine,  perhaps  a  steel 
bridge   or  some  reinforcing  steel. 

Sentiment  in  Road  Building. — There  is  some  sentiment  in 
the  building  of  roads.  This  war  has  taught  us  that  we 
should  be  neighborly.  We  no  longer  look  upon  one  of  the 
Allies  as  being  separated  from  us  'by  a  great  body  of  water, 
but  we  feel  like  that  we  can  reach  across  and  shake  their 
hands.  It  may  not  be  possible  for  every  man  in  any  one 
county  to  get  a  road  immediately,  but  he  certainly  should 
not  try  to  keep  his  neighbor  from  having  a  road,  and  it 
should  be  remenrtiered  that  some  one  road  must  t:e  .the  first 
road  built.  If  you  cannot  get  your  road  this  vear,  help 
some  other  man  get  his,  and  when  that  road  is  built  you 
have  a  much  better  chance  of  getting  the  next  one. 

Some   Men   Don't  Want   Roads  Because   Land   Will    Increase 
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in  Value. — Some  men  say  that  they  do  not  want  pood  roads 
because  roads  wrll  not  increase  the  productiveness  of  the 
soil,  but  will  increase  the  price  of  the  land,  compelling  him 
to  pay  more  taxes.  Such  a  man  is  not  honest  with  him- 
self. If  a  man  does  not  want  his  farm  to  increase  in  value 
why  does  he  improve  that  farm  by  building  a  good  house  or  a 
good  barn  or  by  rotating  his  crops  to  make  his  land  pro- 
duce more  corn  and  more  wheat?  Every  man  wants  his 
farm  to  increase  in  value.  If  a  farm  located  on  r>  bad  road 
is  worth  $10,000  why  would  it  not  be  a  good  investment  for 
any  man  to  help  build  a  road  and  make  the  farm  worth  $20,- 
tlOO?  That  man  would  leave  to  his  children  100  per  cent 
more  money   because  the  road   was  built. 

False  Reports  of  Costs  of  Roads. — One  thing  which  retards 
the  road  movement  is  the  circulation  of  false  reports  con- 
cerning the  cost  of  the  roads.  Some  men  without  any  knowl- 
edge of  the  subject  make  the  bold  assertion  that  roads  cost 
too  much  money.  Such  an  assertion  ni'sans  nothing,  car- 
ries with  it  no  constructive  idea,  might  be  totally  devoid 
of  the  truth  and  certainly  is  dangerous  propaganda  when 
uttered  by  any  but  those  well  informed.  Such  an  expres- 
sion is  just  as  meaningless  as  it  would  be  to  say  that  a 
bronze  statue  cost  too  much,  without  taking  into  considera- 
tion the  size,  installation  or  character  of  the  work;  or  that 
a  house  cost  too  much  without  knowing  the  number  of 
rooms,  the  amount  of  plumbing,  kind  of  finishing,  etc.;  or 
that  a  horse  cost  too  much  without  knowing  whether  or 
not  the  animal  was  Dan  Patch,  Lou  Dillon  or  a  common 
horse   seen  on  jockey  ground. 

The  cost  of  any  road  is  made  up  of  several  items,  and 
the  cost  of  each  consecutive  mile  of  any  road  may  vary 
greatly,  depending  altogether  on  what  work  has  to  be  done 
on  that  mile.  On  the  first  mile,  it  might  be  necessary  to 
move  lO.OOO  cu.  yd.  of  earth,  where  the  next  mile  may  not 
require  1,000;  on  the  first  mile,  it  may  be  necessary  to  in- 
stall several  culverts,  to  build  a  few  bridges;  and  on  the 
next  mile,  perhaps,  no  drainage  structures  are  necessary. 
If  the  road  is  to  be  surfaced  with  stone  or  gravel,  the  length 
of  haul  will  influence  the  cost  of  the  surfacing  on  each 
mile,  and  certainly  such  cost  will  vary  unless  the  length 
of  the  haul  is  exactly  the  same  and  unless  water  is  available 
alike  on  each  mile. 

Before  making  any  statement  as  to  the  cost  of  any  road, 
an  investigation  should  be  made  to  find  out  what  is  to  be 
done  on  that  road.  Add  every  item,  which  enters  into  the 
cost,  and  then  one  can  talk  intelligently.  If  that  practice 
is  followed,  it  is  easy  to  see  that  the  only  way  the  cost  can 
be  reduced  is  by  eliminating  some  of  the  elements  that 
make  up  the  cost. 

In  this  connection.  I  have  observed  that  there  has  never 
been  too  many  culverts  built  on  a  road;  I  have  never  known 
bridges  to  be  built  larger  than  is  necessary  to  carry  the 
water:  have  never  seen  too  much  ditching  done  or  the 
shoulders  too  well  built,  and  it  is  seldom  indeed  that  too 
much  metal  is  used  in  building  new  roads.  Oftentimes  our 
roads  are  built  entirely  too  narrow.  The  cost  of  building 
roads  has  increased,  and  likewise  now  the  cost  of  practically 
everything  is  more  than  it  was  a  few  years  ago. 

If  roads  cost,  say,  $2,000  per  mile  when  tobacco  was  sell- 
ing for  5  ct.  per  pound,  people  who  make  their  money  by 
raising  tobacco  can  afford  at  this  time  to  pay  10  times  the 
former  cost,  or  $20,000  per  mile  for  the  same  road,  because 
tobacco  is  selling  for  50  ct.  per  pound  today.  Many  more 
such  illustrations  could  be  given.  We  should  not  forget 
when  comparing  the  cost  of  things  today  with  what  they 
cost  15  or  20  years  ago,  we  should  compare  the  selling  price 
of  our  products  then. and  now. 

Engineers  in  Road  Work.-  Some  men,  even  county  oth- 
cials.  have  made  the  bold  assertion  that  they  do  not  want 
engineers  to  handle  the  road  work,  because  they  are  not 
practical.  Certainly  no  one  wants  to  employ  an  impracti- 
canle  man  for  anything,  whether  he  be  a  druggist,  a  law- 
yer or  a  farm  hand,  and  some  would  be  engineers  are  im- 
practicable, but  the  same  is  true  of  doctors,  lawyers  and 
mechanics.  Some  of  the  counties  in  this  state  have  been 
spending  money  on  roads  for  To  years  and  yet  :oday  there 
isn't  a  quarter  of  a  mile  of  good  road  in  the  county.  That 
convinces  me  that  the  system  has  been  wrong  and  certainly 
was  handled  by  impracticable  men  but  not  engineers.  Every 
feature  of  road  work  is  an  engineering  problem,  and  prac- 
tically everything  not  made  by  nature  that  is  of  use  to  man 
is  the  work  of  an  engineer;  to  say  that  engineers  are  im- 
practicable  is   untrue   in    the   first    place.      Engineers   design, 
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construct,  and  maintain  our  railroads,  our  canals,  harbors 
-street  railway  lines,  telephone  and  telegraph  lines  electric 
lighting  systems,  sewer  systems,  battleships  locomotives 
automobiles  and  many  other  things,  and  how  :ias  it  been 
possiole  to  accomplish  so  much  with  impracticanle  men  in 
charge? 

If  you  would  have  your  roads  properly  constructed  and 
maintained  you  must  furnish  the  necessary  furds  and  se- 
cure the  services  of  a  competent  highway  engineer.  Any 
other   plan    will   prove   a-  failure. 


Facts  and  Figures  on  City  Manager 
Government 

Interesting  information  as  to  the  rapid  spread  of  the  city 
manager  movement  and  the  type  of  men  who  are  serving 
as  managers  is  given  in  the  recently  published  5th  yearbook 
of  the  City  Managers  Association.  According  to  this  year 
book  there  were  140  towns  and  cities  claiming  some  variety 
of  city-manager  government  and  128  managers.  The  differ- 
ence between  these  figures  is  due  chiefly  to  the  fact  that 
several  cities  have  adopted  the  new  plan  to  become  effective 
at  some  later  date.  The  reports  were  compiled  from  infor- 
mation on  hand  May  15,  1919. 

Three  Types  of  Manager  Plan.— The  manager  plan  became 
effective  in  more  cities  last  year,  during  the  war,  than  during 
any  previous  year  and  the  year  1919  bids  fair  to  better  this 
record.  The  figures  are:  1908.  1;  1912,  2;  1913,  9;  1914  17- 
1915.  21;  1916.  20:  1917,  17:  1918,  32;  1919  (l' uonths)'  I2! 
1920  (already  adopted).  6;     total  140. 

These  figures  include  all  cities  and  towns  known  to  be 
operating  under,  or  pledged  to,  any  one  of  the  three  types 
of  manager  plan:  commission-manager  charter;  modified 
manager  charter,  in  which  some  fundamental  principle  is 
lacking;  and  ordinance-created  manager  plan,  whereby  the 
position  is  established  only  by  an  act  of  the  local  governing 
body.  There  were  92  commission-manager  charters;  10 
modified  manager  charters:     38  ordinance  manager  plans. 

Near-Manager  Plans  Least  Successful.— Judged  from  the 
standpoint  of  -longevity,"  the  attempts  to  create  the  city- 
manager  plan  by  local  ordinance  have  met  with  but  limited 
success  Out  of  a  total  of  57  such  experiments,  19  have  been 
discontinued  after  a  short  trial,— one  out  of  three  have  failed. 
So  far,  there  has  not  been  a  single  case  in  which  a  commis- 
sion-manager charter  has  been  put  in  effect  by  vote  of  the 
people  and  then  discontinued.  More  than  that,  a  study  of  the 
tables  reveals  the  fact  that  the  majority  of  men  serving  as 
managers  in  ordinance-created  positions  are  usually  local 
men  of  little  training  and  low  salary.  There  are  some  notable 
e.xceptions  and  where  the  old  type  commission  form  already 
exists,  as  in  Pennsylvania,  the  addition  of  a  manager  by 
ordinance  approximates   the   true   commission-manager  plan. 

Choose  Non-Residents  as  First  Managers. — Over  G3  per  cent 
of  cities  having  commission-manager  charters,  have  selected 
their  first  manager  from  out  of  town.  Frequently  his  succes- 
sor has  been  a  local  man  develop)  d  within  the  organization 
as  an  understudy.  However,  in  the  niodified-man.iger  charter 
cities,  but  30  per  cent  of  the  managers  have  been  non-resi- 
dents, and  the  same  figure  holds  for  the  ordinance  type 
towns.  The  following  tables  allocate  the  cities  as  to  size  and 
type.  C-M.  ch..  meaning  commission-manager  charter:  Mod. 
ch..  manager  charter  with  some  features  lacking:  Ord.  pi., 
an  ordinance-created  plan.  The  average  of  the  present  salaries 
paid  the  manager  is  added. 

Plan                Over  20.(!'on  10,000           5.000  Under 

50.000.  to  50,000.  to  20.000.  to  10.000.  5.000.  To'-I 

C-ir.   ch 11  16  25                 22                IS  92 

Mod.  ch 1  1  :!                 2                 3  10 

Ord.   pi 2  0  3               11               22  38 


Total     14 

Av.   sal $6. .322 


till 


17  31  .^5  y.i 

$5,116  $3,016  $2,220  $1.96:i 

High  "Mortality  Rate"  of  Managers. — There  have  been  229 
men  appointed  as  city  managers.  Of  this  number.  101  are  no 
longer  in  the  field.  There  have  been  22  cases  of  promotion 
from  one  city  to  a  larger;  4  managers  are  now  serving  their 
third  city.  Of  the  128  listed ;  only  44  have  served  two  years 
or  over;     39,  one;    45  less  than  one  year. 

As  there  are  different  types  of  plans,  so  there  .are  types  of 
managers.  Membership  in  the  City  Managers  Association 
has  been  chosen  as  the  arbitrary  dividing  line  in  the  tabula- 
tion. In  a  sense  it  serves  to  classify  the  types  as  based  upoo. 
the  training,  viewpoint  and  ambition  of  the  individual  maa- 
ager.    Ali  managers  having  received  equally  urgent  invitation 
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noramal  (usiially  payable  by  the  municipality,  such  member- 
ship IS  a  self-classifying  shibboleth. 

Complete  information  has  not  been  obtained  in  all  cases 
and  Where  average  and  per  cents  appear  In  the  followlns 
bummary,  only  known  data  is  considered,  bureaus  of  Munici- 
pal Research  are  ranked  as  colleges  and  Chambers  ol  Com. 
merce  as  public  service. 
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«:: 

62 

-'S 
VJ.5 

3S 
••■■i% 

40 
3 
1 


Length  of  Service  and  Age- 
Service — 

Over  4  years   ,  • 

2  to  4  years  

1  to  2  years ] o. 

Under  1  year i  •■  i  1 '!!!!!!!!!!! .     IS 

Totals    

Age- 
Maximum  agv?    

Minimum  ape   . ..   . 

Average    age     

M'embers,  63%  Collen.-   Mei^ 

College  trained 

%  <:olli'ge  trained    

i>f  All  Managers  48%   Engineers 

Engineers    

I'ublic  utilities   '. . . 

Public  works  

-■Accounting  and  clerical  ......  i 

Xewypaper    ;; 

Chamhcr  of  Commerce  .!..!.!...  1 

Business    "*      j-i 

%  engineer 8j% 

Majority  E.xperienccd  in  Public  Servlcf: 

Previous  public  service — 
Engineering  and  utilities  ...  |ii 

Finance  ar.d  clerical   i; 

Public    safety    .t 

Public  welfare    ». . . !       3 

Elective    offices    i 

Total    in  public  service    53 

':'c   in  public  service    85% 

Local  .Appointees  Less  Progressive: 

Resident  when  api>ointed    28 

Xon-resident  when  appointed  34 

'A    non-resident    53% 

Promotions  and  Salar.v  Increases: 
Promotions — 

To  .Od  city  4 

To  2d  city  13 

Total    promotions    17 

N'umber  of  salary  increases 51 

.S.ilarifcs  -.Vverag'e  Over  $3,000: 
Present  salaries — 

$5,000  and  over  17 

$3,000  to  $.').000   27 

$2,000  to  $3,000   19 

Under  $2,000   7 

Average   $4,021 


Association      Non- 
members.  membora. 


7    - 
10 
18 
30 

65 

63 
311 
45. G 

3 
3% 

12 
4 
3 
4 
0 
o 

20 
26% 


10 
10 

1 

0 

8 

29 
67% 

43 
4 


Total. 


18 
26 
3» 

4e 

128 

63 
28 
41.7 

4 
31'-, 

52 

4 

7 

2 

3 
32 
48% 


1 
17 


50 

16 

4 

3 


77% 

71 
38 
35% 


4 
14 


18 
68 


3 
13 

32 
$1,964 


19 
30 
23 
39 
$3,075 


Development  of  Rural  Motor 
Express.  * 

By  F.  W.  FENN, 
Secretary,    Motor   Truck   Committee,    National   Automobile   Cham- 
ber of  Commerce. 

•PYom  a  paper  presented  May  22  at  the  Canadian  Good  Roads 
t^ongress. 

1  am  going  to  tell  you  of  the  remarkable  advance  in  high- 
way transportation  that  has  been  made  In  a  period  of  12 
months,  as  I  have  seen  it.  Operating  out  of  Cleveland,  the 
Highways  .Motor  Transport  Co.  has  been  making  quite  a 
showing,  and  has  been  responsible  for  greater  reproduc- 
tion, because  this  line  has  interested  the  farmer  to  the  ex- 
tent that  he  has  given  more  attention  to  greater  production. 
Six-ton  trucks  and  trailers  are  being  used. 

During  last  summer  this  company  made  a  remarkable 
record  of  hauling  hothouse  vegetables  from  Geneva  and 
Ashtabula  to  Cleveland.  When  fruits  and  vegetables  began 
to  come  into  the  market,  20,000  crates  of  berries  and  25,000 
bu.  of  tomatoes  were  hauled  to  the  Cleveland  markets.  Thes« 
shipments  were  followed  by  20,000  bu.  of  apples,  peaches 
and  beans.  The  company  hauled  84,000  baskets  of  grapes 
into  Cleveland  last  summer.  Trailer  trains  were  also  used, 
and  to  show  the  economy  of  this -kind  of  an  operation,  230 
bu.  of  tomatoes  were  hauled  on  the  trailer,  while  the  truck 
carried  291  bu.  of  tomatoes,  9  bu.  of  cucumbers.  SO  baskets 
of  peaches  and  13  cans  of  cottage  cheese.  We  have  paid 
from  10  ct.  to  15  ct.  each  for  apples  in  New  York  City  be- 
cause we  failed  to  realize  that  the  finest  apples  in  the  world 
are  grown  in  Connecticut  and  Northern  New  York.  And 
so,  of  course,  we  buy  apples  which  come  3,000  miles  from 
Oregon  and  Washington.  Just  think  what  the  cost  of  apples 
would  be  if  we  could  bring  them  in  from  Connecticut  in 
motor  trucks — of  the  great  quantities  which  could  come  in, 
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so  that  everyone  could  occasionally  eat  an  apple  without 
feeling  guilty. 

Another  line  operating  over  the  Allegheny  Mountains  from 
Johnstown,  Pa.,  hauled  115  bu.  of  potatoes  to  the  load  in 
three  hours.     The  distance  of  this  route  is   35   n.iles. 

The  Omaha  stock  yard  figures  in  the  haulage  of  live  stock 
which  were  published  the  first  of  the  year  have  been  very 
interesting.  The  facts  revealed  that  a  greater  part  of  the 
250,(100  animals  delivered  from  the  farms  within  a  radius 
of  75  miles  of  the  stock  yards  came  in  by  motor  truck. 

Short  haul  lines  are  not  profitable  to  the  railroads.  I'l 
is  on  such  hauls  that  motor  trucks  are  demonstrating  their 
value. 

Down  in  Dallas,  Texas,  W.  F.  Brittson  is  operating  a  rural 
express  train.  His  trucks  go  out  hauling  four  trailers  to 
Parmersville.  Texas.  The  load  consists  of  70  head  of  sheep; 
17  head  of  steers;  net  weight  of  load,  29,500  lb.  The  dis- 
tance traveled  with  this  load  is  90  miles,  22  miles  of  which 
are  over  black  land  roads. 

The  use  of  motor  trucks  with  the  farmer  might  be  said 
to  be  developing  just  as  rapidly  as  the  farmer  is  learning  to 
think  in  terms  of  road  mileage.  When  he  ceases  to  think  of 
transportation  wholly  in  terms  of  horsepower  and  can  com- 
prehend the  cost  per  mile  per  pound,  regardless  of  the 
power  used,  then  the  sale  of  motor  trucks  will  be  tremend- 
ous. 

However,  trucks  are  being  used  to  replace  railway  serv- 
ice, or  rather  to  extend  the  farmer's  marketing  radius  and  to 
bring  the  distant  city  markets  within  hauling  distance  ot 
his  farm.  So  we  may  say  that  while  the  truck  is  being  in- 
troduced largely  because  it  offers  cheaper  hauling  than  the 
horses,  yet  a  factor  almost  as  important  is  its  ability  to  do 
things  that  are  entirely  beyond  the  range  of  the  horse. 
Probably  the  best  illustration  of  the  latter  is  the  hauling  of 
livestock  from   the  farms   to   the   large  packing   centers. 

"Motor  trucks,"  says  E.  M.  Carroll,  traffic  manager  of 
the  St.  Joseph  Stock  Yards  Co.,  "are  being  used  here  to  a 
large  extent.  We  have  had  truck  loads  in  here  from  as  far 
east  as  Chillicothe,  Mo.,  a  distance  of  about  85  miles  by 
rail.  We  also  have  received  livestock  by  truck  from  across 
the  Iowa  line,  a  distance  of  from  70  to  80  miles.  There  are 
trucks  making  regular  trips  to  the  market  from  points  as 
far  as  65  to  70  miles  distant.  These  trucks  not  only  haul 
hogs,  but  they  also  bring  in  cattle,  calves  and  .=heep,  and 
very  frequently  they  bring  in  mixed  loads,  separated  by 
partitions.  Our  largest  day's  receipts  from  this  source  were 
slightly  more  than  1.400  hogs  and  nearly  200  head  of  cattle 
and  calves  and  200  sheep.  We  did  not  count  the  vehicles 
employed  to  bring  this  stock  to  market,  but  we  estimate 
that  there  were  close  to  250  trucks  and  wagons,  of  which 
75  per  cent  were  trucks. 

"For  the  9  months  ending  Sept.  30,  we  received  from  this 
source  75,211  hogs;  for  the  same  period  in  1917  we  received 
33,280;  for  the  entire  year  of  1917,  50,529,  while  in  1916  our 
receipts  were  52,048.  For  24  days  of  October  this  year  we 
received  11,622  cattle,  418  calves,  10,150  hogs,  and  25,922 
sheep ;  for  the  entire  month  of  October,  1917,  we  received 
801  cattle,  877  calves,  5.834  hogs  and  1,007  sheep. 

"Most  of  the  trucks  employed  in  bringing  stock  to  mar- 
ket are  engaged  in  this  business  regularly  and  they  range 
from  small  trailers  attached  to  the  rear  end  of  passenger 
vehicles  to  4  and  5-ton  trucks.  These  larger  trucks  have 
a  capacity  of  as  much  as  one-third  ot  a  regular  railroad  car 
of  stock.  Many  of  these  trucks  are  able  to  §et  a  return 
load,  especially  those  that  come  from  or  pass  through  in- 
land towns  or  towns  not  located  on  railroads.  Some  of  those 
trucks  are  owned  and  operated  by  regular  dealers  located 
in  the  country,  but  the  majority  of  them  simply  are  en- 
gaged in  transporting  livestock  and  make  a  charge  of  so 
much  a  head,  or  load.  We  believe  that  this  movement  is 
permanent  and  are  going  to  increase  our  facilities  for  tak- 
ing care  of  it." 


Cost  of  Concrete  P.oad  Maintenance  In  Milwaukee  County, 
WIs.^During  1918  47.90  miles  ot  Federal  aid  concrete  road 
was  maintained  by  Milwaukee  County,  Wisconsin,  the  total 
cost  for  the  485,398  sq.  yd.  of  road  surface  being  $3,099.  Of 
this  total  $1,706  was  for  labor  and  $1,384  for  material.  The 
unit  cost  per  mile  was  $35.57  for  labor  and  $28.85  for  material. 
The  cost  of  maintaining  the  shoulders  of  these  roads  was 
$197.29  of  which  $70.87  was  for  labor  and  $126.42  for  material. 
The  above  figures  are  taken  from  the  last  annual  report  of 
F.  W.  Whitlaw,  County  Highway  Commissioner. 


Labor    Saving    Material   Handling 

Plant  for  Concrete  Road 

Construction 

A  labor  saving  storage  and  loading  plant  is  being  employed 
in  the  construction  of  6.3  miles  of  concrete  road  near  Laurel, 
Del.  This  system  is  described  by  Mr.  A.  R.  Losh,  Acting 
District  Engineer,  U.  S.  Bureau  of  Public  Roads,  in  "Public 
Road.?,''  from  which  the  matter  in  thfs  article  is  abstracted. 

All  materials  are  received  at  the  central  storage  and  load- 
ing plant  and  are  sent  direct  to  the  mixer  in  br.tch  units 
by  means  of  industrial  railway  equipment.  A  general  plan 
of  this  storage  and  loading  plant  is  shown  in  the  accompany- 
ing drawing. 

Stone  and  sand  are  received  in  open  cars  on  ihe  railroad 
siding  (track  "A")  and  are  unloaded  by  means  of  a  clam-shell 
bucket  and  derrick  working  on  track  "B."    The  material,  if  for 


Hoisting   a   Batch   to   Dump   Into   Mixer   Drum. 

immediate  use,  is  placed  in  the  bins,  which  are  also  operated 
on  track  "B"  or  placed  in  storage  piles  for  future  use.  Cement 
is  also  received  on  track  "A,"  and  if  for  immediate  use  is 
unloaded  onto  movable  platforms  that  can  be  quickly  set  up 
conveniently  near  the  car.  If  the  cement  is  for  future  use,  it 
is  placed  in  the  cement  storehouse,  from  which  it  is  placed 
on  temporary  platforms  for  use  as  needed. 

A  train  to  be  loaded  receives  sand  and  stone  on  track  "C" 
by  passing  under  the  material  bins,  where  the  proper  amount 
of  each  material  is  dumped  into  batch  boxes.  Eaca  car  carries 
two  boxes,  and  a  box  holds  a  batch  of  aggregate.  Cement 
and  lime  are  received  from  track  "D,"  the  cement  being  left 
in  bags  until  the  mixer  is  reached.  Tracks  "E"  or  "F"  are 
used  to  reach  the  mixer,  depending  upon  its  location. 

Upon  reaching  the  mixer  the  boxes  are  hoisted  from  the 
cars  and  dumped  directly  into  the  mixer  drum.  The  time  re- 
quired for  making  Ihe  hitch,  hoisting  and  dumping  the  box^ 
and  replacing  it  in  the  car  is  1%  minutes.  The  mixer  is  an 
ordinary  machine  remodeled  to  handle  the  boxes.  The  ski? 
has  been  taken  off,  but  the  skip  hoist  is  used  to  raise  the 
boxes.     The  mast  is  an  extra  heavy  5-in.  iron  pipe  filled  with 
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cement  mortar  and  the  boom  is  made  up  of  two  0-in.  chan- 
nels. The  mast  is  stepped  into  a  casting  over  a  worm  gear 
and  can  be  turned  through  an  angle  of  1C0°.  This  special 
attachment  for  handling  the  boxes  was  put  together  by  the 
contractor.  The  hitch  for  lifting  the  boxes  is  simply  a  yoke 
with  links  on  each  end  which  engage  strap-iron  hooks  on 
the  boxes.  All  special  equipment,  such  as  batch  boxes,  mixer 
hoist,  and  stone  bins,  were  made  by  the  contractor  and  used 
■with  his  regular  construction  equipment. 

At  the  present  time  the  contractor  has  a  force  of  67  men 
and  the  following  equipment;  One  concrete  mixer  of  1  cu. 
yd.   capacity,   2   gasoline   dinky   engines,    42   cars.    SI    loading 


Til-PS ''^"nofl'  ^i*^'-  '-'*."°.";.Pit.""'^»  »  e»"on.  P"  >""« ^* 

Depreciation  earned.  »3.704.50  on  100.000  miles,  per  mile 037 

Per  mile   c^  u,  , ,, 

Overhaiilinp,   $300  per  year   !;;!!;;!:;':;. lio 

60  miles  ix;r  day  at  .155 ,'.'.'.'.'.'.'.'.       sIto 

Total,  daily  cost    ..7  ,g 

Per  ton   mile  cost   '..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..    ioills 

It  will  be  noted  that  the  above  figures  contain  no  allow- 
ance for  the  "cost  of  doing  businesB,"  which  includes  gen- 
eral expenses,  accidents,  bad  accounts,  etc.  To  meet  these 
charges  this  owner  charges  up  $1  a  day  per  truck  which  he 
finds   about   meets   ihe   figures.     However,   he   has   a   general 
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Layout   of   Storage    and    Loading    Plant   for  Materials  for   Concrete        Road   Construction. 

boxes,    3%    miles    narrow-gage    railway,    1    steam    roller,    10  tinking  fund   of  10  per  cent  of  the  daily  gross   receipts  ol 

teams,  2,500  lin.  ft.  steel  side  forms,  and  in  addition  the  load-  each  truck  which  takes  care  of  this  matter. 

ing  plant  equipment.  '■ 

,  Asphalt  Production  In  1917  and  1918. — According  to  statis- 
tics compiled  by  the  U.  S.  Geological  Survey  the  quantity  of 
Operating    Costs   for   3^  Ton  Truck  asphalt  and  alUed  substances  produced  in  the  United  States 

„      ^  ,     .      "               ...        A       „i„  in  1918  was  1,237,853  short  tons,  valued  at  »18,540.032,  a  de- 

in  an   address   before  the   Detroit  Transportation  Assoc.a-  ^^^^^^  .^  ^            ^^            ^3^  ,,„3  ^^^^^  j^„^    ^^  ^^,^^^  j3  ^^^ 

tion,  Mr^C.  E.  Stone,  Transportation  Engineer  of  the  J.  C  ^^^  ^^  .^^^^^^^  .^  ^.^,^^  ^,  12,627,601.  or  16.5  per  cent, 

Wilson   Co.  gave  the   following  figures   taken   from  the  cost  ^^^^             ^^..j,^   ^^^  production   in   1917.   which  was   1.428,326 

records   of  a   Detroit   owner   for   the   operation   of   a   3%-ton  ^^^^^  ^^^^    ^^^^^^^  ^^  $15,912,428.     The  crude  native  asphalt 

stake   body  truck:  _^^^  allied  substances  imported  for  consumption  in  the  United 

Chassir'""^"^""                                                                          $3  800  00  States  in  1918  aggregated  115,663  short  tons,  valued  at  »814,- 

Body    ..!!.!!!!!;;!;.'!!!;!;;.;!!!!!!!!.'!.'.'.'.'!!  !!.'!.'!"ii.'.'.."i     'sso.'oo  752,  a  loss  in  quantity  of  72,702  short  tons,  or  about  39  per 

sTliooo  <^^"t'  '•^"'^  '°  value  of  $305,105,  or  27  per  cent,  compared  with 

Less  tires  ($74.25  each,  7,000  miles  guaranteed)   '445:50  1917.     The    resumption    of   normal    conditions    wil!    probably 

j3  ^Q^  .-  restore  the  import  trade  of  the  United  States  in  asphalt  to 

Costs  are  based  upon  300  working  days  in  the  year.             '      "  its   pre-war  proportions.     The  quantity  of  petroleum  asphalt 

Yearly  Fixed  Charges—  (including  road   Oil   and   flux)    produced   in   1918   from   oil  of 

'"1nlura°nce-™''*'  "'  ''^°   domestic  origin  was  527,575  short  tons,  valued  at  $7,435,204. 

Fire.  75  ct.  per  hundred  31.13  ^  decrease  in   output  of  174,234  short  tons,  or  about  25  per 

Efawm?'  aruckmanf '.  .*.''.':  .*"!  .'!^^".'=."''!'. :::;:::::::::::::      li:^  cent,  and  m  value  of  $299,487.  or  only  about  4  per  cent,  corn- 
License—  pared   with   1917    but    the   corresponding   material    manufac- 
Wefghr'l5''T'^er"l00^*^.^'c^rss?s'V666-ib.-,-bodyV.S06ib^^^        "''  tured    in    this    country    from    Mexican    petroleum    Increased 
total  8,S0O  lb 13. 2r.  abt'ut  1  per  cent  in  quantity  and  nearly  39  per  cent  in  value. 

?ai'3''%L-76%-or$a5o-($2,965);:::::.::: :;:::: ::::::;::::    ^'^  The  native  bitumens  and  ained  substances,  including  gii- 

Garage,  $15  per  month  180.00  sonite,   grahamite.   elaterite,   bituminous   rock,   and   ozokerite 

Driver,  $5  per  day  (30C  days)  1.500M  pj-Q^uced  from  mmes  and  quarries  in  the  United  States  in 

Per  year  $2,276.01  i<i]8  was  6<i,034  short  tons,  valued  at  $780,808,  a  loss  of  20.870 

300  days  $2,276.61.  per  day  cost  $7.5S  short  tons  in  output  but  a  gain  of  $44,884  in  value,  compared 

Operating  Costs —  ...    ini- 

Fuel,  25  ct.  per  gallon,  six  miles  a  gallon,  per  mils' $0,040  «i'n  inxi. 
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Determination  ofiSoftening  Point 
of  Bituminous  Materials 

A  revised  method  of  determining  the  softening  point  ol 
bituminous  materials  other  than  tar  products  was  submitted 
by  the  Committee  on  Road  Materials  at  the  last  annual  meei- 
ing  of  the  American  Society  for  Testing  Materials,  This 
methou  was  proposed  as  tentative  in  1916,  The  committee,  of 
which   Mr.  A,   H,   Blanchard   is   chairman,   recommended   that 


No.15  BiSOage 
*  Brass  Wire- 

\ 

1    1 

III      '        ' 

1 

K-l    -A 

Brass  Ririg  and  Wire. 
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f    A        ,  +  of"    Ball , 

OT  Apparatus, 

Fig,     1 — Apparatus    for    Ring    and     Ball     Method, 

the  revision  of  the  ring  and  ball  method  be  referred  to  letter 
ballots  of  the  society  for  adoption  as  standard.  The  pro- 
posed standard  method  follows: 

The  softening  of  bituminous  materials  generally  takes  place 
at  no  definite  moment  or  temperature.  As  the  temperature 
rises,  they  gradually  and  imperceptibly  change  from  a  brittle 
or  exceedingly  thick  and  slow  flowing  material  to  a  softer 
and  less  viscous  liquid.  For  this  reason  the  determination 
of  the  softening  point  must  be  made  by  a  nxed,  arbitrary  and 
closelv  defined  method  if  the  results  obtained  are  to  be  com- 
parable. 

Apparatus. — The  apparatus  shall   consist   of  the   following: 

A  brass  ring  15.87.5  mm.  (%  in.)  in  diameter  and  6.35  mm. 
(%'  in.)  deep;  thickness  of  wall.  2.38  ram.  (3/32  in.):  per- 
missible variation  on  inside  diameter  and  thickness  of  ring, 
0.25  mm.  (0.01  in.).  This  ring  shall  be  attached  in  a  con- 
venient manner  to  a  No.  15  B.  &  S.  gage  brass  wire  (diam- 
eter 1.79  mm.  =0.0703  in.).     See  Fig.  1. 

A  steel  ball  9.53  mm.  (%  in.)  in  diameter  weighing  between 
3.15  and  3,55  g. 

A  glass  vessel,  capable  of  being  heated,  not  less  than  11 
cm.  (4.33  in.)  in  aiameter  by  14  cm.  (5.51  in.)  deep.  (A 
600-cc.  beaker.  Griffin  low  form,  meets  this  requirement.) 

A  thermometer  which  shall  conform  to  the  following  speci- 
fications; 

Total  length    370-400  mm.  14.57-15.75  in.) 

Diameter ';.5-7.5  mm.  (0.256-0.295  in.) 

Bulb  length   Not   over   14  mm.     (Not  over  0.55   in.1 

Bulb   diameter    1.5-5.5  (0.177-0.217   in.) 

The  scale  shall  be  engraved  upon  the  stem  of  the  ther- 
mometer, shall  be  clear  cut  and  distinct,  and  shall  run  from 
0  to  80°  C.  (32  to  176°  F.)  in  1/5°  C.  divisions.  It  shall  com- 
mence not  less  than  7.5  cm.  (2.95  in.)  above  the  bottom  of 
the  bulb.  The  thermometer  shall  be  furnished  with  an  ex- 
pansion chamber  at  the  top  and  have  a  ring  for  attaching 
tags.  It  shall  be  made  of  a  suitable  quality  of  f,lass  and  be 
so  annealed  as  not  to  change  its  readings  under  conditions 
of  use.     It  shall  be  correct  to  0.25°   C.    (0.45°  F.)   as  deter- 

( 


mined  by  comparison  at  full  immersion  with  a  similar  ther- 
mometer calibrated  at  full  immersion  by  the  United  States 
Bureau  of  Standards.  , 

Preparation  of  Sample. — The  sample  shall  be  melted  and 
stirred  thoroughly,  avoiding  incorporating  air  bubbles  in  the 
mass,  and  then  poured  into  the  ring  so  as  to  leavd  an  excess 
on  cooling.  The  ring,  while  being  filled,  should  rest  on  a 
brass  plate  which  has  been  amalgamated  to  prevent  the 
bituminous  material  from  adhering  to  it.  After  cooling,  the 
excess  material  shall  be  cut  off  cleanly  with  a  sli;;htly  heated 
knife. 

Testing. 

Bituminous  Materials  Having  Softening  Points  90'  C. 
(194°  F.)  or  Below. — Assemble  the  apparatus  as  shown  in 
Fig.  1.  Fill  the  glass  vessel  to  a  depth  of  substantially  8.25 
cm.  (3.25  in.)  with  Ireshly  boiled  distilled  water  a*  5°  C.  (11° 
F. )  Place  the  ball  in  the  center  of  the  upper  surface  of  the 
bitumen  in  the  ring  and  suspend  it  in  the  water  so  that  the 
lower  surface  of  the  filled  ring  is  exactly  2.54  cm.  (1  in.)  above 
the  bottom  of  the  glass  vessel  and  its  upper  surface  is  5.08 
cm  (2  in.)  below  the  surface  of  the  water.  Allow  it  to  re- 
main in  the  water  for  15  minutes  before  aplyiiig  the  heat. 
Suspend  the  thermometer  so  that  the  bottom  of  the  bulb  is 
level  with  the  bottom  of  the  ring  and  within  O.OSo  cm.  (14 
in.),  but  not  touching,  the  ring. 

Apply  the  heat  in  such  a  manner  that  the  temperature  of 
the  water  is  raised  5°  C.   (9°   F.)   each  minute. 

The  temperature  recorded  by  the  thermometer  at  the  in- 
stant the  bituminous  material  touches  the  bottom  of  the  glass 
vessel  shall  be  reported  as  the  softening  point. 

The  rate  of  rise  of  temperature  shall  be  uniform  and  shall 
not  be  averaged  over  the  period  of  the  test  The  maximum 
permissible  variation  for  any  minute  period  afler  the  first 
three  shall  be  ±  0°.5  C.  (0°.9  F.).  All  tests  in  which 
the  rate  of  rise  in  temperature  exceeds  these  limi*s  shall  be 
rejected. 

Bituminous   Materials    Having   Softening    Points    Above   90 
C.   (194'   F.). — Use  the  same  method  as  given  under  (A),  ex- 
cept that  glycerin  shall  be  used  instead  of  water. 

Accuracy. — The  limit  of  accuracy  of  the  test  is  ±  0°.5  C. 
(0'.9  F.) 

Precautions. — The  use  of  freshly  boiled  distilled  water  is 
essential,  as  otherwise  air  bubbles  may  form  on  the  speci- 
men and  affect  the  accuracy  of  the  results.  Rigid  adherence 
to  the  prescribed  rate  of  heating  is  absolutely  essential  in 
order  to  secure  accuracy  of  results. 

A  sheet  of  paper  placed  on  the  bottom  of  the  glass  vessei 
and  conveniently  weighted  will  prevent  the  bituminous  mate- 
rial from  sticking  to  the  glass  vessel,  thereby  saving  consid- 
erable time  and  trouble  in  cleaning. 


National  Engineering 
Membership 


Societies    Increased 
in    10   Years 


100% 

The  number  of  members  in  the  four  national  engineering 
societies  has  practically  doubled  in  the  last  10  years.     This 
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Increase   of    Membership   Curves   of   Four   National    Engineering 
Societies. 

interesting  fact  is  brought  out  in  the  accompanying  diagram 
reproduced  from  a  recent  bulletin  of  the  American  Institute 
of  Mining  and  Metallurgical  Engineers. 


50) 


Kuginecring  and  Contradiny  for  August  6,  19U). 


175 


Methods  and  Cost  of  Valuing  Real 
Estate  in  Davenport* 

While  the  assessment  of  real  estate  is  important,  it  is 
equally  Important  that  a  proper  valuation  should  be  made 
of  improvements. 

At  the  time  the  real  estate  in  Los  Angeles  was  valued,  the 
improvements  were  also  appraised.  A  group  of  expert  con- 
struction men,  architect.s,  builders,  contractors  and  engi- 
neers were  emplo.ved.  The  structures  were  first  classified. 
Material  and  labor  costs  were  then  made  up  covering  5  years 
of  varying  conditions,  and  the  average  costs  of  all  classes 
some  forty  odd,  w-ere  made  up  on  the  basis  of  the  reduplica- 
tion cost  new  on  the  5-year  average  of  prices. 

The  length  of  life  of  structures  under  varying  conditions 
of  maintenance  and  use  was  next  arrived  at,  after  confer- 
ences with  experts.  This  furnished  a  practical  depreciation 
table  in  which  deduction  was  made  for  age  and  condition. 
Further  depreciation  for  lack  of  utility  and  adolescence  were 
recommended  but  not  adopted. 

The  building  department  employed  several  hundred  men 
familiar  with  building  work  and  construction  to  ascertain  the 
mechanical  data  on  each  structure  in  Los  Angeles.  The 
building  descriptions  were  recorded  on  specially  prepared 
slips  on  which  were  checked  off  the  details  of  each  build- 
ing, and  on  each  a  sketch  wa.s  made  of  the  gi'ound  floor  plan 
and  dimensions.  This  slip  was  later  turned  over  to  the  ex- 
pert pricers  who  made  a  second  inspection  of  the  structure, 
classified  it,  judged  its  condition,  and  applied  the-  cost  fac- 
tor per  square  or  cubic  foot  which  would  reproduce  the 
building  "new  at  the  time  of  appraisal.  Computers  in  the  as- 
sessor's office  then  made  the  calculations  and  extended  the 
various  items  of  costs,  depreciation,  allowance  and  the  final 
"present  value." 

A  system  of  valuation  similar  to  the  above  has  been  in- 
augurated in  Columbus,  East  Cleveland,  Lakewood,  Berea 
and  Chagrin  Falls  in  the  state  of  Ohio;  at  Springfield,  Jolief 
and  East  St.  Louis  in  the  state  of  Illinois:  in  Denver,  Colo.; 
in  Houston,  Beaumont,  Waco,  Galveston,  San  Antonio  and 
Corpus  Christi  in  the  state  of  Texas;  in  Augusta,  Ga.;  in 
Lake  Charles,  La.;  in  Portland,  Ore.;  in  Phoenix  and  Tucson. 
Ariz.;  in  Redlands  and  Los  Angeles,  Cal. ;  in  Lancaster,  Wis.; 
in  Weston,  Ont.,  and  in  Des  Moines  and  Dubuque  in  our  own 
state. 

The  cost  of  the  system  in  the  city  of  Los  Angeles  proper 
was  $63,948.  This  included  the  cost  of  valuation  of  approxi- 
mately 200,000  buildings.  Of  this  $63,948  approximately  two- 
thirds  was  expended  for  the  appraisal  of  improvements,  the 
remainder  in  land  valuation  work. 

The  results  in  Los  Angeles  were  to  increase  the  assessed 
value  of  land  $93,227,120  or  21.60  per  cent,  and  to  decrease 
the  assessed  valuation  of  improvements  $.5, .576, 175  or  3.17  per 
cent.  As  a  result  the  tax  rate  decreased  from  94  ct.  to  81 
ct.  in  inside  districts  and  from  $1.34  to  $1.21  in  outside  dis- 
tricts. ' 

The  system  to  which  I  have  referred  was  inagurated  in 
the  business  district  of  Des  Moines  in  1913  at  a  cost  of  $3,000 
It  has  been  adopted  throughout  the  entire  city  of  Dubuque 
at  a  cost  of  $7,500. 

An  investigation  will  disclose  the  following  facts  with  re- 
lation to  the  valuation  of  real  estate  in  Davenport: 

(1)  There  is  no  unit  basis  for  the  valuation  of  real  estate, 
and  without  this  there  cannot  be  equitable  assessments. 

(2)  The  value  of  alleys^adjacent  to  property  have  not  been 
considered  on  any  scientific  basis. 

(3)  The  valuations  of  corner  lots  have  not  been  and  are 
not  founded  on  any  equitable  basis.  The  values  as  estab- 
lished are  largely  guesswork. 

(4)  The  assessments  of  real  estate  adjacent  to  corners 
has  no  sound  basis  and  reflects  in  large  measure  merely  the 
personal  opinion  of  our  assessor. 

A  readjustment  of  our  real  estate  values  would  eliminate 
all  four  of  the  objectionable  features  above  referred  to. 

The  system  which  has  been  briefly  outlined,  if  adopted  in 
Davenport,  would  give: 

(1)  An  equitable  basis  of  valuation  in  which  a  common 
judgment  would  be  exercised  in  every  part  of  the  city. 

(2)  The  assessment  of  real  estate  would  be  simplified  and 
therefore  more  efliciently  and  accurately  made. 


(3)  Under  this  system  It  would  be  posBible  for  all  inter- 
ested parties  to  have  a  voice  in  the  eKtablishment  of  the 
land   values. 

(4)  It  would  in  all  probability  result  In  an  Increased  in- 
come for  the  city. 

(5)  It  would  bring  equity  and  .satisfaction  to  llie  Ux- 
payers.  In  the  opinion  of  I  he  writer  it  would  be  well  worth 
its  cost. 


Method  of  Striking  Off  Widened  and  Super- 
elevated  Highway  Curves 

Not  much  difficulty  is  experienced  in  striking  off  the  In- 
clined surface  where  the  curve  attains  its  maximum  super- 
elevation. It  is  the  surface  of  the  transitory  section,  bounded 
by  the  sections  A-A  and  C-C  (see  sketch),  where  most  of  the 
difficulty  occurs,  because  this  section,  which  connects  the  nor 
mal  surface  of  the  road  with  the  plane  section,  is  necessarily 
one  of  a  warped  nature.  Here  the  line  of  crown  of  the  nor- 
mal road  surface  diverges  into  two  lines,  one  of  which  ex- 
tends from  the  center  of  the  road  at  section  A-A  to  the  H,C, 
of  the  outer  curve— and  the  other  to  a  point  opposite  on  the 


Sketch   Showing    Method   of   Widening    Highvway   Curves. 

inner  curve.  A  method  of  handling  this  problem  is  described 
by  William  F.  Long  in  The  Concrete  Highway  Magazine,  as 
follows: 

Drive  stakes  along  these  two  lines  at  convenient  intervals. 
Cap  these  stakes  with  4-in.  channel  bars  with  the  flanges 
facing  downward,  so  that  their  upper  surfaces  wUI  conform 
with  the  finished  grade.  Then  place  concrete  in  the  usual 
manner.  With  an  ordinary  straightedge  the  triangular  plane 
of  this  section  can  be  easily  struck  to  grade,  the  onds  of  the 
straightedge  resting  directly  upon  the  back  of  the  channel 
bars 

The  surfaces  on  each  side  of  the  tri^mgular  plane  are 
curved  similarly  to  the  normal  surface  of  the  roadway.  This 
surface  can  be  formed  by  the  use  of  a  shorter  template 
shaped  like  that  used  on  the  normal  road  surface.  One  end 
should  rest  on  the  back  of  ihe  channel  bars  and  the  other 
on  the  side  forms.  The  channel  bars  and  stakes  are  then 
removed  and  the  grooves  and  holes  made  by  them  are  hlled 
with  concrete.  The  siirface  can  then  be  llnisi'.ed  with  a 
roller  and  belt  in  the  usual  way.*  It  will  be  found  that  the 
resulting  surface  will  very  closely  approximate  the  theoretical 
elevations. 

•This  operation  will  remove  any  angles  which  may  have  ri.-sulU-il 
in  estaMishin?  the  llne^  of  the  triang:ular  plane. 


•From  an  address  by  W.  T.  Waterman,  before  the  Contemporary 
Club  of  Davenport. 


Operating  Cost  of  5-Ton  Dump  Truck. — As  the  result  of 
a  questionnaire  the  Motor  Truck  Owners'  Association  of 
Philadelphia  ascertained  that  the  average  ilaily  cost  of  op- 
eration tor  a  .5-ton  truck  of  dump  body  type  working  under 
Philadelphia  conditions   was  $26.09,  itemized   aa   follows: 

Per  day. 

Depreciation   : ; J  5.29 

Intere.st ■I'l 

Insurance    1''° 

License   •" 

Gasoline    3.42 

Oil  and  grease    •« 

Repairs   °W 

Garage  fees    -JJ 

Overhead  expense J-Jj 

Driver    ^-"** 

Tires    -     ^■'- 

Total    $26.09 

It  also  was  found  out  that  the  fixed  charge  costs  should 
be  based  on  a  26o-day  year,  and  that  the  average  daily  mile- 
age was  40%  miles. 
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Men  Who  Made  the  World* 

On  April  4th  occurred  the  death  of  Sir  William  Crookes, 
and  on  May  2nd  fell  the  400th  anniversary  of  the  death  of 
Leonardo  da  Vinci.  These  two  names  bring  forcibly  to  mind 
that  civilization  is  the  product  of  great  minds.  A  constant 
reader  of  this  Journal  writes  us  the  following  regarding  Sir 
William  Crookes:  "A  great  light  gone  out,  but  the  vigorous 
and  continuous  pulsation  emanating  from  it  will  shimmer  the 
ether  of  the  universe  until  time  is  the  sole  remaining  entity. 
Ages  hence  that  radiation  will  illuminate  for  scientists  yet 
unborn  dangerous  byways  and  vague  though  safe  pathways, 
and  hold  to  course  future  explorers  of  Science's  realm  in 
search  for  that  most  priceless  treasure.  Truth.  This  great 
light  shone  with  a  nearly  continuous  spectrum;  there  were  no 
dark  bands  in  the  visible  region.  Sir  William  Crookes  was  an 
'omnitect'  of  science.  He  probably  knew  more  about  more 
things  than  anyone  we  ever  heard  of.  His  work  with  the 
spectroscope  assured  the  identification  of  many  elements  pre- 
viously unknown  or  vaguely  classified.  What  he  did  in  his 
research  on  electric  discharge  in  high  vacuum  ultimately 
caused  a  complete  revision  of  our  fundamental  ideas  of  chem- 
istry and  physics.  By  following  his  lead  the  X-ray  was  dis- 
covered, the  telephone  amplifier  developed,  and  the  most 
sensitive  detector  of  ether  waves  evolved.  His  contribution 
to  our  knowledge  of  the  kinetics  of  gases  and  radio  active 
bodies  was  of  far-reaching  import.  The  world  might  lose  a 
million  kaisers  and  all  the  tangible  property  that  their  ambi- 
tion might  doom,  yet  the  real  loss  would  be  less  than  the  loss 
of  one  man  like  Crookes.  These  giants  are  rare;  all  the 
world  has  seen  can  be  counted  almost  digitally;  in  a  way 
they  are  benign  atavisms  of  evolution.  Oh  that  de  Leon  had 
found  the  Fountain  of  Youth,  or  von  Helmont  the  Elixir  of 
Life,  that  we  might  prolong  in  its  most  virile  intensity  the 
life  of  such  a  mind  among  us!  It  is  by  the  progeny  of  such 
minds  and  by  that  only  that  the  world's  real  advancement  is 
achieved." 

This  is  not  extravagant.  The  influence  of  Cannibal,  Alex- 
ander, Caesar  and  Napoleon  might  be  eliminated  without  Im- 
poverishing the  world,  but  without  a  long  succession  of  men 
like  Crookes  there  would  have  been  no  progress.  We  should 
not  be  much  above  the  plane  of  the  brute  creation.  The 
human  race  lives  far  more  on  mind  than  on  matter.  Without 
mind  it  would  be  forced  to  subsist,  if  at  all,  on  what  it  could 
pluck  from  the  bushes.  Progress  is  not  the  result  of  mere 
intuition.  It  is  the  product  of  exceptional  minds  laboring 
hard  over  the  facts  of  life.  Civilization  has  been  evolved  in 
just  the  measure  that  exceptional  minds  have  discovered  the 
principles  that  underlie  and  govern  the  universe. 

In  that  dreary  work,  Kant's  Critique  of  Pure  Reason,  there 
is  a  passage  on  the  development  of  mathematics  and  physics, 
the  sciences  to  which  the  world  owes  the  larger  part  of  its  de- 
velopment. "In  the  earliest  times  of  which  history  afford:! 
us  any  record,"  says  Kant,  "mathematics  had  already  entered 
on  the  sure  course  of  science,  among  that  wonderful  nation, 
the  Greeks.  Still,  it  is  not  to  be  supposed  that  it  was  easy 
for  this  science  to  strike  into,  or  ratlier  to  construct  for  itself, 
a  royal  road."  On  the  contrary,  he  continues,  "I  believe  that 
it  must  have  remained  long — chiefly  among  the  Egyptians — in 
the  stage  of  blind  groping  after  its  true  aims  and  destination, 
and  that  it  was  revolutionized  by  the  happy  idea  of  one  man, 
who  struck  out  and  determined  for  all  time  the  path  which 
this  science  must  follow,  and  which  admits  of  an  indefinite  ad- 
vancement. The  history  of  this  intellectual  revolution — much 
more  important  in  its  results  than  the  discovery  of  the  pas- 
sage round  the  celebrated  Cape  of  Good  Hope — and  of  its 
author,  has  not  been  preserved.  *  *  *  A  new  light  must  have 
flashed  on  the  mind  of  the  first  man  (Thales,  or  whatever 
may  have  been  his  name)  who  demonstrated  the  properties  of 
the  isosceles  triangle.  *  *  *  a  much  longer  period  elapsed  be- 
fore Physics  entered  on  the  highway  of  science.  For  it  is 
only  about  a  century  and  a  half  since  the  wise  Bacon  gave  a 
new  direction  to  physical  studies,  or  rather — as  others  were 
already  on  the  right  track— imparted  fresh  vigor  to  the  pur- 
suit of  this  new  direction.  *  *  *  When  Galileo  experimented 
with  balls  of  a  definite  weight  on  the  inclined  plane,  when 
Torricelli  caused  the  air  to  sustain  a  weight  which  he  had 
calculated  beforehand  to  be  equal  to  that  of  a  definite  volume 
of  water,  or  when  Stahl  at  a  later  period  converted  metal  into 
lime  and  reconverted  lime  into  metal  by  the  addition  and  sub- 


•From   Stone   &    TV*ebster   Journal. 


traction  of  certain  elements,  a  light  broke  upon  all  natural 
philosophers.  They  learned  that  reason  only  perceives  that 
which  it  produces  after  its  own  design;  that  it  must  not  be 
content  to  follow,  as  it  were,  in  the  leading-strings  of  nature, 
but  must  proceed  in  advance  with  principles  of  judgment  ac- 
cording to  unvarying  laws,  and  compel  nature  to  reply  to  its 
questions.  For  accidental  observations,  made  according  to 
no  preconceived  plan,  cannot  be  united  under  a  necessary 
law.  But  it  is  this  that  reason  seeks  for  and  requires.  It  is 
only  the  principles  of  reason  which  can  give  to  concordant 
phenomena  the  validity  of  laws,  and  it  is  only  when  experi- 
ment is  directed  by  these  rational  principles  that  it  can  have 
any  real  utility.  Reason  must  approach  nature  with  the  view, 
indeed,  of  receiving  information  from  it,  not,  however,  in  the 
character  of  a  pupil  who  listens  to  all  that  his  master  chooses 
to  tell  him,  but  in  that  of  a  judge  who  compels  the  witnesses 
to  reply  to  those  questions  which  he  himself  thinks  fit  to  pro- 
pose. To  this  single  idea  must  the  revolution  be  ascribed,  by 
which,  after  groping  in  the  dark  for  so  many  centuries,  nat- 
ural science  was  at  length  conducted  into  the  path  of  certain 
progress." 

Think  what  it  would  mean  to  the  world  today  if  the  proper- 
ties of  the  isosceles  triangle  had  never  been  demonstrated! 
Think  w'hat  it  would  mean  if  Archimedes  had  never  applied 
mathematics  to  mechanics!  Think  what  would  be  our  state 
today  if  Copernicus,  Galileo,  Hunter,  Davy,  Faraday,  to  choose 
only  a  few  names  at  random,  had  not  devoted  their  lives  to  a 
search  for  the  principles  by  which  the  universe  in  its  various 
aspects  is  regulated! 

Those  whom  we  have  mentioned  are  dead.  Yet  their  places 
must  be  filled  in  part  at  least  by  others  of  the  same  kind  if 
the  race  is  to  be  kept  from  taking  a  fling  backward.  Through- 
out the  course  of  liuman  history  there  has  been  a  continuity 
of  great  minds,  and  the  self-preservation  of  the  race  will  de- 
pend on  its  continuing  unbroken.  This  leads  one  to  ask  what 
is  going  to  be  the  effect  of  democracy  on  the  intellectual  ac- 
tivity of  the  future. 

Forty  years  ago  a  clever  Englishman  writing  on  the  subject 
of  aristocracy  and  democracy  said:  "The  customs  and  con- 
victions of  a  democracy  are  more  dangerous  to  intellectual 
liberty  than  those  of  an  aristocracy  because,  in  matters  of 
custom,  the  gentry  rule  only  within  their  own  park-palings, 
whereas  the  people,  when  power  resides  with  them,  rule 
wherever  the  breezes  blow.  A  democracy  that  dislikes  refine- 
ment and  good  manners  can  drive  men  of  culture  into  soli- 
tude and  make  morbid  hermits  of  the  very  persons  who  ought 
tu  be  the  lights  and  leaders  of  humanity."  And  in  comment- 
ing on  the  Parisian  democracy  he  says:  "So  far  as  it  is  pos- 
sible for  us  to  understand  the  temper  of  that  democracy  it 
appears  to  cherish  an  active  and  intense  hatred  for  every 
conceivable  kind  of  superiority,  and  an  instinctive  eagerness 
to  abolish  the  past;  or,  as  that  is  not  possible,  since  the  past 
will  always  have  been  in  spite  of  it,  then  at  least  to  efiiace  all 
visible  memorials  and  destroy  the  bequests  of  all  preceding 
generations." 

These  last  words  might  almost  have  been  written  of  Bolshe- 
vism in  Russia.  Listen  to  Lenine,  the  Bolshevist  dictator, 
talk  about  money:  "Hundreds  of  thousands  of  rouble  notes 
are  being  issued  daily  by  our  treasury.  This  is  done  not  in 
order  to  fill  the  coffers  of  the  state  with  practically  worthless 
paper,  but  with  the  deliberate  intention  of  destroying  the 
value  of  money  as  a  means  of  payment.  There  is  no  justifica- 
tion for  the  existence  of  money  in  a  Boleshevist  state,  where 
the  necessities  of  life  shall  be  paid  for  by  work  alone.  Expe- 
rience has  taught  us  it  is  impossible  to  root  out  the  evils  of 
capitalism  merely  by  confiscation  and  expropriation,  for  how- 
ever ruthlessly  such  measures  may  be  applied,  astute  specula- 
tors and  obstinate  survivors  of  the  capitalist  classes  will  al- 
ways manage  to  evade  them  and  continue  to  corrupt  the  life 
of  the  community.  The  simplest  way  to  exterminate  the  very 
spirit  of  capitalism  is.  therefore,  to  flood  the  country  with 
notes  of  high  face  value  without  financial  guarantee  of  any 
sort.  Already  even  the  100  rouble  note  is  almost  valueless  in 
Russia.  Soon  even  the  simplest  peasant  will  realize  that  it 
is  only  a  scrap  of  paper  not  worth  more  than  the  rags  from 
which  it  is  manufactured.  Men  will  cease  to  covet  and 
hoard  it  so  soon  as  they  discover  it  will  not  buy  anything, 
ai.d  the  great  illusion  of  the  value  and  power  of  money  on 
which  the  capitalist  state  is  based  will  have  been  definitely 
destroyed." 

There  could  not  be  a  finer  exemplification  of  the  arrogance 
of  ignorance.     Lenine  says  that  experience  has  taught  us  it 
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is  Impossible  to  root  out  the  evils  of  capitalism  merely  by 
confiscation  and  expropriation,  which  is  true  enough;  but 
there  is  one  bit  of  experience  in  this  very  connection  which 
he  has  altogether  failed  to  note,  namely,  that  while  the  Bol- 
shevist government,  it  it  may  be  called  a  government,  has 
tried  to  make  the  Russian  peasant  sell  his  crops  tor  worthless 
paper  roubles,  it  has  been  unable  to  accomplish  its  end.  If 
experience  is  worth  anything  in  one  case  it  is  in  another,  and 
the  experience  of  the  last  year  has  shown  that  if  the  Russian 
peasant  is  not  allowed  the  ownership  of  his  crop  and  the  right 
to  sell  it  on  terms  satisfactory  to  himself,  he  will  raise  no 
more  than  is  sufficient  for  his  own  keep.  Nothing  more  than 
this  simple  fact  is  needed  to  demolish  Lenine's  idea  of  money 
completely. 

To  digress  a  little,  Lenine,  and  all  who  think  more  or  less 
like  him  regarding  capital,  fail  to  perceive  a  fundamental 
fact.  It  is  this:  though  capital  is  necessarily  expressed  in 
goods,  or  the  equivalent  of  goods,  the  term  primarily  signifies 
mental  wealth  rather  than  physical  or  material.  The  things 
which  capital  in  our  ordinary  use  of  the  term  implies  are 
first  of  all  products  of  the  mind.  Every  act  of  a  man,  even 
those  which,  as  we  say,  he  does  without  thought,  springs  from 
mental  volition,  though  the  man  may  not  always  take  time 
to  note  the  fact.  The  more  conscious,  continuous,  persistent 
the  mental  volition,  the  larger  and  more  perfect  the  product. 
It  is  because  the  mental  volition  of  so  large  a  portion  of  the 
race  lacks  consciousness,  continuity  and  persistency  that 
class  distinctions  exist  to  the  present  extent,  and  that  the 
world  is  not  much  nearer  the  millennium  than  is  actually  the 
case.  Everyone  is  not  born  with  the  aptitude  of  da  Vinci  or 
Sir  William  Crookes,  but  everyone,  unless  born  an  imbecile, 
could  accomplish  vastly  more  than  he  does  if  he  pursued  the 
method  of  Da  Vinci  and  Crookes.  They  were  real  capitalists, 
because  they  furnished  ideas  which  more  ignorant  and  less 
persevering  persons  were  able  to  employ  in  the  daily  affairs 
of  life.  There  is  an  old  saying  that  knowledge  is  power,  and 
this  is  true  because  knowledge  is  the  real  capital  of  mankind. 
Lnbor  has  always  been  abundant;  brains,  however,  have  been 
relatively  scarce,  and  brains  are  capital;  so  that  when  Lenine 
talks  about  eliminating  capitalism  he  is  governed  by  a  suicidal 

intent. 

He  seems,  however,  to  realize  that  the  task  which  he  has 
set  himself  is  not  quite  so  easy  as  he  had  supposed.  He 
says,  !er  example,  "We  have  committed  many  errors  in  the 
past,'  but  our  disappointment  and  difficulties  were  inevitable, 
for  it  was  impossible  to  foresee  how  the  social  philosophy  of 
Marx,  viiicU  had  never  been  put  into  practice  before,  would 
work'  out  in  actual  government."  Perhaps  no  one  would 
have  been  more  surprised  than  Marx  himself  at  the  way 
Lenine  has  worked  it  out.  Marx  was  a  man  of  intellect,  but 
pur-ilv  a  theorizer.  His  ideas  had  never  been  tested  by  ex- 
perience; (hough  he  stated  them  with  great  force  and  sub- 
tlety, his  theory  was  not  perfectly  concatenated.  There  were 
some  points-  which  he  never  was  able  to  explain,  indeed  never 
tried  to.  Certain  l.nks  were  missing.  He  reminds  one  of  an 
inventor  who  onct  tried  to  sell  caprtal  stock  in  a  company  to 
exploit  a  new  mechanical  device.  In  explaining  the  device  on 
a  c»rtaiu  occasion  he  showed  with  admirable  clearness  what 
each  part  was  expected  to  accomplish.  When  he  finished  the 
person  to  whom  he  was  talking  said,  "I  understand  everything 
about  it  except  the  connection  between  this  one  particular 
part  and  that."     The  reply  was,  "That  is  a  secret." 

There  appears  to  be  a  secret  in  Marx's  social  philosophy 
which  Lenine  has  not  yet  discovered.  He  has  decided,  how- 
ever, to  make  the  best  of'' the  circumstances.  He  says:  The 
transformation  of  the  capitalistic  state  into  the  communist 
state  is  impossible  wihout  the  assistance  of  scientific  and 
technical  experts.  Inevitably  these  experts  are  today  bour- 
geois." Note  at  this  point  that  he  has  been  busy  ever  since 
he  came  into  power  in  extirpating  the  bourgeoisie.  But  to 
continue— "We  have,  therefore,  been  forced  to  adopt  bourgeois 
methods  and  to  secure  the  services  of  the  most  competent 
bourgeois  specialists  by  paying  them  high  salaries.  It  is  eM- 
dent  that  this  measure  represents  a  departure  trom  the  Prin- 
ciples proclaimed  by  the  Paris  Commune,  which  established 
that  all  salaries  without  exception  be  reduced  to  the  level  ot 
an  ordinary  workman's  wage." 

Two  interesting  questions  arise  in  the  mind  of  one  «ho 
reads  this.  How  long  is  this  departure  from  the  principles 
proclaimed  by  the  Paris  Commune  going  to  last,  and  what  is 
going  to  be  the  cost  to  the  bourgeois  specialists  when  it  ends 
ff  it  ever  does  end,  and  they  are  reduced  to  the  leveJ  of  an 


ordinary  workman's  wage?  So  long  as  the  "departure  "  laeib 
we  have  a  fatal  admission  of  the  breakdown  of  the  .Man 
theory.  To  turn  to  the  second  Question,  will  Lenine  find  it 
easy  to  reduce  the  bourgeois  specialists  to  the  level  of  an 
ordinary  workman's  wage?  Conceivably  it  will  be  just  ii8 
well  for  him  to  put  them  out  of  existence  when  he  has  used 
them  as  much  as  he  wants  at  high  salaries;  for  if  experience 
teaches  anything  it  is  that  they  will  not  be  worth  much  to 
him  when  reduced  to  the  level  he  proposes.  The  bourgeois 
specialists  of  Russia  may  not  be  great  men,  but  so  far  as 
mental  capital  goes  they  are  greater  than  the  BolshevistB  who 
liave  been  murdering  them  so  freely  of  late.  Woe  betide  the 
state  that  attempts  to  do  business  without  a  considerable 
amount  ot  mental  capital! 

We  have  spoken  about  Lenine  and  the  Russian  Bolshevists 
because  they  are  extreme  cases.  No  race  has  ever  paid  due 
respect  to  its  great  minds,  and  today  the  world  seems  bent  on 
reducing  greatness  to  mediocrity.  The  present  aim  of  democ- 
racy seems  to  be  to  produce  the  average  man.  This  Implies  a 
leveling  down  as  well  as  a  leveling  up.  Of  course,  if  one  is 
horn  into  the  world  with  an  investigating  mind  and  a  love  oJ 
knowledge  he  cannot  be  altogether  prevented  from  exercising 
his  faculties,  but  he  can  be  greatly  impeded  In  so  doing,  and  it 
is  comparatively  easy  to  reduce  his  incentive.  Anything  that 
aims  at  reducing  leudeis  of  thought  to  the  ranks  is  a  calamity. 
Great  minds  need  a  proper  environment  to  work  in;  must  be 
sympathetic  and  congenial.  A  great  mind  cannot  work  very 
long  under  suspicion  without  losing  vitality. 

A  paradoxical  siuation  exists  today.  If  we  assume  thai 
the  masses  are  still  eager  that  great  minds  shall  continue 
their  researches  wiUi  all  their  pristine  vigor,  it  is,  neverthe- 
less, a  fact  that  those  who  put  principles  which  they  discover 
in  practical  application  are  more  or  less  the  object  ot  sus- 
picious, and  consequently  labor  under  increasing  discourage- 
ment. This  disparagement  of  those  who  exploit  great  ideas 
must  inevitably  react  upon  the  great  investigators  and  weaken 
their  initiative  and  impair  their  effectiveness.  This  tendency 
exists  today,  it  is  unmistakable;  but  it  has  not  gone  far 
enough  to  alarm  the  ordinary  mind. 

Emerson  says  that  great  thoughts  rule  the  world.  If  this 
has  been  true  of  the  past  it  is  because  great  thoughts  have 
had  a  congenial  world  to  work  in.  Great  minds  were  incited 
to  search  out  great  principles  because  they  could  expect  to 
see  them  when  found  put  to  work  in  the  practical  affairs  of 
life  Imagine  a  world,  however.  In  which  those  who  put  great 
ideas  to  work  get  no  larger  return  than  the  unskilled  work- 
man! Human  nature  being  what  it  is,  such  persons,  however 
conscientious,  would  soon  begin  to  work  with  diminished 
energy  and  lessened  interest.  The  original  investigators 
would  soon  feel  the  effect,  and  their  initiative  would  also  be 
diminished.  This  would  inevitably  occur  because  the  world 
would  then  be  ruled  from  the  bottom  instead  of  the  top,  and 
those  at  the  top  would  feel  a  sense  of  isolation  which  would 
drive  them  into  solitude.  In  other  words,  the  persons  who 
ought  to  be  the  lights  and  leaders  of  humanity  would  tend  to 
become  morbid  hermits;  a  drag  would  be  on  everyone's  ettort. 
Emerson  also  tells  us  to  hitch  our  wagon  to  a  star.  But 
this  would  not  be  possible  with  a  chain  on  the  hind  wheel  of 
the  wagon  Civilization  would  decline.  For  a  long  time  men 
would  eat  and  drink  and  try  to  fancy  themselves  happy,  bpt 
the  incentive  of  life  would  be  gone,  and  sooner  or  later  the 
emblems  of  our  past  civilization  would  begin  to  wear  out,  and 
eventually  we  should  find  ouselves  in  a  dark  age  surpassing 
that  of  one  thousand  years  ago.  That  is,  provided  the  race 
remained  besotted  and  failed  to  perceive  the  error  of  Its  w'ay. 
Nature  however,  seldom  allows  things  to  go  as  far  as  that. 
She  has  sharp,  drastic  ways  of  correcting  us,  and  doubtless 
she  will  employ  them  with  a  free  hand. 


Traffic  on  Iowa  Roads.-Results  Of  a  trafBc  census  by  the 
Iowa  Highwav  Commission  Indicate  that  the  proportion  of 
farm  traflic-from  farm  to.  market  on  mam  traveled  roads- 
is  but  28  fi  per  cent.  Interurban  trafflc-from  town  to  town- 
i;  407  per  cent.  Town  traffic  from  town  to  town  showed 
IS  ner  cent  while  tourist  traffic  averaged  6..t  per  cent.  It 
was  concluded  that  two-thirds  of  the  traffic  on  mam  traveled 

i^iways  originated  In  town  and  returned  to  town.  It  was 
found  that  9ft«  people  pass  over  the  Iowa  roads  i,er  day  and 
an  average  of  339  vehicles  each  day.  Of  these  vehicles  8G.1 
per  cent  were  motor  drawn. 
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Cost  and  Life  of  New  York  State 
Highway  Pavements* 

On  Jan.  1,  1918,  we  had  in  New  York  state  6,912  miles  of 
pavement  of  wliich  5,820  miles  were  non-permanent  types, 
and  1,092  miles  permanent  types,  of  the  latter  all  but  129 
miles  being  of  brick  or  concrete. 

Waterbound  Macadam. — This  pavement  is  best  adapted  to 
the  needs  of  light  traffic,  but  has  no  place  on  any  through 
route.  It  costs  today  about  $23,000  per  mile  for  a  16-26  ft. 
pavement  9  in.  thick  (3-in.  top  on  6-in.  subbase).  Low  con- 
struction cost  has  been  the  greatest  advantage.  Its  greatest 
disadvantage  now  is  its  high  cost  of  maintenance,  which  in 
1917  amounted  to  $970  per  mile.  The  average  life  of  this  type 
of  pavement  is  7  years  for  a  traffic  of  under  1,000  tons  a  day. 
Many  waterbound  roads  have  worn  out  in  from  1  to  3  years 
when  called  upon  to  carry  a  heavier  tonnage. 

Bituminous  Macadam  Penetration  Method. — This  type  is 
also  adapted  to  light  traffic  generally,  and  is  advantageous  in 
many  localities  where  the  only  stone  available  is  non-binding. 
Among  its  disadvantages  is  its  tendency  to  creep  under  traf- 
fic. It  is  slippery  when  v.et;  has  a  fairly  high  cost  of  main- 
tenance— $412  per  mile  during  1917,  and  a  construction  cost 
of  $28,500  per  mile  for  a  16-26  ft.  pavement  9  in.  thick  (3-in, 
top  course  and  6-in.  sub-base  bottom  course).  The  average 
life  of  this  type  is  2  years  more  than  that  for  waterbound 
macadam  under  similar  traffic  conditions. 

The  determination  given  for  average  life  of  the  above  types 
was  made  in  1917.  The  much  heavier  traffic  tonnage  of  to- 
day would  shorten  it  considerably. 

Concrete. — Has  the  disadvantage  of  a  glare.  It  has  the 
advantage  of  low  first  cost,  $31,200  per  mile  today  for  a 
16-26-ft.  pavement  6  in.  average  thickness.  The  maintenance 
on  it  in  1917  was  $112  per  mile.  Its  average  life  so  far  can 
only  be  estimated  but  judging  from  the  condition  of  5  to 
9-year-old  pavements  ot  this  type  with  which  I  am  familiar, 
we  can  say  at  least  15  years. 

Brick  Pavements. — Most  of  the  sand-cushion  type  have  not 
been  entirely  satisfactory  for  country  roads  in  our  climate. 
The  disadvantage  of  this  type  was  the  shifting  of  the  sand 
cushion  with  the  consequent  settlement,  breaking  and  spall- 
ing  of  the  bricks.  I  have  no  costs  for  today,  as  we  have 
ceased  to  build  brick  in  pavements  except  as  semi-raonolithic 
and  monolithic  structures.  The  cost  of  maintenance  was 
$222  per  mile  in  1917.  Its  average  life  can  of  course  only  be 
estimated,  but  from  present  indications  I  would  not  place  it 
over  12  years. 

Brick  Pavements,  Semi-monolithic. — This  type  differs  from 
the  original  brick  pavement  in  that  there  is  no  sand  cushion, 
but  the  bricks  are  laid  in  a  cen.ent  sand  bed  and  grouted 
with  cement  grout  to  form  an  integral  part  of  the  pavement. 
This  type  has  the  advantage  of  developing  beam  strength 
as  in  concrete  pavement,  and  eliminates  the  shifting  of  and 
depressions  in  the  brick.  Its  cost  under  present  conditions 
would  be  about  $50,600  per  mile  for  a  3-in.  brick  on  a  4-in. 
concrete  foundation.  I  have  no  maintenance  figures  for  this 
type  as  we  have  been  building  it  only  a  little  over  a  year. 

Brick  Pavements,  Monolithic  Type.— It  differs  from  the 
semi-monolithic  type  in  that  the  brick  are  set  in  a  green 
concrete  and  grouted  with  a  cement  grout  forming  an  integral 
part  of  the  pavement.  This  type  develops  the  full  beam 
strength  and  has  even  greater  advantages  so  far  as  strength 
is  concerned  than  the  semi-monolithic  type.  It  is  more  diffi- 
cult, however,  to  get  as  smooth  a  surface  as  with  the  semi- 
monolithic  type. 

Asphaltic  Concrete. — In  order  to  insure  a  nearly  smooth 
pavement,  a  smooth  concrete  foundation  should  be  provided. 
These  pavements  have  the  disadvantage  of  pushing  under 
traffic  from  future  consolidation  if  the  aggregate  is  not  prop- 
erly sized  and  proportioned  or  carries  too  much  bituminous 
material.  However,  if  too  little  bituminous  material  is  used, 
the  pavement  becomes  dry  and  soon  disintegrates.  The  ideal 
mix  is  one  in  which  the  motor  oil  dropped  from  cars  renews 
the  volatile  oils  lost.  These  pavements  cost  about  $40,000 
per  mile,  depending  upon  the  type,  with  a  2-in.  top  and  a  5-in. 
concrete  foundation.  Their  maintenance  cost  in  1917  was 
$245  per  mile. 

There  are  many  patent  types  of  pavement  which  come  un- 
der the  classification  of  permanent  types  and  which  are  good. 


*From  n  paper  presfnted  before  the  New  York  Chapter  of  the 
American  Society  of  Civil  Kngineers  bv  H.  E.  Breed,  formerlv 
Fir.'it    1  i.-puly   Hi.shway  Commissioner  of  New  oYrk   State. 


The  Highway  Bond  as  a  "Gilt- 
Edge"  Security. 

By  B.  F.   HARRIS, 
I'resident    First    National    Bank,    Champaign,    ill. 

From  the  standpoint  of  the  banker  or  investor  in  municipal 
securities,  capital  borrowed  for  highway  development  opens 
the  way  for  a  community  to  divert  its  highway  expenditures 
from  channels  of  loss  to  sources  of  profit — provided  the  cap- 
ital is  invested  in  sound  construction.  If  I  may  be  permitted 
to  touch  upon  engineering  principles  to  make  my  point  clear 
(and  I  am  sure  construction  has  a  vital  relation  to  finance), 
I  would  say  that  we  have  had  sufficient  experience  to  prove 
that  a  well  built,  rigid  road  surface  will  insure  savings  in 
highway  maintenance  and  vehicle  operation  to  an  amount 
fa"-  more  than  sufficient  to  cover  the  cost  of  sound  construc- 
tion. To  these  two  items  in  the  highway  savings  account 
may  be  added  the  gain  farmers  will  derive  from  the  removal 
of  weather  restrictions  and  the  insurance  of  dependable 
marketing    conditions. 

Totalling  the  savings  from  these  three  source:,,  we  find 
an  accumulating  sum  that  will  in  due  time  refund  the  cap- 
ital put  into  the  roads,  and  still  leave  the  public  in  perma- 
nent possession  of  a  paying  property.  Thus  we  see  how 
capital  invested  in  sound  highway  construction  may  become 
an  agency  for  increasing  community  wealth.  Viewed  in 
this  light,  it  is  readily  seen  why  investors  in  municipal  se- 
curities look  with  greater  favor  upon  bonds  where  the 
proceeds  are  avowedly  going  into  permanent  construction. 
Such  a  policy  helps  both  parties  to  the  trans.iction,  the 
public  on  the  one  hand  with  a  more  economic  and  durable 
highway  transportation  service,  and  the  investoT  on  the 
other  with  a  guarantee  that  the  capital  he  provides  will  be 
used  in  a  manner  that  will  undoubtedly  strengthen  the  se- 
curity upon   which   the  bonds  are  based. 

The  opportunity  to  get  more  capital  is  found,  therefore,  in 
the  economies  proposed  to  be  effected,  and  also  in  the  en- 
larged business  which  the  community  will  be  able  to  trans- 
act. The  danger  will  lie  in  failure  to  make  the  improve- 
ments work  out  according  to  plan.  In  other  words,  if  the 
improvements  made  are  temporary,  the  earniujis  or  sav- 
ings will  stop  short  of  the  total  amount  of  the  obligation 
which  has  been  incurred,  and  the  community  will  soon  find 
itself  back   in  a   financial   hole. 

The  same  principle  holds  true  where  a  county  votes  to 
bond  and  borrow  capital  for  highway  improvement.  In  its 
transportation  department  it  has  certain  operating  costs 
that  can  be  reduced  by  refitting  the  rord  surface  to  the 
modern  wheel.  In  effecting  this  change,  the  cost  ot  vehicle 
operation  both  as  to  wear  on  the  vehicle  itself,  and  the  fuel 
required  in  creating  power  to  move  it,  may  be  reduced  to  a 
marked  degree 

The  opportunity  to  get  capital  for  sound  highway  con- 
struction is  found,  therefore,  in  the  need  for  roads  that  will 
permanently  eliminate  the  sources  of  waste  which  I  have 
enumerated  and  which  are  familiar  to  all.  On  this  basis, 
any  average  county  in  the  United  States  can  present  a  state- 
ment and  get  funds  with  which  to  put  a  stop  to  further 
losses.  Its  only  danger  will  lie  in  the  appearance  of  such 
losses  before  the  highways  are  paid  for.  Sound  construction 
in  the  first  place  is  the  only  way  in  which  a  county  or  town- 
ship  may   insure   itself   against  such   a   contingency 

By  building  types  of  road  that  will  last,  capital  is  not 
only  conserved,  but  returned  with  a  profit,  to  be  reinvested 
again  and  again  in  further  public  development.  TTnless  this 
be  done,  the  public  is  in  danger  of  falling  into  a  period  of 
disappointment  as  a 'result  of  wasted  capital,  and  the  ease 
with  which  it  is  now  able  to  get  funds  for  highway  l)uild- 
ing  may  be  converted  from  an  economic  advantage  to  a 
financial    disaster. 

Bad  roads  are  causing  enormous  losses.  Good  roads,  in 
the  modern  sense,  will  accumulate  enormous  savings.  Cap- 
ital will  effect  the  change  from  the  former  to  the  latter,  pro- 
vided it  is  put  into  sound  construction.  It  is  the  one  way 
in  which  to  make  the  highway  bond  a  gilt-edged  security. 

We  have,  therefore,  a  great  opportunity  for  service  in 
urging  the  construction  of  permanent  systems  of  roads — 
county  and  state  wide — and  in  the  purchase  of  highway 
bonds  as   a   gilt-edged   investment   security. 

Put  your  public  funds  in  permanent  roads,  and  your  pri- 
vate and  trust  funds  in  first  class  highway  bonds,  and  hail 
prosperity. 
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Steel  Dump  Body  With  Simple  Worm 
and  Gear  Hoist. 

A  light,  strong  End  rugged  truck  body  having  features 
that  make  it  of  particular  usefulness  for  highway  work  is 
illustrated.  The  hoist  and  steel  body  form  one  unit  and  are 
mounted,  on  one  frame.  The  sub-frame  of  the  body  is  de- 
signed to  fit  the  various  widths  of  all  light  truck  chassis 
■A\v\  is  drilled  ready  to  attach  when  shipped.  Bumping  is 
accomplished  by  a  worm  and  gear  hand  operated  hoist  of 
only  two  moving  parts  exclusive  of  pulleys.  The  noist  takes 
up  11  in.  space  on  the  chassis  frame  and  is  opci'ated  from 
either  side  of  the  truck.  The  worm  and  gear  hold  the  load 
at  an  angle  without  the  use  of  ratchets  or  other  contrivances. 


Truck  Equipped  With  54  Cu.   Ft.   Economy   Steel   Dump   Body. 

A  special  feature  is  the  tail  gate  which  can  be  hinged  from 
either  top  or  bottom,  and  has  a  scuttle  door  which  can  be 
used  for  discharging  the  load  in  small  quantities  as  in  the 
case  of  sand  or  gravel,  or  in  large  loads  as  in  the  case  of 
coal.  The  bodies  are  made  in  two  sizes — 54  cu.  ft.  capacity 
and  35  cu.  ft.  capacity.  The  former  body  and  lioist  weighs 
only  865  lb.;  and  the  latter  weighs  TOO  lb.  The  bodies  are 
manufactured  by  the  Providence  Body  Co.  and  a^-e  sold  by 
The  Economy  Body  Sales  Co.,  105  Lexington  Ave.,  New 
■York  City. 


Willite  Pavement  Construction  on  Los 
Angeles  Boulevard. 

A  type  of  pavement,  new  on  the  Pacific  Coast,  is  being 
constructed  on  the  Nigger  Slough  section  of  the  Los  Angeles 
Harbor  Blvd.  at  Los  Angeles,  Cal.  This  pavement  is  known 
as    Willite;    it   fakes    its   name   from    its    inventor,    the    late 


H.  P.  Willis,  an  engineer  of  the  New  York  State  Highway 
Department.  Its  principal  feature  is  the  intermixture  with 
the  asphalt  of  copper  sulphate  which  is  claimed  to  take 
from  the  asphalt  it  softness  and  susceptibility  to  climatic 
clianges  and  tendency  to  break  down  under  heavy  traltlc. 
The  pavement  is  stated  to  be  composed  of  about  85  per 
cent  sandy  and  mixed  earth  material  and  15  per  cent  as- 
phalt binder  tempered  with  copper  sulphate  .ind  a  small 
amount  of  powdersd   limestone. 

In  the  Nigger  Slough  work  the  mixing  is  done  In  a  Cum- 
mer portable  road  asphalt  paving  plant  having  a  capacity 
of  1,250  sq.  yd.  of  2-in.  Willite  top  per  day.  This  plant  is 
located  at  the  work  and  the  native  sandy  soil  Is  brought  to 
it  by  scraper.  The  soil  is  thoroughly  dried  in  the  plant  and 
uiixf^d  with  asphalt  heated  to  350°  F.  The  material,  when 
at  temperature  of  about  .300°  F.,  is  placed  on  a  wetted  rolled 
subgrade.  being  spread  and  rolled  in  exactly  the  same  man- 
ner as  sheet  asphalt.  The  pavement  is  laid  in  two  courses— a 
3-in.  base  and  a  2-in.  top.  One  day  after  a  section  of  road 
is  laid  it  is  opened  to  traffic.  The  work  is  being  done  by 
the  California  Willite  Road  Construction  Co.  of  Los  Angeles 
Cal. 


$24,000,000  of  Federal  Aid  Projects  Approved  in  June.— 
louring  the  month  of  June  the  Secretary  of  Agriculture  ap- 
proved project  statements  for  133  Federal-aid  projects,  in- 
volving the  improvement  of  1,390.29  miles  of  road,  at  a  total 
estimated  cost  of  $24, 220, SOS,  and  on  which  Federal  aid  in 
the  amount  of  $11,034, 2S9  was  requested.  This  represents  the 
largest  number  of  project  statements  approved,  the  largest 
estimate  of  cost,  and  the  largest  amount  of  Federal  aid 
requested  during  any  month  since  the  passage  of  the  Federal- 
aid  road  act.  During  the  month  there  were  executed  by  the 
Secretary  and  the  State  highway  departments  60  project 
agreements,  involving  the  improvement  of  507. .'JT  miles  of 
road  at  a  total  estimated  cost  of  $7,560,089,  and  on  which 
$3,404,269  Federal  aid  was  requested  and  set  aside  in  the 
Treasury.  In  addition,  40  project  agreements  previously  exe- 
cuted w'ere  amended  during  the  month.  Up  to  and  including 
June  30,  1919,  project  statements  for  a  total  of  1,319  projects 
had  been  approved.  The  1,319  projects  involve  12,790.37 
miles  of  road,  a  total  estimated  cost  of  $133,833,300,  and  a 
total  of  $54,763,957  Federal  aid.  On  the  same  date  a  total 
of  677  project  agreements  had  been  executed,  involving 
5,776.39  miles  of  road,  a  total  estimated  cost  of  $.".i;  3t",7.:'.34. 
and  a  total  of  $23,892,740  Federal  aid. 


According  to  figures  announced  last  month  by  the  State 
Highway  Department  of  Pennsylvania,  there  were  approxi- 
mately 300,000  more  pneumatic  tired  vehicles  in  use  in  that 
state  July  1,  1919,  than  there  were  July  1.  1911.  Receipts 
from  all  sources  July  1,  1919,  were  approximately  $3,330,000 
greater  than  on  July  1.  1914.  The  registrations  of  solid  tired 
vehicles  July  1.  1919,  was  nearly  seven  times  that  of  July  1. 
1914.  Four  times  as  many  tractors  have  been  licensed  July 
1,   1914.  as  on  July    I.   1914. 


Construction  of  3- in.   Willite  Base  on   Los  Angeles   Harbor  Blvd. 
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Bottom    Dump   Gravel    Spreading   Device 
for  Trucks  and  Trailers. 

A  bottom  dumping  anangeiiient  for  trucks  and  trailers  is 
being  used  quite  extensively  on  gravel  road  construction 
and  maintenance  in  the  state  of  Washington.  The  dump- 
ing feature  consists  of  a  succession  of  plates  S  in.  wide 
(depending  on  the  tonnage  capacity  of  the  particular  truck 
or  trailer)  and  for  the  full  inside  width  of  the  chassis,  each 
plate  being  pivoted  "oft  center"  on  a  shaft.  The  plates  have 
a  bearing  directly  over  the  chassis,  and  the  axis  of  each  is 
connected  up  by  a  lever  to  a  draw-bar  carried  forward  along 
the  sideboard  to  a  segment  by  which  the  driver  dumps  the 
plates  (all  at  the  same  angle  and  at  the  same  time)  to  un- 
load as  much  or  little  as  desired.  The  mechanical  lever  de- 
vice is  so  arranged  and  adjusted  that  the  plates  synchronize 
perfectly.     The  plates  underlap  each  other  14-in.,  and  dump 


31/2-Ton  GMC  Truck  (2! '2  Cu.  Yd.  Box)   Spreading  Gravel  at  10  Miles 

Per   Hour.     The    Man    on   the    Running    Board    Is    in    No    Way 

Connected    with   the    Manipulation. 

backward  and  downward  4.5°,  the  material  dropping  through 
the  bottom  by  gravity.  The  gravel  body  is  of  steel  or  wood 
as  desired,  for  the  full  width  and  length  of  the  loading  area, 
and  of  such  height  (with  flare  and  tail-gate)  as  loading 
necessity  may  require.  The  bottom-dump  and  body  is 
clamped  onto  the  truck  frame  without  drilling  any  holes  in 
the  side  members  or  changing  the  truck  in  any  way.  It  is 
claimed  that  the  dumping  arrangement  will  spread  the 
gravel  evenly  and  without  leaving  it  in  waves.  This  bottom 
dump  was  patented  in  1918  by  Mr.  W.  L.  Goodwin,  1515  North 
40th  St.,  Seattle,  Wash.  It  is  manufactured  by  the  Paciflc 
Coast  Engineering  Co.,   Seattle,  Wash. 


Charles  S.  Lemon  of  HollUlaysburg.  Pa.,  division  engineer  of  the 
State  Highway  Department,  lias  been  appointed  engineer  for  the 
State  Bureau  of  To\\'nship  Highways.  President  Moffat,  an  as- 
sistant ong'ineer,  has  been  named  to  succeed  Mr.  Lemon  in  charge 
of    the    Blair.    Cainhria.    Somer.set.    Bedford   District. 

Edmund  M.  Blake  has  been  appointed  production  engineer  for 
(.'has.  R.  McCormick  &  Co.,  900  Fife  Bldg.,  San  Francisco.  Mr. 
Blake  is  a  graduat*  of  Amherst  College  and  of  the  technical 
school  at  Harvard  University  and  his  experience  covers  over  IS 
years  of  constructive  and  exe'cutive  engineering  work  both  in  the 
t'nited  States  and  Europe.  During  the  war  he  was  ehg'aged  in 
sliipyard  construction  as  supervisor  of  sub-contracts  on  the  vic- 
tory destroyer  plant  at  Squantum.  Massachusetts,  and  as  assist- 
ant manager  on   the  Liberty   Shipyard  at  Alameda,   Calif. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  announces  the  appointment 
of  N.  S.  Thulin  as  Special  Plailroad  Representative  on  the  staff 
of  Mr.    S.   C.    Spraj^uo.   Manager  of  Western   Railroad    Sales. 

The  Ohio  Locomotive  Crane  Co.,  Bucyrus.  O.,  announces  the 
anpointment  of  H.  A.  Wolcott  as  District  Manager  tor  the  Chicago 
ifrritory.  with  olTices  in  the  Lytton  Building.  Suite  1417-l!i, 
Chicago. 

The  Blawi-Knox  Co.,  Pittsburgh,  Pa.,  announces  the  appoint- 
ment of  Frank  <).  Leitzell  to  its  corijs  of  engineer-salesmen,  in 
the  Sheet  and  Tin  Mill  Specialties  Department.  Mr.  Leitzell  is  a 
Kraduste  of  Pennsylvania  State  College.  '07,  and  formerly  was 
with  the  H.  K.  Porter  Co..  r>'ittsliurgh.  Pa.,  as  assistant  to  gen- 
eral  manager. 

The  Traylor  Engineering  &  Manufacturing  Co.  of  Allentown. 
Pa  ,  announces  the  return  of  R.  R.  Shatter  to  its  sales  organiza- 
tion after  an  absence  of  two  years  as  general  superintendent  of 
the  shiiiyard  of  the  Traylor  Shipbuilding  Corporation.  Mr.  Shaftcr 
as  district  manager  \\\\\  have  charge  of  the  New'  York  office  at 
r.O  Chnich  St. 

The  Hazard  Manufacturing  Company,  of  Wilkes-Barre.  Pa., 
on  July  1  opened  a  new  sales  ofhce  and  warehouse  at  1415  Wazee 
Street,  Denver.  Colo  ,  in  charge  of  Ernest  P.  Kipp,  District  Man- 
ager. The  Den\'er  otTice  will  cover  the  Inter-inountain  district,  in- 
cluding in  its  territorv  the  states  of  Colorado.  Wyoming,  Montana 
Idaho.  Utah.  New  Mexico,  and  the  western  portions  of  Nebraska 
and   .Soutli   Dakota 

The  Chain  Belt  Co..  Milwaukee',  Wig.,  announces  the  follo\\  ■ 
ing  apiiointniont.?;  Clifford  F.  Messinger,  formerly  Manager  of 
M'ixer  Sales,  to  become  assistant  to  the  "Vice-President.  Barne>' 
F.  Devine.  formerly  Assistant  Manager  of  Mixer  Sales,  to  become 
Manager  of  Mixer  Sales.  Russel!  E.  Dean,  formerly  of  the  Rex 
Mixer  Sales  Department,  to  become  Eastern  Manager  of  Mixer 
Sale's,    with    offices   at    New    York   City. 

Lawrence  L.  Rogers,  formerly  treasurer  and  field  manag'er  of 
Rogers  Bros.  Co..  contractors  of  Los  Angeles.  Cal.,  is  now  asso- 
ciated with  the  Lakewood  Engineering  Co.  of  Cleveland,  Ohio,  in 
the  capacity  of  plant  service  engineer.  Mr.  Rogers  brings  to  hi.s 
new  work  an  e'xperience  of  15  years  in  active  construction  work. 
For  two  years  he  was  in  charge  of  the  concrete  construction  work 
of  the  Kalamath  Falls  Reclamation  Project  under  the  super\Msion 
of  the  United  States  Reclamation  Service.  He  built  roads  for 
the  New  York  State  Highway  Commission  near  Troy,  N.  Y.,  and 
later  his  firm  constructed  150  miles  of  macadam  and  100  miles 
of    concrete    roads    in    California. 


Personals 

Victor  Conkey  has  been  appointed  County  Engineer  of  Tam;; 
County,    Iowa. 

C.  C.  Hill  has  been  appointed  County  Engineer  of  Erie  County, 
Pennsvl\ania. 

R.  E.  Wesks,  of  Winnipeg.  Man.,  has  been  appointed  Municipal 
EnK'ineer  of  '^lenwood.  Man. 

Ira  B.  Mullis  has  been  elected  county  engineer  and  superin- 
tendent  of   roads   for    Union   County.    North   Carolina. 

Fay,  Spofford  &  Thorndike,  Consulting  Engineers,  Boston, 
Ma.-^s..    have    rt-Tnove'd    their   ofhces    to    15    Beacon    St..    Boston. 

Maj.  W.  J.  Powell  has  been  appointed  County  Engineer  oi 
Dallas  I'ountv.  Texas,  succeeding  Mr.  J.  F.  Witt,  resigned.  M'l-. 
Witt    will    opi-n    an    engmeering   office    at    Dallas, 

Joseph  Mercer,  formerly  County  Engineer  of  Tama  County. 
Iow:i.  has  bc-en  appointed  District  Engineer  by  the  State  High- 
way   I>epartment.    with    headquarters   at   Oelwein.    la. 

Maj.  George  K.  McCollough.  formerly  County  Engineer  o1 
Buena  Vista  County,  has  been  appointed  District  Engineer  b;. 
the  State  Highway  Department,  with  headquarters  at  Storm  Lake 
la. 

George    G.    Pollock   has   withdrawn    from    the    Ross   Construction 
Co.    and    has    entered    into    the    engineering    construction    and    con- 
tracting   businet:s,    under    the    firm    name    of    George    Pollock    Co 
Room    'Jill    Fori>m    Building.    Sacramento.    Cal. 

Prevost  Hubbard  has  resig-ned  as  Chief  of  the  Division  of  Test3 
and  rtesearch  of  the  United  States  Bureau  of  Public  Roads  ti 
accept  the  i>osition  of  Chemical  Engineer  for  the  Asphalt  Asso- 
ciation with   headquarters  at  15  Maiden   Lane,   New   York.   N.  Y'. 

Robert  B.  Hoadley  and  .lohn  A,  (iles.  who  resigned  recently  as 
Commissioners  of  Public  Works  of  Binghamton.  N.  Y.,  have  or- 
ganized the  firm  of  Hoadley  &  Giles,  and  will  engage  in  a  geneial 
engineering  practice,  with  offices  in  the  Phelps  Bldg..  Binghamton. 
Pennsylvania. 

R.  S.  Currier,  who  has  been  district  highway  commissioner  at 
Montpelier.  Vt..  for  two  years,  has  been  appointed  assistant  to 
the  State  Highway  Commissioner  of  Vermont.  Earl  Hayden  of 
Berlin  has  been  appointed  District  Highway  Commissioner  in  place 
of   Mr.   Currier. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street  Cleaning 

(b)  Streets  (d)   Municipal    Miscellanies 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c>   Irrigation    and   Drainage 

(b)  Sewers    and    Sanl-       (d)   Power    and    Pumping 

tatlon 

(e)    Management    and    Office 
System 


Railways  and   Excavation — 3rd  Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  (d)   Railways,    Steam   and 

(b)  Rivers  and  Canals  Electric 

(e)   Management  and  Offlo 
System 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 


(c>    Harbor    Structures 

(d)   Miscellaneous  Structures 


le)   Properties  of  Materials 
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Slogan  for  America:  Deflate  the 
Dollar 

Doubling  the  cash  and  bank  deposits  of  an  individual 
doubles  his  purchasing  power.  Doubling  the  cash  and  bank 
deposits  of  all  individuals  adds  nothing  to  their  purchasing 
power.  Comparatively  few  men,  even  among  those  that  call 
themselves  educated,  appreciate  the  full  significance  of  this 
distinction  between  individual  economics  and  national  eco- 
nomics. Had  legislators  in  Europe  lealized  that  tripling  the 
currency  by  printing  3e  billion  dollars  worth  of  paper  money 
would  not  help  in  waging  the  war.  but  would  triple  prices 
and  lead  to  great  industrial  confusion,  there  would  have  been 
no  attempt  to  raise  the  necessary  war  funds  by  the  aid  of 
printing  presses.  Had  the  legislators  of  America  understood 
the  ultimate  effect  of  permitting  a  billion  dollars  of  European 
gold  to  flow  into  this  country  in  payment  for  war  supplies 
and  food,  steps  would 
have  been  taken  at 
once  to  prevent  such  a 
national  catastrophe; 
for  that  billion  dollars 
of  European  gold  added  / 
to  the  two  billions 
America  already  had 
was  certain  to  raise  the 
price  level  50  per  cent. 
Bank  deposits  in  Amer- 
ica have  long  averaged 
nine  times  the  amount 
of  gold;  so  when  the 
gold  was  increased  5(> 
per  cent,  bank  deposits 
also  increased  50  per 
cent.  Since  bank  de- 
posits serve  as  cur- 
rency, it  should  have 
been  clear  to  our  legis- 
lators    that     if     prices 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


were  to  be  held  down,  bank  deposits  should  also  have  been 
held  down,  which  could  have  been  effected  by  prohibiting 
the  importation  of  gold  from  Europe. 

But  our  legislators  were  fgnorant  of  the  principles  of  eco- 
nomics, and  our  bankers  were  either  equally  ignorant  or  ani- 
ious  to  prolit  by  the  influx  of  gold  and  the  resulting  increase 
in  bank  deposits.  Our  daily  papers  heralded  every  ship- 
ment of  gold  to  America  from  Europe  as  if  it  were  a  national 
benefaction.  Yet  it  was  to  become  a  national  curse,  as  any 
political  economist  might  have  predicted,  for  the  influx  of 
gold  in  large  quantities  was  destined  to  raise  the  price  level 
and  cause  great  injustice  to  those  whose  incomes  did  not 
rise  proportionately. 

Now,  instead  of  seeking  the  most  practical  way  of  deflat- 
ing the  currency,  our  legislators  are  talking  of  regulating  the 
I)rices  of  "necessities."  They  also  speak  of  investigating 
•profiteering."  as  if  that  were  the  main  cause  of  high  prices. 

Verily,  as  Mr.  Vander- 
lip  recently  said,  we  are 
a  nation  of  economic 
illiterates. 

Since  the  main  cause 
of  high  prices  in  Amer- 
ica is  an  inflation  of 
currency  and  Its  con- 
comitant inflation  of 
bank  deposits,  C  o  n- 
gress  should  consult 
political  economists  as 
to  the  best  available 
way  of  returning  to  the 
old  price  level.  Prof. 
Irving  Fisher,  of  Yale, 
has  proposed  increas- 
ing the  amount  of  gold 
in  a  dollar,  so  as  to  de- 
crease the  number  of 
dollars  of  gold  in  Amer- 
ica to  the  prewar  level. 
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The  same  effect  could  be  secured  by  gradually  in-  their  land  is  their  scepticism  as  to  the  profitableness  of  do- 
creasing  the  bank  reserves,  and  thus  reducing  bank  ing  so.  Were  some  engineering  organization — say,  the  Amer- 
deposits.  Either  plan  would  probably  be  opposed  by  ican  Association  of  Engineers — to  conduct  an  advertising  and 
most  bankers  and  by  many  investors,  but  the  na-  selling  campaign  in  favor  of  more  general  irrigation  and 
tion  as  a  whole  should  not  be  allowed  to  continue  drainage  under  the  direction  of  skilled  engineers,  there  is 
to  stew  in  the  existing  juice  of  discontent.  Strikes  and  threats  little  doubt  that  tens  of  thousands  of  farmers  in  the  Missis- 
of  strikes  are  increasing  in  number.  Steam  and  electric  rail-  sippi  Valley  and  elsewhere  could  be  persuaded  to  improve 
ways  are  on  the  brink  of  bankruptcy.  All  this  has  come  their  land.  The  U.  S.  Department  of  Agriculture  and  the 
about  because  average  prices  have  doubled,  and  that,  in  turn,  corresponding  departments  of  the  individual  states  are  slowly 
is  due  mainly  to  currency  and  bank  deposit  inflation.  Bonds  educating  the  farmers  to  more  extensive  use  of  tile  drain- 
and  thrift  stamps  are  also  being  used  as  currency,  and  such  age  and  of  irrigation,  but  what  is  more  needed  is  aggressive 
use  should  be  stopped  by  law  if  possible.  advertising  and  selling  propaganda.    Perhaps  it  is  premature 

In  New  York  City  half  a  billion  dollars  are  paid  annually  to  expect  civil  engineers  to  organize  and  manage  such  a  cam- 
for  rents.  Now  the  landlords  are  raising  rents  .20  per  cent,  paign,  for  relatively  few  engineers  have  yet  come  to  regard 
and  rent  riots  are  imminent.  Yet  the  landlords  are  merely  the  advertising  of  engineering  services  as  being  professional 
taking  the  first  step  toward  bringing  their  income  up  to  the  if  the  advertising  is  more  than  a  mere  "professional  card" 
general  price  level.  A  year  hence  they  will  add  another  10  giving  the  engineer's  name,  specialty  and  address.  The  con- 
to  20  per  cent,  and  so  on,  year  after  year,  until  New  York-  ception  of  an  advertising  campaign  as  being  an  educational 
ers  will  be  paying  a  billion  dollars  a  year  for  rent.  Yet  this  campaign  conducted  for  the  profit  both  of  the  man  who  is 
doubling  in  rent  in  New  York  and  elsewhere  will  be  no  more  taught  and  of  the  man  who  teaches,  is  a  conception  as  yet 
than  fair  if  average  prices  remain  double  what  they  were  foreign  to  most  engineers.  There  still  persists  the  old  idea 
in  1914.  that  an  advertisement  is  merely  a  competitive  device  to  take 

Politicians  are  wildly  seeking  a  "goat."     Some  think  they  business  away  from  one's  rivals.    Associated  with  this  fallacy 

have  found  that  the  meat  packers  resemble  a  goat  more  than  is  another  and  older  mistake,  namely,  that  the  gain  in  every 

any  other  animal.     But  when  the  packers  point  out  that  they  commercial   transaction  goes   mainly,  it  not  entirely,   to  the 

are  paying  twice  as  much   for   meat   as   before   the   war,   the  seller.     This  error  dies  hard,  in  the  face  of  the  fact  that  the 

farmers   seem   to   look   like   the   "goat."     Then   there   is   the  purchaser   of   a   labor-saving   device,   for   example,   obviously 

ever-present   middleman   upon   whom   to   cast   the   blame   for  gains  more  by  its  purchase  than  the  seller  gains, 

high  prices.     So  every  class  blames  nearly  every  other  class  If   by    advertising   and    by    salesmanship,    some    society   of 

for  the  high  cost  of  living,  when,  in  truth,  none  is  to  blame  engineers   were   to   persuade   10   per  cent   of  the   farmers   in 

except  the  legislators  who  were  so  ignorant  of  the  principles  America   to   irrigate   or  drain   their  land,   thousands   of   civil 

of  political  economy  and  the  lessons  of  our  civil  war  as  to  engineers    could    secure    excellent    remuneration     for     their 

allow  our  currency  to  become  enormously  inflated.  services.     But   large   as   their   gain   might   be,    it   would   not 

Deflate    the   dollar.     That    should    become     the    slogan    of  measure    knee-high    on    the    gain    that    those   farmers    would 

everyone  who  seeks  to  reduce  the  cost  of  living  and  return  make  from  the  increased  output  of  their  lands. 

to  prewar  prices.     Since  it  is  the  sum  of  the  number  of  dol-  Advertising    and    salesmanship    are    the    machete    and    the 

lars  m  currency  and  the  number  of  dollars  in  bank  deposits  stump-puller  that  slash  through  and  clear  away  the  forests 

that    measures    the    total     "circulating     medium."    that    sum  ^f  ignorance   that   surround   us   on   every   side.     If   the   best 

should  be  reduced  to  the  prewar  total   in  dollars.    Let  Con-  known  devices  and  methods  were  applied  universally,  the  al- 

gress  call  in  the  specialists  to  tell  them  how  best  to  effect  ^eady    high    output    of   American    workers    could    be    readily 

this  result.  doubled.      Nothing    but    ignorance     and     inertia     block     our 

doubling  the   present   outputs   per  man-day.     Inertia   and   ig- 

l-frkAXT' r^iTT'iI  17r»<i Jnockfc  r^/^iilrl  Rorliir"^*  norance   yield   rapidly  under  the  attacks  of  advertisers  and 

now  \^1  Vll  H/IlgineerS  V^iOUlU  IveaUCe  salesmen.     But   unfortunately  no   one   has   yet  attempted  to 

■J-Kp  r^oSt  of  Pood  ^^'^  '°  farmers  the  idea  of  employing  engineers  to  improve 

liic  v>njai.  KJi.  X  ^j\j\i  ^j^^.^.  lands;  so,  despite  all  the  agricultural  bulletins  that  have 

The   Dominion   experimental    farm   at   Lethbridge   has   just  ^^^^  j^g^p^l^  ^^^  average  farmer  remains  a  slave  of  the  two 

published    statistics    that    strikingly    illustrate    the    effective-  rg^ignorance  and  Inertia.    At  present  he  is  a  cheerful  slave, 

ness   of  irrigation  even   in  a  climate  where  good   crops  are  j^^  j^j^  p^.^^jg  ^^^  jj^^ge  as  a  result  of  high  prices,  but  the 

raised  without  irrigation.     During  the  past  U  years  the  aver-  j.^gt  ^^  ^g  ^,^^  ^^^  tl^g  prices  are  not  so  cheerful, 

age  yield  of  Marquis  wheat  in  Southern  Alberta  has  been  30  jj-  gj^j,   engineers   would   break  away  from   precedent  and 

bu.    to   the   acre,   which  is  almost  double  the   average   wheat  ^.p^^j    ^^^^    improvement    salesmen    out    among   the    farmers, 

production  of  American  farms.     But   many  Alberta  farmers,  backed  up  by  convincing  advertising,  a  far  greater  decrease 

not  satisfied  with  a  30-bu.  yield,   have  been   irrigating  their  j„  ^^^  ^^^^^  of  joo^g  ^.^ul^  ^e  brought  about   in   five  years 

land.     The  average  production  of  irrigated  land  has  been  53  ^^^^^^  ^^^^^^  ^^  effected  in  a  century  of  congressional  investi- 

bu.  per  acre.     The  following  data  show  corresponding  results  gation  of  the  high  cost  of  living. 

for  various   crops,    column   A   relating   to   non-irrigated   land,  ' 

and  column  B  relating  to  irrigated  land: 

Wheat                               3I,         5^3  "The  Ream  County  Engineer  Act" 

Oats                                  70        108  and  Its  Significance  to  AH 

Barlev 43                 78  _, 

Peas 27         41  Engineefs 

Potatoes    237               487  Of  the  3,000  counties  in  the  United  States  about  1,700  have 

Land  on  which  "dry  crops"  are  raised  in  Alberta  is  always  county  surveyors,  many  of  whom  are  merely  local  politicians 
summer  tallowed,  whereas  rotation  is  followed  on  irrigated  without  any  engineering  training.  Most  of  these  positions  are 
land  and  a  crop  raised  every  year.  Irrigated  land  in  Alberta  elective,  and  this  probably  accounts  largely  tor  the  fact  that 
costs  twice  as  much  as  nonirrigated  land,  but  it  is  more  than  so  many  incompetent- men  hold  the  oflSce  of  county  surveyor. 
twice  as  productive.  Statistics  like  the  above  have  been  In  order  to  change  this  condition,  the  State  of  California  has 
gathered  in  every  state  of  the  Union,  not  only  as  to  the  just  passed  the  "Ream  county  engineer  act."  under  which 
effect  of  irrigation  but  of  tile  drainage.  Such  statistics  make  the  board  of  county  supervisors  may  appoint  a  county  engi- 
it  safe  to  predict  that  if  civil  engineers  were  employed  to  neer  to  take  charge  of  all  county  road  work.  If  25  per  cent 
solve  all  the  irrigation  and  drainage  problems  in  America,  of  the  electors  petition  the  board  of  supervisors  to  appoint 
the  output  of  the  average  American  farm  could  be  doubled.  a  county  engineer,  then  the  board  must  do  so.  A  county  en- 
Yet  so  dense  is  the  present  ignorance  as  to  the  economic  gineer  thus  appointed  takes  over  all  the  duties  of  an  elected 
possibilities  along  this  line  that  America  as  a  whole  is  mak-  county   engineer. 

ing   very   little   progress   in   land   improvement   by   irrigation  We   have   repeatedly  advocated   such  a   step  as   this.     We 

and  drainage.       ,  have   urged    engineering   societies   to   secure   amendments   of 

Farmers    can    no    longer    plead    poverty    as    an    excuse    for  laws  that  permit  incompetent   men  to  hold  engineering  posi- 

not  improving  their  land,  for  Uncle  Sam  stands  ready  to  lend  tions  in   counties   and   municipalities.     If  local   and   national 

them  money  at  a  low  rate  of  interest  for  a  long  term  of  years.  engineering  societies   would   only   take   action,   it   would   not 

The  real  reason  why  more  farmers  do  not  drain  or  irrigate  be  long  before  every  county  and  city  engineer  would  be  ap- 
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pointed  by  a  competent  board  of  technical  men.  California 
has  made  a  step  in  the  right  direction,  by  empowering  the 
boards  of  county  supervisors  to  appoint  county  engineers; 
but  boards  of  supervisors,  while  much  more  judicious  than 
voters,  are  not  ordinarily  ideal  judges  of  engineering  com- 
petence. 

So  long  as  civil  engineers  take  no  active  part  in  securing 
better  methods  of  selecting  city  and  county  engineers,  there 
will  continue  to  be  altogether  too  many  incompetent  city 
and  county  engineers  in  responsible  positions.  Moreover, 
such  incompetents  will  continue  to  lower  the  general  respeci 
for  engineers.  With  low  respect  goes  a  low  salary,  not  only 
for  the  incompetents  but  for  the  competents. 


Book  Reviews 

Public    Utility    Rate    Fixing.— By    C.     K.    Ciun.sky,    Kng.     D.      The 
Tfchiiical  Puhlisiiint,'  Co..   San  Francisco. 

Reviewed    by   .1.    C.    Black. 

This  book  presents  an  earnest  and  straightforward  argu- 
ment for  improved  procedure  in  governmental  rate  fixing. 
It  is  not  a  complete  treatise,  but  is  rather  an  essay  on  cer- 
tain phases  of  regulation,  with  principal  subjects  as  follows: 

(1.)  An  argument  for  the  regulation  of  public  utility  rates 
so  that  they  shall  pay  ordinary  interest  plus  a  reasonable 
managerial  fee  on  legitimately  invested  capital,  and  in  addi- 
tion a  reward  based  upon  the  volume  of  business  transacted. 

(2.)  An  exposition  of  the  inconsistency  of  "value"  as  a  rate 
base:  value  being  the  result  of  earnings,  and  therefore  not 
a  logical  base  for  re.sulating  earnings. 

(3.)  An  argument  that  utilities  be  permitted  to  share  in  the 
geiieral  prosperity  of  the  community. 

(4.)  A  criticism  of  the  attempted  determination  of  going 
value  b.v  expert  opinion. 

(5.)  An  illuminating  discussion  of  the  elements  which  pro- 
duce value  in  reservoir  sites  and  water  rights. 

(6.*  A  discussion  of  water  right  valuation  with  recommen- 
dation of  the  "Capitalized  Net  Profit  Method"  in  cases  where 
fclual  competition  exists:  but  without  final  conclusion  as  to 
a  general  method  for  valuation  of  water  rights. 

(7.)  An  argument  against  the  practice  of  attempting  ad- 
vance provision  for  obsolescence  and  depreciation  due  to 
fortuitous  events. 

The  book  itself  is  not  divided  in  accordance  with  the  fore- 
goipp;  list  of  subjects,  and  it  contains  other  references  of  very 
great  value:  but  the  subjects  outlined  comprise  the  bulk  of 
the  work,  and  in  the  opinion  of  the  reviewer  are  those  of  first 
imji'jrlance. 

■^hc  fact  that  the  book  consists  of  a  series  of  articles  con- 
tributed by  the  author  (and  one  by  Capt.  C.  E.  Grunsky,  Jr.) 
to  the  .Journal  of  Electricity  explains  its  incompleteness  of 
scope  and  occasional  overlapping  of  discussion.  Its  merits 
are  such  that  it  is  to  be  hoped  that  .Mr.  Grunsky  will  amplify 
it  into  a  complete  treatise. 

The  chapters  and  some  of  the  points  made  and  subjects 
treated  in  them  are  as  follows: 

I.  General  Comments  on  Rate  Pxing:  Accrued  deprecia- 
tion should  not  affect  rates. — Knoxville  Waterworks  decision 
criticized  in  its  statement  that  past  earnings  should  be  as- 
sumed to  have  been  adequate.  This  does  not  permit  the  in- 
troduction of  development  cost,  which  is  unescapable  in  most 
cases. — Adequate  earnings  include  profit. — Gross  annual  in- 
come forms  most  desirable  basis  for  profit  allowance.  Express 
companies  cited  as  examples  in  which  invested  capital  does 
not  furnish  a  suitable  rate  base. — The  bonus  and  the  rate 
base. — Cost  and  value  of'water  rights  in  their  relation  to  the 
rate  base.  "How  to  determine  the  value  of  a  water  right  is  a 
question  which  has  not  yet  been  satisfactorily  answered." 
L'pper  and  lower  limits  of  possible  value  are  sometimes  de- 
terminable.— Appreciation  in  relation  to  rate  base. — Interests 
oi  the  owner,  the  rate  payer  and  the  public. — Defects  in  the 
compound  interest  method  of  depreciation  calculation  advo- 
cated by  Valuation  Committee  of  Am.  Soc.  C.  E. 

II.  Elements  Deserving  Special  Consideration  When  Rates 
Are  to   Be    Fixed. 

Obsolescence  cannot  be  predicted  and  should  be  amortized 
after  the  event. — Amortization  of  losses  from  fortuitous 
events. — Allowance  for  hazard,  for  the  unearned  increment, 
and  for  management  should  not  be  based  on  value. — Profit 
in  relation  to  volume  of  business.  Suggests  the  advance  de- 
termination of  what  profit  should  be,  rather  than  the  deter- 
mination of  profit  from  .values  including  intangibles  difficult 


of  determination.— A  tentative  table  of  profits  as  percentages 
of  gross  income  for  varying  volumes  of  business. — Cost  of 
establishing  business  is  not  going  value,  though  It  mav  be 
indicative   of  going   value. 

III.  Appraisal  of  Real  Estate  Adapted  to  Special  U»e: 
This   chapter   relates   cbiefiy   to   water  shed   and   reservoir 

lands.— Appreciation  of  land  value.— Valuable  diagrams  of 
in('r(>ase  of  land  values  with  poimlation. 

IV.  Determination  of  the  Value  of  Real  Estate  in  Eminent 
Domain   Proceedings: 

Xiimrrous  relerences  to  court  decisions.— The  value  mul- 
tiple, or  utility  factor.  Decision  of  Minnesota  Hale  Case 
criticized,  and  attention  called  to  the  recognition  of  "value 
multiple"  by  the  Special  Master  in  the  case  of  the  Georgia 
Railway  Co.  vs.  Kailroad  Commission  of  Alabama  (Jan.  8 
1912). 

V.  Depreciation    and    Appreciation: 

-Mathematical  demonstration.— Determination  of  current 
replacement  requirement  essential.— "Must  this  matter  of 
adding  appreciation  and  allowing  a  return  thereon  as  though 
U  were  additional  investment  go  on  forever?  If  this  is  the 
theory  lis  application  will  hasten  universal  public  ownership 
of  public  utilities.  Should  not  a  limit  be  set  and  thereafter 
the  rate-base  remain  unaffected  by  appreciation?  The  allow- 
ance for  appreciation,  or  better,  an  allowance  for  participa- 
tion in  general  prosperity,  should  then  appear  in  the  earn- 
ings. The  owner  should  be  allowed  a  fair  amount  of  current 
appreciation  with  which  he  may  do  what  he  pleases,  and  the 
pubic  w:'ll  hold  down  the  rate-base  to  what  is  estimated  to 
be  the  properly  invested  capital  at  the  time  the  rate-base  was 
established.  The  court  has  apparently  overlooked  the  fact 
that  an  unearned  increment  can  be  thus  allowed  in  the  earn- 
ings, and  that  if  thus  allowed  the  public  utility  which  has  no 
appreciating  real  estate  will  fare  as  well  as  those  public 
utilities  which  own  large  areas  of  land  or  other  appreciating 
properties." — Rental  compared  with  ownership. 

VI.  The  Value  of  a  Water  Right: 

Average  regional  cost  of  development  considered. — Strategic 
value. — Water  power  development  should  be  encouraged. — 
.Mutual  irrigatipn  company  stock  sales  as  an  aid  in  deter- 
mining the  value  of  water  rights. 

VII.  The   Rate  of  Return: 

Protection  of  the  investment. — "The  business  of  every  pub- 
lic service  concern  is  subject  to  regulation  and  control  by 
properly  constituted  authority.  It  will  not  be  going  too  tar 
to  say  that  any  business  which  is  monopolistic  in  character 
should  be  considered  subject,  at  the  will  of  the  public,  to  like 
regulation  and  control,  even  though  there  are  as  yet,  only 
the  first  symptoms  apparent  that  there  may  in  time  be  a  full 
exercise  of  the  public's  right  in  this  direction.  But  whenever 
the  public  controls  and  regulates  a  business,  particularly  In 
the  matter  of  fixing  the  price  of  the  output,  it  is  fundamental 
that  any  legitimate  investment  made  for  the  benefit  of  the 
public  must  be  adequately  protected." — Rate  of  return  de- 
fined.—  Illustrations. 

VIII.  The  Rate  Schedule: 

Unit  price  to  consumer  not  uniform. — Unearned  increment 
as  a  factor. — Determining  factors. — The  remission  of  taxes— 
An  interesting  section  comparing  the  cases  of  publicly  and 
privately  owned  utilities,  but  offering  the  generally  unaccep- 
table suggesTion  that  taxes  be  remitted  to  public  utilities. — 
Discussion  of  rates  for  electric  energy. — Discussion  of  gas 
and  water  rates. — Discussion  of  street  car  fare. — The  zone 
system. — Discussion  of  the  railroad  rate  schedule. — Artificial 
competition  witli  water  transportation. 

IX.  The   Utility    Rate    Base: 

Value  as  a  rate  base  illogical. — The  natural  rate  base.— 
.Appreciation  and  the  rate  base. 

X.  Fair  Value  and  the  Rate  Base: 

Function  of  rate  fixing  authorities  and  of  Courts  not  the 
same. — The  use  of  value  when  fixing  rates  impracticable. 
Public  Service  Commission  of  Washington  quoted  as  en- 
dorsing this  view. — A  satisfactory  rate  base. — "The  rale- 
base  which  is  in  every  respect  most  satisfactory  is  the 
legitimate,  properly  determined  investment,  undiminished  by 
depreciation,  but  with  due  consideration  to  the  cost  of  devel- 
oping business.  That  does  not  meet  the  decisions  of  the 
courts  which  demand  value  as  the  basis  of  the  calculation 
should  not  mislead  the  rate-fixing  authorities.  They,  as  al- 
ready stated,  may  adopt  any  proceedings  In  fixing  rates  that 
to  tliem  seem  fair  and  proper.  It  rests  with  the  courts  to 
apply  the  value  test  when  they  are  called  on  to  determine 
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the  sufficiency  of  the  rates  if  this  be  the  method  they  deem 
proper." 

The  book  contains  170  pages  and  about  70,000  words.  It 
has  a  good  system  of  section  headings  and  an  adequate 
index.  The  type  is  of  good  size  and  the  paper  dull  surfaced 
so  that  reading  is  attended  with  a  minimum  of  optical  fatigue. 

While  intended  primarily  for  the  uses  of  the  advanced  stu- 
dent, the  excellence  of  its  English  and  the  clearness  of  its 
presentation  render  the  work  available  to  the  layman  who 
may  find  it  necessary  or  desirable  to  give  consideration  to  the 
subjects  treated. 


Ports  and  Terminal  Facilities. — By  Roy  S.  MacElwee.  Ph.  D.,  L.ec- 
turer  m  Economics  and  Foreign  Trade,  Columbia  University. 
McGraw-Hill    Book    Co. 

Reviewed  by  J.   C.    Black. 

"May  these  chapters  on  ports  help  to  point  the  way  to 
a  greater  American  understanding  of  the  problems  involved 
and  to  renewed  energy  of  execution.  Then  will  American 
ports  be  not  only  equal  to,  but  far  better  than  any  ports  yet 
known  abroad."  In  this  concluding  paragraph  the  author 
states  his  hopes  and  the  purpose  of  his  book. 

Clearly  he  has  produced  a  work  not  for  specialists  in  port 
planning  or  operation,  but  for  the  man  who,  though  ordinarily 
engaged  in  other  activities,  finds  it  necessary  or  desirable  to 
familiarize  himself  with  the  broader  phases  of  port  affairs, 
port  problems,  and  their  solution.  Such  a  book,  too,  when 
rightly  prepared,  may  well  furnish  an  introduction  to  the 
beginning  student.  And  to  the  reviewer,  this  book  does  ap- 
pear well  prepared.  Its  English  is  more  than  clear:  it  is  at- 
tractive. The  avoidance  of  technical  detail  requiring  previous 
study  for  its  understanding  throws  the  work  wide  open  to 
any  intelligent  reader  who  may  wish  to  enter.  The  choice 
of  subjects,  and  the  space  given  to  each,  seems  most  wise. 
That  the  book  is  not,  after  all,  complete,  is  recognized  by  the 
author  in  his  preface  as  follows: 

"Several  interesting  features  of  the  problem,  such  as 
finance,  dues  and  income,  the  combination  of  beauty  with 
utility  in  the  waterfront,  port  administration,  legal  aspects  of 
riparian  rights  and  other  points  must  be  reserved  for  discus- 
sion in  a  possible  second  volume.  The  discission  of  these 
points  has  been  omitted  not  because  they  are  of  less  impor- 
tance, but  because  it  must  be  postponed  like  so  many  others 
until  after  we  have  won  peace." 

The  table  of  contents  states  clearly  the  principal  subjects 
treated. 

Preface. 
Chapter 

1.     The  Nature  of  the  ProWeni. 
II.     The  Relative  Importance   and  Physical   Characteristics  of 
the  World's  Leading:  Ports. 
III.     General  Characteristics  of  a  Well-Co-ordinated   Seaport. 
rV.     Port  Competition  for  Rail  and  Maritime  Freight. 
V.     The    Harbor    Belt    Railway      and      Compefction      at      the 

Tenninals. 
VI.     Ligliterage. 

VIL     Cartage,  Drays  and  Motor  Truck?. 
VIII.     Piers,  Wharves  and  Quays. 
_^IX.     Wharf  Kquipment. 

X.     Cargo  Transfer  and  Handling. 
XI.     Shed  Equipment. 
XII.     The  Warehouse. 

XIII.  Standard  Package  or  Specialized  Freight. 

XIV.  Bulk  Freight. 

^XV.     Inland   Waterways  and  the  Seaport. 
_^XVI.     The  Industrial  Harbor  and   Upland   Development. 
XVn.     The  Free  Port  as  an   Institution. 

XVIII.     The   Process  by  Which  the  Free   Ports   of   Hamburg  and 
Bremen  Were  Created. 
Bibliography. 
Index. 

The  action  of  proper  port  facilities  as  equalizers  of  the 
strain  upon  transportation  lines — either  rail  or  water — Is 
emphasized  at  various  places;  but  "Engineers,  port  officials, 
business  men,  and  other  progressive  citizens  are  awakening 
to  the  fact  that  expensive  harbor  works  alone,  no  matter  how 
well  constructed,  do  not  make  a  port  which  will  succeed  in 
bringing  commerce  and  wealth  to  a  city," 

The  generally  broad  outlook  furnished  by  the  book  is  illus- 
trated by  the  following  paragraph  from  Chap.  V. 

"The  luxury  of  competitive  passenger  terminals  is  visible 
to  all.  The  competition  at  the  terminals  for  freight  is  no 
less  keen,  although  less  conspicuous.  It  is  presumptuous  to 
ask  the  railroad  to  abandon  any  advantages  which  it  has 
gained  by  years  of  work  and  to  open  its  piers  to  all.     Until 


there  is  an  authority  in  the  country  which  is  higher  than-, 
the  railroads  and  above  reproach  of  bias,  there  can  be  no 
more  hope  of  the  abandonment  of  this  last  form  of  railroad 
competition  than  there  is  of  the  abandonment  of  competition 
in  national  armaments  until  there  is  a  world's  court  and: 
world's  police  force  to  protect  justly  the  individual  nations. 
One  of  the  most  cogent  reasons  why  American  ports  are  lack- 
ing in  co-ordination  today  is  because  the  railroads  will  not 
and  cannot  abandon  the  last  element  of  competition  left  to 
them,  the  competition   at  the  terminals." 

Chap.  XV  contains  a  plea  for  sensible  inland  waterway  de- 
velopment in  the  United  States. 

At  this  time  of  increasing  interest  in  the  subject  of  "free- 
ports,"  the  discussion  of  this  subject  in  the  two  final  chap- 
ters is  illuminating. 

Throughout  the  book  there  is  a  liberal  use  of  well  selected 
tabular  statistics. 

The  printing  is  in  good  type,  but  on  a  semi-glazed  paper 
somewhat  conducive  to  eye  strain.  This  was  perhaps  con- 
sidered necessary  because  of  the  numerous  half-tone  illustra- 
tions scattered  throughout  the  work;  but  it  is  to  be  hoped 
that  in  view  of  the  present  knowledge  of  glazed  and  dull 
.'surfaces  in  their  effect  on  optical  fatigue,  publishers  will  rap- 
idly come  to  the  use  of  the  dull  wherever  possible,  and  the 
use  of  separate  sheets  for  illustrations  requiring  a  glazed 
surface. 

In  the  book  under  consideration,  the  line  drawings  are 
generally  excellent  in  character,  though  some  of  them  are  so 
.greatly  reduced  that  the  finer  detail  is  difficult  to  follow. 
The  subject  of  the  half-tone  pictures  are  excellently  chosen, 
but  the  reproduction  is  not  generally  of  the  best.  The  half 
tone  reproductions  of  maps  and  plans  are  as  unsatisfactory^ 
as  such  generally  are.  But  these  physical  imperfections  are 
of  small  moment  in  view  of  the  excellence  of  the  text. 


Map  Reading  and  Topographical  Sketching. — By  Edwin  R.  Stuart, 
Professor  of  Drawing,  United  States  Military  Academy.  Mc- 
Graw-Hill Book  Co.,  New  Tork,  191S.  140  pages;  pocket  size; 
illustrated. 

Reviewed  by  J.   C.  Black. 

The  introduction  to  this  little  book  at  once  sets  forth  its 
purpose  as  primarily  tnilitary;  and  the  intmediately  suc- 
ceeding pages  show  it  to  be  for  beginners  in  the  subject. 
Throughout  the  work  valuable  suggestions  are  offered  on  the 
relative  accuracy  of  different  phases  of  topographical  sur- 
veying and  mapping.  Most  of  the  chapters  contain  sets  of 
problems  to  be  worked  out  by  the  student. 

The  second,  third  and  fourth  chapters  of  the  book  deal  with 
map  scales,  their  selection  and  use. 

Methods  of  topographical  surveying  for  purposes  other  than 
military  are  treated  only  by  reference.  Pacing  and  timing 
methods  are  outlined  with  some  care,  and  as  the  sufficiency  of 
these  methods  is  too  frequently  overlooked  by  ordinary  sur- 
veyors, the  book  may  be  recommended  for  their  considera- 
tion. 

Chapter  V  is  devoted  to  conventional  signs,  all  the  principal 
ones  adopted  by  the  United  States  Geographic  Board  being 
presented. 

Chapters  VI  and  VII  treat  chiefly  of  the  mapping  and  use  of 
contours.  Hachures,  as  a  means  of  representing  relief  are 
dismissed  with  a  brief  comment  on  their  disadvantages  and 
the  statement  that  "The  single  counterbalancing  advantage 
is  that  hachures  give,  in  terms  of  light  and  shade,  a  sort  of 
pictorial  representation  of  the  ground  forms  which  is  intel- 
ligible to  an  untrained  eye  and  to  the  unimaginative  mind." 
The  construction  and  use  of  slope  scales  are  well  set  forth. 

Chapter  VIII  is  entitled  Map  Reference,  and  relates  to  the 
location  of  points  by  -co-ordinates  on  map  sheets  or  systems  of 
map  sheets. 

Chapter  IX  treats  of  directions  and  position  on  maps,  but 
includes  a  suggestion  on  the  comparative  accuracy  attainable 
in  the  platting  of  contours  and  of  topographic  details  requir- 
ing only  horizontal  delineation,  which  may  well  be  heeded  by 
every  young  engineer  who  is  concerned  with  topography. 

C^hapters  X  and  XI  relate  respectively  to  the  plane  table 
and  its  operation,  and  to  mapping  by  plane  table. 

Chapters  XII  and  XIII  form  a  continuation  of  the  subject  of 
mapping,  being  devoted  to  sketching  and  estimating. 

The  final  chapter,  entitled  "Panoramic  Sketching,"with  its 
illustrative  examples,  shows  strikingly  how  clear  a  pictorial 
representation  may  be  made  with  a  minimum  number  of 
lines  and  in  minimum  time. 
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Water  Expectancy  in  Mines,  Tun- 
nels and  Deep  Wells  in  Homo- 
geneous Rocks 

In  planning  deep  subsurface  structures  such  as  tunnels  and 
mines,  it  is  desirable  to  form  some  idea  in  advance  as  to  the 
amount  of  water  which  will  probably  be  encountered  and  will 
require  removal.  Isolated  test  shafts  are  costly,  and  may 
not  show  average  conditions.  It  is  desirable  to  supplement 
such  special  data  by  considerations  based  on  general  experi- 
ence as  to  the  yield  of  underground  water  under  similar  con- 
ditions. 

Data  can  generally  be  secured  as  to  the  yield  of  shallow 
or  surface  wells  overlying  the  region  where  the  underground 
structure  is  to  be  made.  Such  data  have  been  published  con- 
cerning many  conditions  and  kinds  of  rock  as  to  the  average 
and  usual  range  of  yields  of  surface  wells  under  different 
conditions. 

In  a  recent  issue  of  the  Journal  of  the  American  Water 
Works  Association.  Robert  E.  Horton  presents  a  method  and 
formtila  by  which  data  obtained  from  surface  wells  can  be  ap- 
plied, under  suitable  conditions,  to  the  estimation  of  the 
amount  of  water  which  it  may  reasonably  be  expected  will 
be  encountered  in  any  deep  excavation. 

The  method  is  limited  to  cases  where  the  bed  rock  is  some- 
what uniform  in  character  throughout  all  depths  from  the 
rock  floor  down  to  the  bottom  of  the  tunnel  or  other  struc- 
ture. For  example,  the  method  will  apply  to  the  estimation 
of  probable  water  in  a  tunnel  in  granite,  which  extends  to 
the  surface,  but  will  not  apply  to  a  tunnel  in  deep-seated 
granite  overlain  by  thick  beds  of  sedimentary  rocks. 

Without  giving  details  it  may  be  said  that  there  are  physi- 
cal reasons,  well  confirmed  by  statistics  and  experience,  show- 
ing that  the  frequency  and  water-carrying  capacity  of  fissures, 
joint  openings  and  solution  channels  in  rocks  decreases  rap- 
idly as  the  depth  increases. 

Assume,  fer  simplicity,  and  as  fairly  representing  experi- 
ence, that  the  water-yielding  capacity  of  a  given  kind  of  rock 
varies  inversely  as  the  depth,  and  that  q  is  the  maximum 
yield  per  square  foot  of  surface  at  a  depth  0  to  1  ft.  below 
the  water  table.  The  quantity  q  corresponds  to  Slichter's 
"transmission  constant"  and  its  value  can  be  determined 
from  the  measured  yield  of  shallow  wells  in  the  given  loca- 
tion and  kind  of  rock.  Then  the  yield  per  square  feet  of  sur- 
face at  a  depth  h  below  the  surface  of  the  water  table  may 
be  expressed  by  the  equation 

q„  =  qA (1) 

The  total  yield  from  one  side  only  of  a  vertical  surface  1 
ft.  wide  intersecting  the  water  bearing  rock  from  a  depth 
h,  to  a  depth  h.,  will  be  to 

Q'  =  q,  I  dh/h (2) 

If  p  is  the  ratio  of  the  perimeter  of  a  tunnel  to  its  height, 
or  the  ratio  of  the  perimeter  of  a  well  to  its  diameter,  then 
letting  Q,  equal  PQ'.  where  Q,  is  the  total  yield  of  a  hori- 
zontal tunnel  per  foot  of  length,  or  the  total  yield  of  a  well 
between  any  chosen  depths  per  ft.  diameter,  there  follows  by 
integrating 

Qi  =  qiP  (logeh,  —  log,  h,    (3) 

If  it  is  desired  to  determine  the  total  yield  of  a  well  from 
surface  to  bottom,  h,  shduld  be  taken  as  unity  to  correspond 
to  the  conditions  assumed  in  fixing  the  value  of  q,. 

As  a  practical  example,  statistics  gathered  by  E.  E.  Ellis, 
M.  L.  Fuller  and  others  show  the  average  yield  for  numerous 
shallow  wells,  on  steep,  rocky  areas,  in  granitic  gneiss  and 
schist  of  southeastern  New  York  and  Connecticut,  to  be  about 
4  gal.  per  minute  for  6  in.  wells  with  an  average  depth  in 
rock  below  the  water  table  of  about  150  ft.  The  perimeter 
of  a  6-in.  well  is  1.54  ft.  and  the  corresponding  rate  of  yield 
for  a  flat  surface  1  ft.  wide  and  150  ft.  deep  would  be  2.60 
gal.  per  minute.  Solving  formula  (3)  for  q,  under  these  con- 
ditions— 

q,=!2.6/loge  150  ^0.52  gal  per  min. 

It  should  be  noted  that  only  wells  with  little  cover  of  sand 
or  other  unconsolidated  material  have  been  considered  in  se- 
lecting the  value  of  Q,  to  determine  q,.  Shallow  wells  in  rock 
but  with  deep  cover  of  loose  material  often  receive  much  of 
their  suuply   from   above  the   rock,   and   may  indicate  water 


quantities  in  excess  of  the  trau8mis.sion  capacity  of  ih>;  rock 
itself,  even  at  the  surface  where  It  is  most  fissured. 

Let  it  be  required  to  determine  the  amount  of  water  that 
will  probably  be  encountered  in  a  tunnel  15  ft.  high  and  with 
tiO-ft.  perimeter,  at  an  average  bottom  depth  of  250  ft.  below 
water  table-  in  granite  gneiss  and  schist,  the  length  of  the 
tunnel  in  rock  being  11,000  ft.     Using  the  value  of  q,  above 
determined,  and  solving  formula  equation  (3) 
Q,  =  0.52  X  4   (log.  250  —  log,  235)  = 
0.135  gal.  per  min.  per  ft.  of  tunnel. 
Let  Q  equal  the  total  infiltration  to  the  tunnel,  the  length  be- 
ing L.    Then  Q  =  Q,L  =1.485  gal.  per  minute.   This  indicates 
that   provision  should   be  made  to  dispose  of  1,485   gal.  per 
minute,  or  something  over  2,000,000  gal.  per  day. 

Experience  in  constructing  the  tunnel  for  which  data  are 
above  given  showed  an  average  yield  for  some  time  of  1,000,- 
000  gal.  per  day,  and  larger  yields  at  times,  approaching  the 
amount  above   calculated. 

Like  most  hydrologic  methods  and  formulas,  this  one  Is 
not  infallible,  and  its  application  requires  intelligent  discrim- 
ination in  selecting  surface-well  data  to  determine  q,.  It  is 
intended  to  apply  to  fissured  rocks  such  as  granites,  trap, 
basalt,  gneisses,  schists,  and  sometimes  limestones  and  dolo- 
mite. It  is  possible  that  a  large  water  vein  may  be  encoun- 
tered which  will  greatly  increase  the  yield,  but  the  prob- 
ability of  this  decreases  with  increased  depth. 

In  the  case  of  unconsolidated  materials  and  sandstones, 
the  water  transmission  capacity  may  decrease  little  or  none 
with  increased  depth,  and  formula  (3)  does  nof  apply.  The 
quantity  of  water  obtainable  from  such  deposits  by  means 
of  wells,  tunnels  and  infiltration  galleries  can  be  calculated 
by  existing  formulas  given  in  various  books  on  water  sup- 
ply. 

In  the  case  of  shales,  experience  shows  that  the  water- 
bearing fissures  decrease  very  rapidly  with  increased  depth, 
in  fact  little  or  no  water  is  generally  obtained  in  dense  shales 
at  depths  more  than  50  to  100  ft.  below  the  rock  floor.  Ob- 
servations by  the  author  in  the  case  of  many  deep  wells  in 
Hudson  River  shale  as  to  the  relation  of  depth  to  yield  Is 
fairly  represented  by  the  formula 

Q,  =  2q,  p  [(1/h,)  —  (1/h:)]    (4) 

This  is  derived  on  the  assumption  that  both  the  number 
and  size  of  connected  fissures  in  shale  decrease  as  the  depth 
increases,  or  that  the  transmission  capacity  per  unit  of  sur- 
face varies  inversely  as  the  square  of  the  depth.  For  exam- 
ple, if  a  6-in.  well  extending  20  ft.  below  water  Uble  in  shale 
yields  6  gal,  per  minute,  then  solving  for  q,p  in  (4)  by  taking 
h,  =  1  and  h,  =  20 

q,p  =  6/2  (1  —  1/20)  =  3.15 

To  find  how  much  the  yield  of  this  well  will  be  increased 
by  extending  it  to  a  depth  of  100  ft.,  we  have  from  (4) 
Q,=  6.30  X  (1  —  1/100)  =  6.24 

The  yield  of  the  well  would  be  increased  Vt,  gal.  per  minute 
by  extending  it  from  20  to  100  ft.  depth. 

The  formula  indicates  that  half  the  water  obtainable  will 
be  found  in  the  first  foot  of  depth  in  shale  rocks. 

This  result  is  certainly  of  the  right  order,  since  experience 
shows  that  nearly  all  the  water  obtainable  in  Hudson  River 
shale  is  often  found  within  5  ft.  below  rock  surface.  A  num- 
ber of  wells  to  depths  of  over  1,800  ft.  in  shale  in  the  vicin- 
ity of  Albany,  X.  Y.,  afford  their  entire  yield  very  near  the 
surface  and  refute  the  popular  belief  that  water  can  always 
be  found  in  abundance  if  only  a  well  is  drilled  deep  enough. 

Formula  (3)  can  be  applied  in  a  manner  similar  to  (4)  to 
determining  the  probable  increase  of  yield  with  depth  for 
wells  in  granite,  etc.,  and  indicates  little  expectancy  of  in- 
creased yield  at  depths  exceeding  a  few  hundred  feet,  which 
also  is  verified  by  experience. 

Formulas  (3)  and  (4)  are  intended  more  especially  for 
application  to  tunnels  and  mines  rather  than  to  wells,  since 
the  surface  area  of  ground  water"  interception  in  the  case 
of  the  former  is  much  larger  and  will  generally  approximate 
average  conditions  more  closely  than  for  isolated  weUi. 


Settle  Septic  Tank  Claims.— The  National  Septic  Process 
Protective  League  has  entered  into  a  contract  with  the 
Cameron  Septic  Tank  Co.  whereby  cities  and  towns  are  able 
to  settle  all  claims  of  that  company  on  the  payment  of  a 
nominal  fee.  Under  this  settlement  the  amount  to  be  paid 
is  stated  to  be  hardly  more  than  1  per  cent  of. the  royalty 
claim  of  the  company. 
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Operating  Results  of  "Direct  Ox- 
idation" Experimental  Sewage 
Treatment    Plant    at 
Easton,  Pa. 

In  November.  1917,  the  city  of  Easton.  Pa.,  granted  permis- 
sion to  Mr.  C.  P.  Landreth  of  Philadelphia,  patentee  of  the 
"direct  oxidation  process"  of  sewage  treatment,  to  construct 
an  experimental  plant  for  treatment  of  the  city  sewage.  The 
plant  was  to  have  a  nominal  capacity  of  1,000,000  gal.  per 
ilay  and  was  to  be  installed  without  obligation  on  the  part 
uf  the  city.  The  plant  was  placed  in  operation  shortly  after 
May  1,  191S.  Tests  of  the  experimental  plant  were  conducted 
in  December,  1918,  by  engineers  of  the  State  Department  of 
Public  Health,  an  8-hour  test  run  being  made  on  Dec.  4,  fol- 
lowed by  a  24-hour  test  starting  :it  8  a.  m.,  Dec.  6.  The  re- 
sults of  these  tests  are  given  in  a  report  of  Mr.  C.  A.  Emer- 
son, Jr.,  chief  of  the  Engineering  Division  of  the  Depart- 
ment.    The  matter  following  is  abstracted  from  this  report : 

The  area  tributary  to  the  platH  is  divided  into  two  dis 
tinct  districts.  The  first  is  sewered  on  the  separate  system, 
contributing  sanitary  sewage  only,  while  the  second  district 
contains  combined  sewers,  contributing  both  storm  water  and 
sanitary  sewage  A  survey  of  the  district  indicated  585  prop- 
erties connected  to  the  sewer  system  as  follows:  511  dwel- 
lings, 37  combined  stores  and  dwellings.  10  stores,  2  ofhce 
buildings,  3  hotels,  3  schools,  1  laboratory,  7  churches,  1 
armory,  8  gara.ees  and  2  breweries.  The  order  of  the  Fed- 
eral Government  closing  breweries  became  effective  four 
days  previous  to  starting  the  test  of  the  plant,  hence  the 
volume  of  manufacturing  waste  discharged  from  these  brew- 
eries was  much  reduced. 

The  sewage  received  at  the  exi^erimental  plant  appears  to 
be  a  fresh,  domestic  municipal  sewage  of  ordinary  concen- 
tration and  composition  and  pa:sses  through  a  centrifugal 
pump  before  treatment. 

The  rainfall  during  the  last  part  of  November,  and  the  few 
days  of  December  preceding  the  test  was  negligible. 

The  time  of  passage  of  sewage  from  the  most  distant  house 
in  the  district  to  the  sewage  treatment  plant  is  comparatively 
s.hort  and  probably  does  not  exceed  1^4  hours.  The  low 
quantity  of  total  solids,  suspend^^d  solids  and  oxygen  con- 
sumed indicate  a  relatively  dilute  sewage;  the  presence  in 
appreciable  quantity  of  nitrates  and  nitrites  and  the  ratio 
between  the  organic  nitrogen  and  the  free  ammonia  contents 
show  that  the  sewage  is  quite  fresh  as  treated  at  the  plant. 
The  process  of  treatment  at  the  plant  consists  of  (1)  coarse 
bar  screens;  (2)  flat  plate  fine  screens,  i/4  in.  circular  open- 
ings; (3)  grit  chamber;  (4)  chemical  treatment— 3,720  lb. 
lime  per  1,000,000  gal.;    (5)   electrolysis;   and   (6)   settlement. 

Description  of  Plant. — Sewage  is  diverted  from  3  ft.  by  4 
ft.  6  in.  egg-shaped  combined  sewer  through  a  12-in.  pipe,  a 
concrete  dam  having  been  consiructed  in  the  main  sewer 
immediately  below  the  lateral.  At  the  plant  the  12-in.  pipe 
discharges  through  a  10-in.  valve  into  a  covered  fiume  3  ft.  6 
in.  wide  equipped  at  its  inlet  end  with  a  coarse  bar  screen 
for  the  remova!  of  sticks  and  other  large  objects.  The  flume 
leads  to  the  suction  well  of  a  6-in  centrifugal  pump  which 
lifts  the  sewage  about  14  ft.  6  ir.  to  a  raw  sewage  flume, 
placed  at  such  an  elevation  that  the  sewage  can  flow  thence 
by  gravity  through  the  treatment  plant.  From  this  flume 
the  sewage  flows  on  to  a  horizontal  flat  plate  screen  with 
closely  spaced  holes  %  in.  in  diameter,  through  which  it 
falls  into  a  hopper-bottomed  grit  chamber.  The  raw  sewage 
flumes,  fine  screens  and  grit  chambers  are  in  duplicate,  only 
one-half  being  used  at  a  time.  The  screened  sewage  over- 
flows from  the  grit  chamber  into  the  screened  sewage  flume, 
passes  over  a  3-ft.  weir,  is  treated  with  a  suspension  of  lime 
and  then  passes  through  a  12-in.  pipe  to  the  electrolytic  cell. 
From  the  cell  the  sewage  flows  through  an  open  observation 
flume  connected  to  the  treated  sev  age  flume  and  thence  over 
concrete  riffles  into  the  sedimentation  basins.  The  two  basins 
are  connected  in  series  and  have  a  combined  capacity,  to 
the  elevation  of  the  outlet  weir,  of  88,740  gal.,  giving  when 
clean  a  detention  period  of  about  2'^/s  hours  on  a  flow  of 
1,000,000  gal.  per  24  hours.  A  4-in.  sludge  pipe  is  provided 
from  each  basin  to  permit  of  drawing  the  sludge  on  to  two 
small  sludge  drying  beds  immediately  east  of  the  sedimen- 
tation basins. 

The    entire    plant,    with    the    exception    of    treated    sewage 


flume,  sedimentation  basins  and  sludge  beds,  is  neatly 
housed  in  a  sheet  iron  building  48  ft.  3  in.  long  and  35  ft.  6  in. 
wide.  The  difference  in  elevation  between  the  fine  screens  and 
the  overflow  weir  from  the  sedimentation  basin  is  5  ft. 

By-pass  arrangements  permit  of  running  screened  or 
screened  and  lime-treated  sewage  from  the  weir  box  direct 
to  the  river,  or  of  running  treated  sewage  from  the  treated 
^:ewage  flume  to  the  river  without  passing  through  the  sedi- 
mentation basins.  An  overflow  pipe  in  the  screened  sewage 
flume  diverts  any  excess  over  the  capacity  of  the  plant,  re- 
turning it  to  the   pump  well.     The  low  concrete  dam   in   the 


Layout   of  Treatment   Plant. 

main  sewer  permits  the  latter  to  take  the  entire  flow  when 
the  pump  is  not  operated  or  excess  flow  in  time  of  storm. 

Electrolytic  Apparatus. — The  electrolytic  apparatus  is  en- 
closed in  a  hori>:ontal  wooden  tank  27  ft.  3  in.  long,  3  ft.  wide 
and  2  ft.  9  in.  high  (outside  dimensions),  re'nforced  with 
steel  plates  and  mounted  on  supports  18  in.  high.  The  2-in. 
wrought  iron  vent  pipes  are  carried  up  from  the  top  of  the 
tank  for  the  removal  of  any  excess  gaseous  products  of  elec- 
trolysis. A  series  of  blow-out  valves  are  provided  along  the 
bottom  of  the  tank. 

This  tank  contains  22  hanks  of  plates,  arranged  in  two 
layers  of  11  banks  each.  Each  bank  of  electrodes  consists 
of  48  rectangular  steel  plates  If,  in.  long,  10  in.  high  and 
3/16  in.  thick,  placed  parallel  to  the  sides  of  the  tank  and 
spaced  %  in.  apart.  '  The  plates  are  so  connected  that  alter- 
nate plates  have  the  same  polarity,  giving  24  pairs  of  plates 
connected  in  m\iltiple  in  bank,  the  22  banks  being  connected 
in  series.  Spaces  between  the  banks  and  the  sides  of  the 
tank  are  closed,  compelling  the  rewage  to  flow  through  the 
■^s-in.  spaces  between  the  plates.  In  each  space  between 
the  plates  two  straight  paddles  of  Bakelite  are  revolved,  be 
ing  attached  to  shafts  passing  through  holes  punched  in  the 
plates  to  receive  them.  The  paddles  are  driven  at  a  speed 
of  20  revolutions  per  minute  by  a  3-HP.  motor,  the  power 
being  transmitted  to  the  paddle  shafts  through  suitable  re- 
duction gearing.  The  total  number  of  paddles  in  this  plant 
is   2,068. 

At  the  normal  rating  of  the  plant,  i.  e.,  1,000,000  gal.  daily, 
the  time  of  passage  through  the  electrolytic  cell  is  approxi- 
mately 70  seconds,  of  which  17.4  seconds  represent  the  time 
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of  centact  with  the  electrodes,  the  remainder  of  the  time 
being  occupied  in  passing  through  dead  space  between  suc- 
cessive electrodes.  During  contact  the  sewage  travels  in 
streams  %  in.  thick  for  a  distance  of  14  ft.  8  in.  at  a  theoretical 
velocity  of  0.84  £t.  per  second. 

Lime  Apparatus. — Provision  is  niade  for  using  either  lump 
or  h>drated  lime.  When  the  former  is  used  the  lumps  are 
broken  by  hand  on  a  3-in.  grid  placed  over  a  crusher  which 
discharges  into  an  elevator  boot.  When  hydrated  lime  is 
used  a  spout  delivers  it  directly  into  the  elevator  boo't.  The 
e'evator  discharges  into  an  overhead  hopper  from  whicli  it 
is  fed  dry  by  adjustable  feeding  devices  to  the  solution  tanks. 

The  solution  tanks  are  two  in  number,  each  7  ft.  in  diam- 
eter and  3  ft.  deep,  each  with  an  independent  feeding  de 
vice  and  agitator.     Only  one  tank  is  used  at  a  time. 

The  feeding  device  consists  of  a  trough  with  a  double  worm 
feed  actuated  by  a  ratchet  and  pawls,  which  in  turn  are 
driven  by  a  reciprocating  link  attached  to  an  eccentric.  The 
rate  of  feeding  lime  to  the  solution  tank  my  be  adjusted 
within  certain  limits  by  changing  the  throw  of  the  eccentric 
and  by  varying  the  number  of  teeth  engaged  on  the  ratchet 
by   changing   the   position   of  the   pawl   arm. 

Either  city  water  or  plant  effluent  can  be  used  in  the  so- 
lution tanks;  when  the  effluent  is  used  it  is  pumped  by  a 
motor  driven  1  in.  centrifugal  pump.  In  either  case,  the 
water  enters  the  tank  tangentially  near  the  bottom  to  help 
the  agitation  and  the  lime  suspension  or  milk  of  lime  is 
drawn  from  the  top  of  the  tank.  Agitation  is  by  means  of 
a  two-bladed  lo-in.  fan  placed  at  *he  bottom  of  the  tank  and 
operated  at  900  r.p.m.  by  the  1-HP.  motor  which  also  drives 
the  feeding  device.  The  circulation  is  downward  at  the  cen- 
ter and  upward  at  the  sides. 

Suitable  piping  delivers  the  lime  suspension  into  either 
the  spillway  of  the  weir  or  the  observation  flume  as  desired. 

Electric  motors. — The  following  is  the  list  of  electric  motors 

installed : 

For  initial  puinpagre  of  raw  sewage.  1 — 1hi>  HP.  motor. 
For  lime  treatment — 

Lime  crusher   1 — 5  HP.  motor. 

Effluent  pumps   2 — 1  HP.  motor. 

Feeding  an*  agitation   2 — 1  HP.  motor. 

For  electrolytic  cell — 

Paddles    3—3  HP.  motor. 

Electrolysis     1 — 5  KW.    motor  generator  set. 

For  handling;  grit   and   sludge —  "' 

(Irit  pump   1—2  HP.  motor. 

Sludge   pump    1—1  HP.  motor. 

Of  the  four  1-HP.  motors  listed  under  lime  treatment  only 
two  would  be  in  service  at  a  time. 

Description  of  the  Process.— The  process  is  essentially  one 
of  fine  screening,  followed  by  lime  precipitation,  agitation, 
electrolysis  and  sedimentation. 

The  screening  through  'i-in.  circular  openings  removes 
from  the  crude  sewage  solid  particles  of  larger  size  than 
these  openings. 

The  addition  of  the  lime  is  claimed  by  the  owner  of  the 
electrolytic  process  to  be  essentia!  to  that  phase  of  the  treat- 
ment of  the  sewage,  but  it  should  be  borne  in  mind  that 
chemical  precipitation  of  sewage  is  one  of  the  oldest  processes 
known  to  the  art  and  produces  a  ^ery  considerable  removal 
of  suspended  solids. 

The  electrolytic  action  liberates  nascent  oxygen  and  hy- 
drogen by  the  passage  of  the  electric  current  through  sew- 
age rendered  alkaline  by  the  addition  of  lime.  The  agitation, 
in  addition  to  its  well  known  effect  in  inducing  precipitation, 
brings  the  sewage  into  intimate  contact  with  the  products  of 
electrolysis.  Chemical  reaction  is  thereby  stimulated  while 
the  gases  are  still  in  the,  nascent  -tate  and  before  they  have 
an  opportunity  to  escape.  The  paddles  undoubtedly  serve 
also  to  mechanically  clear  the  plates  and  prevent  polariza- 
tion. 

In  normal  operation  the  lime  suspension  is  added  to  the 
sewage  immediately  before  entering  the  electrolytic  cell  in 
order  to  insure  positive  alkalinily,  a  condition  considered 
necessary  for  electrolysis  without  attack  of  the  electrodes. 
There  is  a  gradual  deposit  of  calcium  carbonate  on  the  plates, 
which  it  is  claimed  can  be  remedied  by  temporarily  shifting 
the  point  of  application  of  the  lime  to  the  outlet  flume  lead- 
ing from  the  electrolytic  cell.  The  sewage  under  such  con- 
ditions is  said  to  rapidly  remove  the  coating  from  the  plates, 
permitting  normal  operation  to  be  resumed  in  15  or  20  min- 
utes. A  heavy  deposit  on  the  plates  is  indicated  by  a  marked  in- 
crease in  the  power  required  to  drive  the  paddles.  Xo  con- 
siderable increase  was  noted  during  the  period  of  the  test. 

Some  polarization  of  the  plates  occurs  from  time  to  time. 


but  this  is  overcome  by  a  reversal  of  the  polarity  which 
quickly  decreases  the  necessary  vollaKe  and  increases  the 
current. 

For  satisfactory  operation  it  is  said  that  the  cell  effluent 
should  contain  not  less  than  :io  parts  per  million  of  excesB 
alkalinity.  During  the  period  of  the  teat  this  content  wa« 
always   exceeded. 

As  the  sewage  reaches  the  observation  Hume  after  pans- 
age  through  the  electrolytic  cell  it  contains  the  lime  and  Uir- 
suspended  solids.  The  subsequent  sedimentation  is  to  per- 
n:it  the  deposition  of  these  materials  so  as  to  clarify  the 
effluent  and  separate  the  sludge  tor  treatment. 

Condition  of  Test.— The  plant  had  been  closed  since  about 
Oct.  1.5  and  intermittent  operation  was  again  resumed  on  Dec. 
2.  only  two  days  prior  to  starting  the  S-hour  test. 

During  the  test  the  plant  was  operated  by  the  company.  In 
order  that  there  might  be  no  division  of  authority  and  to  con- 
trovert possible  criticism  regarding  inefficient  operation.  The 
Dtpartments  representatives  observed  the  operation  of  the 
plant,  made  tests  on  power  consumption,  quantity  of  lime 
used,  flow  of  sewage  and  took  samples  of  the  sewage,  etc. 

Prior  to  undertaking  the  test  all  bypass  connections  were 
closed  and  sealed,  electric  meters  and  water  meters  were 
read  and  various  measurements  were  made  of  the  dimensions 
of  the  units. 

During  the  8-hour  test  electric  and  weir  readings  were 
taken  at  intervals  of  1,5  minutes  and  at  intervals  of  30  min- 
utes during  the  24-hour  test.  Samples  of  the  sewage,  pro- 
portional to  the  flow,  were  collected  every  30  minutes  during 
the  8-hour  test  and  every  hour  during  the  24-hour  test.  These 
were  mixed  to  form  composites  for  chemical  analysis  for  each 
te.st  run.  Settleability  and  alkalinity  samples  were  collected 
every  four  hours  and  putrescibility.  dissolved  oxygen  and 
bacteriological  samples  were  collected  every  g  hours.  Lime 
samples  were  collected  at  irregular  intervals,  averaging  prob- 
ably two  hours,  and  thoroughly  mixed,  forming  a  single  sam- 
ple for  analysis. 

The  Standard  Methods  of  Analysis  of  the  American  Public 
Health  Association  were  followed  at  the  laboratory. 

The  flow  of  sewage  was  determined  by  weir  readings  taken 
every  30  minutes  during  the  tests  and  varied  from  a  minimum 
of  309.000  gal.  which  occurred  at  2:30  a.  m.  to  a  maximum 
of  81ti,000  gal.  which  occurred  at  11:30  a.  m.  The  average 
flow  during  the  24-hour  test  was  at  the  rate  of  400,000  gal. 
per  day  or  slightly  less  than  one-halt  the  rated  capacity  of 
the  plant. 

During  the  S-hour  test  the  polarity  of  the  electrolytic  cell 
was  changed  at  3:23  p.  m.  in  order  to  decrease  the  effects 
of  polarization.  Immediately  after  such  change  the  voltage 
was  found  to  be  40  and  the  amperage  55.  During  the  24- 
hoiir  test  a  similar  change  was  made  on  several  occasions. 
but  the  exact  hours  were  not  noted. 

At  4:20  p.  m.  on  Dec.  fi  a  portable  voltmeter  was  applied 
to  the  various  electrodes  to  determine  whether  the  total  volt- 
age at  that  time  was  evenly  distributed  throughout  the  elec- 
trolytic cell.    The  results  at  the  outlet  end  were  as  lollows: 

Upper  bank    ..2.8     2.7     2.S5     2.7       2.75     2.9     2.95     2.9       3.1     3.0     3.7,' 
Lower    bank    .3.0     2.7     2.55     2.65     3.0       2.9     2.S       2.75     3.4    2,8     3.45 

Immediately  after  the  completion  of  the  test  the  switch- 
board ammeter  was  compared  with  a  portable  millivoltmeter 
with  external  shunt.  The  two  were  found  to  agree  within 
2  fir  3  per  cent. 

Summary  of  Results  of  Tests.— The  following  is  a  summary 

lit    the    results   of   the   tests; 

Power    Consumption —                             S  hr.  t.  st.  '-1  hr.  test. 

Lights  and  electric  lieaters    11  K.W.  hrs.  17  K.\V.  hrt. 

Pump   motor    :»  K.W.  hrs.  90  K.W.  hrs. 

All    other    power    50  K.W.  hrs.  130  K.W.  hn<. 

Total     91  K. W.  hrs.         267  K.W.  hrf 

Total   water   consumption* 66  cu.  ft.  166  cu.  ft . 

Quantity   of   lime    ii'ljj 

1  \iO    content     •  •  •  61.5i7c 

.\veraKe   voltage    for   electrolysis...       B6.3  5<.5 

.\verage    current     for     electrolysis.         . 

ampere.**    •  •    ■       ''i? 

Average   wattage    for   electrolysis   .     2.125 

.Average  wattage   for  paddles.. ,-Vsx? 

Sewage  flow  in  gallons  per  24  hrs.. 482,700 
■Vverage  sewage  flow  in  gallons  per 

hour    ■:■:■  20,110 

Electrol>tic    hydrogen    liberated    m 

grams   per  hour   31.04 

Electrolytic    oxygen      liberated      in         ^ 

grams  per  hour    247.i3 

Ratio    of    electrolytic    hydrogen    to 

sewage  by  weight   0-4  P-P.m. 

•Includes  toilet.  Iavator>-  and  the  stuffing  boxes  of  the  centrifugs 
pump. 


33.8 

1,944 

1.35.1 

460,000 

19.190 

27.82 

222.03 

0.4  p.p.m. 
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Ratio     of     electrolytic     oxygen     to 

sewage  bv  weig,'ht   3.2  p.p.m.  3.0  p. p.m. 

BACTERIOLOGICAL.  RESULTS. 

Figtires  represent   Bacteria   per   C.C. 

8-Hour   Test. 

Raw        Screened  ^   Cell  Basin 

Time  Sewage.     Sewage.  Effluent.  Effluent. 

Total   bacteria    ...2:30p.m.         800,000         200,000         38.000         2,000 

B     Coli        2:30  p.m.  36,000  24,000  0  0 

"■  24 -Hour    Test. 

Touf'bl7teria  ...   S:00a.  m.  920,000  680,000  24,000  6b 

B     Coli        .      ....   8:00  a.m.  100,000  120,000  0  0 

Total   bacteria    ..  4:00  p.m.  240,000  216,000  2,600  1.500 

R     r'nii                       4-00  D   m  12,000  50,000  0  v 

?otal°'Uteria--.\l2mi&t  ^ioOO  16,000  U-O.OOO  18.00 

B.     Coli     12  midnight  15,006  18,000  0  0 

To?arbIaeriu   ...   8:00a.m.  1,200,000  1.800,000  24,000  30.000 

B.  Coli   8:00  a.m.  45,000  30,000  0 

PHYSICAL  AND  CHEMICAL  RESULTS. 

8-Hour  Test.  „     . 

Screened  Basm 

Time  Sewage.  Effluent. 

Total    Alkalinity    12:15  p.  m.  106  193 

Total    Alkalinity    o^.Hour Vst."' 

Totef-AllTalinity  .VZ  ''■  '"'■  89  276 

Total  Alkalinity  1?-SS  ™-  Is  ^If 

Total  Alkalinity  4:00  p.  m.  88  -52 

Total  Alkalinity  S:00  p.  m.  98  ^8- 

Totlf ■  Alkalinity    12 :00  midnight             85  288 

Tntal     Alkalinitv               4:00  a.  m.                      So  311 

Total    Alkalm.t^     •  •  v:^,j^^j^^iNGS    REMOVED. 
24-Hour   Test. 

Bar    Screen     H'  .'P^' 

Plate    Scree-n    ^'■'  "'^• 

RESULTS   EXPRESSED  IN   PARTS  PER  MILLION. 

24 -Hour    Test.  ^      . 

Raw          Screened           Cell  Basui 

S-^wage         Sewage.        Effluent.  Effluent. 

Total  solids    :   217                   248                   608  640 

Volatile    solids    IW                   1«                  "^  J* 

Fixed  .solids   103                   108                   412  546 

Suspended    solids    i4                     69                   215  .2b 

Nitrogen   as —                                                    „.  „                 ^^  r  o-i  c 

Organic    34.5                 34.2                 21.5  21.o 

Free    ammonia    11.3^              11-5                   ^■^_  f-f... 

Nitrites     .              0.045                0.05                  0'.06  O.Ob 

Ntoatfs     .;■... 0.46                .0^45                 0.93  0  "0 

Oxygen    consumed     5o                      a-                    44  41 

Raw  sewage  samples  were  collected  from  the  discharged 
pipe  of  the  pump  after  sewage  had  passed  the  bar  screen. 
Screened  sewage  samples  were  collected  after  the  sewage 
had  passed  the  bar  screen,  the  pump,  the  plate  screen  and 
the  grit  chamber.  The  samples  of  the  cell  effluent  were  taken 
from  the  observation  flume.  This  sewage  had  passed  the  bar 
screen,  the  pump,  the  plate  screen,  the  grit  chamber  and 
the  electrolytic  cell  and  had  also  received  the  lime  treatment. 

DISSOLVED   OXYGEN. 

Satura- 

Temperature  Content  tion. 

Time        Degrees  C.  P.  P.  M.  Pet. 

Cell    influent    10  a.   m.             12.0             3.7  34 

Cell    efliuent     10  a.m.             11.0             5.2  47 

Cell    influent     (,  p.  m.             12.0             6.8  63 

Cell    effluent-    6  p.  m.             11.0             7.0  63 

Cell    influent     2  a.m.             12  5             6.7  6; 

Cell    effluent     2  a.  in.             12.5             8.3  n 

PUTRESCIBILITY'. 
Using  Methylene  Blue  at  20  Degrees  C. 
S-Hour    Test. 
Raw  Screened         Cell  Basin 

Sewage.        Sewage.     Effluent.     Effluent. 
Davs.  Days.         Days.  Days. 

1:45  p.  m 1  ly^  •»%  ^y= 

24-Hour    Test. 
Dec.    6—  ,  .  ,  , 

9:00  a.  m 1  1  H  \i 

3:00  p.  m H4  1%  14  12 

11:00  p.  m IVz  1V4  14  14 

Dec    7 — 
7:00  a.'m 1'.^  l'/4  H  " 

PUTRESCIBILITY    OF    SLUDGE    FROM    RESETTLING    BASIN.-.. 


Oi  u 

'<U   ■'- 

0)  U 

tjjDlJ 

boo 

ofl  as 

3.% 

II 

II 

Standard  Quantity  Methy- 
lene  Blue    Solution    3  hrs.      3  hrs.      3  hrs.      3  hrs.      14  days 

3  Times  Standard  Quantity 

Methylene  Blue  Solution.  .3  days  14  days     1  day     3  days     14  days 

In  the  above  table  the  entries  signify  the  period  during 
which  the  samples  retained  a  blue  color  excepting  in  cases 
where  the  entry  reads  14  days,  which  signifies  that  the  color 
was  still  present  when  the  samples  were  thrown  away  at  the 
end  of  the  14-day  period. 

It  was  feared  the  bleaching  properties  of  the  lime  would 
have  a  marked  effect  on  the  methylene  blue  solution  added 


to  samples  of  sludge  mixed  with  varying  proportions  of  the 
river  water.  Accordingly,  the  standard  quantity  of  methylene 
blue  solution  was  added  to  one  set  of  samples  and  three  times 
this  standard  quantity  to  the  check  set,  including  the  con- 
trol samples.  It  will  be  noted  that  the  samples  of  100  per 
cent  river  water  were  stable  for  two  weeks  in  both  cases  but 
in  the  other  samples,  containing  varying  proportions  of  sludge 
and  river  water,  the  lime  apparently  had  a  perceptible  effect 
upon  the  methylene  blue.  The  samples  containing  the  greater 
proportion  of  methylene  blue  retained  the  color  for  longer 
periods,  although  the  period  of  retention  of  color  was  not 
proportional  to  the  percentage  of  river  water,  tending  to 
throw  some  doubt  upon  the  accuracy  of  this  determination. 

The  appearance  of  the  raw  sewage  was  typical  of  fresh 
dilute  sanitary  sewage  from  an  American  municipality  except 
at  times  when  brewery  wastes  are  present. 

The  effluent  from  the  electrolytic  cell  had  a  brownish  cast, 
contained  a  flocculent  precipitate  and  evidenced  tendency  to 
form  a  floating  froth  in  the  observation  flume  and  inlet  end 
of  the  settling  basin.  The  flocculent  precipitate  settled  rap- 
idly, leaving  a  clear  greenish  tinged  supernatent  liquid  ex- 
cepting when  large  volumes  of  brewery  wastes  were  passing 
through  the  plant  when  the  effluent  from  the  basin  was  clear 
amber  color  and   contained  some  suspended   matter. 

There  was  no  opportunity  during  the  test  to  determine  the 
feasibility  of  drying  sludge  from  the  settling  basin  upon  the 
.'and  beds. 

At  the  end  of  the  24-hour  test  the  cover  on  the  effluent  end 
of  the  electrolytic  cell  was  removed  and  the  electrolyte  drawn 
down  a  short  distance  below  the  top  of  the  plates.  After  re- 
moval of  the  coating  these  plates  as  far  as  could  be  seen  were 
bright  and  in  good  condition.  The  coating,  which  was  re- 
moved easily  by  rubbing  with  the  fingers,  was  found  on  an- 
alysis to  contain  1.73  per  cent  of  iron. 

There  was  no  evidence  during  the  test  that  under  operating 
conditions  there  is  a  rapid  deterioration  of  the  plates  to  form 
a  chemical  coagulant  which  was  purposely  intended  in  the 
early  processes  for  the  electric  treatment  of  sewage. 

Life  of  Electrolytic  Cell. — The  company  states  that  the  cell 
under  test  at  Easton  had  not  received  any  repairs  during  the 
summer  and  in  fact  the  cell  cover  had  not  been  removed  prior 
to  the  conclusion  of  the  24-hour  test  when  it  was  opened  at 
request  of  the  Department  representatives  in  order  to  ob- 
serve the  condition  of  the  plates. 

Records  of  electric  current  consumed  during  the  past  sum- 
mer (May  to  October  inclusive)  were  obtained  from  the 
monthly  statements  of  the  local  electric  company.  It  was 
found  that  the  current  consumed  by  the  pump  would  have 
been  suflScient  for  approximately  IS  days'  continuous  opera- 
tion and  current  recorded  by  the  meter  supplying  circuits 
for  the  lime  feeding  and  mixing  devices,  the  solution  pump, 
electrolytic  cell  and  revolving  paddles  would  have  been  sufl5- 
cient  for  approximately  16  days'  continuous  operation.  These 
periods  are  obtained  by  using  the  current  consumption  dur- 
ing the  24-liour  test  as  a  basis.  The  higher  figure  for  the 
pump  is  probably  due  to  the  fact  that  the  flow  of  sewage  was 
greater  on  some  days  than  during  the  24-hour  test  while  the 
current  required  for  the  lime  feed  and  the  cell  did  not  vary 
uniformly  with  the  flow  of  sewage. 

The  company  states  that  the  cell  remained  filled  with  sew- 
age during  periods  when  it   was  not  operated. 

Freedom  from  Nuisance. — During  the  Department's  test  the 
entire  apparatus  was  free  from  objectionabie  odors.  Inquiry 
was  made  at  houses  in  the  vicinity  and  it  was  found  that  the 
residents  quite  generally  had  no  cause  for  complaint. 

There  is  little  reason  to  anticipate  nuisance  conditions  from 
the  screens,  cell  or  settling  basins  when  handling  fresh  sew- 
age for  there  would  normally  be  dissolved  oxygen  present 
throughout  the  process.  Freedom  from  nuisance,  however, 
cannot  be  predicted  with  any  degree  of  certainty  in  a  large 
municipal  plant  which  must  necessarily  contain  sludge  beds 
or  sludge  presses  for  dewatering  the  sludge.  In  fact  it  is  al- 
together probable  that  disposal  of  the  sludge  would  at  times 
be  attended  by  offensive  odors. 

Cost  of  Operation. — It  is  difficult  to  predict,  with  a  satis- 
factory degree  of  accuracy,  the  cost  of  operating  a  large  unit 
by  comparison  with  data  collected  through  operation  of  a 
fingle  small  unit.  However,  in  the  absence  of  complete  in- 
formation reliance  must  be  placed  upon  such  data  as  are 
available  and  reasonable  factors  applied  to  meet  expected 
conditions  in  the  larger  plant.  The  following  figures  regard- 
ing cost  of  operating  the  plant  at  Easton  are  therefore  giyen- 
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as  a  rough  indication  of  what  might  be  expected  but  apply 
more  particularly  to  a  plant  of  a  .similar  size  operating  under 
tne  same  conditions,  namely,  pumping  of  sewage  and  the  ad- 
dition of  lime  at  a  rate  stated  by  the  owner  of  the  patent  as 
being  greatly  in  excess  of  that  necessary  to  secure  satisfac- 
tory results: 
U'liliout  Pumpage — 
Hydrated   lime — 1.712   lb.    @    $6.75  per   ton  $  j  "x 

\v  ater  for  mixing  lime— 20  cu.  ft.  @  $0,003  per'  cuV  tt.' .'".'"' '       'OG 
lilectrjc   power— 130. G    k.w.h.    fa'    $0.0226.    .  zV. 

Electj-ic  lights— 6V4   k.w.h.   &   $0.0805 ^^0 

Heating     .  .SV 

Labor  and  superintendence    '.'.'.'.'. is'oo 

Electrode   renewals — company's  estimate    .  100 

Maintenance  and  lepair '.'.'.'.'.'.'.'.'.'.'.'.     150 


.$2!*. 04 


Total    

-\dd  for  Pumpage —  

Electric  power— 88.3  k.w.h.   @   $0.0226    2  f,o 

T\  ater— 120  c\i.   ft.    @   $0,003   per  cu.  ft '.'.'.'.'.'."."         >1 


Total 


.$30.10 


Equivalent  cost  per   1,000,000   gals.    ...............'.'.'.'.'.'.'.'.".' .'$60.00 

These  figures  are  on  the  basis  of  pumping  and  treating 
460.600  gal.  excluding  allowance  for  interest  and  sinking  fund 
•charges  and  cost  of  sludge  pumping,  treatment  and  disposal. 
The  costs  of  hydrated  lime,  water  and  electric  current  are 
those  which  the  Department  understands  obtains  at  Easton. 
The  figure  for  labor  and  superintendence  is  based  upon  e:n- 
ployment  of  a  superintendent  at  ?l.<JaO  a  year  who  should  be 
able  to  make  necessary  bacteriological  and  chemical  tests 
and  who  is  familiar  with  the  theory  of  operation  of  the 
process  and  upon  employment  of  an  operator  on  each  8-hour 
shift  at  a  salary  of  $1,200  a  year. 

If  we  assume  that  the  plant  could  be  operated  continuously 
at  normal  rating  (1,000,000  gal.  a  day)  the  unit  costs  would 
be  materially  reduced  and  would  probably  be  approximately 
as  follows: 


Without    Pumpage — 

Hydrated    lime— 3.720    lb.    (5)    .?6.75    a    ton $12.^6 

Water— 20  cu.  ft.    (5    $0,003  "per  cu.   ft 'Oii 

Electric  power — 185~.5  k.w.h.   (qi   $0.0226    ••      -•     ^.^^^ 

Electric   lights— 614    k.w.h.    @    $0.0805    50 

Heating'    "'      '      ]'.,;; 

Labor  and  superintendence .'.......  .\. .... .   15  00 

Electrode    renewals    ' '..'..'.'.'.     100 

Maintenance  and  repairs   .'.'..'.'.'.'.'.'.'.'.'.'     I.50 

_A.dd  for  Pumpage — 

Electnc   power — 117.7    k.w.h.    (S   $0.0226    . . .  .\      . 
Water — 120  cu.  ft.    (S    $0,003    . 


2.6-; 
.3" 


Total    j3.,.„s 

These  figures  are  exclusive  of  allowance  for  interest  and 
sinking  fund  charges  and  cost  of  sludge  disposal.  It  will  be 
noted  that  the  lime  has  been  increased  proportionately  to  the 
flow  as  this  quantity  w^as  added  during  the  test.  Should  it 
later  appear  that  the  quantity  of  lime  can  be  reduced  with- 
out deterioration  of  the  effluent  there  would  be  a  correspond- 
ing reduction  in  cost  of  treatment.  It  is  probable  that  the 
•cost  of  sludge,  pumping,  treatment  and  disposal  will  be  In 
the  neighborhood  of  $7.50  per  1,000,000  gal. 

Conclusions  of  Engineering  Division. — Consideration  of  the 
performance  of  the  plant  as  operated  by  the  owners  and  as 
observed  by  members  of  the  Engineering  Division  of  the  De- 
partment on  Dec.  4  and  6,  191S,  lea«  to  the  following  conclu- 
sions: 

1.  The  combined  action  upon  the  sewage  of  the  fine  screen, 
lime  treatment  and  the  electrolytic  cell  render  the  sewage 
in  such  a  condition  that  after  sedimentation  in  properly  de- 
signed tanks  the  effluent  can  be  discharged  into  a  stream, 
affording  a  reasonable  dilution  of  relatively  clean  water, 
without  danger  of  creating  nuisance.  It  is  of  course  assumed 
that  the  effluent  will  be  discharged  through  properly  designed 
outlet  so  as  to  cause  dispersion  in  the  str'eam. 

2.  The  fine  screen,  lime  treatment  and  electrolytic  cell  have 
a  destructive  action  on  bacteria  of  the  colon  group.  If,  how- 
ever, the  iise  of  the  receiving  body  of  water  demands  a  high 
degree  of  bacterial  removal  in  sewage  effluents  discharged 
therein,  it  would  be  on  the  side  of  safety  to  provide  for  dis 
infection  of  the   cell   effluent. 

Z.  Assuming  fresh  domestic  sewage,  proper  design,  opera- 
tion and  maintenance  of  the  various  devices  the  treatment 
of  sewage  by  the  above  described  processes  should  be  free 
from  objectionable  odors,  with  the  possible  exception  of  the 
removal  and  disposal  of  the  screenings  and  the  sludge  from 
the  final  settling  basins. 

4.  Similar  screenings  are  being  successfully  disposed  of 
elsewhere  by  incineration  or  burial  and  the  sludge  from  the 
final  settling  basins  should  be  susceptible  of  dewatering  by 
presses  such  as  are  used  in  sewage  treatment  works,  includ- 
ing the  lime  precipitation  method. 


o.  The  process  should  be  extended  by  installation  of  «ome 

sett  inl  ba'f '"'  \  "T'"'"^"'  "'  ^'"''««  removed  fromX 
« ttling  basins  as  discharge  of  this  sludge  with  the  cell 
effluent  is  not  permissible  ®" 

Jn<Zl\ZVl  installation  of  a  sewage  treatment  works,  In- 
eluding  the  above  processes  should  not  be  excessive,  but  the 

methods"of  ""'oT  "?'"  ""'"■"  '°  "^  '"^'^-  '"'«'  for  other 
«  jLnt.rofTffluenT""'"  '"  ^^"^"'  -^  -  -"'"-  - 

,nn  "»'•', rT"''''  '"^^a"a"'"'  Should  be  examined  by  compari- 
son w-ith  other  methods  of  sewage  treatment  to  determine  If 
savings  m  installation  cos,  would  be  sufficient  to  cauntrba 
ance  the  increased  maintenance  and  operation  charges 
co,d  '^""'".''f  determined  that  the  proportion  of  lime 
Z  o  Im  Tf^'  '"'"'""  "•"'■°"'  deterioration  in  the  qual- 
iratin^rcrts.'"^"  ''"''"'  ''  '  ■'-"-""nate  reducUo'n  in 
7.  To  permit  continuous  operation  of  a  works  including 
hese  processes,  electrolytic  cells  and  other  equipment  mus^ 
be  in  duplicate.  It  is  undoubtedly  necessary  to  replace  p^^es 
m  the  electrolytic  cell  from  time  to  time  and  accordingly  a 
ope  ot  cell  should  be  adopted  which  admits  of  such  renewals 
in  place  and  at  a  minimum  cost  for  labor. 

S.  The  short  observations  of  the  combination  of  fine  screen- 
mg,  lime  treatment,  electrolytic  cells  and  final  settlement 
appear  to  justify  an  extended  test  by  this  Department  should 
the  opportunity  be  offered.  Such  tests  should  include  study 
ot  results  securer'  with  lime  additions  reduced  to  the  pro- 
portion the  owner  of  the  patent  claims  as  the  actual  needs  of 
the  process  and  should  also  include  study  of  various  methods 
of  treatment  and  disposal  ot  the  sludge  from  the  resettling 
basins.  " 


Cost  of  Repairing  Fire  Hydrants  by  Welding 

In  a  round  table  discussion  of  dam;.,ges  to  fire  hvdrants  by 
motor  vehicles  at  the  recent  convention  of  the"  American 
Water  Works  Association,  Mr.  Wm.  W.  Brush,  Deputy  Chief 
Engineer  Department  of  Water  Supplv,  Gas  and  Electricity 
of  New  York  City,  states  that  during  the  past  two  years  an 
average  of  about  400  hydrants  were  damaged  yearly  bv  motor 
trucks,  requiring  an  annual  expenditure  of  about  '$12lo00  for 
repairs.  Repairs  are  made  by  welding  bv  the  oxvacetlene 
process.  The  hydrant  is  taken  to  the  city  shop  and  tlie  broken 
section  chopped  away  to  a  bevel  of  about  4.^'.  and  then  new 
metal  is  fused  in  at  the  break.  If  the  portion  of  the  hvdrant 
thus  treated  is  to  be  exposed  above  the  ground  it  is  finished 
oft'  after  the  welding  process  is  completed.  If  it  is  to  be  be- 
low the  ground  the  rough  surface  is  not  finished  off. 

Mr.  Brush  gives  the  following  costs  on  thi?  work:  The 
cost  of  replacing  a  broken  hydrant  when  the  old  hydrant  Is 
salvaged  and  repaired,  is  as  follows:  welding  standpipe  of 
hydrant,  $10;  assembling  hydrant,  one  mechanic  $5  per  day, 
V2  day,  $2.50;  total  cost  of  repairing  salvaged  broken  hy- 
drant, $12.50.  The  cost  of  removing  the  hydrant  where  is  has 
to  be  taken  up  about  3  ft.  below  the  surface  of  the  ground 
is  as  follows: 

1  caulker,    one    day    S500 

2  laborers  .it    $3.25  per  day  each 6  50 

1  Ford   car.   one   day    j'no 

Relaying  16  ft.   of  sidewalk  at  30c  per  foot .' ! ^'gi) 

Conting'ency    '"       '•jq 

Total    .$20.00 

The  greater  part  of  that  $20  would  be  eliminated  in  the 
case  of  a  hydrant  that  has  a  flange  at  the  level  of  the  side- 
walk. 

In  a  same  discussion  Mr.  F.  W.  Cappeten,  City  Engineer  of 
Minneapolis,  Minn.,  stated  that  in  his  city  43  hydrants  had 
been  broken  by  motor  vehicles  in  16  months.  The  average 
expense  per  hydrant  was  as  follows: 

Excavation,   removal  and  resetting    $14.40 

Shop  work   and   assembling   . .- 3.54 

Welding   (done  l>.v  private   concerns)    . . ." 10.47 

Cartage     2.50 

Total .., $31.21 


Contract  Let  for  Hetch  Hetchy  Dam. — The  city  of  San  Fran- 
cisco has  awarded  the  contract  for  constructing  the  Hetch 
Hetchy  dam  of  its  new  water  supply  system  to  the  Utah  Con- 
struction Co.,  Ogden,  Utah.  The  contract  price  was  $5,447,800. 
The  structure  is  to  be  of  the  siphon  spillway  type.  Bids  on 
the  work  were  opened  the  latter  part  ot  July.  R.  C.  Storre  & 
Co  .  San  Francisco,  was  the  only  other  bidder. 
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Motor  Truck  Mounted  Water  Puri- 
fication Units* 

By  WILLIAM  J.  ORCHARD, 
Sanitary   Eng-ineer,    Wallace    &-    Tieman   Co..    Inc. 

The  world  war  brought  forth  many  novel  developments  in 
every  line  of  endeavor,  the  water  supply  field  being  one  of 
the  many.  The  portable  motor  truck  mounted  water  purifica- 
tion units  presented  nothing  new  in  the  fundamental  princi- 
ples of  water  purification,  but  show  the  applicability  of  the 
principles  used  in  stationary  domestic  plants,  to  portable 
plants  for  military  use. 

In  1914,  the  necessity  for  a  specially  organized  water  ser- 
vice was  not  recognized  by  any  of  the  allied  forces,  water 
supply  functions  being  the  duty  of  engineering  troops.  The 
purity  of  the  water  was  determined  by  the  medical  depart- 
ment. 

The  water  supply  conditions  presented  in  France  and  in 
Belgium,  and  the  problems  of  water  supply  met  in  trench 
warfare,  were  entirely  different  from  problems  presented  in 
previous  wars.  The  soils  of  northern  France  and  Belgium 
were  for  the  most  part  highly  cultivated,  fertilized  for  scores 
of  years  with  night  soil,  and  other  refuse,  so  that  water  sup- 
plies normally  obtained  in  the  battle  area  were  highly  pol- 
luted.    Then,    too,   the   German   forces   in    passing   over   the 


Fig.  1. — Interior  View  of  Truck. 

country  indescribably  polluted  all  water  left  behind  when 
retreating,  making  special  measures  necessary  for  purifica- 
tion. 

It  is  reliably  reported  that  the  1915  Campaign  of  the 
French  Army  broke  down,  largely  due  to  inadequacy  of  water 
supply  arrangements,  and  at  the  close  of  this  campaign,  the 
French  war  office  organized  a  special  water  service  for  the 
Second  French  Army,  under  the  direction  of  Major  Bunau- 
Varilla,  well  known  through  his  endeavors  to  construct  the 
Panama  Canal  with  French  financial  support. 

The  chlorination  of  all  water  supplies  used  for  drinking  and 
cooking  purposes  was  required  by  the  French  military  author- 
ities. Calcium  hypochlorite,  or  sodium  hypochlorite,  was  ap- 
plied in  such  quantities  that  l.j  minutes  after  treatment  there 
remained  two-tenths  parts  per  million  of  residual  chlorine. 

It  should  be  pointed  out  that  such  excessive  amounts  of 
residual  chlorine,  greatly  in  excess  of  American  practice,  left 
objectionable  tastes  and  odors  in  the  treated  water,  so  that 
the  troops  were  apt  to  take  the  more  palatable,  but  dangerous, 
untreated  water  from  flowing  streams,  shell  holes  and  the 
like,  when  possible. 

The  United   States  forces   in   entering  the   conflict,   taking 


advantage  of  the  lessons  learned  by  the  Allied  forces,  created 
a  water  supply  regiment,  the  26th  Engineers,  which  was 
officered  by  experienced  water  works  men,  most  of  whom  are 
members  of  the  American  Water  Works'  Association.  This 
regiment  had  charge  of  the  water  supply  of  the  American 
forces,  both  in  the  advanced  area,  and  in  the  rear. 

Early  in  the  war  the  need  for  portable  water  wagons  for 
the  purification  or  supplies  was  presented,  and  bulky  equip- 
ment  with   filters   and   devices   for   treating   the   water   with 


Fig.  2. — Laboratory   Arrangement. 

hypochlorite  were  put  forth.  In  1916  the  availability  of  ap- 
paratus of  American  manufacture  to  control  liquid  chlorine 
made  possible  the  first  efficient  motor  truck  mounted  water 
purification  unit. 

When  this  country  entered  the  war  we  believed  that  the 
experience  we  had  gained  through  co-operation  with  our  Brit- 
ish house  in  construction  of  equipment  for  the  British  forces 
should  be  placed  at  the  disposal  of  the  military  authorities. 
With  this  in  view  equipment  based  on  the  British  unit,  but 
modifying  the  typically  English  characteristics  to  introduce 
American  methods  and  equipment  was  constructed  and  tested 
under  varying  conditions  at  Maplewood,  N.  J.  Water  wa.^ 
taken  from  the  west  branch  of  the  Rahway  River,  a  grossly 
polluted  stream. 

This  first  unit  was  equipped  with  rotary  pumps,  which  did 
not  prove  suitable,  and  subsequent  units  were  equipped  with 
gasoline   operated    force    pumps.     Various    members   of    this 


•Abstract  of  a  paper  presented  at  the  39th  annual  oonvention  of 
the  American  Waterworks  A.ssociation  at  Buffalo,  N.  Y.,  June  9-l>, 
1919. 


Fig.    3. — Outfit    In    Operation    at   Camden,    N.   J. 

association,  who  were  officers  in  the  Engineer  Corps,  or  in  the 
Sanitary  Corps  of  the  army,  offered  helpful  suggestions  and 
contributions  toward  the  development  of  this  unit,  which, 
when  placed  in  operation,  gave  highly  satisfactory  results. 

Separate  water  analytical  laboratory  trucks  were  contem- 
plated, and  it  was  ultimately  concluded  to  modify  the  design 
to  permit  the  incorporation  of  suitable  laboratory  equipment. 
By  building  a  separate  room  in  front  of  the  truck,  using  small 
cvlindrical    tanks    for    contact    and    storage    chambers,    and 
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placing  these  tanks  under  the  laboratory  benches,  a  marked 
saving  in  the  space  required  was  effected. 

Description  of  Operation. — The  water  is  pumped  through  a 
oO-ft.  suction  line  ot  2-in.  steel  woven  suction  hose  fitted  with 
bronze  check  valve  and  strainer,  by  the  gasoline  engine  oper- 
ated pump,  located  at  the  rear  of  the  body.  A  very  heavy 
dose  ot"  chlorine  is  applied  in  the  pump  suction,  from  a  man- 
ually operated  solution  feed  chlorinator.  located  on  the  rear 
wall  of  the  laboratory  room.  When  waters  of  low  alkalinitv 
are  treated,  soda  ash  is  applied  with  the  chlorine  solution 
into  the  pump  suction. 

Passing  through  the  pump,  with  a  relief  valve  set  to 
operate  at  50  lb.  pressure,  the  water  is  passed  to  a  specially 
designed  pressure  filter,  being  treated  with  alum  through  the 
standard  da.sh-pot  arrangement  en  route. 

From  the  filter  the  water  passes  through  a  lV2-iu.  water 
meter,  thence  through  a  diaphragm  pressure  regulating  valve 
to  maintain  constant  back  pressure  on  the  chlorinator  water 
supply  line,  thence  through  the  storage  and  contact  tanks 
lottated  beneath  the  laboratory  benches,  to  the  point  of  dis- 
charge at  the  forward  left-hand  corner  of  the  truck.  Just 
at  the  point  of  discharge  the  water  is  treated  with  sodium 
thiosulphate  solution  regulated  and  controlled  by  a  special 
dechlorinating  equipment. 

These  units  were  designed,  having  in  mind  the  grossly 
polluted  and  befouled  waters  that  would  have  to  be  treated, 
and  based  on  the  British  practice  and  experience,  high  doses 
of  chlorine  were  introduced  into  the  raw  water.  The  filters 
served  to  clarify  the  water,  and  the  point  of  discharge. 

It  was  thought  necessary  to  make  provision  for  removing 
the  excessive  residual  chlorine  that  would  be  in  the  water 
after  passing  through  the  contact  tanks,  and  a  proportional 
pressure  feeding  thiosulphate  dosing  device  was  developed. 
ft  should  be  mentioned  that  provision  for  dechlorinating  was 
made  in  accordance  with  the  British  experience,  who  used 
the  process  of  dechlorination  by  the  atplication  of  compressed 
sulphur  dioxide  gas  in  all  of  their  portable  units.  On  the 
British  truck  the  sulphur  dioxide  was  controlled  by  a  standard 
direct  feed  manually  controlled  chlorinator  of  American 
manufacture. 

In  the  American  truck,  the  chlorinator  used  was  the  stand- 
ard manually  controlled  solution  feed  type.  Control  valves 
for  the  soda  ash  and  thiosulphate  solutions  were  in  the  rear 
of  the  laboratory  below  the  chlorinator  so  that  all  chemical 
application  could  be  centrally  controlled  by  the  laboratory 
operator. 

The  first  several  trucks  were  constructed  with  horizontal 
pumps,  and  it  was  found  that  special  provision  was  required 
to  eliminate  excessive  vibration  in  the  laboratory.  With  this 
in  view,  special  spring  supports  were  developed.  On  the 
later  trucks  a  vertical  force  pump  was  used  and  this  so  elim- 
inated the  vibration  as  to  obviate  the  necessity  of  special 
spring  supports. 

The  development,  construction  and  testing  of  the  first  lot 
of  trucks,  and  the  tests  and  recommendations  of  the  Board 
of  Inspection  Officers,  representing  the  oflice  of  the  Chief  of 
Engineers,  the  Engineer  Depot,  and  the  Sanitary  Corps  of  the 
Army,  resulted  in  many  modifications  of  design  and  re- 
arrangement of  equipment,  but  not  in  any  change  in  the  basic 
lirinciples  involved. 

The  value  of  these  units  became  so  apparent  that  increased 
facilities  were  required  for  their  manufacture.  An  admirable 
factory  in  Camden,  X.  J.,  was  obtained,  and  here  in  conjunc- 
tion with  our  construction  work,  a  school  for  Sanitary  Corps 
men,  members  of  the  Water  Tank  Train,  and  officers  who 
were  to  have  charge  of  the  trucks  in  operation,  were  con- 
ducted. 

Figure  1  is  a  rear  view  of  the  completed  truck  with  the 
rear  and  side  gates  let  down  for  operation.  It  shows  the 
gasoline  storage  tank  to  the  right  of  the  pump,  and  provisions 
made  for  carrying  and  chaining  the  suction  hose. 

The  laboratory  arrangement  in  the  final  truck  is  shown  in 
Fig.  2.  The  provision  made  for  carrying  chemical  bottles  is 
indicated,  as  is  also  the  sink  for  washing  glassware,  and  a 
hand  air  pump  for  creating  pressure  in  the  storage  tanks 
when  the  pumping  equipment  is  not  in  operation.  A  37 
degree  incubator  for  bacteriological  samples,  oven  for  ster- 
ilizing glassware  and  electric  lighting  equipment,  are  included 
in  the  outfit,  while  in  the  rear  of  the  laboratory  is  a  standard 
solution  feed  chlorinator.  and  thiosulphate  and  soda  ash  con- 
trols. On  the  bench,  beside  the  chlorinator,  is  a  pressure  auto 
clave  for  sterilizing  purposes. 

< 


Figure  'i  shows  one  of  the  trucks  in  operation  at  Ceeper 
Creek,  Camden,  N.  J. 

The  very  best  materials  available  were  used  in  the  con- 
struction and  assembly  of  the  units.  The  flrsl  several  trucks 
were  mounted  on  S^^-ton  White  truck  chassis,  but  by  far  the 
largest  number  were  mounted  on  ."j-ton  17-ft.  wheel  buj»e 
Pierce  Arrow  chassis.  Novo  3-HP.  gasoline  engines  were 
used,  with  Gould  5-in.  by  5-in.  force  pumps.  The  Alter  was 
constructed  by  the  Roberts  Filter  Mfg.  Co..  the  electric  light- 
ing equipment  by  the  Vesta  Storage  Battery  Co.  The  rated 
capacity  of  the  unit  was  1,000  gal.  per  hour,  although  the 
actual   delivery   was   nearer   l,50(i   gal. 

The  support  of  the  filter,  which  weighed  2,400  |"b.  without 
the  water,  presented  problems  that  required  careful  study. 
The  final  solution  was  to  fasten  5-in.  steel  H-bearas  to  the 
chassis  frame  by  U  holts,  bolting  the  filter  to  the  H  beams 
by  feet  cast  on  the  special  filter  base. 

These  units  rendered  valuable  service  under  actual  mili- 
tary operation  in  France.  Some  of  them  were  Injured  by 
shell  fire  and  some  of  the  Sanitary  Corps  men  wouniled  in 
operating  the  units  near  the  firing  line. 


Cost  Figures   on  New  Sooke   Lake   Water 
Supply,  System,  Victoria,  B.  C. 

In  a  paper  in  a  recent  issue  of  the  Journal  of  the  Engineer- 
ing Institute  of  Canada,  Mr.  C.  H.  Rust,  formerly  Water 
Commissioner  of  Victoria,  B.  C,  gives  some  cost  data  on 
the  construction  of  the  new  Sooke  Lake  Water  Supply  project 
of  Victoria.  The  original  contract  tor  the  work  called  for 
the  clearing  of  the  land  around  the  lake  15  ft.  above  low 
water;  the  construction  of  a  dam  at  the  foot  of  the  lake, 
with  necessary  screen  house,  intakes,  etc;  the  construction 
of  27  miles  of  concrete  pipe  40  in.  in  diameter  (this  involved 
the  building  of  27  miles  of  railway  track  2  ft.  gage) ;  the 
construction  of  ti  siphons  and  the  necessary  concrete  trestles, 
and  temporary  wooden  trestles  carry  the  track;  the  construc- 
tion of  a  telephone  line;  the  building  and  clearing  of  a  reser- 
voir site;  and  the  erection  of  a  dam,  screen  house,  valve 
chamber,  venturi  meters,  etc.,  at  Humpback,  which  is  about 
12  miles  from  the  city;  and  the  building  of  11  miles  of  36-tn. 
steel   pipe,  leading  to  the  city   reservoir. 

Construction  was  started  early  in  1912  but  the  contract  was 
abandoned  in  April,  1913.  The  city  then  proceeded  with  the 
work  by  day  labor,  a  large  force  of  men  being  placed  at 
various  camps.  The  laborers  were  paid  $2.75  per  S-hour 
day.  $1  a  day  being  deducted  for  their  maintenance.  The 
city  completed  the  clearing  of  the  land  at  Sooke  Lake,  car- 
ried out  the  construction  of  the  dam,  head  works,  etc.,  at  the 
foot  of  the  lake,  and  built  the  dam  at  Humpback. 

The  actual  cost  of  the  work  carried  out  by  the  city,  accord- 
ing to  Mr.  Rust's  paper,  was  as  follows: 

.Sooke   Lake:  Per  cu.  .'d. 

Earth  e.'icavalion  in  cciistructlon  of  dam  at  Sooke  Lake.     $  1.42 

Hook    excavation    AW 

Concrete  in   foundation   of  dam 16. SB 

All  the  cement  had  to  be  shipped  by  rail  and  hauled  by 

teams  about  10  miles  over  very  rough  roads.    The  gravel  and 

cement  were  procured  from  the  upper  end  of  the  lake,  and 

had  to  be  towed  to  the  foot  of  the  lake.     This  involved  the 

placing  of  a  tug  in  the  lake  which  had  to  be  transported  from 

Victoria  over  the  mountain,  and  the  construction  of  scows. 

Concrete  t'ipii-Line:  ''"^Ji",-,"- 

I  Mpe »— ,1 

Concrete   trestles    '° 

Itailroad " 

Transportation ■"'' 

Total    »3.36 

Telephone  Line:  ,,,  . 

i;ost    per   mile pjrfi 

Steel  Pressure-i-ine:  vl Vn 

■M  in.— 3/16  m »»^? 

36  in.— %  in p^,^  cu.'y<l. 

The  city  did  the  earth  excavation  and  backfilling  at  the 
following  cost: 

ICirth  excavation   '3. 

Backfilling '" 

Contractors'  prices  were- as  follows:.. 

Humpback  Reservoir:  ^^I'^^J'^' 

Earth  excavation   ■•  jjig 

Rock  ■ gos' 

Clearing   (per  acre) ?  4« 

Placing  sravel  in  Ijottom... J-" 

Concrete  foundations  for  dam '•"" 

Concrete    in   dam • •  •  '""'' 

These   prices    included,   plant,   tools,   equipment,   supplies, 

bookkeeping,  etc.  ho,^o»,  j 

The  total  earth  excavation  amounted  to  180,334  cu.  yd.: 
total  rock  excavation   was  150,517  cu.  gal. 

.^Q1 
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Cnnrrpff  SfWPr  Pinf»   ^snP'r^ifir^af-irin  ''^^'^  '"  diameter,  it  is  recommenrted   that   tlie  reinforcement 

^UllCreie  Oewer  l-ipe  :>peClIlCatlOn  be  V,  ot  l  per  cent  placed  near  the  inside  at  the  crown,  and 

of  American  Concrete  In-  '"'''"■  """  ""t^ide  at  the  springing  imes. 

cfi+ii+c»      Cr\mmi-H-i^a.  '^  ^*  appears  at  all  possible  that  the  horizontal   pressures 

atllUte      ^Omniltiee  on  the  sewer  might  be  large,  reinforce  for  reverse  stresses. 

"Proposed    Standard    Specifications     for     Monolithic    Con-  It   is  recommended   that   for  all  sewers  greater  than   5   ft 

Crete  Sewers  and  Reinforced  Concrete  Pipe  Sewers  and  Rec-  in    diameter,   several   possible    types   of   loading    be   assumed 

ommended  Rules  for  Concrete  Sewer  Design"  is  the  subject  of  and  stresses  be  calculated  on  the  elastic  arch  theory 

a   report   submitted    by    a   special     committee    on     Concrete  i,  i,  also  suggested  that  in  sewers  of  greater  than  6-ft.  di- 

Sewers    at  the  recent  convention  of  the  Aiiiencan  Concrete  ,„,eter,  it  may  be  found  economical  to  adopt  a  section  ha*- 

Institute,    The  spec.fications  are  gtven  m  Volume  XV,  1919.  i„g  ^  comparatively  flat  bottom,  and  an  arch  with  or  wiX 

ot  the  Proceedings.  out  intermediate  side  walls. 

These  specifications  are  a  revision  ot  those  submitted   by  rpu         •    ■ 

the  committee   at   the   191S   meeting,   and.   in  addition,   there  ,      ,\  minimum  thickness  of  concrete  in  sections  of  this  type 

have  been  introduced  speciflcations  for  concrete  pipe  sewers  ''"°"'''  ^"^  ^  '"•     '^^^^  '®  recommended  as  a  factor  of  safety 

The   following  digest   emphasizes   the   general   features.  against  poor  placing  and  also  to  secure  waterproof  structures. 

Part.    I.     Materials. — The    material    specifications    apply    to 

concrete  materials,  reinforcement  castings,  and  material  tor  rj«i„*,.i    r> i        r    _    ^t-       tt  r-i        j 

invert   lining.      Individually,   they   conform    to   the   American  HelpIUl    BOOkS    lOF    the    Home    Gardener 

Society  tor  Testing   Materials'   specifications  and  those  used  '''''*'  average  home  gardener  does  not  always  get  the  best 

on  general  construction   work  with  the  exception  of  specifl-  ''esults   from   his   work.     In  fact,  in  many  cases   all   that   he 

cations  covering  the  use  of  crushed  stone  which  "shall  have  knows  about  vegetable  raising  is  obtained  from  the  directions 

a  coefflcient  of  hardness  of  not  less  than  16  as  described  in  °i  "^^  ^^^'^  packages.     The  water  works  superintendent  can 

Bulletins  Nos.  347  and  370  of  the  U.  S.  Qepartraent  of  Agri-  render  a  great  service  to  the  community  and  to  his  company 

culture  and  applies  more  particularly  to  locations  where  lime-  '^J'  furnishing  information  to  these  gardeners.     Some  water 

stone  or  sandstone  of  a  questionable  value  are  common."  companies — the  Denver  Water  Co.  for  one — have  issued  pam- 

Part    II.     Concrete   for    Monolithic   Concrete    Sewers.—This  P^'ets  for  the  guidance  ot  water  users  in  home  gardening.     A 

part  specifies  the  concrete  mixtures  to  be  used,  the  method  wealth  of  information  on  this  sub.1ect  can  be  obtained  from 

ot   mixing,   the   transportation   and   placing  ot   concrete,   the  Government  bulletins.     There  are  also  many  other  free  publi- 

type  and  construction  ot  forms  and  the  placing  of  reinforce-  cations,  among  these  being: 

nient.  "Grow  a  Vegetable  Garden,"  published  by  the  Agricultural 

Part    ll-A.     General      Construction,      Monolithic      Sewers.—  Extension    Department    of   the    International    Harvester    Co., 

Specifications    in    this  section  cover  the  width  of  trench  and  Chicago.  111. 

provisions  for  underdrainage  ot  v/ork  in  the  progress  of  con-  "Victory  Gardening,"  by  the  National  War  Garden  Cominis- 

struction.     A  granolithic  finish  is  specified  which  is  to  con-  sion,  Washington,  D.  C. 

sist  ot  one  part  of  cement  to  two  parts  of  granite  or  other  "The  Home  Yard  Garden,"  Horticultural  Department,   Uni- 

hard  rock  chips  graded  from  %  in.  to  %  in.  in  size,  and  shall  versify  of  Illinois,  Urbana.  111. 

be  laid  11/2   in.  thick  on  the  fresh  concrete  as   soon  as   the  In   a  recent   issue   of  the    Chicago   Daily   News   Mr.   J.   H. 

condition  ot  its  surface  will  permit.    Where  required,  sewer  Prost,  City  Forester  ot  Chicago,   gives  the  following  list  of 

inverts  are  to  be  lined  with  concrete  block,  tile,  or  vitrified  garden  books: 

brick.  Backfilling  is  to  be  placed  as  soon  as  possible  after  "Garden  Steps,"  by  Ernest  Cobb,  is  a  manual,  about  225 
cement  has  set.  pages  of  instructions  tor  the  amateur  in  vegetable  gardening. 
Part  III-A.  Manufacture  of  Reinforced  Concrete  Pipe.—  I  '^^^  especially  recommend  it  for  the  young  folks.  It  is  pub- 
Reinforced  concrete  sewer  pipe  shall  be  made  in  sizes  from  lished  by  Silver.  Burdett  &  Co..  Chicago.  It  is  a  good  little 
24-in.  to  96-in.  inside  diameter.  It  shall  be  in  sections  of  not  book  for  the  beginner,  but  not  thorough  and  extensive  enough 
less  than  3  tt.  in  length.     Steam  curing  is  permitted.    Crush-  for  the  experienced  gardener. 

ing  tests  specify   that  the  pipe   shall   withstand  tor  a  knife-  "Garden  Guide."   "The  Amateur  Gardeners'  Handbook,"  is 

edge  bearing,  2,149  lb.  per  lin.  ft.  for  a  24-in.  diameter  pipe  edited  by  J.  Harrison  Dick  and  published  by  A.  T.  De  La  Mare 

up  to  3.521  lb.  per  lin.  ft.  for  a  42-ln.  diameter  pipe.     Equiva-  Co.,  New  York.     This  book  contains  about  250  pages.     On  its 

lent  sand  bearing  loads  are  from  3.070  lb.  per  lin.  ft.  for  a  44-  title  page  I  find  the  following  paragraph:     "How  to  plant  and 

in.  diameter  pipe  to  5,030  lb.  per  lin.  ft.  for  a  42-in.  diameter  maintain  the  home  grounds,  the  suburban  garden,  the  city  lot, 

pipe.    Certain  other  tests  are  also  specified.  lio'«'    to   grow   good   vegetables   and   fruits,   how   to    care   for 

Part  lll-B.     Laying  the  Pipe. — In  gtneral,  this  section  speci-  roses  and  other  favorite  flowers,  hardy  plants,  trees,  shrubs, 

fies  that  spigot  end  of  pipe  shall  be  laid  towards  the  outfall  lawns,   porch   plants  and  window   boxes,  chapters  on  garden 

and  that  cement  joints  shall   be  used.  furniture  and  accessories,  with  useful  rules  and  recipes,  se- 

Recommended    Rules    for    Concrete    Sewer      Design. — Con-  lected  lists  of  plants,  etc." 

Crete   sewers   without    reinforcem-.^it    are   approved   tor   sizes  There   is   an   attempt   to   cover   too   much    gardening   in   so 

between  30  in.  and  60  in.  mean  diameter  and  are  to  be  used  small    a    book,   and     the    type   is    too   small   for   comfortable 

only  in   rock  or  hard   soils.     The   minimum   thickness   for   a  reference. 

sewer  36  in.   or  less  in  diameter  should  be  5  in.  and  for  a  'The   Backyard   Garden,"  by  Edward   I.    Farrington.     Pub- 

5-ft.  diameter  7  in.  with  intermediate  sizes  in  proportion.  lished  by  Laird  &  Lee,  Chicago,  price  %1.  is  one  of  the  best 

The   reinforcement   for   circular   pipe   shall   consist   of   one  small   200-page  garden  books.     It  does  not  contain  as  many 

or  two  rings  of  steel  wire  fabi-ic  or  rods  of  the  areas  shown  illustrations  as  the  "Garden  Guide,"  but  does  cover  the  essen- 

in  the  following  table:  tials   ot  home  yard  gardening  very  well.     "Home  Vegetable 

Minimum  Gardening  from  A-Z,"  by  Adolph  Kruhm,  publi.^hed  by  Double- 

•Size.  in.                              of  Shen'in.  ^""''peflbWo1'"lhen.'''''"  '^""^ ■  ^^ge  &  Co.,  New  York,  is  very  well  written,  and  inter- 

24 3           1   concentric   ring-   of   .05S  estingly  illustrated.     The  one  criticism  that  might  be  offered 

so:.::::::::;::::;::.::.::     3%        1   con?enWc   rlnl  of   ill  '^  "^'''  ^^^  Sequent  references  to  the  pacific  coast  lead  one 

23 4           1    concetitric   ring   of   .107  to  believe   the   author   is   more   familiar   with    the   west    and 

39: ::::::::;;; ;                        ]           \   con^enlnc   rlnl  of   :i4C  ''°®^  "°'  '^""^  °"'"  conditions  as  wen  as  some  local  authority. 

42 41/2        1   concentric  .ring   of   :i53  Still,  the  book  is  good  and  would  be  ot  great  help  to  either 

54: :::::::::::.::::::::: :  U     i  IZlln,"?^.  V^  l\  W,  ^"^^  beginner  or  the  professional. 

fi" 6           2  concentric  rings  of  .146  "School  and  Home   Gardening"   is   one   of  the   best   garden 

72; : : : : : : : : : : : : : : : : : : : : : : :  ? '^     I  ToZll\^&  rlnls  of  -Jso  ''°°^'^ '  ''"°^'  °f  ^o""  "^^  m  the  high  school  as  a  textbook,  n 

S4 s           2  concentric  rings  of  .208  is  edited  by  Kary  Cadmus  Doois  and  published  bv  J.  B.  Lip- 

9° 9             2   concentric    rings   ot   .245  pincott  Co. 

The  thickness  of  pipe  walls  shall   be  as  set  forth   in   the  It  is  the  textbook  tor  young  people,  with  plans,  suggestions 

following  table,  but  thinner  walls  may  be  used  provided  the  and   helps   for  teachers,   clubs,   leaders   and    organizers,   and 

amount  of  steel  reinforcement  is  increased  to  give  sufficient  will  serve  them  better  than  any  book  I  could  recommend, 

strength  to  withstand  the   crushing  loads  specified.  "Practical  Gardening,"   by   Hugh  Pindley.   published   by   D. 

All  sewers  near  the  surface  and   subject  to  moving  loads  Appleton  &  Co.,  New  York,  is  a  book  I  can  highly  recommend 

or  vibration,   should   be   reinforced.     For  sewers   ot  6  ft.  or  to  every  garden  fan. 

(40) 
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Sewage  and  Wastes  Disposal  for  the 
United  States  Army 

A  review  of  the  work  of  the  Sanitary  Section  of  the  Con- 
struction Division  of  the  United  States  Army  is  contained 
in  a  paper  by  Leonard  S.  Doten,  M.  Am.  Soc.  C.  E,,  Major,  Q. 
M.  C;  officers  in  charge  of  Sanitation  Section,  Engineering 
Branch,  Construction  Division,  U.  S.  Army,  recently  pre- 
sented before  the  American  Society  of  Civil  Engineers.  In- 
formation of  interest  is  contained  in  it.  Factors  of  design, 
operating  results  and  other  information  is  contained  in  the 
following  abstract  from  the  May,  1919,  Proceedings  of  the 
Society. 

Collection  and  Disposal  of  Garbage  and  Wastes. — In  June 
and  July,  1917,  much  study  was  given  to  the  problem  of  the 
collection  and  disposal  of  garbage  and  other  wastes  at  the  Hi 
National  Army  Cantonments.     As  a  result  of  this,  it  was  de- 


^2S"w.l.Oulk.t 


Appiovrd  Typa 
„  of  Support 


PART  SECTION  ON 
LINE   B.D      ■ 

Standard    Grease    Trap — ^Capacity    200    Gal..    250    Men. 

cided  to  classify  the  wastes  and  separate  the  waste  materials 
in  such  a  manner  as  to  secure  the  best  possible  returns  from 
their  sale. 

The  scheme  finally  adopted  consisted  in  collecting  the 
garbage  by  the  duplicate  can  system,  collecting  and  trans- 
porting all  valuable  waste  materials  to  a  central  transfer 
station,  where  they  were  delivered  to  the  contractor. 

Incinerators  were  built  at  each  of  the  transfer  stations,  to 
be  used  in  the  destruction  of  such  waste  materials  as  had  no 
commercial  value,  and  also  to  be  used  in  the  case  of  an  emer- 
gency when,  for  any  reason,  the  contractor  fail3d  to  remove 
the  garbage  promptly. 

In  some  instances  the  contractors  disposed  of  the  garbage 
by  means  of  reduction  plants  in  large  near-by  municipalities; 
and  in  other  cases  this  material  was  fed  to  hogs. 

The  waste  materials  were  classified  as  follows:  Garbage, 
paper,  bottles,  tin  cans,  bones,  faft    and  grease,  and  manure. 

The  sale  of  these  materials,  rather  than  their  destruction 
by  incineration,  has  resulted  in  a  large  revenue  to  the  Gov- 
ernment. For  July,  August,  September,  and  October,  the 
sales  of  garbage  and  other  wastes  included  in  the  preceding 
classification  amounted'  to  $360,570. 

In  determining  the  capacity  of  an  incinerator  for  a  camp, 
it  is  assumed  that  the  quantity  of  material  to  be  handled 
would  be  1  ton  per  1.000  men  per  day,  and  that  S  hours  would 
be  the  operating  period ''per  day. 

The  designs  provide  for  ample  firing  and  combustion  cham- 
bers; a  grate  surface  for  natural  draft  to  burn  35  lb.  per  sq 
ft.  per  hour,  and  for  forced  draft,  60  lb.  per  sq.  ft.  per  hour; 
a  drying  hearth  to  facilitate  the  cremation  and  to  prevent 
liquids  from  reaching  the  grates;  dampers  to  control  the 
draft;  and  ample  stack  area  and  height  to  prevent  back-firing 
and  produce  an  average  velocity  of  gases  of  approximately 
20  ft.  per  sec. 

New  Grease  Intercepting  Trap. — Although  provisions  were 
made  for  intercepting  the  grease  from  kitchen  waste-water 
at  the  time  the  original  cantonments  were  constructed,  it  was 
found,  later,  that  the  commercial  type  of  trap  which  had  been 
used  was  not  effective,  owing  partly  to  faulty  design  and 
partly  to  limited  capacity,  and,  early  in  1918,  it  became  evi- 
dent that  a  more  effective  type  should  be  used,  in  order  to 
prevent  the   sewer  pipe  lines  from   being  filled   with  grease 


deposits,   and    to   relieve   the   excessive   greaae   load   on   the 
sewage  treatment  plants. 

Traps  having  a  holding  capacity  of  approximately  %  gal 
per  capita  were  designed,  and  have  been  placed  in  neaHy  all 
tlie  cantonments.  The  special  features  of  these  traps  are- 
The  relatively  large  area  for  the  collection  of  grease-  the 
steep-sided  pyramidal,  or  conical,  bottoms;  and  the  small 
diameter  of  the  eduction  pipes  which  remove  the  seltleable 
solids.  The  efficiency  of  these  traps  has  been  determined 
by  several  series  of  carefully  made  tests  which  show  con- 
clusively that  the  average  efficiency  under  the  usual  operat- 
ing conditions  is  at  least  95  per  cent,  and,  in  some  instances 
99  per  cent  has  been  recorded. 

Grease  recoveries  by  these  traps  range  from  10'  to  25  lb 
per  capita  per  year.  The  average  is  esUmated  to  be  between 
12  and  14  lb. 

Sewerage  Detail.— Numerous  determinations  of  the  grease 
content  of  the  sewage  have  been  made  at  the  camps,  and 
indicate  that  loO  parts  per  niillion  is  a  fair  average  quantity 
It  will  be  noted  that  this  is  very  greatly  in  excess  of  the 
quantities  usually  found  in  municipal  domestic  sewage,  the 
average  of  the  latter  usually  ranging  between  ,20  and  30  parts 
per  million.  This  is  one  of  the  most  important  characteristics 
of  military  camp  sewage.  The  following  are  fair  averages  of 
some  of  the  other  constituents  of  camp  sewage: 
Total    organic    solids    7nn  nai-tu  r,,-  ™iiii 

?S?I.  oSc=^urogV„:::;::::;::::::::::::::  J^-^[|-?sK 

It  will  be  seen,  therefore,  that  the  sewage  is  highly  concen- 
trated, and  that  the  quantity  of  suspended  organic  matter 
is  exceptionally  high.  The  strength  of  the  sewage  Is  un- 
doubtedly largely  due  to  the  relatively  small  per  capita  water 
consumption,  certain  waste  products  from  kitchens,  such  as 
garbage  and  grease,  and  to  the  fact  that  the  population  Is 
made  up  wholly  of  adults. 

The  sewage  flow  per  capita  per  day  ranges  from  approxi- 
mately Zo  to  60  gal.  In  cantonments  having  a  population  of 
approximately  40,000  to  50,000,  the  maximum  diameter  for  the 
outfall  sewer  is  usually  between  24  and  30  in. 

The  sewer  connections  to  the  lavatory  buildings  are  6  in. 
in  diameter.  In  a  tew  instances,  the  connections  for  kitchens 
have  been  4  in.  in  diameter.  The  specifications  adopted  by 
(he  Construction  Division  contain  a  tabulation  of  minimum 
gradients,  for  sewers  of  different  sizes,  which  will  produce 
self-cleansing  velocities.  The  calculations  are  based  on  a 
mean  velocity  of  approximately  2V4  ft.  per  second,  with  the 
sewer  half  full  or  full.  All  computations  for  capacities  are 
based  on  sewers  flowing  approximately  full  during  the  highest 
rates  of  discharge. 

The  specifications  require  that  the  average  distance  be- 
tween  manholes  shall  be  350  ft.     The  manholes  are  of  the 


Cross-Sections   of   Sewage   Tanks   of    Equal    Capacity.   Showing   the 
Relatively   Great   Depth   of  a  2-Story  Type  as  Compared  to   the 
Standard   Type.     The   Cost   of  the   Former  Tank    Is   Greatly 
Increased     on     Account       of       Depth       Below       Ground- 
Water   Line. 

simplest  possible  design,  and  are  either  square  or  round. 
The  sides  are  vertical,  except  where  it  is  necessarj-  to  use 
standard  cast-iron  frames  and  covers.  It  has  been  the  prac- 
tice of  the  office  to  avoid,  as  far  as  practicable,  the  use  of 
cast-iron  frames  and  covers. 

Vitrified  clay  sewer  pipes,  with  the  standard  type  of  Port- 
land cement  joints,  have  been  used. almost  wholly.  In  a  few 
systems,  concrete  outfall  sewer  pipe  lines  have  been  con- 
structed. 

Sewage  Treatment  Works. — In  most  cases,  the  treatment 
works  consist  of  sewage  tanks  and  chlorinating  equipment 
only.  In  comparatively  few  cases  has  it  been  necessary  to  put 
in  secondary  treatment  works  consisting  of  trickling  filters 
and  secondary  sedimentation  tanks. 

The  trickling  filter,  owing  to  its  large  unit  capacity,  sim- 
plicity of  operation,  and  low  cost,  was  adopted  as  the  best 
means  for  secondary  treatment. 
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The  filter  has  au  undulating  floor,  the  distributor  pipes  be- 
ing placed  on  the  summits  and  pipe-covered  gutters  in  the 
depressions.  Thus  the  expensive  system  of  under-drains, 
which  is  usually  au  important  feature  in  plans  for  municipali- 
ties, was  eliminated.  The  inverts  of  the  drains  and  gutters 
are  in  a  plane  parallel  to  the  plane  passing  through  the 
spray  nozzles.  This  plane  has  an  inclination  approximately 
equal  to  the  hydraulic  gradient  of  the  distributing  system 
during  the  average  rate  of  discharge  from  the  nozzles. 

The  filtering  material  consists  of  hard,  durable,  cnished 
rock  or  slag,  the  pieces  of  which  will  pass  a  screen  of  2%-in. 
openings  and  be  retained  on  a  screen  having  li/4-in.  openings. 

The  first  filters  were  6  ft.  deep.  In  a  few  plants  for  hos- 
pitals S-ft.  filters  were  used.  The  present  standard  depth  for 
trickling  filters  is  5  ft. 

Dosing  or  Siphon  Chambers. — Siphon  chambers  were  de- 
signed with  a  view  to  securing  the  highest  possible  efficiency 
in  the  operation  of  trickling  filters.  A  radical  change  has 
been  made  in  the  dosing  period,  reducing  it  from  4  or  5  min- 
utes to  a  maximum  of  li^   minutes  for  filters  of  all  depths. 


capacity;  maximum  dosing  period  during  highest  rates  of 
flow,  IV2  minutes;  filter  capacity,  SO.OOO  population  per  acre, 
with  5-ft.  depth. 

Up  to  the  close  of  191S,  the  Construction  Division  has  built 
I.jO  tanks  of  standard  design  and  they  have  a  total  holding 
capacity  of  20,000,000  gal.  These  plants  are  distributed 
throughout  all  parts  of  the  United  States.  Comparatively  few 
filters  have  been  constructed,  the  total  number  being  only 
19.  having  a  total  area  of  447.000  sq.  ft. 

Conclusions  Regarding  Sewage  Treatment  Plants  and  Proc- 
esses.— The  writer's  experience  leads  to  certain  conclusions 
relative  to  sewage  treatment  plants  and  processes,  which  are 
summarized  as  follows: 

Sewage  contains  both  acid  and  base-forming  constituents. 
If  the  base-forming  elements  predominate,  the  decomposition 
of  sludge  and  scum  will  be  rapid.  If,  on  the  other  hand,  the 
acid  products  of  decomposition  are  not  promptly  neutralized, 
bacterial  decomposition   will   be  greatly  retarded. 

If  the  water  portion  of  the  sewage  is  high  in  alkalinity,  the 
bacterial  action   will  be  vigorous,  and  the  digestive  capacity 
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Filters  not  more  than  .',  ft.  in  depth  when  dosed  in  this  man- 
ner will  yield  a  uniformly  stable  effluent,  which  is  generally 
very  low  in  turbidity. 

During  a  series  of  tests  at  the  Ft.  Meyer,  Va.,  filter  the 
effluent  contained:  Organic  nitrogen,  0.7;  free  ammonia. 
1.8;  nitrites,  0.4;  nitrates.  25.4  parts  per  million.  The  dis- 
solved oxygen  averaged  42  per  cent  of  saturation. 

Assumptions  for  Design  of  Treatment  Plants. — The  follow- 
ing assumptions  are  made  in  the  design  of  all  sewage  treat- 
ment plants:  For  temporary  camps  or  catitonments.  average 
dally  per  capita  flow  of  sewage,  60  gal.;  hospital  plants,  150 
gal.  per  bed  per  day,  and  60  gal.  per  attendant  per  day;  av- 
erage detention  period  in  tanks,  6  hours,  based  on  net  ca- 
pacity   of    tank,    making    a    certain    allowance    for    sludge 


of  a  tank  correspondingly  increased.  Co-ordination  of  certain 
observed  facts  relative  to  the  performance  of  tanks  in  widely 
separated  parts  of  the  country  has  confirmed  this  conclusion. 

The  color  of  sludge  alone  is  not  a  true  indicator  of  thor- 
oughness of  digestion,  as  the  sludge  in  an  Imhoff  tank  may  be 
blackened  by  the  presence  of  iron  sulphide,  one  of  the  prod- 
ucts of  decomposition,  and  still  be  incompletely  digested.  It 
is  true,  however,  that  well-digested  sludge  is  either  dark 
brown  or  black.  Furthermore,  the  so-called  "tarry"  odor  is 
not  an  essential  characteristic  of  thoroughly  digested  sludge, 
as  the  writer  has  examined  many  samples  which  not  only 
did  not  have  an  odor  of  this  kind,  but  were  practically  odor- 
less, and  dried  very  rapidly,  even  under  adverse  conditions. 

The    effluent    from    a    Construction    Division    type    of   tank. 
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when   functioning   normally,    is   superior   to   that  of   a   plain  pvj          .             *.     ^               (     i                 •             \\t 

sedimentation  tank,  due  to  the  fact  that  the  very  finely  divided  L'lSaaVantageS    ()I     LOCatlllg     Water 

matter  borne  in  suspension  is  partly   mineralized.  lVTilin«   in     /XllfiV^S 

The   capacity   of   a   trickling   filter  does   not   vary   directly  i»ldlllS  lU  /Aliens 

with  the  volume  of  filtering  material,  a  5-ft.  filter  giving  as  The  plan  of  laying  water  main<,  gas  mains,  sewers,  steam 

good  results  as  a  deeper  one.    The  average  rate  of  dosing  for  mains,  telephone  conduits  and   all  other  underground  struc- 

filters  of  all  depths  should  not  exceed  2,000.000  gal.  per  acre  uires,  used  for  the  service  of  the  public,  in  the  alleys  instead 

per  day.  if  a  high  degree  of  purification  is  desired.    The  short  „f  .^  j,,^  ^^,.^,^^^  .^  frequently  advocated  and  sometimes  tried. 

dosing  period  is  ot  more  importance  than  perfect  distribution.  f,    „    ,, 

The  humus  discharged  from  properly  functioning  trickling  '^  •  ^-  Henderson,  manager  of  the  Davenport  Water  Works 

filters   should   nol    create   an   objectionable   condition   due   to  f"o.,  Davenport,  Iowa,  in  a  paper  presented  before  a  recent 

putrefaction.     The  putrescible  character  of  the  effluents  from  meeting  of  the  Iowa  Section  of  the  American  Water  Works 

some  deep  trickling  filters,  and  also  the  humus  held  in  sus-  Association,  states  that  the  principal  reason  given  bv  advo- 

nension    is  due  either  to  an  inferior  qualitv  of  tank  effluent  or  ,         .  ,,        ,       ■     .^   .  .      ,      .             •       ,       ., 

peusiuii.  IS  uuc  ciiiitri  I    ,      „        ,       '         •             ,              ,.  cales  ot  the  plan  is  that  by  laving  mains  in  allevs  the.  .streets 

to  improper  dosing.     It  the  flow  trom  spray  nozzles  continues  ^                        j       .     ^                           .      <■ 

too    long,     the    entire    depth    of    filtering    material    will    be  «'"   °^  opened  less   frequently  and   consedueutly   pavemenls 

drenched,  with  the  result  that  insufficient  time  will  be  given  will  be  less  often  disturbed. 

for   the   thorough   oxidation   and   nitrification   of   the   organic  The  principal  objection  to  th<'  alley  is  that   it  is  not   wide 

matter.     The  flow  from  underdrains  should  be  maintained  at  enough  to  accommodate  all  the  underground  work  and  that 

as  uniform  a  rate  as  possible.  alleys,   as   usually   laid   out,   are   not   continuous   and    usually 

Treatment   by  intermittent    sand   filters,  even   in   localities  run  in  one  direction  only.     Gas  mains  and  water  mains,  but 

where  the  soil  is  exceptionally  good  quality  for  the  purpose.  especially  water  mains,  must  be  laid  as  a  gridiron.  cro.ssing 

has    not    been    as    satisfactory   as    anticipated,    owing   to   the  frequently  at  right  angles,  and  this  is  seldom  iiossible  if  al- 

unusually   high   grease   content   in   the   sewage.      It   has   been  leys  are  used  exclusively.     Water  mains  supply  fire  hydrants 

necessary,  consequently,  in  certain  instances,  to  put  in  tanks  which  are  necessary  and  are  usually,  and  properly,  located 

for  the  preliminary  treatment  of  the  sewage  before  discharg-  at    street   inter-^ections.     As    an    example:     The   commercial 

Ing  it  on  the  sand  beds.     Furthermore,  such  plants  (intermit-  district  of  Davenport  is  covered  by  a  perfect  gridiron  of  good 

tent  sand  filters)   are  usually  higher  in  cost  of  construction,  eize  mains.     All  the  alleys  in  this  district  run  east  and  west, 

and  considerably  more  expensive  to  operate,  than  those  of  the  if  the  mains  were  laid  in  these  alleys  the  north  and  south 

standard  type.  mains  would  have  to  be  laid  in  streets.   In  such  case  hydrants 

The  v.ide  variations  in  rates  of  flow  at  camp  sewage  treat-  at  street  intersections  would  be  on  one  main  only  while  alley 

ment  plants,  the  extremely  high  suspended  organic  content  hydrants,  which  are  less  numerous,  would  be  near  intersect- 

of  the  sewage,  and  the  inhibiting  influence  on  bacterial  devel-  ing  mains.   Hydrants  are  also  required  halfway  between  street 

opment    resulting   from    the    excessively    large    quantities    ot  intersections  on  east  and  west  streets  as  well  as  north  and 

grease,  are  important  factors  in  determining  the  load  which  south  streets  and  if  mains  were  laid  in  alleys  these  hydrants 

is  borne  by  the  camp  sewage  tanks.     Statistics  fail  to  show  would  have  to  be  eliminated  as  there  would  be  no  space  in 

that  there  has  ever  been  any  instance  where  these  adverse  which  to  set  them  in  our  20-ft.  alloys. 

fundamental  factors  were  so  great.     This  is  a  fact  that  should  Gas   and    water   services   require   shut  off   cocks   and   curb 
not  be  overlooked   in   assigning  tanks   of  this   type  to  their  boxes  for  outside  control,  and  these  are  best  located  on  side- 
proper  place  in  the  sanitary  engineering  practice  of  the  future.  walks  it  they  are  to  be  accessible  when  needed.    Curb  boxes 
should  always  be  located  on  public  property.     When  located 

Average  Cost  of  Food  in  1913  and  1918 — The  following  tabu-  jn   alleys   heavy   vehicles  are   lik.^ly  to   pass  over  them   and 

lation  made  public  last  week  by  the  Bureau  of  Labor  Statis-  break  them.     It  is  not  desirable  to  place  a  curb  box  at  any 

tics  of  the  Department  of  Labor  shows  the  average  cost  per  pcint  where  it  may  be  covered  by  ash  barrels,  manure  boxes 

family  per  year  ot  22  principal  articles  of  food  for  the  years  or  other  material. 

ISl.j  to  1918.  and  for  June.  1919.  in  ^'9  cities.  When  locating  a  meter  in  a  commercial  district  the  front 

\veiase   lost   per   family   per  entrance  to   a   building  is   superior  to  the  rear  entrance  in 
vear'^for  22  articles  of  food         Per   cent   of 

in  specified  cities.  l>ased         mcrease   from  most  cases. 

on  prices  in—                     1913  to—  In   existing  residential  districts  the  same  objection  above 

(AveJLe    (  vverlge        .Tune.                   June.  mentioned  regarding  the  width  of  alleys  and  that  they  usually 

City—                        fouyear)     for  yean          ll'l.^-., .        '^'■'J^-    l''M'-  run  in  one  direction  only,  and  not  continuously,  applies.     In 

Providenc-    *^Q9fi?         *645  6'         ^ISz'll         04         77  new  additions  provisions  could  be  made  SO  long  as  one  policy 

New^Haven   ;;.;:::!:;!  381148           654;i5           6Sfi:7is'         71          81)  prevailed,  but  mains  running  at   right  angles  to  the  prevail- 

Fall   River   379.S3           llnfl          t-t'p         6'         S8  "IS  direction  of  the  alleys  would  ^-ave  to  be  laid  in  streets. 

Wa''-=hfng°Sn^'  ^:  .'V.":.  34S.6«          S.ss          670.65         78         9.^  When  blocks  are  .500  to  800  ft.  between  cross  streets,  suf- 

Manchester  370.24           632.63          669.95         .1         81  ftcient  hvdrants  would  not  be  possible  for  proper  protection. 

lic'hmond"'  ;  3«.W           l^t^fi          666:59         73         93  conveniently  located,  when  mains  were  in  alleys. 

Jacksonville   377.73          599?/ 4           665.86         59         ^s  ^^  j^^.^  fg^ses  the  plan  of  laying  water  mains  In  alleys  has 

\t^lanS"''  354'69           600:71          66o:3;i         69         86  been   tried  in  new  additions  in   Davenport.     In  one  case,  a 

Philadelphia"::::::::::  355:80          eu.os          659.09         72         ss  ^^^■^^  ^^^^^  residence  district,   private  rights  of  way   had   to 

ScVaXn"  339' 69           578^15          654.36         70         93  be  provided  for  hydrant   branches,  also  for  some   mains,   in 

Dallas  '...::::::::::::::  357.62           5S6.40          652.73         «         m  order  to  complete  the  layout,    one  S-ln.  main  in  this  district 

^^f^H    mil           ^llJS           647:72         68         90  now  lies  very  deep  under  a   brick  wall  and  other  expensive 

Baltimoie    :::::::::::::  330:01           601.54           641.59         S2         94  improvements  in  the   yards  of  fine  houses.     The  alley   was 

Little  Rock 356.46           sSb.o.           w..5i         |3         .;^  vacated  in  this  case.     Parts  of  the  district  were  platted  with- 

cu-veiand' .'^.''. .::::::::: :  343^58           .^71.84           ep.-ss         66         §3  ^^^  ^^,,3.^.;.  g^^j  mains  were  lald  iP  the  streets,  necessarily. 

Seattle 351.34           5^6.0,           6_,.-4         ^^          ..^  In  another  district,  houses  were  built  facing,  and  on  each 

Detroit             .■.::'.■.:■.::  324:29          '56'3.24          623.35         74         92  sjae  of  a  wide  boulevard.     The  water  mains  were  laid  in  the 

.San  FYancisco  350.97           56S.67          (.23.25         6-         <^  alleys  behind  each  row  of  houses.    This  plan  worked  all  right 

BSttalo         ::  32i:72           .^7o:81           6U.36         77         90  ynt;,   houses  were   built  on   the   far  side  of  one  of  the  next 

Omaha 324.56          548.5S           609.45         6_         8^  parallel   streets   when   mains   had   to   be   provided   for  them. 

K"i"as''f'ity 330:70          555:44          607.49         6s         S4  ^here  being  no  alley,  the  main  was  laid  in  the  street,  and 

oenv-er   ...::::::::..  325.69          ms.si          e^.w         69         86  ^.g  now  have  parallel  mains  one-haU  block  apart. 

lortl^d^'ore     350.56           559:69           602.31         60         72  m  one  lowa  city  the  principal  main  was  laid  through  the 

Indianapolis   334.66           546.S2          596.38         6„         ,8  _^.^^^^  ^^  ^^^  commercial  district.     Fire  hydrants  located  at 

Milw^k'J'e 31803          536.90          591.26         69         86  ^■,^^.   gtreet   intersections    w-ere   supplied    from    this    main    by 

Chicago..::: 327.92          544.74          =82.02         m         .,  ,ong  branches  of  smaller  pipe.     These  long  hydrant  branches 

Minneapolis    ,,    V  ,,,    ,hnv«'pnsfs  arebased  weighted  added  to  the  expense  of  the  system,  added  to  the  loss  of  head 

The  articles  upon  which    ^e  above  costs  ^^^ J^^^^^^ ^-f;;^!*  ^^  '^.°^n  the  m-ain  and  the  hydrant,  and  there  being  no  flow 

eornmeal.  rice,  potatoes,  sugar,  tea  and  coffee.  lation. 
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Extraction  of  Grease  from  Dried 
Activated  Sludge 

Experimental  studies  of  the  extraction  of  grease  from  dried 
activated  sludge  have  been  carried  on  at  the  University  of 
Illinois  as  a  thesis  by  D.  F.  McFarland,  under  the  direction 
of  Edward  Bartow.  The  following  matter  has  been  taken 
from  a  recently  issued  bulletin  of  the  Division  of  the  Illinois 
State  Water  Survey. 

To  ascertain  the  amount  of  grease  extractable  from  sewage 
coming  from  an  average  residence  community  and  to  study 
the  possibility  of  carrying  on  the  extraction  of  such  grease 
either  at  a  profit  or  with  notable  improvement  of  the  product, 
experiments  were  conducted  with  sludge  produced  at  the 
State  Water  Survey  experimental  plant  treating  sewage  from 
the  city  of  Champaign  by  the  activated  sludge  process. 

Methods  of  Extraction.— The  methods  used  in  degreasing 
low  grade  materials  usually  involve  extraction  with  either 
steam  or  hot  water  under  pressure  or  percolation  with  a  vola- 
tile solvent,  cold  or  hot,  and  with  or  without  pressure. 

For  the  purpose  of  laboratory  studies  to  determine  the 
amount  and  nature  of  grease  extractable,  percolation  with  a 
volatile  solvent  offers  the  most  satisfactory  and  convenient 
method. 

Outline  of  Investigation. — Information  is  desired  upon  the 
following  points: 

A.  Determination  of  the  amount  of  grease  which  can  be 
extracted  by  different  appropriate  solvents. 

B.  Study  of  optimum  conditions  of  extraction,  such  as  time 
of  extraction,  volume  of  solvent  required,  losses  of  solvent, 
etc. 

C.  Study  of  effect  of  acid  in  liberating  fatty  acids  from  in- 
soluble soaps  in  the  sludge,  in  improving  the  physical  condi- 
tion of  the  sludge  and  in  facilitating  its  separation. 

D.  Properties  of  grease  obtained  by  different  methods  of 
treatment. 

Extraction  Tests. — Solvents.  For  experimental  purposes 
petroleum  ether  boiling  from  6°  —  70°  C.  was  selected  as  a 
solvent.  On  a  commercial  scale  this  would  have  to  be  re- 
placed by  a  low  boiling  naphtha  or  gasoline. 

Some  experiments  were  also  made  with  carbon  tetra-chlo- 
ride  and  with  benzine  as  solvents,  but  with  unsatisfactory  re- 
sults. 

Apparatus.  The  extractor  used  was  modeled  on  the  prin- 
ciple of  a  Soxhlet  extractor  and  had  a  capacity  of  1  kilogram 
(2.2  lb.)  of  dried  sludge.  A  sketch  of  the  apparatus  Is  shown 
in  Fig.  1. 

The  volatile  solvent  boiling  in  a  three-liter  flask  B  is  con- 
densed in  the  reflux  condenser  C  and  is  delivered  through  tube 
X  into  the  upper  portion  of  the  extraction 
cell  A.  This  is  made  of  an  aspirator  bottle 
and  holds  1  kilogram  of  dried  sludge.  The 
solvent  rises  in  the  cell  in  contact  with  the 
sludge  until  its  level  is  above  the  highest 
point  of  the  siphon  tube  Y  when  it  passes 
through  the  cloth  filter  D  and  the  siphon  Y 
into  flask  B. 

Wlien  properly  adjusted  the  extractor 
will  run  for  long  periods  of  time  without 
any  attention  and  with  practically  no  loss 
of  solvent. 

After  extraction  is  complete  the  greater 
part  of  the  solvent  is  distilled  off  and  the 
final  traces  are  removed  by  heating  on  a 
steam  bath  in  an  open,  tared  dish.  The 
dish  containing  the  dry  extract  is  weighed 
to  obtain  the  weight  of  grease  extracted. 


Fig.   1. 


One  kilogram  of 
dried  sludge  occupies  approximately  90-100  cu.  in.  of  space, 
depending  on  size  of  particles  and  closeness  of  package.  From 
1,500  to  1,800  cc.  of  solvent  is  required  for  the  extraction  of 
1  kilogram  of  material.  This  is  all  recovered  excepting  about 
200  cc.  which  adheres  to  the  residual  sludge  after  extraction 
and  100  cc.  more  which  is  allowed  to  remain  with  the  ex- 
tracted gi-ease  and  to  evaporate  spontaneously. 
Extractions  were  carried  out  as  follows: 

(a)  On  untreated  dry  sludge. 

(b)  On  residues  from  the   first  extraction  after  treatment 
with  varying  proportions  of  sulfuric  acid. 

(c)  On  sludge  treated  with  acid  before  dewatering  in  the 
centrifugal  separator,  and  then  dried. 


(d)  On  dried  sludge  treated  with  dilute  acid  to  acid  reac- 
tion, and  then  dried. 

(e)  On  untreated  sludge  with  coarse  and  fine  grinding. 
Results  and  Effect  of  Variation  of  Conditions. — The  amount 

of  grease  extracted  from  the  untreated  material  varied  with 
different  lots  of  dried  sludge  from  4.16  to  6.00  per  cent.  Acid 
treatment  increased  the  yield  to  from  5.81  to  8.10  per  cent. 

The  effect  of  size  of  particles  upon  the  degree  of  extrac- 
tion does  not  appear  to  be  very  great.  The  highest  and  the 
lowest  yields  were  obtained  from  rather  coarsely  ground 
material.  The  material  giving  the  low  result  was  not  ex- 
hausted at  the  end  of  22  hours  and  gave  some  additional 
yield  with  another  six  hours'  extraction.  The  total  result 
after  28  hours  was  4.16  per  cent  compared  with  5.89  per  cent 
from  material  from  the  same  lot  after  treatment  with  acid. 

The  optimum  conditions  of  treatment  and  extraction  as 
shown  by  these  experiments  appear  to  be  as  follows:  Treat- 
ment with  slight  excess  of  acid  before  dewatering  and  drying 
sludge.  This  assists  in  separation  of  colloids,  and  sets  free 
fatty  acids  from  lime  soaps.  It  also  decomposes  sulfides  and 
carbonates,  and  apparently  improves  the  physical  condition  of 
the  material.  Extraction  with  low-boiling  gasoline  or  pe- 
troleum ether  for  at  least  eight  hours. 

Time  of  extraction.  A  test  to  determine  the  best  time  of 
extraction  gave  results  as  follows: 

In    4  hours,  3.91  per  cent  or      66.04  per  cent  of  total. 

In     S  hours,  5.59  per  cent  or    94.84  per  cent  of  total. 

In  36  hours,  5.89  per  cent  or  100       per  cent  of  total. 

Temperature  of  solvent.  Under  the  conditions  used,  the 
solvent  was  at  room  temperature  or  only  a  few  degrees  above 
it.  Use  of  heated  solvent,  especially  under  pressure,  might 
greatly  improve  the  extraction. 

Examination  of  Extracted  Grease. — The  grease  extract  ob- 
tained from  samples  which  had  not  been  acidified  was  very 
dark  in  color  and  of  disagreeable  odor. 

The  extract  from  acidified  samples  was  lighter  in  color 
and  not  so  unpleasant  in  odor. 

The  extract  obtained  by  treatment  with  acid  after  a  pre- 
liminary extraction  of  unacidified  grease  was  light  brown  in 
color  and  had  an  odor  characteristic  of  free  fatty  acids.  This 
contained  a  high  percentage  of  free  fatty  acids. 

In  order  to  determine  the  value  of  the  grease  for  soap- 
making  or  other  purposes,  the  customary  analytical  determi- 
nations of  unsaponiflable  material,  saponification  number, 
iodine  number,  and  acid  number  were  made. 

Any  portion  of  the  grease  which  will  not  react  with  alkali 
to  form  a  soap  is  termed  unsaponifiable  matter.  The  amount 
of  this  material  is  therefore  an  important  index  of  the  soap- 
making  value  of  the  grease.  The  usual  limit  for  unsaponifiable 
matter  in  giease  for  soap-making  is  about  5  per  cent. 

Considerable  difficulty  was  experienced  in  obtaining  satis- 
factory results  on  this  determination.  It  was  found  that  the 
period  allowed  for  saponification  by  the  standard  method 
given  by  Lewkowitsch  was  too  short,  thus  giving  results  en- 
tirely too  high.  In  later  determinations  the  saponification 
was  carried  out  by  boiling  the  mixture  of  fat  and  alcoholic 
potash  four  or  more  hours  with  a  reflux  condenser.  The  re- 
sults gave  a  much  lower  percentage  of  unsaponifiable  matter. 
It  is  not  unlikely  that  even  lower  results  might  be  obtained 
if  the  saponification  were  carried  out  under  a  higher  tem- 
perature, under  pressure,  or  using  glycerine  potash  solution 
instead  of  alcoholic  potash. 

Determinations  were  made  upon  grease  extracted  without 
acid  and  upon  that  obtained  from  acid-treated  sludge.  As 
mi.ght  be  expected,  the  proportion  of  unsaponifiable  matter 
was  somewhat  lower  in  the  extract  from  acid-treated  sludge 
because  of  the  presence  of  a  large  proportion  of  free  fatty 
acids. 

According  to  the  averages  of  the  two  determinations,  which 
are  most  reliable,  fat  extracted  from  untreated  sludge  with 
a  total  extraction  of  6.00  per  cent  or  120  pounds  to  the  ton, 
would  yield  58.95  per  cent  saponiflable  material,  or  70.74 
pounds  to  the  ton. 

On  acid-treated  sludge  with  an  extraction  of  S  per  cent  of 
grease,  or  160  pounds  to  the  ton,  a  yield  of  62.78  per  cent 
saponiflable  would  be  obtained,  or  100.45  pounds  to  the  ton. 
At  2  cents  per  pound  the  prices  obtained  would  be  respec- 
tively $1.42  and  $2.01. 

The  saponification  number  is  also  an  indication  of  the 
amount  and  quality  of  available  soap-making  fat  in  the  grease. 
The  untreated  sludge  had  an  average  saponification  number 
of  126.5.    This  low  number  is  due  to  the  fact  that  only  about 
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60  per  cent  of  the  material  is  saponifiable.  This  indicates 
that  the  saponifiable  portion  would  have  a  saponification  value 
of  nearly   200. 

The  iodine  number  is  an  index  of  the  amount  of  unsaturated 
compounds  in  the  grease,  and  shows  its  probable  stability 
toward  oxidation,  or  its  liability  to  change  on   exposure. 

The  iodine  numbers  of  the  untreated  sludge  averaged  43.0. 

The  acid  number  is  an  index  of  the  amount  of  free  fatty 
acids  in  the  grease  as  distinguished  from  fatty  acids  com- 
bined with  glycerine  in  the  form  of  fat.  These  free  fatty 
acids  are  fully  available  for  soap  making  and  add  to.  rather 
than  detract  from,  the  value  of  the  grease  used  for  such  pur- 
poses. 

The  acid  numbers  averaged  on  the  untreated  sludge  2."). 7. 
on  the  spent  treated  sludge  70,9,  and  on  the  treated  sludge 
before  filtering  41.65. 

The  extracts  from  acid-treated  sludge  show  much  higher 
proportions  of  fatty  acids. 

F'rom  the  results  of  the  experiments  performed  it  is  evi- 
dent that  the  amount  of  extractable  grease  in  the  dried  acti- 
vated sludge  is  very  low,  not  exceeding  6  per  cent  of  tho 
unacidified  dried  material.  The  yield  i.s  increased  to  a  maxi- 
mum of  8  per  cent  it  the  sludge  is  treated  with  acid  either 
before  or  after  drying. 


Evaporation  in  the  Canal  Zone, — The  Weather  Bureau  of 
the  Department  of  Agriculture  has  published  an  article, 
"Evaporation  in  the  Canal  Zone,"  by  Mr.  H.  G.  Cornthwaite, 
formerly  Chief  Hydrographer  of  The  Panama  Canal.  Some 
of  the  salient  facts  brought  out  are  as  follows: 

The  average  annual  evaporation  from  a  pan  floating  on  the 
surface  of  Gatun  Lake  is  approximately  62  in.  The  quantity 
of  water  lost  from  the  surface  of  Gatun  Lake  during  the  4 
dry-season  months  is  nearly  as  great  as  the  quantity  lost 
during  the  S  months  of  the  rainy  season.  The  greatest  daily 
evaporation  loss  of  record  from  Gatun  Lake  is  0.4  in.,  occur- 
ring in  March,  1918.  Approximately  60  per  cent  of  the  evap- 
oration loss  occurs  during  the  daytime,  8  a.  m.  to  8  p.  m., 
and  40  per  cent  at  night.  Evaporation  records  were  obtained 
from  selected  locations  on  Gatun  Lake,  to  determine  the  rela- 
tive rates  of  evaporation  from  the  open  sections  of  the  lake 
and  along  the  grass  and  timber  covered  margins.  One  float- 
ing pan  was  anchored  well  out  in  the  open  section  of  the 
lake.  Another  was  located  in  the  timber  fringe  bordering 
in  the  south  shore  and  a  third  was  placed  in  the  midst  of  a 
grassy  marsh.  The  records  were  continued  for  six  months 
during  the  rainy  season,  with  the  following  results;  Evapo- 
ration from  open  lake,  100  per  cent.  Evaporation  from  tim- 
ber fringe,  72  per  cent.  Evaporation  from  grassy  marsh,  7-5 
per  cent. 


Deposits  at  Intake    Removed    by 
Dragline  Cableway  Excavator 

Deposits  Dt  silt  and  mud  that  had  collected  around  the  In- 
take of  a  power  house  of  the  Indianapolis  (Ind.)  Light  &  H.-ut 
Co.  were  economically  removed  by  means  of  a  dragline  cable- 
way  excavator.  The  power  house  is  located  at  ISih  and  Mill 
St.,  the  water  supply  being  pumped  though  a  6  ft.  concrete 
conduit.  The  intake  for  this  conduit  is  located  In  Fall  Creek 
near  Northwestern  Ave.,  about  three  city  blocks  from  the 
power  house.  A  dam  across  the  creek  about  20n  ft.  below 
the  mouth  of  the  intake  furnishes  an  ample  supply  o,f  water 


Soldier  Settlement  Bill  Before  Congress. — The  Mondell  Bill, 
carrying  a  fund  of  $500,000,000  to  provide  employment  and 
rural  homes  for  sailors  and  soldiers,  was  reported  to  Congress 
on  Aug.  2. 


IVIethod    of    Attaching    Outboard    End    of    Cableway. 

for  the  power  house  and  also  a  fine  stretch  of  water  for  a 
part  of  the  city  park  system  which  extends  along  Fall  Creek 
on  the  side  opposite  the  intake. 

The  constant  flow  of  water  into  the  intake  caused  a  grad- 
ual accumulation  of  silt  and  mud  t,',  collect  in  the  stream  in 
a  semicircle  around  the  mouth  of  the  intake,  seriously  ob- 
structing the  flow  of  water  into  it.  This  accumulation  caused 
a  series  of  small  islands  to  project  above  the  water  about  50 
to  75  ft.  from  tne  shore  and  extending  close  up  to  the  mouth 
of  the  intake. 

The  excavating  was  done  with  a  Sauerman  1  cu.  yd.  drag- 
line cableway  excavator. .  The  stream  is  about  300  ft.  wide  at 
this  point  and  a  narrow  street  about  35  ft,  wide  extends 
along  the  intake  side.     A  sloping  bank  between  the  street 
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and  the  water's  edge  ottered  a  good  place  ot  deposit  for  the 
excavated  material.  A  parkway  and  boulevard  skirt  the 
stream  on  the  opposite  side,  thus  preventing  dumping  on 
that  side. 

On  account  of  the  narrow  street  on  the  intake  side,  the 
cableway  and  engine  were  mounted  on  a  self-contained,  port- 
able "A"  frame.  The  outboard  end  of  the  cableway  was 
anchored  to  a  bridle  cable  on  the  opposite  bank.  As  the 
work  progressed  the  "A"  frame  was  moved  along  on  rollers 
and  the  main  cable  shifted  along  the  bridle  cable.  The  ex- 
cavated material  was  held  in  place  by  riprap  and  timbers. 
The  timbers  werfe  held  in  place  by  cables  anchored  back  into 
the  fill.  This  fill  served  to  widen  the  street  along  the  stream 
and  converted  a  o5-ft.  street  into  a  boulevard  75  ft:  wide  ex- 
tending along  the  entire  length  of  the  fill. 

A  foreman,  engineer  and  fireman  constituted  the  entire 
crew.  On  account  of  frequent  moves  the  average  yardage 
excavated  was  only  about  150  cu.  yd.  per  day.  When  com- 
pleted about  15,000  cu.  yd.  of  material  will  have  been  exca- 
vated to  an  average  depth  of  about  10  ft.,  leaving  a  clear  and 
unobstructed  flow  of  water  into  the  intake. 


Cost  of  Electric  Thawing  of  Water  Services  at  New  Bed- 
ford, Mass. — During  January  and  February,  1918,  the  Water 
Department  of  New  Bedford,  Mass.,  thawed  353  services,  the 
total  expenditure  for  the  thawing  operations  being  $2,701. 
The  average  cost  per  service,  according  to  the  last  annual 
report  of  R.  C.  P.  Coggeshall,  Superintendent  of  Water 
Works,   was   $7.66.   itemized   as   follows: 

Electric    current    $  .64 

Electricians  and  truck 3.35 

Water  Department,   labor  and  trucli   3.10 

Rental  of  transformer  and  otlier  stock 57 

$7.66 
The  outfit  consisted  of  two  trucks  each  equipped  with  a  25 
kilowatt  General  Electric  transformer,  2,200  volts  primary, 
110  volts  secondary,  an  ammeter,  a  single  throw  knife  switch, 
and  a  rheostat  consisting  of  an  ordinary  barrel  of  salt  water, 
through  which  the  current  passes.  All  of  these  thawings 
were  made  in  close  proximity  to  the  high  tension  primary 
wires  of  the  New  Bedford  Gas  &  Electric  Lighting  Co.,  which 
carry  a  tension  of  2,200  volts.  In  each  case  they  were  tapped 
at  the  nearest  point  convenient  to  the  thawing  operation. 
By  means  of  the  transformer,  the  voltage  was  reduced  from 
the  2,200  on  the  primary  wires  to  110  volts  on  the  secondary 
wires,  and  the  amount  of  current  delivered  into  the  frozen 
water  pipe  was  further  controlled  by  the  salt  water  rheostat. 
With  these  two  machines  the  Department  was  able  to  ac- 
complish a  maximum  of  30  thawings  on  some  days.  Time 
required  for  thawing  each  service  was  from  2  to  190  minutes. 
The  average  per  service  was  17  minutes.  Amperage  per 
service  varied  from  ISO  to  992.  The  average  per  service  was 
379.  •  K.  W.  H.  used  per  service  varied  from  1  to  443.  The 
average  per  service  was  12  plus. 


15  Per  cent  Salary  Increase  Proposed  for  St.  Louis  Mu- 
nicipal Engineers. — That  the  American  Association  of  Engi- 
neers is  making  progress  in  establishing  more  favorable 
schedules  of  salaries  for  engineers  in  municipal  work  is  indi- 
cated by  the  success  of  the  St.  Louis  Chapter  of  the  Associa- 
tion in  obtaining  the  support  of  the  Board  of  Alderman  of 
St.  Louis  to  that  Chapter's  campaign  for  higher  compensa- 
tion tor  engineers  employed  by  the  city.  A  bill  introduced 
before  the  Board  of  Aldermen  on  May  16,  1919,  had  been  ap- 
proved by  the  Efficiency  Board  and  endorsed  by  the  Asso- 
ciated Engineering  Societies  of  St.  Louis,  but  had  been 
held  in  the  hands  of  the  Board  of  Estimate  and  Apportion- 
ment without  further  action.  In  order  to  have  the  bill  called 
up  for  action  the  St.  Louis  Chapter  drafted  and  had  intro- 
duced before  the  Board  of  Aldermen  a  resolution  requesting 
the  board  of  Estimate  and  Apportionment  to  call  up  the  bill 
for  consideration.  As  this  resolution  was  adopted  unani- 
mously by  the  Board  of  Aldermen,  and  as  the  Mayor,  H.  W. 
Kiel,  has  announced  himself  as  favoring  the  bill,  it  is  ex- 
pected that  it  will  be  passed  very  soon.  The  bill  provides 
for  an  increase  of  about  15  per  cent  in  the  salaries  of  engi- 
neers, draftsmen,  and  related  technical  men. 


The  first  3,500-ton  concrete  ship  designed  by  the  Concrete 
Ship  Section  of  the  Emergency  Fleet  Corporation  was 
launched  July  31  at  Wilmington,  N.  C. 


Sanitation  and  Municipal  Deato 
Rates* 

By  GEORGE  A.  SOBER,  Ph.D.f 

Major.  Sanitary  Corps,  V.  .S.  Army. 
By  sanitation  is  meant  that  branch  of  systematic  health 
work  which  requires  plant  and  a  force  to  maintain  it.  Exam- 
ples are  works  for  the  procurement  and  distribution  of  whole- 
some drinking  water,  the  collection  and  disposal  of  liquid 
sewage  and  the  gathering  and  final  disposition  of  kitchen 
waste,  ashes  and  other  discarded  material.  These  are  ob- 
viously sanitary  undertakings  but  the  list  of  improvements 
which  go  to  make  a  city  sanitary  does  not  end  here.  Broad, 
well  paved  market  places:  suitable  playgrounds;  bright,  well 
ventilated  schoolhouses:  in  short,  whatever  the  city  has  in 
the  way  of  plant  which  goes  to  prevent  the  injuries  to  health 
which  result  from  too  densely  segregated  masses  of  people 
might  properly  be  comiirised  under  the  head  of  sanitation; 
but  in  everyday   parlance  they  are  not  so  included. 

Sanitation  and  Disease. — Yielding  to  works  of  sanitation 
are  not  only  typhoid,  dysentery,  and  other  diarrheal  diseases, 
but  many  other  forms  of  sickness.  To  introduce  a  public 
supply  of  pure  water  in  place  of  a  polluted  one.  or  to  build 
sewerage  in  a  town  which  has  had  no  good  way  of  disposing 
of  excrement,  is  to  reduce  the  prevalence  of  nearly  every 
disease  from  which  men  suffer  and  die.  Nothing  that  can 
be  done  is  so  certain  to  lessen  the  death  rate. 

Sanitary  works  possess  a  number  of  advantages  as  com- 
pared with  other  measures  for  the  prevention  of  disease.  For 
one  thing,  they  do  not  require  as  high  a  degree  of  skill  in 
their  administration  as  do  boards  of  health.  For  another, 
they  have  an  advantage  over  personal  precautions  in  not 
being  individual  in  application  and  uncoordinated  in  action. 
Sanitary  works  have  a  wholesale  application.  A  water  supply 
which  is  pure  is  wholesome  for  every  person  who  has  occa- 
sion to  use  it.  The  street  that  is  well  paved  and  kept  clean 
is  of  advantage  to  every  one  who  travels  over  it  by  vehicle 
or  foot.  And  sanitary  works  do  not  hide  their  merits  under  a 
bushel.  Their  good  effects  are  in  plain  sight — a  constant 
recommendation  of  the  good  sense  of  those  who  are  respon- 
sible for  the  welfare  of  the  community. 

The  Beginning  of  Municipal  Sanitation. — From  the  first, 
sanitation  has  been  a  feature  of  many  American  cities.  San- 
itation, although  long  delayed,  when  it  came,  came  like  a  rev- 
olution to  the  continental  cities  of  Europe.  The  beginnings 
ot  municipal  sanitation  everywhere  are  due  to  European  initia- 
tive. Public  water  supplies,  as  we  know  them  today,  and 
sewers  to  carry  away  the  most  offensive  and  dangerous  part 
of  a  city's  filth,  are  recent  European  contrivances.  Street 
lighting,  good  -pavements,  adequate  transportation,  tenement 
house  reforms,  the  construction  of  parks  and  playgrounds, 
the  regulation  of  vehicular  travel  and  street  paving  and 
cleaning  have  been  developed  more  recently.  The  American 
city  which  ignores  foreign  practice  in  these  directions  fails 
to  take  account  of  experience  which  can  save  it  a  great  deal 
of  money. 

The  sanitary  regeneration  which  European  cities  have  ex- 
perienced has  had  no  counterpart  in  the  United  States.  There 
has  been  no  necessity  for  such  revolutionary  changes.  Amer- 
ican cities  were  small  when  the  world  began  to  learn  that 
sanitation  was  an  indispensable  feature  of  every  municipality. 
There  was  never  such  over-crowding,  such  slums  to  clean, 
such  foci  of  filth  to  clear  up  and  eliminate,  as  existed  abroad 
half  a  century  ago.  In  1S60  there  were  only  16  cities  in  the 
United  States  with  a  population  of  50.000  or  more,  as  against 
14S  in  Europe. 

Municipal  Growth  in  America. — The  significant  feature  of 
municipal  gi'owth  in  America  as  compared  with  that  in  Eu- 
rope has  been  less  the  reconstruction  of  cities  already  large 
than  the  construction  of  a  great  number  of  small  cities.  Hun- 
dreds of  these  have  passed  and  are  now  passing  through 
their  periods  of  infancy,  youth  and  adolescence  toward  a 
maturity  which  foreign  cities  attained  long  ago.  Their  sani- 
tation takes  place  as  they  grow. 

The  first  important  sanitary  improvement  to  be  made  in 
the  growing  village  is  the  public  water  supply.  This  leads 
to  the  use  of  water  closets  and,  to  accommodate  the  drainage 
from  these,  cess-pools  are  built.  The  privies,  the  orginal 
provision  for  the  disposal  of  excrement,  are  then  eliminated. 


tFrom  a  caper  presented   at  the  second  Pan-American  Commer- 
cial Conference,   June,  1919. 
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street  pavements  are  presently  considered  and  the  cleaning 
of  the  pavement  and  the  collection  of  house  refuse  by  munici- 
pal effort  follow.  At  first  garbage  is  collected  by  scavengers 
at  the  private  expense  of  the  householders;  later  it  is  done 
at  public  expense.  The  young  city  may  now  be  said  to  have 
passed  through  its  period  of  infancy  and  entered  that  of 
youth. 

A  sewerage  system  is  built  later  in  the  city's  growth.  Dur- 
ing this  period  the  houses  are  gradually  built  closer  to  one 
another  and  in  a  more  permanent  form  of  construction  until 
they  stand  in  a  compact  mass.  More  attention  is  given  now 
to  pavements  and  to  the  cleaning  of  them.  Parks  are  laid 
out,  lighting  is  improved,  ordinances  are  passed  regulating 
many  sanitary  matters.  The  city  has  now  reached  its  period 
of  adolescence. 

The  period  of  maturity,  that  is,  the  period  in  which  civic 
responsibility  begins  fully  to  express  itself,  comes  last.  The 
regulation  of  building  construction,  the  control  of  traffic 
and  the  adoption  of  farsighted  plans  to  insure  public  health 
and  safety  are  often  taken  up  at  this  time.  They  should 
have  been  considered  at  a  much  earlier  period. 

Business  Men  First  to  Appreciate  Sanitation  as  Sound  In- 
vestment.— It  is  instructive  to  observe  how  often  it  is  that  a 
community  owes  its  sanitary  improvements  to  its  business 
men.  It  might  be  supposed  that  the  principles  of  sanitation 
were  more  within  the  grasp  of  professional  men  than  of  those 
whose  attention  was  chiefly  occupied  with  manufacture  and 
trade,  and  that  doctors  and  lawyers  and  ministers  would  be 
foremost  to  see  that  the  health  and  welfare  of  the  public 
were  properly  looked  after.  This  is  not,  however,  always 
the  fact.  There  is  no  disposition  to  belittle  the  help  which 
professional  men  can  give,  but  an  experience  in  public  work 
which  covers  many  years  and  extends  over  many  cities  and 
states  shows  that  when  it  comes  to  municipal  improvements, 
it  is  the  commercial  element  which  usually  exercises  both  the 
initiating  and  sustaining  influence. 

The  explanation  of  this  is  simple  enough.  The  general  sub- 
.iect  of  sanitation  is  not  so  complicated  as  to  be  the  exclusive 
province  of  any  class  or  profession.  Certainly  the  need  of 
sanitation  and  the  benefits  of  it  can  be  understood  by  every 
intelligent  person.  Business  men  are  accustomed  to  weigh 
returns  against  expenditures  and  readily  appreciate  that  san- 
itation is  a  sound  investment.  Moreover  they  are  accus- 
tomed to  action  and  when  they  get  together  to  obtain  action 
for  the  public  welfare  they  are  apt  to  get  it. 

Often  the  important  thing  to  know  is  what  to  do  in  order 
to  improve  the  sanitation  of  a  city.  Why  is  the  death  rate 
high?  What  should  be  done  to  reduce  it  under  the  particular 
circumstances  which  exist?  In  answering  these  questions 
many  technical  and  financial  details  may  have  to  be  con- 
sidered. This  is  properly  the  work  of  experts.  An  unpreui- 
diced  expert  should  be  called  on  to  make  a  report  based  on 
a  study  of  the  local  situation  and  on  a  knowledge  of  what 
other  cities  have  done  and  are  doing  under  similar  circum- 
stances. This  report  should  serve  as  a  program  behind  which 
the  solid  common  sense  of  the  mynicipality  can  array  itself. 

When  a  city  needs  a  health  program,  as  every  citv  does, 
the  best  way  to  get  it  is  for  the  business  men  to  demand 
it  of  the  municipal  administration  through  their  commercial 
organizations.  If  the  municipality  does  not  possess  the  talent 
for  the  work,  an  expert  should  be  called  in  from  outside.  In 
many  cases  commercial  organizations  have  themselves  em- 
ployed experts  to  make  investigations  and  reports,  to  serve 
as  a  guide  to  the  citizens  in  demanding  what  is  proper. 

How  Much  Can  a  City/Afford  to  Spend  for  Sanitation?— The 
question  is  often  asked,  what  can  a  city  afford  to  spend  for 
sanitation?  The  answer  is  that  it  can  afford  to  spend  vhi't 
ever  is  necessarv  in  order  to  make  it  healthy.  If  it  is  already 
healthy,  it  need' spend  but  little;  if  it  is  unhealthy,  it  must, 
of  course,  spend  more.  A  city,  like  a  man,  must  have  health, 
if  it  is  fully  to  realize  its  possibilities.  Epidemics  paralyze 
business,  and  a  high  death  rate  is  a  reflection  upon  the  good 
business  sense  of  a  community.  In  many  cases  investments 
for  sanitation  should  be  looked  upon  as  policies 

Every  city  and  every  village  ought  to  have  a  program  of 
development;  a  plan  to  build  to,  a  settled  scheme  of  con- 
struction to  refer  details  to.  This  pro.aram  should  be  pre- 
pared early,  in  order  to  keep  the  growth  properly  propor- 
tioned, and  prevent  the  excessive  development  of  some  rela- 
tively unimportant  features  at  the  sacrifice  of  the  essential. 
Paramount  in  such  a  scheme  should  be  suitable  provisions 
for  health. 


Although  a  considerable  Invesliufnt  of  capital  has  to  be 
put  into  sanitary  works,  the  maintenance  charges  are  not 
excessive  as  compared  with  the  admlnlslralive  costs  of  hand 
labor,  which  is  often  used  as  a  substitute  to  accomplish  the 
same  result.  It  must  not  be  expected,  however,  that  good 
sanitary  works  can  be  built  or  that  they  can  be  effectively 
operated  without  care.  Skill  and  attention  In  design  and 
construction  and  operation  are  Indispensable  to  the  best 
results. 

Among  the  219  cities  of  30,000  or  more  population  in  the 
United  States,  for  every  $10  put  out  each  year  for  all  pur- 
poses of  administrative  effort,  $l.lu  on  the  average  is  ex- 
pended for  health  and  sanitation.  The  amount  varies  among 
the  different  cities,  according  to  the  natural  advantages  of 
the  site  with  reference  to  water  supply,  drainage,  kind  of 
population  and  commercial  and  industrial  conditions,  and  ac- 
cording to  the  foresight  and  business  ability  with  which  the 
work  is  planned  and  carried  out.  The  percentage  of  the  total 
yearly  expenditure  which  is  devoted  lo  health  and  sanitation 
sometimes  runs  as  high  as  twice  the  figure  stated,  and 
occasionally  falls  to  about  one-half  of  it.  The  size  of  the 
city  does  not  affect  the  per  cent. 


The  Relation  of  the  Private  Well 
to  Typhoid 

While  state  and  federal  legislation  is  doing  much  to  sup- 
press the  grosser  forms  of  food  adulteration,  one  food,  water, 
by  far  the  most  important  of  all;  and  which  is  frequently 
injuriously  adulterated,  is  not  yet  commonly  considered  as 
coming  within  the  scope  of  food  legislation. 

Such  are  the  statements  of  H.  E.  Barnard  in  an  address 
before  The  Indiana  Sanitary  and  Water  Supply  Association. 
He  follows  with  some  interesting  data  on  well  pollution  In 
Indiana. 

The  character  of  the  shallow  well,  whether  it  is  located 
in  a  thickly  settled  community  or  in  the  country  district, 
IS  shown  by  the  thousands  of  analyses  mado  by  health  officers 
in  every  state.  The  laboratories  of  the  Indiana  Sute  Board 
of  Health  have  been  in  operation  since  1905.  In  the  more 
than  l:!  years  we  have  been  analyzing  water  supplies  we  have 
determined  with  such  a  degree  of  accuracy  that  our  state- 
ment is  not  a  hypothesis  but  a  fact,  that  the  private  well 
supplies  of  the  state  of  Indiana  are  not  only  to  be  viewed  with 
suspicion  but  in  rather  more  than  r.<i  per  cent  of  the  cases, 
definitely  polluted. 

Of  U,026  private  wells  examined  in  the  last  13  years,  7,077 
have  been  classified  as  shallow  wells,  and  3,949  as  deep  wells. 
This  classification  is  not  perfect,  for  it  is  frequently  impos- 
.sible  to  get  data  sufficiently  adequate  to  place  a  well  in  its 
proper  class.  We  classify  all  dug  wells  as  shallow  wells,  and 
all  driven  wells  as  shallow  wells  when  it  is  evident  that  the 
well  does  not  pass  through  an  impervious  strata.  In  some 
parts  of  the  slate  a  layer  of  clay  or  hardpan  may  lie  so  close 
to  the  surface  that  a  driven  well  not  more  than  10  ft.  deep 
may  in  fact  reach  second  water  and  so  entitle  It  to  be 
classed  as  a  deep  well.  In  other  parts  of  the  state,  espe- 
cially where  sand  and  gravel  deposits  are  deep,  a  well  may 
be  7.".  or  100  ft.  in  depth  and  still  tap  only  surface  water. 
Obviously,  when  we  do  not  know  all  the  facts  our  classiflca- 
lion  is  subject  to  some  inaccuracies.  Nevertheless,  it  is  sig- 
nificant that  of  the  7,077  shallow  wells  used  as  private  sup- 
plies but  2,830  were  good;  that  3,549  were  classified  as  bad 
ai  c-  598  as  doubtful.  Since  a  doubtful  well  water  is  bound 
sooner  or  later  to  pass  the  danger  line,  in  the  interests  of 
safety  it  should  be  viewed  with  suspicion,  and  classed  with 
the  bad  waters.  This  means  that  60.0  per  cent  of  the  shallow 
wells  are  impure.  Of  the  3,949  deep  wells  used  as  private 
water  supplies,  3,179  furnished  pure  water.  487  bad  water  and 
•'83  doubtful  water.  In  other  words,  more  than  80..T  per  cent 
of  all  the  deep  wells  furnish  pure  water.  The  difference  in 
the  quality  of  the  deep  and  shallow  well  is  thus  strikingly 
shown. 

There  is  no  real  reason  why  every  properly  cased  well 
which  passes  through  an  impervious  strata  should  not  furnish 
pure  water,  save  in  the  isolated  instances  where  sewage  is 
poured  through  sink  holes  or  abandoned  gas  wells  into  the 
lower  levels  Such  conditions  do  not  obtain  in  the  cavernous 
regions  in  the  southern  part  of  the  state,  and  they  are  not 
unknown  in  the  so-called  gas  belt. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  HydrauHc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Possibilities  of  Colloidal  Fuel 

The  Submarine  Defense  Association,  largely  through  the 
investigations  of  its  engineer,  Mr.  Lindon  W.  Bates,  evolved 
during  the  war  a  combination  of  oil  and  pulverized  coal, 
which  is  termed  colloidal  fuel.  An  interesting  description  of 
the  methods  of  preferring  this  fuel,  its  characteristics  and 
operation  economies  is  given  in  Power  Plant  Engineering, 
from  which  the  matter  that  follows  is  abstracted. 

A  feature  of  the  new  development  is  that  plants  and  rail- 
roads may  buy  from  the  manufacturers  any  grade  of  col- 
loidal fuel  they  desire  to  the  prescription  wanted,  or  they 
may  obtain  the  appropriate  fixated  oil  and  make  a  final  com- 
posifion  themselves.  No  change  in  oil-storage  or  burning 
equipment  is  required.  Another  development  is  represented 
by  colloidal  fuel  made  with  pressure-Still  residuals  which 
hitherto  have  been  quite  neglected. 

To  make  this  practicable  many  months  of  laboratory  re- 
search were  required  to  discover  a  medium  which  would 
neutralize  gravitation  and  keep  the  introduced  heavier  par- 
ticles of  carbon  from  settling,  and  calling  for  some  special 
apparatus  to  mill  the  composite,  so  that  each  solid  particle 
is  surrounded  by  a  film  of  liquid  hydro-carbon.  The  new 
agent  is  a  paste-like  gieasy  substance,  called  "fixateur." 
Twenty  pounds  of  this  in  a  ton  of  liquid  fuel  keeps  the  pow- 
dered coal  and  tar  suspended  in  the  oil  and  evenly  distributed 
throughout   its  volume. 

Experiments  in  making  colloidal  fuel  were  conducted  at  sea 
on  the  U.S.S.  Gem,  a  naval  research  vessel,  and  on  land  at  a 
Brooklyn  plant  of  the  Standard  Oil  Co.  of  New  York.  No  in- 
formation is  given,  in  a  recent  report  of  the  association,  as 
to  the  nature  of  the  fixateur  besides  saying  that  it  is  a  heavy, 
hlack,  pasty  substance  of  the  consistency  of  axle  grease.  To 
the  amount  of  1  per  cent  of  the  finished  product  the  fixateur 
is  melted  and  blended  or  is  placed  on  the  top  screen  of  four 
horizontal  screens  which  extend  through  the  entire  diameter 
of  a  tank,  about  20  ft.  high  and  12  ft.  diameter.  The  oil  is 
entered  through  the  top  of  the  tank  and  seeps  through  the 
fixateur.  The  lower  screens  catch  that  part  of  it  which 
oozes  through  the  first  screen,  thereby  holding  it  up  where 
more  oil  can  encompass  it.  When  the  oil  has  thus  been 
fixated  it  is  inti'oduced  by  pumps  into  the  mill,  which  is  a 
cylindrical  tank  about  2  ft.  high  and  3  ft.  in  diameter,  inside 
of  which  are  the  mixers,  consisting  of  arms  with  balls  at  the 
ends.  Other  forms  of  ball  or  tube  mills  may  be  used.  After 
the  fixated  oil  and  coal  dust  have  been  thoroughly  com- 
pounded, the  new  mixture  is  pumped  into  storage  tanks,  ready 
to  he  pumped  through  the  usual   pre-heaters  to  the  burners. 

Colloidal  fuels  may  be  given  the  stable  life  appropriate 
to  the  duty  desired.  Months  after  mixing  the  composites 
showed  little  or  no  deposit.  Fixateur  and  fixated  oil  are  read- 
ily made  and  may  be  shipped  anywhere.  On  burning,  the 
combustion  is  so  complete  that  with  fair  coal  there  is  no  slag 
and  very  little  ash  left. 

Different  grades  of  colloidal  fuel  for  naval,  power  and  in- 
dustrial use  were  made  and  burned  in  a  trial  unit. 

Characteristics  and  Advantages  of  Colloidal  Fuel. — These 
fuels  possess  unique  characteristics  and  certain  advantages 
shared  by  no  other  fuel  oils.  Heretofore  engineers  have 
thought  of  liquid  fuels  always  as  lighter  than  and  floating 
upon  water.  Colloidal  fuels  are  heavier  than  water  unless 
the  coal  content  is  very  small.  It  is  as  easy  to  stabilize  30 
per  cent  to  40  per  cent  of  coal  as  5  per  cent,  and  it  takes 
no  more   fixateur  and  no  different  treatment  to  accomplish. 

Colloidal  fuels  are  far  safer  in  storage,  whether  afloat  or 
ashore  because  they  may  be  put  under  a  "water  seal"  of 
some  inches  of  water  or  other  fire-extinguishing  compound 
which  will  also  arrest  evaporation,  losses  and  deterioration. 
Thus  these  new  liquid  fuels  not  only  have  a  high  flash  and 


lii-e   test,   but    ihey   may   \n:  actually  "fireproofed"   for  .storage 
and  carriage. 

When,  during  the  war,  loaded  tankers  were  assailed  by 
gun  fire  and  torpedo  fire,  when  the  tanks  of  oil-burning  de- 
-stroyers  or  battleships  were  damaged,  they  were  soon  en- 
veloped in  hurricanes  of  flre  and  ships  and  survivors  strug- 
gled in  a  sea  aflame.  But  with  colloidal  fuels  a  blaze  in  or 
from  one  tank  would  not  necessarily  involve  another.  What 
leaks  upon  the  sea  sinks  and  is  thus  self-extinguishing.  It 
is  especially  interesting  to  note  that  when  poured  while 
blazing  upon  a  water  surface  98  per  cent  of  it  will  sink,  or, 
rather,  it  all  sinks  and  about  2  per  cent  rises,  occasioning 
an   iridescent    film.     Among  the  other  favorable  points  are: 

1.  An  increase  in  efficiency  is  obtained,  in  comparison  with 
lump  or  mine-run  coal  burned  on  grates.  This  is  due  princi- 
pally to  the  lower  percentage  of  excess  air  required  for  com- 
bustion and  to  the  fact  that  there  is  no  loss  of  combustible 
in  the  ash. 

2.  The  flexibility  of  operation  is  equal  to  that  of  oil,  and 
the   equipment    may    be   so   arranged   that   the   feed   is   under 
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Fig.    1 — Diagram    Showing    Savings    With    CoMoidal    Fuel. 

perfect   control   and   that   sudden   demands   or  overloads   can 
be  met. 

3.  Lower  grades  of  coal  than  those  now  used  can  be  suc- 
cessfully burned.  This  is  one  of  the  true  lines  of  evolution 
for  combating  fuel  famine. 

4.  There  will  be  less  moisture  in  the  fuel  as  fired,  giving, 
in  comparison  with  ordinary  steam  coal,  uniform  furnace 
temperature  conditions. 

5.  In  case  of  emergency  the  firing  of  the  boilers  can  be 
stopped   immediately. 

6.  Steam  can  be  made  quickly  and  rapidly. 

7.  Use  on  shipboard  would  quickly  simplify  the  labor  sit- 
uation, already  strained.  The  work  of  preparing,  kindling 
and  maintaining  fires,  whether  the  vessel  is  in  port  or  on 
voyage,  in  navy  cruising  or  in  battle  emergencies,  is  exacting, 
exhausting  and  hard.  Reduced  labor  cost  means  more  mile- 
age, shorter  delays  and  more  nearly  continuous  service. 

S.  Skilled  feed  control  takes  the  place  of  extra  arduous 
labor,  so  severe  that  its  amelioration  is  a  hoon  and  an  uplift 
to  one  of  the  most  trying  of  vocations. 

9.  Smoke,  soot,  cinders,  sparks,  stoking  and  fire  hazards 
can  be  virtually  eliminated,  as  can  almost  all  the  handling  of 
ashes  and  the  cleaning  of  fires,  ashpans,  flues,  tubes  and 
smoke  boxes. 

10.  There  results  more  continuous  steam  pressure,  greater 
sustained  boiler  capacity,  increased  boiler  efficiency,  reduced 
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cylinder  back  pressure  and  more  highly  superheated  steam, 
as  compared  with  mine-run  or  lump  coal  firing.  More  heat 
units  in  the  coal  are  utilized — heat  units  that  would  otherwise 
escape  through  the  stacks. 

In  marine  steaming  service  the  use  of  colloidal  fuel  will 
effect  a  reduction  in  units  of  fuel  space  per  mile  run.  This 
will  mean  with  the  same  tank  or  bunker  space  a  longer 
"cruising  radius"  without  refueling,  or  conversely,  that  storage 
can  be  smaller,  and  less  actual  volume  of  fuel  need  be  car- 
ried. Colloidal  fuel  requires  no  different  equipment  from 
that  used  to  burn  fuel  oil.  The  burners  need  be  no  larger 
and  are  easily  kept  clear  of  deposits;  there  has  been  no 
choking  of  pipes,  and  storage  has  presented  no  difficulties: 
the  coai  has  remained  in  suspense  for  several  months,  and 
if  sedimentation  then  begins,  a  short  stirring  renews  the 
life  of  the  composite  as  regards  the  suspense  of  carbon  par- 
ticles or  the  dissolution  of  a  forming  jelly. 

Regarding  the  saving  of  cost  involved  in  the  use  of  this  fuel, 
the  report  of  the  association  states  that,  for  example,  with 
coal  at  $4  per  ton  and  oil  at  $4  per  -"'O-gal.  bbl.,  the  saving  is 
$2  per  ton.  With  coal  at  $5  per  ton  and  oil  at  $7  per  bbl., 
the  saving  is  close  to  $C  per  ton.  A  chart  developed  by  Mr. 
Bates,  Fig.  1.  shows  the  per  cent  savings  in  cost  of  colloidal 
fuel  over  regular  oil  fuel  for  equal  heat  values. 

Different  grades  of  coal  have  been  experimented  with,  rang- 
ing in  ash  content  up  to  25  per  cent.  An  especially  good 
carbon  material  has  proved  to  be  a  coke  containing,  it  is 
stated.  SS  per  cent  carbon,  no  ash  and  no  sulphur.  The  mo- 
bile paste,  which  is  about  half  oil  and  half  coal,  is  said  to 
develop  the  largest  number  of  heat  units  per  unit  volume 
which  may  be  readily  pumped  to  the  combustion  chamber 
As  a  liquid  the  percentage  of  coal  should  be  under  40  per 
cent   by  weight. 


Meters  and  Measuring  Devices  for 
the  Boiler  Room* 

The  principle  of  the  CO,  recorder  is  excellent  in  that  it 
gives  a.  direct  measure  of  the  amount  of  air  required  to  utilize 
the  utmost  heat  value  of  the  fuel,  and  gives,  therefore  an  in- 
dication of  the  most  efficient  combustion.  But  good  over-all 
efliciency  does  not  necessarily  follow  from  good  combustion 
efficiency,  since  it  is  affected  by  the  condition  of  the  surfaces 
of  the  boiler,  and  as  an  indication  of  this  condition,  it  is 
necessary  to  use  a  flue  thermometer  in  conjunction  with  the 
CO,  recorder.  A  temperature  standard  may  then  be  ob- 
tained at  different  ratings  by  a  test  upon  a  clean  boiler  using 
proper  combustion,  and  by  reference  to  this  in  subsequent 
operation  the  flue  temperature  will  indicate  when  the  boiler 
in  dirty.  A  steam  flow  meter  then  also  becomes  a  necessary 
part  of  the  outfit. 

The  same  functions  which  are  performed  by  the  CO,  re- 
corder in  conjunction  with  the  flue  gas  thermometer  and 
steam  flow  meter  can  be  performed  by  other  reliable  means. 
as  will  be  explained.  'OTiile  maintaining  the  maximum  effi- 
ciency, a  definite  amount  of  combustible  must  be  consumed 
to  produce  a  definite  output  for  thi  boiler  and  to  consume 
this  combustible  will  require  a  definite  amount  of  air.  If 
the  relationship  between  the  amount  of  air  and  the  boiler 
output  is  determined  once  for  all  when  the  boiler  is  clean 
and  operated  at  maximum  efliciency,  this  relationship  will 
subsequently  serve  as  a  standard  by  which  to  operate  the 
boiler.  The  output  of  the  boiler  at  any  particular  moment  is 
proportional  to  the  steam  output,  provided  the  feed  water 
temperature  is  maintained  constant  and  the  rate  of  feed  to 
the  boiler  is  maintained  proportional  to  the  steam  output. 

In  holding  operation  to  the  standard  relationship,  account 
must  be  taken  of  the  condition  of  the  boiler  surfaces.  If 
the  surfaces  are  dirty,  the  gases  must  be  hotter,  so  that  the 
water  may  obtain  the  same  transfer  of  heat  through  the 
tubes,  and  this  will  require  more  coal.  There  is  then  an  in- 
creased amount  of  coal  for  the  same  output,  and  if  the  rela- 
tionship of  air  to  steam  is  held  according  to  the  standard, 
there  will  be  insufficient  air  for  the  increased  combustion. 
There  is  then  a  falling  off  in  over-all  efficiency,  chargeable 
to  these  two  sources:  the  inefficient  heat  transfer  to  the 
boiler  and  the  inefficient  burning  of  the  coal.  But  the  flue 
thermometer  may  be  used  to  indicate  this  condition.  The 
higher  temperature  of  the  gases  will  be  evident  in  the  flues, 
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and  by  comparison  with  the  temperature  known  aK  standard 
for  eflicient  operation  at  equivalent  rating,  the  condition  of 
the  tubes  is  indicated. 

It  would  seem  fhat  this  method  of  operating  the  boilers  de- 
pends upon  keeping  the  boilers  clean;  however  the  transfer 
of  heat  through  the  boiler  is  as  much  a  part  of  the  elementti 
operating  toward  efliciency  of  the  unit  as  is  the  proper  com- 
bustion, and  requires  attention  to  tliat  end. 

To  accomplish  the  purposes  described,  many  methods  have 
been  devised  for  measuring  the  air  passing  through  the 
boiler.  In  some  cases  it  has  been  determined  by  means  of 
pitot  tubes,  in  some  cases  by  orifices  in  the  pass  to  the  air 
chamber,  and  in  others  by  using  the  boiler  setting  as  an 
orifice. 

When  the  latter  method  is  used,  the  orifice  becomes  smaller 
as  the  gas  passages  grow  dirty,  and  the  differential  indica- 
tion given  by  the  boiler-orifice  is  too  high  as  a  measure  for 
the  actual  amount  of  air.  The  fireman  then  reduces  the 
draft  in  order  to  maintain  the  standard  ratios  of  air  to  steam, 
and  this  condition  augments  the  condition  of  insufflcient  sup- 
ply of  air  caused  by  dirty  heating  surfaces,  which  has  been 
previously  explained. 

The  principal  causes  of  the  decrease  of  the  size  of  the 
orifice  is  the  formation  of  slag  on  the  lower  rows  of  tubes 
in  the  first  pass,  and  in  order  to  overcome  the  change  in 
orifice  where  slag  forms,  it  has  been  found  necessary  to  place 
(he  draft  pipe  for  the  differential  actuation  above  several 
rows  of  tubes  in  the  first  pass  of  the  boiler.  It  is  a  question 
whether  or  not  this  is  advisable;  whether  it  would  not  be 
better  to  leave  the  draft  pipe  below  the  lower  rows  of  tubes 
and  to  instruct  the  fireman  to  run  in  his  bar  and  to  break 
off  the  slag  when  the  temperature  appears  too  high  for  the 
amount  of  steam  produced,  thus  bringing  the  orifice  back 
to  the  normal  condition  as  well  as  making  hi.s  boiler  more 
efficient  and  of  undiminished  capacity. 

If  the  draft  in  the  fire  box  is  too  great  there  will  be  a 
tendency  to  blow  through  the  doors  when  opened,  and  the 
maintenance  expense  of  the  fire  brick  and  grates  will  be 
increased,  and  if  the  draft  is  too  low  the  tendency  will  be  to- 
ward a  vacuum  in  the  furnace  and  infiltration  will  be  ac- 
centuated. Holding  about  1/10-in.  water  draft  in  the  fire  box 
on  forced  draft  stokers  has  been  found  advisable  for  tkese 
reasons.  Where  this  is  adhered  to,  and  where  the  coal  burned 
and  the  design  of  the  furnaces  are  such  that  no  slag  forms 
on  the  tubes,  the  draft  in  the  last  pass  can  be  used  as  a  di- 
rect measure  of  the  amount  of  air  passing  through  the  fur- 
nace, eliminating  the  necessity  for  a  difTerential  pressure 
measurement. 

The  method  utilizing  steam  flow  and  air  flow  meters  and 
flue  thermometers  offers  a  most  promising  solution  to  the 
question  of  boiler  operation  at  the  present  time.  If  it  is  per- 
fected to  a  great  degree,  it  will  develop  the  principle  of  the 
remote  control  of  boilers.  We  are  entering  into  a  period 
when  one  man  will  operate  all  the  boilers  from  a  central 
point. 

Another  instrument  universally  used  is  the  tachometer, 
which  gives  the  speed  of  the  stoker.  This  may  be  graduated 
in  various  ways  to  give  seconds  per  revolution,  coal  per 
hour  or  inches  of  air  to  be  maintaimed  in  fire  box  correspond- 
ing to  the  speed.  With  the  provisions  for  measuring  the 
amount  of  coal  fed  to  the  furnace,  the  amount  of  steam  pro- 
duced and  the  eflSciency  of  combustion  of  the  coal,  the  over- 
all efficiency  is  at  all  times  indicated  or  recorded  as  the 
ease  may  be,  and  the  fire  is  completely  and  properly  under 
control. 

Some  attempts  have  been  made  to  indicate  or  record  on 
one  instrument  the  various  conditions  which  have  been  de- 
scribed and  which  have  a  co-relation  with  one  another  to  effi- 
cient operation,  in  order  to  avoid  the  use  of  several  charts 
for  interpretation,  and  considerable  success  is  being  experi- 
enced along  this  hne. 

The  steam  flow  meter  has  progressed  greatly  since  the  last 
report  of  this  committee,  and  its  accuracy  as  now  designed 
can  easily  be  maintained  within  2  per  cent. 

These  meters  then  may  be  depended  upon  for  a  perfect 
indication  in  the  boiler  room,  and  also  may  be  used  in  many 
cases  for  the  sale  of  steam. 

There  are  two  principles  used  in  the  measurement  of  steam 
by  the  best  known  steam  flow  meters.  One  is  based  upon  the 
orifice  method  and  the  other  upon  the  pitot  tube.  Both  of 
these  are  accurate  in  results.  The  pitot  tube  has  one  disad- 
vantage over  the  orifice:     If  there  is  a  foreign  material  be- 
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Ing  carried  along  in  the  steam,  it  is  apt  to  clog  the  openings 
and  cause  the  meter  to  read  in  error;  however,  where  there 
is  no  danger  from  this  element  the  pilot  tube  is  just  as  ac- 
curate and  reliable  as  the  other. 

It  might  be  well  to  point  out  here  to  the  users  of  steam 
flow  meters  who  have  had  trouble  with  the  clogging  of  pitot 
tubes  that  this  form  of  meter  could  be  easily  and  inexpen- 
sively changed  over  to  the  orifice  type  of  meter,  and  the 
change  would  be  readih  made  by  any  meter  concern.  This 
change,  however,  should  be  made  by  someone  who  thoroughly 
understands  the  characteristics  of  the  flow  of  steam  through 
an  orifice,  in  order  that  the  connections  for  measuring  the 
differential  pressure  can  be  made  in  the  right  way  and  in- 
accuracy on  this  account  avoided. 

Coming  now  to  a  discussion  of  the  over-all  efliciency  of 
the  boiler  plant,  the  instruments  used  have  progressed  in 
proportion  with  those  used  for  individual  boiler  operation. 
Very  suitable  meters  have  been  designed  for  measuring  the 
feed  water  supplied  to  the  boiler.  Also  meters  for  measur- 
ing the  water  that  is  drawn  from  the  boiler  in  the  form  of 
blown-down.  Furthermore,  recording  automatic  scales  have 
been  developed  for  recording  the  weight  of  coal  passing  over 
belt  conveyors  or  through  hoppers,  so  that  it  is  possible  to 
run  continuous  over-all  boiler  room  tests. 

Automatic  instruments  for  measuring  coal,  however,  have 
not  reached  the  stage  of  perfection  which  could  be  desired, 
as  in  order  to  keep  them  reasonably  accurate  they  must  be 
continually  adjusted.  For  this  reason  many  plants  equipped 
with  the  modern  boiler  of  increased  size  are  using  the  coal 
larry  with  the  well-known  platform  scales. 

Recording  thermometers  are  coming  into  more  extensive 
use  in  various  parts  of  the  plant.  The  installation  of  econo- 
mizers calls  for  the  employment  of  these,  and  they  have 
proved  accurate  and  essential  for  efficient  operation  at  this 
point.  As  a  matter  of  fact,  regarding  all  turbine  and  boiler 
room  instruments,  the  recording  type  is  becoming  popular 
and  shows  good  results  from  the  point  of  view  of  decreased 
cost  of  operation  of  the  plant. 

The  meters  used  for  measuring  the  feed  water  may  be  di- 
vided into  different  classes,  one  which  employs  the  prin- 
eip'ie  of  the  V-notch  weir,  another  the  'principle  of  the  orifice 
and  another  the  principle  of  the  pitot  tube,  and  there  are  also 
meters  depending  upon  weighing  devices  and  volumetric 
meters. 

The  pitot  tube  has  (he  same  faults  in  measuring  water 
that  it  has  in  measuring  steam,  and  tor  this  reason  it  is  prac- 
tically eliminated  from  this  class  of  service. 

The  orifice  type  of  meter,  which  includes  the  Venturi  type, 
is  an  accurate  means  tor  measuring  hot  water,  and  is  ex- 
tensively used.  The  V-notch  weir,  which  has  greatly  ad- 
vanced in  recent  years,  is  pressing  the  Venturi  meter  for  a 
place  in  this  field,  and  its  accuracy  and  practicability  have 
become  unquestioned.  These  types  may  also  be  used  for 
measuring  the  water  which  is  taken  from  the  boiler  in  the 
form  of  blow-down.  All  three  of  these  types  of  meters  with 
very  little  attention  can  be  kept  well  within  the  accuracy  of 
2  per  cent. 

The  station  load  indicator  has  a  place  in  every  boiler  room 
and  turbine  room.  This  is  sometimes  of  the  taxi-call  type, 
but  many  plants  have  devices  of  their  own  design. 

Indications  for  special  purposes  in  various  plants  are  of 
value.  It  is  noted  that  thermometers  have  been  used  on 
super-heaters  where  there  is  trouble  from  priming  of  the 
boilers,  in  order  to  give  an  indication  of  this  trouble.  Water 
back  alarm  thermometers  are  used  by  some.  Damper  posi- 
tion  indicators   find   some   use. 

Turbine  room  instruments  have  also  made  considerable 
advance.  We  need  say  nothing  in  regard  to  the  thermome- 
ters, steam  gages,  speed  indicators,  etc.,  which  have  already 
become  so  common,  but  with  the  improvement  which  has 
taken  place  in  the  steam  flow  meter  it  has  become  more  and 
more  desirable  to  equip  each  unit  with  a  steam  flow  meter, 
and  by  this  means  an  accurate  account  may  be  kept  of  the 
disposition  of  the  steam  produced  and  a  reliable  indication 
given  of  any  trouble  which  has  developed  or  is  developing  in 
a  particular  piece  of  apparatus  as  shown  by  the  increased 
steam  consumption. 

Among  special  devices  used  in  the  turbine  room,  mention 
should  be  given  to  the  air  bell  in  connection  with  condensers 
as  a  measure  for  leakage. 

Mention  should  also  be  made  of  the  two  pen  recording 
thermometer  used  on  jet  condensers  in  certain  cases,  show- 


ing exhaust  steam  and  circulating  water  discharge  tempera- 
tures. 


Economies  in  the  Boiler  Room 

Useful  suggestions  on  firing  coal  in  furnaces  are  given 
as  follows  in  a  recent  circular  of  the  Illinois  Fuel  Administra- 
tion: During  the  war  there  were  several  agencies  which  ad- 
vocated economies  in  the  boiler  room  in  order  to  allow  more 
fuel  to  be  diverted  to  the  war  industries.  Effecting  these 
economies  is  just  as  essential  now  on  account  of  the  continued 
high  cost  of  coal  and  the  scarcity  of  good  coal.  One  of  the 
greatest  economies  can  be  effected  in  firing  by  keeping  a 
uniform  fuel  bed  at  all  times.  The  time  to  replenish  the  fire 
by  adding  coal  is  when  the  fuel  bed  has  burned  down  below 
the  normal  standard  and  not  after  the  steam  pressure  falls. 

In  using  mine-run  or  lump  coal  the  lumps  should  be  well 
broken  up.  With  screenings  or  the  fine  portion  of  mine  run 
the  coal  will  cake,  and  these  caked  masses  should  be  care- 
fully broken,  on  the  top,  after  the  cake  has  formed.  This 
should  be  done  with  a  light  rake,  but  the  fire  should  not  be 
stirred  or  poked.  The  coal  should  be  evenly  spread  over  all 
the  surface  of  the  fire,  giving  special  attention  to  the  side  and 
corners  and  always  maintaining  a  good  strong,  hot  fire. 
While  a  good  fire  bed  should  be  maintained,  care  should  be 
taken  that  it  does  not  get  too  thick. 

A  good  strong  fire  may  make  too  much  steam  it  the  draft 
is  strong.  Therefore  draft  dampers  on  each  boiler  should 
be  adjusted  as  often  as  necessary  to  keep  the  fire  in  the 
proper  state.  The  steam  pressure  should  be  controlled  by 
the  draft,  because  the  speed  at  which  the  fire  burns  or  at 
which  the  heat  is  produced  is  dependent  upon  the  amount 
of  opening  given  the  damper. 

When  fires  are  banked  at  night  the  draft  should  be  cut 
off  so  that  the  bank  will  lie  without  burning.  In  the  winter 
time,  when  steam  is  needed  for  "heating,  the  same  kind  of 
Are  should  be  maintained  as  in  the  day  time,  and  the  draft 
should  be  controlled  in  the  same  manner  as  during  the  day. 


Experience  with  Submerged  Coal  Storage 

In  1912  the  Indianapolis  (Ind.)  Light  &  Heat  Co.  con- 
structed at  its  Mill  Street  station  a  concrete  pit  300  ft.  long, 
100  ft.  wide  and  20  ft.  deep,  designed  to  contain  13,0€0  tons 
of  coal  submerged.  Recently  the  company  constructed  at  its 
Kentucky  Avenue  station  a  reinforced-concrete  coal  pit  which 
is  14.5  ft.  long,  65  ft.  wide  and  32  ft.  deep,  built  on  the  same 
general  lines  as  the  former  pit  and  holding  8,000  tons.  The 
company  burns  500  tons  of  coal  per  day,  and  as  the  two  pits 
have  a  total  capacity  of  20,000  tons  submerged  and  10,000 
tons  of  coal  above  the  water  line,  this  means  a  sixty-day 
supply  on  hand  if  l)oth  pits  are  filled.  The  total  cost  of  the 
two  pits  was  $GO,ooo,  or  $2  per  ton  of  storage,  states  the 
Electrical  World. 

The  results  of  under-water  storage,  according  to  T.  N. 
Wynne,  superintendent  of  power,  have  fully  met  the  com- 
pany's expectations  in  that  it  prevented  fires  and  preserved 
the  heating  value  of  the  coal.  No  trouble  has  been  experi- 
enced with  excessive  moisture  when  burning  pit  coal  if  mine 
run  is  used.  Screenings  which  have  been  stored  under  water 
burn  with  difficulty.  Whenever  coal  from  the  pit  is  to  be 
used  on  the  stokers  it  is  loaded  into  railroad  cars  and  the 
water  is  allowed  to  drain  off  tor  about  six  hours  before  the 
coal  is  put  into  the  bunker.  The  coal  may  also  be  drained 
by  lowering  the  water  in  the  pit  sufficiently  to  uncover  the 
coal  required.  It  has  been  found  in  storing  the  coal  that 
capillary  attraction  will  take  care  of  coal  piled  above  the 
water  level  of  the  pit  as  much  as  8  ft.  or  10  ft.  Coal  stored 
for  a  year  under  water  lost  during  storage  only  317  B.t.u. 
out  of  12,518  B.t.u.,  or  2.5  per  cent. 


Method  of  Stopping  Leaks  in  Reinforced  Concrete  Reser- 
voir.— The  following  method  of  stopping  leakage  in  a  rein- 
forced concrete  reservoir  has  been  employed  with  good  suc- 
cess by  Mr.  D.  .\.  Reed,  manager  Water  and  Light  Depart- 
ment of  Duluth.  Minn.:  If  the  leaks  are  caused  by  cracks  a 
very  successful  way  of  removing  the  trouble  is  to  chisel  out 
the  cracks  with  a  'h^-m.  chisel,  making  a  groove  %  in.  in 
width  and  about  %  in.  in  depth,  and  caulking  with  hemp  and 
asphalt.  It  the  leaks  are  caused  by  porosity  of  the  concrete, 
lean  concrete,  good  results  can  be  obtained  by  the  use  of 
some  of  the  various  coatings. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 

»  HydrauHc   Monthly   issue,   and   (2)  in   the  Railway  and  Excavation 

Monthly  issue.     It  covers  what  may  be  broadly  termed  "management 

engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Advantagesof  Classified  Cash  Book 
in  Waterworks  Accounting* 

By  ALBERT  L.  SAWYER, 
M'ater  Ke;^istrar,   Haverhill.   Mass. 

Haverhill  was  the  first  city  in  the  East  to  adopt  the  com- 
piission  form  of  government,  and  we  are  one  of  the  very 
few  cities  that  has  adopted  modern  charters  where  the  water 
board  was  continued  without  change  as  a  part  of  the  mu- 
nicipal machine;  a  condition  which  I  believe  is  correct  and 
makes  for  greater  efficiency.  Under  the  act  of  1891,  creat- 
ing the  water  department,  it  was  provided  that  it  be  entirely 
separate  from  the  other  departments;  hence  we  collect  our 
water  rates,  handle  the  money  and  pay  our  own  bills;  the 
money  being  spent  by  the  water  board  with  certain  limita- 
tions provided  in  the  legislative  act. 

I  had  worked  with  the  former  registrar  for  a  good 
many  years  and  on  succeeding  him  I  kept  on  fhe  bookkeep- 
ing in  much  the  same  way  that  he  had  handled  it.  We  had  a 
.sheet  of  foolscap  ruled  off  by  hand,  on  which  we  entered  our 
daily  receipts  as  taken  in.  At  the  close  of  the  day  these 
were  copied  into  an  ordinary  sized  cash-book  ruled  with  five 
columns.  At  times  when  business  was  good,  we  used  to  bal- 
ance this  cash-book  daily;  and  at  less  frequent  intervals  dur- 
ing other  seasons.  We  would  perhaps  strike  balances  eight 
or  nine  times  a  month.  We  also  used  what  we  called  a  classi- 
fied cash-book,  and  in  this  the  receipts  were  summarized  cov- 
ering the  same  number  of  days  as  the  smaller  cash-book.  All 
payments  were  entered  as  in  the  smaller  one,  but  many  items 
had  to  be  entered  in  a  sundry  column  and  had  to  be  picked 
out  for  the  monthly  report  and  to  charge  in  the  ledger. 

Our  new  charter  provided  that  the  accounts  of  the  city 
should  be  audited  by  a  competent  accountant  (this  in  addi- 
tion to  the  audit  by  the  city  auditor),  and  4  years  ago  this 
work  was  given  to  the  Bureau  of  Statistics,  who  have  done 
the  work  each  year  since.  The  statute  under  which  this 
bureau  makes  audits  of  municipal  accounts  places  the  initia- 
tive entirely  with  the  cities  and  towns.  As  in  all  matters 
of  this  kind,  the  Bureau  thinks  that  its  system  is  the  only 
one,  and  they  propose  a  hundred  and  one  things  that  make 
for  more  books  and  more  expenditure  of  time  and  money.   On 

•Abstract  of  a  paper  presented  before  the  New  England  Water- 
works As.soclation. 


the  other  hand,  they  have  tiiini.slnil  iiii-  with  some  very  pra<  • 
tical  ideas  which  1  think  have  helped  in  a  more  iutelligeni 
classification  of  our  accounts.  The  auditor  at  once  said  to 
me,  "You  are  spending  all  your  lime  copying  over  lists  of 
names  that  serve  no  good  purpose  and  make  for  errors;  get 
one  cash-book  ruled  to  carry  most  of  your  accounts,  take  a 
balance  each  day,  but  actually  balance  the  cash-book  only 
at  the  end  of  the  month.  You  will  thus  save  all  this  duplica- 
tion, and  your  footings  will  show  at  once  what  each  subdi- 
vision has  taken  in  or  expended  for  the  month."  The  BUg- 
.•;estion  looked  good  to  me,  and  I  planned  out  my  present 
cash-book  and  have  used  it  since,  and  find  it  highly  satisfac- 
tory, and  look  hack  with  sorrow  on  Ihe  lime  wasted  through 
Ui  years. 

The  pages  of  the  debit  side  of  the  cash-book  are  yellow 
and  take  about  -JO  entries  to  a  page,  both  sides  of  the  page 
being  used.  Those  of  the  credit  .side  are  of  white  paper, 
printed  on  but  one  side,  and  at  the  ( lose  of  the  month  these 
are  bound  in  the  cash-book  following  the  debit  sheets.  We 
have  a  stub  covering  every  receipt,  and  these  are  entered 
in  the  cash-book  at  the  close  of  each  day;  the  cash  Is  bal- 
anced daily  and  the  result  entered  in  a  small  book  also  sug- 
gested by  the  Bureau  of  Statistics.  The  debit  side  (Fig  1) 
keeps  the  receipts  from  water  all  at  the  left,  with  the 
amounts  of  the  bill  in  the  first  column;  then  abatements, 
discounts,  and  the  amount  of  cash  actually  received  entered  in 
the  column  where  it  belong.  These  five  columns  added  to- 
gether must  agree  with  the  total  assessment  column.  The 
other  receipts  are  entered  in  the  columns  set  aside  for  them. 

For  the  credit  side  (Fig.  2)  I  tried  to  arrange  a  cash-book 
that  would  clearly  separate  construction  and  maintenance 
accounts,  giving  so  far  as  possible  a  column  to  each  account; 
using  similarly  itemized  vouchers  for  payments  and  a  "dis- 
tribution-book," such  as  is  used  by  our  city  auditor,  in  which 
to  enter  the  various  items  at  the  end  of  the  month,  the  whole 
scheme  having  in  view  the  annual  report  at  the  end  of  the 
year.  This  report  has  exactly  the  same  subdivisions  as  cash- 
book,  vouchers,  and  distribution-book,  so  that  the  making 
up  of  the  financial  part  of  the  report  takes  only  so  long  as  it 
takes  to  add  and  verity  the  footings  of  the  distribution  book. 
Our  cash  book  is  loose  leaf  and.  while  I  arrange  it  for  my 
own  needs.  1  utilize  many  valuable  suggestions  of  the  Bureau 
of  Statistics.  The  binder  is  known  as  the  Kalamazoo,  which 
I  would  highly  recommend  as  easy  to  handle,  and  especially 
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Fig.   1. — Debit   Side  of  Cash    Book. 
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Engineering  and  Contracting  for  August  13,  1919. 


Dr. 


Ar^BERT    L.    SAWYER.    WATER    REGISTRAR. 
In  account  with  Haverhill  Water  Works. 


Cr. 


Unpaid  bills  November  30,   1914 $     2,905.40 

Water  Assessment    178,127.19 

L,abor    bills     19  502.71 

Rents   1,209.08 

Interest     918.25 

Town   of   Groveland    1,126.00 

Sale  of  wood    3,303.87 

Miscellaneous     344.30 


$206,436.70 


By  Cash   Receipts   $158,225.84 

By  Abatements    (water)     3,582.53 

By  Abatements    (services)     110.83 

By  Discounts     42,|S7.08 

By  Unpaid    Bills    (water)     75.69 

By  Unpaid    Bills    (services)    1,942.71 

By  Unpaid    BilLs    (rents)    13.00 


J20S,436.70 


Fig.  4. 


as  doing  away  with  the  post,  which  to  my  mind  is  a  great 
drawback  to  most  loose-leaf  systems.  This  binder,  made  of 
pigskin,  stands  hard  usage  and  we  use  it  not  only  for  the 
cash  book,  but  for  the  register  of  water  takers.  A  desk  pad 
that  just  holds  the  loose  cash  sheets  is  used  for  the  daily 
entries  and  is  most  convenient,  the  sheets  being  bound  in  the 
cash  book  at  the  end  of  the  month  or  oftener,  if  necessary. 
The  advantages  as  I  have  found  them  are: 

1.  Each  receipt  and  expenditure  entered  in  detail. 

2.  The  items  classified  as  entered. 

3.  A  compact  book  with  no  wasted  pages. 

One  of  the  first  things  I  did  after  taking  charge  of  the  office 
was  to  introduce  a  voucher  system.  As  I  said  before,  we  pay 
our  own  bills,  and  these  are  never  sent  out  of  the  office  with 
the  check,  but  instead,  the  voucher  (Fig.  3),  containing  the 
Items  of  the  bills  paid,  together  with  a  receipt  on  the  one 
side,  and  on  the  other,  subdivisions  of  construction  and  main- 
tenance, each  subdivision  itemized  as  it  will  later  appear  in 
the  annual  report.  As  the  bills  come  in,  they  are  checked 
and  classified  and  the  division  of  the  plant  to  which  they  are 
to  be  charged  is  stamped  on  the  upper  right-hand  corner  of 
the  bill.  When  paid,  the  voucher  number  is  added  and  the 
number  Is  also  entered  on  the  stub  of  the  checkbook.  We  are 
never  troubled  with  lost  bills :  the  vouchers  ail  come  back, 
and  the  city  auditor  tells  me  that  it  has  reduced  th§  time 
used  in  checking  up  the  paynaents  in  a  manner  that  is  sat- 
isfactory to  him.  I  regret  to  add  that  the  Bureau  of  Statis- 
tics does  not  wholly  approve.     P'irst,  it  thinks  the  city  treas- 
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tion) 

General  Maintenance 
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Telephone 
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Repairs  and  Tools 

It 
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Pay  Roll,  Maintenance 

Freight  and   Express 

Pa.v  Roll.  Maintenance  M.  P. 

Oil  and  Supplies 

Pay  Roll 

Expense  of   House 

Tools  and  Repairs 

7 

10 

.Sundries 

Repair  Material,  etc. 

Sundries 

(Current  Expense  Account) 

(Real  Estate  Maintenance) 

Salaries    and    Clerical    Hire 
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Fig.   3. — Voucher. 


urer  should  pay  the  bills;  second,  it  favors  a  voucher  check. 
I  hang  to  my  vouclier  system,  but  keep  my  canceled  checks 
well  arranged  for  emergencies.  At  the  end  of  the  month, 
aft«r  our  cash-book  is  balanced,  the  clerk  goes  through  the 


Haverhill  Water  Works,  Haverhill,  Mass. 


To  Fred  F.  Spinney,  Dr. 

Address,  Boston,  Mass. 
1916 
Date  Items 


Voucher  No.  287 


Amount 


July 


17 


Bill  rendered 


il 
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Dated. 


$  31.50 

Received    from   the   HAVERHILL   WATER    WORKS 
the  sum  of  Thirty -one  and  50/100  Dollars, 

in  full  for  the  above  account. 

Signature 


Per. 


Please  Date.  Sign  and  Return  this  Voucher  at  once  in  Enclosed  Envelope 
without  Refolding. 


Fig.    3. — Reverse    Side    of    Voucher. 

vouchers  for  the  month,  bringing  together  in  a  book  all  simi- 
lar items.  These  are  then  entered  in  our  distribution-book. 
As  I  said  before,  our  annual  report  follows  the  same  plan 
and  is  simply  a  summary  of  the  distribution  book. 

In  our  ledger  we  can-y  the  usual  accounts  of  mains,  serv- 
ices, etc.,  posting  from  the  cash-book  footings  at  the  end  of 
the  month.  One  other  thing  that  the  Bureau  of  Statistics 
called  to  my  attention  was  what  they  call,  I  believe,  a  "mas- 
ter account."  Previous  to  adopting  this  account  I  regret  to 
say  that  we  simply  recorded  our  receipts,  kept  track  of  our 
unpaid  water  bills,  and  trusted  we  were  getting  all  that  be- 
longed to  us,  but  with  no  exact  knowledge  as  to  whether  the 
yearly  assessment  was  accounted  for  or  not. 

I  now  start  the  financial  year  charged  with  so  much  in 
unpaid  bills  of  various  kinds;  1  then  charge  myself  with  the 
assessment  for  meters,  fixtures,  labor  bills,  and  other  bills 
sent  out  (Fig.  4).  I  am  credited  with  abatements,  discounts, 
and  cash  receipts;  and  these  with  the  unpaid  bills  must  total 
the  same  as  the  debit  side.  We  take  a  test  balance  each 
month  except  at  water-bill  time,  when  we  have  to  take  up 
two  months  at  once,  and  it  we  don't  come  out  right,  we  have 
to  dig  till  the  mistake  is  found. 

So  many  errors  will  creep  it,  one  sometimes  balancing  an- 
other, that  I  believe  this  is  a  most  accurate  way  of  keeping 
things  straight.  We  have  had  to  go  over  thousands  of  stubs 
at  times  to  find  an  error,  but  it  is  certainly  a  satisfaction  to 
know  that  every  cent  is  accounted  for,  while  the  fact  that  it 
must  come  right,  and  that  errors  must  be  found,  is  an  incen- 
tive to  the  office  clerks  to  be  accurate. 


Water  for  Omaha  Svi/imming  Pool  Purified  by  Ozonization 
Process. — An  ozonizing  plant  for  sterilizing  the  water  at 
the  swimming  pool  at  Krug  Park,  Omaha,  Neb.,  was  placed  in 
operation  on  July  3.  This  pool,  said  to  be  the  largest  and 
most  modern  in  America,  contains  over  1,000,000  gal.  of  water, 
and  has  accommodations  for  20,000  bathers  per  day.  It  has 
bath  house  facilities  for  4,000  persons  at  one  time.  A  com- 
plete change  of  water  is  made  every  12  hours.  The  ozone 
plant,  which  was  installed  by  the  Ozone  Co.  of  America,  Mil- 
waukee, Wis.,  has  a  capacity  of  2,000,000  gal.  per  day.  This 
pool  was  described  on  page  506  of  our  May  14  issue. 
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Labor  Turnover  and  Industrial 
Training 

An  annual  saving  of  at  least  $l,2r)0.00(i.uO(i  would  lit-  made 
if  the  manufacturing  industries  of  the  United  States  could 
wholly  olniale  labor  turnover.  This  estimate  is  given 
in  a  bulletin  issued  by  the  U.  S.  Training  Service,  which  goes 
on  to   say; 

Frank  A.  Vanderlip,  president  of  the  National  Ciiy  Bank 
of  New  York,  and  former  Assistant  Secretary  of  the  Treas- 
ury, calculates  the  preventable  labor  turnover  at  from  two 
and  one-half  to  five  billions  of  dollars,  but  the  lesser  estimate 
is  preferred  because  it  is  unquestionably  a  conservative 
statement  of  the  facts.  This  imme)ise  charge — only  one  of 
many — it  should  be  remembered,  must  be  met  before  these 
enterprises  can  begin  to  figure  profits.  It  is  facing  them  in 
every  season,  under  every  condition,  in  times  of  prosperity. 
in  periods  of  depression.  It  is,  indeed,  a  remarkable  circum- 
stance that  even  in  the  midst  of  industrial  recession,  this 
burden  on  business  is  relatively  nearly  as  heavy  as  it  is  dur- 
ing the  greatest  activity. 

Cost  of  Hiring  and  Firing.— Perfectly  trustworthy  statistics 
put  the  total  number  of  workers  in  our  American  manufac- 
turing industries  at  about  10,000,000— considerably  more  than 
the  entire  population  of  Canada.  Mangus  W.  Alexander  de- 
clares that  the  hiring  of  a  man  in  this  country  runs  between 
$10  and  $200.  The  average,  Mr.  Alexander  tells  us,  is  above 
?50.  Labor  turnover  in  the  United  Slates  at  large  and  in  all 
kinds  and  classes  of  industry  is  now  perhaps  2,50  per  cent. 
With  these  facts  before  us— the  number  of  workers  engaged 
in  manufacturing  enterprises,  the  cost  of  hiring  an  employe, 
and  the  rale  of  labor  turnover— the  rest  is  a  computation  in 
simple  arithmetic.  On  a  basis  of  even  $50  for  every  hiring 
(less  than  the  average  stated  by  Mr.  Alexander),  as  the  ex- 
pense of  obtaining  a  new  employe,  the  calculation  will  show- 
that  every  year  our  manufacturers  must  count  on  an  outlay 
of  more  than  a  billion  dollars. 

Turnover  Not  Wholly  Fault  of  Workers.- It  may  be  con- 
venient to  ascribe  this  excessive  and  burdensome  labor  turn- 
over entirely  to  the  restlessness.  instabiUty,or  perversity  of  the 
workers.  That  is  certainly  a  handy  explanation,  but  it  has 
one  rather  serious  defect — it  is  not  accurate.  The  physician 
who  begins  the  treatment  of  a  patient  with  an  improper 
diagnosis  of  the  disease  may  have  to  be  set  right  by  an  au- 
topsy, and  that  is  painful  to  all  concerned.  The  truth  is  that 
labor  turnover  is  not  wholly  or  even  largely  the  fault  of  the 
workers.  Most  of  the  blame  is  the  employer's  own.  That 
is  not  a  pleasant  statement  of  the  case,  we  know,  but  it  is  a 
correct  diagnosis,  and  that  is  what  is  prerequisite  to  an  appli- 
cation of  remedies. 

In  locating  the  responsibility  for  turnover  we  are  relying 
not  upon  mere  theory  or  speculation,  but  upon  tacts,  and  facts 
make  a  very  solid  foundation.  Only  recently  the  causes  of 
discharge  in  one  of  our  big  manufacturing  establishments 
were  submitted  to  a  close,  scientific  scrutiny.  The  records 
under  examination  and  analysis  were  of  course  the  em- 
ployer's, and  there  was  no  questit  n  of  their  completeness, 
frankness,  or  want  of  partiality  to  the  workers  affected.  This 
study  showed  that  .iust  10  per  cent  of  these  discharges — a 
large  number  all  together— were  due  to  slacking  on  the  part 
of  the  employes.  The  other  90  per  cent  were  attributable 
to  shortcomings  and  defects  of  one  kind  or  another  in  the 
management  of  the  plant.  An  analysis  of  the  quittances  re- 
vealed the  same  conditions — the  employer  who  at  fault  in 
90.  and  the  workers  in  only  10  per  cent  of  the  total. 

Causes  of  Labor  Turnover. — The  larger  share  of  the  blame 
for  labor  turnover  is  incurred  by  the  employer  because,  hav- 
ing control  of  the  conditions  governing  pi-oduction,  he  never- 
theless fails  to  exercise  it  in  his  own  interest.  Even  casual 
inquiry  in  the  ordinary  factory  discloses  that  workers  are 
assigned  to  tasks  for  which  they  are  not  fitted,  and  in.  which 
they  will  become  skilled,  it  is  fatuously  believed,  by  mere 
repetition  of  their  mistakes.  They  blunder  along  until  they 
have  spoiled  tools  or  scrapped  materials,  or  done  some  dam- 
age that  in  their  employer's  mind  v.-arrants  their  discharge, 
unless  meantime  they  save  him  the  trouble  by  quitting  out  of 
sheer  dissatisfaction.  Others  take  their  places  and  the  proc- 
ess of  attempting  to  fit  a  square  peg  in  a  round  hole  is  re- 
peated indefinitely.  The  result  of  this  haphazard  procedure 
to  the  employe  may  sometimes  be  discharge  and  sometimes 
quittance,  but  to  the  employer  it  is  always  the  same— the  ex- 
pense  of   a    new    hiring,   the   spoilage   of   more   material,   the 


breakmg  ot  tools  and  machines,  the  hampering  of  output  the 
impairment  of  profits.  Labor  turnover  Is,  then,  not  m-^rely 
a  monetary  loss  in  itself,  but  it  is  also  the  occasion  of  much 
damage,   waste,  delay,   disorganization,   and   inefflciency. 

Industrial  Training  Reduces  the  Turnover.  There  Is  no 
remedy  that  will  prevent  labor  turnover,  but  it  can  be  re- 
duced, has  been  reduced,  and  is  now  being  reduced  by  many 
big  employers.  If  labor  turnover  in  the  manufacturinK  In- 
dustries of  the  United  Slates  were  cut  In  half  it  would  be 
equivalent  to  adding  more  than  half  a  billion  dollars  a  year 
to  their  profits.  There  is  a  powerful  incentive  to  rid  our 
factories  of  a  big  obstacle  to  production.  In  a  relativ.-ly  few- 
plants  labor  turnover  has  been  lessened  50  per  cent,  IndUB- 
tnal  training  is  the  means  by  which  some  of  our-  biggest 
manufacturers  are  simultaneously  minimizing  labor  turnover 
and  lowering  the  cost  and  increasing  the  volume  of  produc- 
tion. Two  of  these  corporations  are  among  the  greatest  of 
their  kind  in  the  world.  Jointly  they  employ  40,000  persons. 
Altogether,  there  are  200  American  manufacturers  who  have 
adopted  industrial  training  as  an  integral  part  of  their  scheme 
of   production. 

Industrial  workers  are  entitled  to  training.  But  even  It 
they  were  not  it  is  to  the  emiiloyer's  advantage  to  give  It  to 
them.  Inefficiency  in  production  is  traceable  to  causes  which. 
for  the  most  part,  training  of  the  worker— and  concomitant 
trainin.g  of  the  management— would  remove.  It  fosters  team- 
work and  contentment;  serves  as  a  testing  laboratory,  so  to 
speak,  in  which  to  determine  the  degree  of  skill  and  experi- 
ence possessed  by  applicants  for  employment  before  they 
are  regularly  assigned  to  the  shop  floor;  it  reduces  waste  and 
damage:  it  gives  the  worker  a  better  opportunity  and  a 
greater  incentive  tn  impiove  his  position  and  prospects,  and 
affords  the  employer  a  large  scope  in  selecting  men  for  pro- 
motion. 

Reasons  for  Low  Efficiency  Labor. — Six  general  reasons  are 
assigned  for  low  efficiency.  They  are  (1)  power  failure;  (2) 
failures  of  etiuipment  and  repairs;  fi)  lack  of  instructions; 
(4)  lack  of  training;  (5)  failure  to  supply  material;  (6j  per- 
sonal slacking.  It  will  be  seen  that  every  one  of  these  fac- 
tors contributes  directly  or  indirectly  to  labor  turnover— that 
onerous  charge  against  production.  F'ailures  of  power,  of 
equipment  and  repairs,  of  materials,  of  instruction— all  these 
e\entuate  in  discharges  and  quittances,  hirings  and  rehirings. 
It  need  hardly  be  said  that  industriiil  trainint;  which  discov- 
ered and  corrected  these  faults  of  management,  instructed 
the  worker  in  his  duties,  broadened  his  craftsmanship,  and  en- 
larged his  versatility  would  diminish  turnover  while  concur- 
rently it  decreased  the  cost  and  enhanced  the  rate  of  output. 

To  establish  a  system  of  adequate  training  in  a  plant  or 
factory  presupposes  a  survey  that  uncovers  the  causes  and 
extent  of  labor  turnover,  the  obstacles  to  output,  sources  ot 
delay,  reasons  for  scrap  work,  and  all  the  other  conditions 
that  make  for  low  production.  Where  such  surveys  and  an- 
alyses have  been  made  by  experts  of  the  United  States  Train- 
ing Service  and  training  has  been  adopted,  turnover  has  been 
lessened,  and  the  rate  of  production  accelerated,  "Not  know- 
ing how-  to  do  the  job"  has  two  results:  First,  low  efficiency, 
^nd  second,  quittance  or  discharge — labor  turnover.  ICach  of 
these  oi)erates  to  increase  the  high  cost  of  production.  Both 
the  worker  and  the  employer  pay  a  penalty  for  this  condition, 
just  as  each  would  profit  from  its  coirection. 


Engineering  Salesmanship. — A  discussion  on  what  remuner- 
ation an  engineer  shall  receive  for  his  services,  and  what 
means  shall  be  adopted  to  assure  him  of  getting  an  amount 
commensurate  with  the  services  he  renders,  Invariably  leads 
into  difficulties  owing  to  the  number  of  factors  involved, 
stated  Mr.  Ferdinand  Oudin  in  a  paper  presented  before  the 
Chicago  Chapter  of  the  American  Association  of  Engineers. 
That  this  question  of  remuneration  is  fundamentally  one  of 
salesmanship  is  evident  when  -we  give  some  consideration  to 
W'hat  constitutes  a  sale  and  what  is  a  salesman.  There  is 
one  common  characteristic  of  all  business  activities,  namely, 
selling.  The  agriculturist  produces  crops  to  sell;  the  man- 
ufacturer makes  a  product  to  sell;  the  wholesaler  and  retailer 
buy  to  sell.  Indeed,  if  we  broaden  our  vision  so  as  to  take 
in  all  of  the  people,  we  find  the  same  characteristic  of  sale. 
The  producer  and  distributor  supply  necessities  and  lux- 
uries to  each  other  and  to  the  rest  of  the  world,  and  the 
people  of  other  vocations  sell  their  services  in  the  business 
world  to  one  another.  Busiaess  men  and  others  buy  the 
knowledge,  skill  and  talent  of  the  lawyer,  preacher,  doctor, 
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teacher,  mechanic,  or  engineer.  But  we  also  find  that  it  is  not 
only  true  that  everybody  has  something  to  sell,  but  that 
patrons  must  be  made.  This  indicates  to  us  that  salesmanship 
is  the  power  to  persuade  people  to  purchase  that  which  we 
have  to  sell  at  a  profit.  The  engineer  must  be  able  to  per- 
suade the  patron,  his  employer,  that  his  services  are  the 
kind  the  patron  needs,  and  that  he  not  only  needs  them  but 
wants  them.  So  we  see  that  salesmanship  is  a  necessary 
factor  in  disposing  of  the  engineers'  services;  whether  this 
salesmanship  shall  be  individual  or  collective  cannot  be 
decided  lightly;  probably  a  combination  of  both  will  give 
best  results. 


at  the  neck  and  4  ft.  at  the  bottom,  and  can  be  furnished 
with  or  without  a  metal  bottom  as  desired. 


Maintaining  Water  Supply  in  Yard  Mains 
While  Repairs  Are  Being  Made 

In  making  changes  or  repairs  on  the  fire  main  systems 
of  large  industrial  plants,  the  amount  of  protection  removed 
while  the  water  remains  shut  off  is  frequently  excessive  and 
creates  a  considerable  hazard.  This  condition  can  often  be 
improved  by  installing  sufficient  sectional  control  valves, 
but  even  then,  in  large  plants,  outlying  portions  of  the  fire 
mains  are  frequently  rendered  useless  when  section  control 
valves  are  shut  to  allow  of  repairs,  etc. 

A  system  that  has  recently  been  adopted  by  a  corporation 
owning  several  large  plants  is  described  by  Mr.  George  H. 
Greenfield  in  a  bulletin  of  the  National  Fire  Protective  As- 
sociation, as  follows: 

Double  female  hose  couplings  have  been  provided  at  the 
different  works,  and,  before  any  section  is  shut  off,  the  fire 
main  plan  is  carefully  examined  by  the  fire  chief.  In  a  great 
many  cases  it  is  found  possible  to  bridge  a  section  of  water 
main  that  is  out  of  service,  or  to  join  up  an  outlying  section 
by  running  lines  of  hose  from  hydrant  to  hydrant,  using  the 
double  female  couplings. 

In  summer  the  water  is  turned  on.  but  in  cold  weather 
the  lines  of  hose  are  run  and  all  made  ready,  but  water  is 
not  turned  on. 

During  a  recent  shut-off  one  Sunday  to  allow  of  some  ex- 
tensions on  the  fire  loop  at  one  of  the  works,  the  adoption  of 
the  above  system  made  it  possible  for  water  to  be  maintained 
on  the  lumber  yard  section,  which  included  five  hydrants 
and  three  large  sprinklered  lumber  storage  buildings.  Under 
normal  conditions  the  protection  would  have  been  entirely 
removed  whilst  the  changes  were  being  made. 

A  few  6,  8  and  10-inch  soft  taper  wooden  plugs,  about  2 
ft.  long,  are  kept  in  the  fire  station,  so  that  when  mains  are 
being  cut  they  can  be  plugged  in  a  hurry  should  occasion 
arise. 

The  double  female  hose  couplings  also  serve  the  additional 
purpose  of  allowing  municipal  fire  departments  steamers  to 
couple  up  to  the  yard  hydrants  and  boost  the  pressure,  should 
this  be  necessary  through  failure  of  the  plant  fire  pumps,  or 
through  excessive  demand  for  water. 


Combination  Manhole  and  Sand  Trap  for 
Tile   Drainage 

A  useful  combination  manhole  and  sand  trap  for  tile  drain- 
age systems  is  described  in  a  recent  issue  of  The  Highway 
Magazine.  The  device  is  made  of  corrugated  iron,  heavily 
galvanized.      The  advantages  claimed  for  it  are  as  follows: 

First,  the  combination  manhole  and  sand  trap  serves  as 
a  settling  basin  for  any  sand  or  silt  which  may  pass  through 
the  drain  pipes. 

Second,  the  trap  extends  a  foot  below  the  drain,  there 
being  a  chamber  which  collects  and  holds  the  sediment 
until  such   time  as  it  can  be  conveniently  removed. 

Third,  the  manhole  may  be  provided  to  take  care  of  sur- 
face w'ater,  where  it  is  desired,  thus  serving  a  double  drain- 
age purpose. 

Fourth,  provision  can  always  be  made  tor  flushing  the 
drain,  which  is,  in  itself,  a  decidedly  important  feature. 

Fifth,  the  sizeable  opening  above  provides  a  means  for 
the  operation  of  a  root-cutting  or  drain-cleaning  device,  op- 
erated by  sewer  rods. 

These  manholes  may  be  used  as  observation  wells.  Each 
manhole  is  provided  with  a  conical  cover,  hinged  on  one 
side  and  supplied  with  a  hasp  on  the  other  for  locking. 

The  height  of  the  device  over  all  is  10  ft.     It  is  2  ft.  wide 


Combination    IVlanhoIe   and   Sand   Trap   In    Place. 


Education  for  Metermen. — In  a  discussion  of  a  committee 
report  at  the  recent  convention  of  the  National  Electric  Light 
Association  several  delegates  described  metermen's  courses 
which  their  companies  had  based  on  their  experience  during 
the  war.  The  opinion  was  that  better  results  are  obtained  by 
training  the  men  under  an  instructor  and  conducting  reading 
courses  and  questions  and  answers  than  by  allowing  men 
to  study  under  several  men's  guidance  as  is  generally  done. 
Such  courses  help  considerably  to  weed  out  the  misfits.  Some 
delegates  spoke  highly  of  the  employment  of  women  in  meter 
laboratories,  while  others  were  not  so  commendatory.  It 
was  brought  out  that  small  companies  are  in  need  of  a  meter- 
testing  service  because  they  cannot  perform  it  very 
economically. 


Personals 

W.  I.  Baucus  has  been  appointed  citv  engineer  of  Noith  Adams, 
Mass. 

V.  A.  I-Harcting  has  resigned  as  superintendent  of  the  municipal 
w;itei-    .-mil    iiKht    plant    of   Goshen.    Ind. 

Capt.  H.  R.  F.  Helland  of  San  Antonio,  Texas.,  has  been 
fle<  ted   city  engineer  of  Waxaiiachie,   Texas. 

T.  H.  Johnson  has  resigned  as  city  engineer  of  Sioux  City,  la., 
and  will  engage  in  a  consulting  practice,  specializing  in  concrete 
paviiij^    work. 

A.  D.  Smith  has  resigned  a-s  city  manager  of  St.  Johns.  Mich., 
and  Thro.  H.  Townsend,  county  school  commissioner,  has  been 
selected    to   succeed    him. 

Earl  R.  IVIcKesson."  associate  professor  of  civil  engineering  at 
tile  \'ii-ginia  Polytechnic  Institute,  has  resigned  and  will  engage 
in   construction   worl;   near   Petersburg,   Va. 

T.  R.  Nelswander,  who  has  been  in  the  engineering  department 
of  the  ■\\'ater  Users'  .Vssoci.ation.  Phoenix.  Ariz.,  for  some  time 
past,  lias  accepted  the  position  of  engineer  in  charge  of  the  irriga- 
tion system  of  the  Edwin  R.   Post  farms  in  the  Santa  Cruz  Valley. 

Robert  Coltman,  Jr.,  recently  with  Barclay  Parsons  &  Klapp. 
(iO  AVall  St..  New  Tork.  on  the  construction  of  the  twin  graving 
docks  at  Norfolk.  Va..  for  the  Emergency  Fleet  Corporation,  has 
resigned  to  become  construction  engineer  for  the  American  Mon- 
golian  Trading  Co.   at  Kalgan.   China. 

A.  E.  Chandler  has  been  appointed  executive  head  of  the 
Water  Commission  of  California.  Under  the  pew  law  there  will 
be  onb"  one  paid  member  of  the  State  Water  Commission  drawing 
a  salary  of  $5,000  >'early.  There  are  two  other  per  diem  members 
— W.   -\.  .Johnstone  of  San  Dimas  and  A.  ^V.   iNIason  of  Bakersfield. 

George  S.  Brockway,  sergeant  Co.  B.  17th  U.  S.  Engrs..  A.  E.  F.. 
recentl,\-  returned  from  overseas,  having  been  stationed  through- 
out the  war  on  lieavy  construction  work  at  St.  Nazaire,  France,  is 
returning  with  Mrs.  Brockway  to  Fellsmere.  Fla..  where  he  will 
rejoin  the  corps  of  engineers  under  Mr.  Irwin  S.  Lloyd,  Chief 
Engineer  of  the  Fellsmere  Farms  Co. 
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(a>    Roads 
(b)    Streets 


I  c)    StreeL    Cleaning 

(d)    Municipal    Miscellanieg 


Waterworks  and   Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers    and    Sanl 

tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power    and    Pumping 


Railways   and   Excavation — 3rd  Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  td)   Hallways.   Steam  and 

(b)  Rivers  and  Canals  Electric 

(e)    Management  and  Office 
System 

Buildings  and   Structures — 4th   Wednesday 


(a)  Buildings 

(b)  Bridges 


(c)  Harbor    Structures 

(d)  Miscellaneous  Structures 
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Why  Not  Carry  Freight  Free, 
Mr.  Wooley.? 

Robert  M.  Wooley,  member  of  the  Interstate  Commerce 
Commission.  Is  opposed  to  raising  freight  rates,  not  because 
the  net  earnings  are  likely  to  be  adequate,  but  because  the 
deficit  can  be  made  good  by  general  taxation.  In  a  recent 
address  he  said: 

"Isn't  it  far  sounder  economics  to  take  care  of  railway 
deficits  through  the  national  treasury,  whose  coffers  are  re- 
plenished through  taxes  levied  where  they  can  best  be  borne, 
than  to  force  an  increase  in  rates? 

"Bearing  in  mind  that  the  three  principal  elements  in  the 
cost  of  the  finished  product  are  the.irice  of  the  raw  material, 
the  price  of  labor  and  the  price  of  transportation,  aren't  we, 
by  retaining  control  of  the  roads  and  refraining  from  increas- 
ing freight  rates,  peg- 
ging down  one  corner 
ot  the  vicious  trian- 
gle'?" 

This  "vicious  trian- 
gle" is  vicous  only  in 
the  imagination,  but  / 
the  plan  suggested  by 
Mr.  Wooley  is  "vicious" 
In  reality.  He  would 
have  taxpayers  meet 
part  of  the  cost  of  han- 
dling freight  for  other 
people,  on  the  theory 
that  every  taxpayer  is 
a  wealthy  person  who 
can  afford  to  be  bled. 
Even  in  these  days  ot 
"raw  deals"  for  tax- 
payers, we  have  not 
heard  of  a  bolder  plan 
to  perpetuate  unjust 
taxation. 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


Why  not  go  a  step  farther  and  carry  all  freight  free?  If 
Mr.  Wooley's  theory  is  correct,  by  abolishing  freight  charges 
one  corner  of  the  "vicious  triangle"  of  living  expenses  would 
vanish.  Indeed,  it  would  more  than  vanish,  for  he  estimates 
that  every  dollar  added  to  freight  charges  is  swelled  to  four 
dollars  by  the  time  the  charge  is  assessed  against  the  ulti- 
mate consumer.  If  so.  it  would  follow  that  every  dollar  of 
reduction  in  freight  charges  would  save  the  ultimate  con- 
sumer four  dollars.  Hence  if  the  present  total  freight 
charges  of  2%  billions  annually  were  eliminated  entirely  by 
the  simple  plan  of  carrying  all  freight  free,  the  ultimate  con- 
sumers would  save  four  times  214  billions  or  10  billion  dol- 
lars, which  is  more  than  one-third  the  total  annual  wages  and 
salaries  paid  in  .\merica; 

We  have  previously  heard  this  hocus-pocus  theory  that 
freight  charges  are  multiplied  several  fold  by  manufacturers 

and  middlemen  in 
making  their  prices, 
but  we  had  never  sup- 
posed that  an  Inter- 
state Commerce  Com- 
missioner would  b  e- 
lieve  such  nonsense. 

The  belief  that  man- 
ufacturers and  mer- 
chants multiply  freight 
charges  in  fixing  their 
prices  i  s  prevalent 
among  those  who  know 
little  or  nothing  of  In- 
dus trial  economics. 
The  error  springs  from 
confusion  as  to  the 
fundamental  s  i  g  n  i  S- 
cance  of  the  pracUce 
of  adding  to  costs  a 
percentage  for  profit.  A 
wholesale     middleman. 
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for  example,  adds  10  per  cent  to  the  purchase  price  of  goods 
to  obtain  his  selling  price.  Since  the  purchase  price 
includes  the  freight  charge,  he  apparently  adds  10 
per  cent  to  the  freight  charge.  But  the  fact  is  that 
were  the  freight  free  he  would  increase  his  percent- 
age, since  the  percentage  method  of  calculation  is 
merely  a  convenient  way  of  estimating  what  his  selling  price 
must  be  in  order  to  cover  his  e.\penses  and  provide  an  ade- 
quate income  for  his  own  services.  Since  his  expenses  re- 
main unchanged  by  any  change  in  freight  charges,  and  since 
the  same  holds  true  as  to  his  remuneration  for  his  own  serv- 
ice, it  is  obvious  that  if  freight  charges  constituted  half  the 
total  cost  of  the  goods,  he  would  double  his  percentage  (mak- 
ing it  20  per  cent  instead  of  10)  were  there  no  freight  charges. 
Director  General  Hines  appears  to  be  laboring  under  the 
same  fallacy  as  Mr.  Wooley.  We  suggest  to  both  of  them  a 
few  hours'  talk  with  manufacturers  and  merchants  on  their 
methods  of  pricing  goods,  and  the  true  significance  oi  the 
percentage  method  of  estimating  "profits." 


Suggested   Economic  Congress  of 

Workers  and  Capitalists  of 

All  Classes 

Warren  S.  Stone,  grand  chief  of  the  Brotherhood  of  Loco- 
motive Engineers,  in  his  recent  talk  to  the  Interstate  Com- 
merce Committee  of  the  House  of  Representatives  said: 

"For  whatever  the  worker  receives  in  wages  he  must 
spend  in  the  necessaries  of  life.  The  cost  of  his  living  is 
determined  by  the  sum  he  earns  plus  the  profit  he  is  charged 
on  his  own  labor.  And,  as  a  group,  labor  is  forever  pre- 
vented from  bettering  its  lot  because  of  the  profits  exacted 
by  the  employer.  So  long  as  consumers  are  forced  to  pay 
extortionate  profits  on  their  own  earnings  to  a  third  interest 
there  is  no  solution  of  the  industrial  problem." 

Note  particularly  the  full  significance  of  Mr.  Stone's  state- 
ment that  "labor  is  forever  prevented  from  bettering  its 
lot  because  of  the  profits  exacted  by  the  employer."  This 
is  the  belief  not  only  of  most  labor  unionists  but  of  many 
socialists.  If  it  were  a  true  statement,  then  labor  could  not 
have  bettered  its  lot  ever  since  the  system  of  capitalism 
came  into  existence,  for  profits  and  capitalism  have  gone 
hand-in-hand.  But  labor  has  "bettered  its  lot"  far  more  dur- 
ing the  past  century  than  during  all  centuries  before,  and 
the  last  century  has  witnessed  the  greatest  progress  of  the 
capitalistic  system.  Evidently,  then,  Mr.  Stone  would  be 
forced  to  modify  his  generalization  were  he  placed  under 
cross-examination.  He  would,  however,  undoubtedly  stick 
to  his  belief  that  all  profits  are  extracted  from  the  earnings 
of  workmen,  which  is  tantamount  to  asserting  that  human 
productivity   is   attributable   entirely   to   workmen. 

Labor  union  leaders  have  preached  this  doctrine  for  gen- 
erations. It  is  a  doctrine  that  can  not  be  supported  by  facts, 
and  one  that  could  never  have  secured  standing  room  in 
the  brain  of  any  thinking  man  were  it  not  for  the  psychologi- 
cal effect  of  prejudice.  Prejudice  makes  men  see  only  what 
they  want  to  see.  The  laboring  man,  for  example,  is  preju- 
diced in  favor  of  his  own  class.  He  sees  that  without  the 
labor  of  his  class,  all  other  classes  would  be  powerless; 
and  from  this  he  falsely  infers  that  labor  is  the  only  impor- 
tant factor  in  production.  By  a  parity  of  reasoning  the 
heart  might  conclude  that  the  other  organs  should  have  no 
share  of  the  blood  that  passes  through  it,  since  it  admits 
the  other  organs  would  die  were  the  heart  to  cease  beating. 

Warren  S.  Stone  and  thousands  of  other  labor  leaders  are 
prejudiced  by  their  class  consciousness  to  a  degree  that 
they  do  not  realize.  But  while  their  prejudice  leads  them 
to  avoid  reading  books  and  articles  that  would  modify  their 
views,  we  believe  they  are  not  so  stubborn  as  to  refuse  to 
listen  to  facts  were  the  facts  presented  by  sincere  men  who 
advocate  the  capitalistic  system. 

Inventors,  engineers,  managers,  business  men,  bankers 
and  all  the  vast  host  of  mental  workers  should,  somehow  or 
other,  present  their  experience  and  conclusions  to  the 
greater   host   of   manual    workers. 

Perhaps  there  should  be  an  economic  congress  of  all 
classes  of  men  in  America,  each  class  represented  by  several 
delegates.  At  the  sessions  of  this  economic  congress  every 
class  would  have  a  chance  to  be  heard,  and  a  chance  to 
question  the  representatives  of  other  classes.  For  the  first 
time  in  history,  every  class  of  worker,  manual  and   mental. 


would  be  able  to  listen  to  every  other  class,  to  hear  his 
facts  and  his  inferences  from  them,  to  listen  to  his  aspira- 
tions and   Ws   proposals  for  attaining  them. 

It  may  be  said  that  our  two  houses  of  Congress  already 
give  ample  opportunity  for  such  a  conclave  of  classes.  Un- 
fortunately, however,  our  legislative  representatives  are 
mainly  professional  talkers,  as  is  evident  from  the  fact  that 
most  of  them  are  lawyers.  Talk  from  professional  talkers 
we  have  had  in  abundance,  but  talk  from  the  doers  has  been 
largely  confined  to  their  own  circles.  What  is  needed  is 
talk  from  every  class  of  doer  to  every  other  class.  Let  Mr. 
Stone,  the  unionist,  for  example,  tell  why  he  believes  that 
profits  and  wages  are  inimical.  Then  let  him  hear  Mr.  'Van- 
derlip,  the  banker,  tell  why  and  how  the  capitalistic  system 
in  America  has  made  it  possible  for  manual  workers  in  this 
country  to  earn  several  fold  as  great  wages  as  in  Europe. 
Let  Mr.  Edison,  inventor  and  capitalist  combined,  tell  what 
inventors  backed  by  capitalists  have  already  accomplished, 
and  give  his  forecast  of  what  will  be  accomplished  in  the 
next   fifty   years   under   the    capitalistic    system. 

The  "New  Republic"  recently  said  that  socialism  and 
unionism  have  organizations  that  are  vigorously  at- 
tacking capitalism  whereas  capitalism  has  no  organ- 
ization and  therefore  attempts  no  defense.  Capital- 
ism has  been  pictured  by  socialists  as  an  organi- 
zation of  profit  makers  that  brought  about  the  world 
war  to  increase  the  profits.  But  where  is  the  organization? 
Who  is  its  head?  Where  does  it  hold  its  meetings.  The 
truth  is  that  capitalism  is  a  term  applied  to  the  system  of 
private  ownership  of  wealth  used  in  the  production  of  more 
wealth.  From  private  ownership  of  wealth  there  evolved 
the  practice  of  paying  rental  for  its  use,  the  rental  being 
called  interest  when  applied  to  capital  other  than  real  es- 
tate. This  economic  system,  now  centuries  old,  is  being 
vigorously  attacked.  There  is  no  organization  to  support  the 
system  of  capitalism,  but  there  is  one  vigorous  organization 
that  aims  at  its  destruction.  The  socialists  avowedly  oppose 
capitalism,  although  the  labor  unionists  have  not  hitherto 
joined  in  this  opposition,  it  is  plain  that  they  are  in  sym- 
pathy with  the  socialistic  opposition.  It  is  true  that  the 
unions  of  railway  men  disclaim  any  intention  to  "democra- 
tize" all  industry,  but  they  admit  that  they  believe  in  "de- 
mocratizing" railways,  public  utilities  and  mines.  What  is 
even  more  significant  of  their  purpose  is  their  severe  criti- 
cism of  the  system  of  profits,  as  above  exemplified  in  Mr. 
Stone's  statement.  In  their  recent  manifesto  to  the  public 
the  railroad  unions  said:  "We  ask  that  a  lease  be  granted 
to  a  corporation  (to  be  managed  by  the  public  and  the  rail- 
way employes)  created  not  for  profit,  but  for  public  serv- 
ice.'' Evidently  the  word  profit  seems  to  these  labor  union- 
ists to  be  synonymous  with  extortion.  That  profit  will  con- 
tinue thus  to  be  anathema  to  them  is  evident,  unless  they 
become  better  educated  in  economics.  Left  to  themselves 
their  strong  class  consciousness  and  prejudices  are  likely 
to  prevent  their  studying  economics  with  broad  sweep  of 
vision.  Probably  their  attitude  toward  the  capitalistic  sys- 
tem would  be  changed  to  a  marked  degree  were  they  to 
discuss  the  subject  from  every  aspect  in  an  economic  con- 
gress such  as  we  have  suggested. 


Mr.  Wilson's  Remedies  for  High 

Prices  Show  His  Lack  of 

Scientific  Training 

President  Wilson,  in  his  address  to  Congress  on  the  sub- 
ject of  high  prices,  did  not  mention  inflation  of  the  cur- 
rency; yet  professors  of  political  economy  are  practically 
unanimous  in  attributing  higher  prices  to  increased  stocks 
of  money,  the  world  over.  President  Wilson  lacks  a  scientific 
training,  and  never  was  that  lack  more  obvious  than  in  this 
particular  address.  An  engineer  called  upon  to  discuss  the 
reasons  for  "the  high  cost  of  living''  would  first  have  enu- 
merated the  economic  forces  or  conditions  at  work  to  pro- 
duce high  prices.  Next  he  would  have  compared  these  forces 
in  different  countries  where  high  prices  prevail.  This  would 
lead  to  the  conclusion  that  there  are  only  a  few  similar  con- 
ditions that  are  to  be  found  in  every  country  afflicted  with 
greatly  increased  prices.  Finally,  by  comparing  these  com- 
mon conditions,  it  would  be  seen  that  inflation  of  currency 
must  be  regarded  as  one  of  the  most  conspicuous  of  the 
conditions  attending  the  rise  of  prices. 
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The  next  logical  step  would  be  to  determine  whether  in 
those  countries  where  currency  inflation  is  greatest  the 
prices  are  highest.  Russia  would  be  found  to  lead  every 
country  in  currency  inflation,  also  in  high  prices.  France 
leads  Great  Britain,  and  Great  Britain  leads  America,  both  in 
currency  inflation  and  high  prices.  Perceiving  such  tacts, 
an  engineer  would  -jilot  the  quantity  of  currency,  the  bank 
deposits  and  the  average  prices  (price  indexes)  by  years, 
for  each  country.  If  these  curves  were  found  to  be  substan- 
tially parallel,  he  would  conclude  that  there  is  a  direct  rela- 
tion between  the  quantity  of  money  and  average  prices.  In 
passing,  we  may  say  that  Prof.  Irving  Fisher  has  plotted 
such  curves  for  the  last  few  years  and  has  shown  them  to  be 
nearly  parallel. 

Having  thus  seen  that  changes  in  the  volume  of  currency 
are  accompanied  by  corresponding  changes  in  price  levels, 
certainly  no  report  would  be  made  by  an  engineer  to  a  legis- 
lative body  on  the  question  of  high  prices  without  mention  of 
currency  inflation.  Yet  Mr.  Wilson's  address  does  not  con- 
tain a  single  allusion  to  currency  inflation.  On  the  other 
hand,  it  abounds  in  charges  of  "profiteering."  for  which  the 
main  remedies  proposed  itivolve  legal  action  against  specu- 
lators, hoarders   of  produce   and   suppressors  of  competition. 

Illustrative  of  Mr.  Wilson's  defective  training  in  logic,  and 
particularly  in  logic  as  applied  to  economics,  we  note  his 
reasoning  that  the  increases  in  the  stored  supplies  of  cer- 
tain foodstuffs  during  the  past  year  accounts  primarily  for 
increments  in  the  prices  of  those  foods.  He  does  not  show 
that  a  year  ago  American  stores  of  all  foods  were  at  an  ab- 
normally low  ebb.  because  America  was  straining  every  re- 
source to  feed  her  allies.  Nor  does  he  show  that  certain 
abnormally  large  stores  'are  coincident  with  very  low  prices. 
The  stock  of  copper,  for  example,  is  abnormally  great,  yet 
the  price  of  copper  is  only  about  half  as  high  as  it  was  just 
before  the  war  ended.  The  accumulation  of  large  stocks 
of  goods  acts  rather  to  lower  prices  than  to  raise  them,  un- 
less there  is  prospect  that  the  demand  will  be  sufficiently 
great  to  absorb  the  entire  stock.  In  the  case  of  certain  foods 
the  prices  have  contrived  to  rise,  even  in  the  face  of  increas- 
ing stocks  on  hand,  because  food-depleted  Europe  is  buying 
from  America  on  a  large  scale,  as  our  enormous  balance  of 
trade  bears  witness.  The  same  holds  of  textiles,  shoes  and 
other  products.  Mr.  Wilson  proposes  forcing  the  holders  of 
stocks  of  goods  and  supplies  to  throw  them  upon  the  mar- 
ket, in  order  to  force  prices  down.  A  slump  in  certain  prices 
can  undoubtedly  be  effected  in  this  way,  but  at  the  cost  of 
a  subsequent  rise  in  the  price  level  that  will  carry  prices 
above  what  they  now  are.  Almost  any  standard  treatise  on 
political  economy  makes  clear  the  destination  between 
"hoarding"  to  corner  a  market  and  "storing"  to  meet  pros- 
pective demands;  but  Mr.  Wilson  recognizes  no  such  dis- 
tinction. 

In  another  respect  the  President  discloses  ignorance  of 
economic  matters  that  is  quite  as  surprising.  He  advocates 
marking  goods  with  the  price  paid /or  them  to  the  wholesaler 
by  the  retailer,  as  a  way  of  disclosing  the  retailer's  profit. 
Every  merchant,  and  almosfevery  well  informed  professional 
man — certainly  every  civil  engineer — knows  that  profit  can 
not  be  calculated  by  deducting  the  wholesale  purchase  price 
from  the  retail  selling  price.  To  the  wholesale  price  must 
be  added  all  other  items  of  cost,  including  freight,  drayage. 
rent,  interest  on  the  investment,  depreciation,  taxes,  insur- 
ance, light  and  heat,  losses  from  bad  debts,  salaries  of 
clerks,  accountants,  deliverymen,  etc.,  and  a  fair  salary  for 
the  retail  merchant  himself.  When  all  elements  of  cost  are 
added  to  the  wholesale  purchase  price,  and  the  total  cost  is 
deducted  from  the  selling  price,  there  is  usually  not  much 
profit  left  for  the  average  merchant.  This  is  shown  by  the 
very  large  percentage  of  failures  recorded  every  year  in  the 
retail  merchandising  field.  It  is  also  shown  by  the  tact  that 
relatively  few  retail  merchants  ever  build  up  a  large  busi- 
ness,  thereby   indicating    great   wealth. 

Undoubtedly  present  methods  of  retailing  goods  and  prod- 
uce are  expensive,  and  retail  prices  are  consequently  higher 
than  they  need  be.  But  the  high  cost  of  retailing  is  not  to 
be  remedied  by  making  public  the  wholesale  purchase  prices, 
as  suggested  by  Mr.  Wilson.  The  remedy  will  not  consist 
in  disclosing  to  the  public  only  a  fraction  of  the  cost  to  the 
merchant.  Probably  no  satisfactory  solution  of  this  great 
economic  problem  can  be  found  short  of  restricting  compe- 
tition in  the  retail  field,  coupled  with  better  economic  educa- 
tion for  those  engaged   in   managing  such  business.     Social- 
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isis  are  entirely  right  in  urging  that  competition  iu   the  re- 
tail merchandising  field  leads  to  excessive  cobIs. 

A  few  years  before  Woodrow  Wilson  entered  pollllcul  life 
he  wrote  an  article  for  Scribner's  Magazine,  entitled,  "What 
Is  a  College  For?  "  We  abstracted  the  article  In  our  issue  of 
Sept.  20,  191G,  and  commented  upon  It.  .\lr.  Wilson  held  thai 
a  college  course  leading  to  the  degree  of  Bachelor  of  Art» 
is  the  only  course  broad  enough  to  train  students  to  be  suc- 
cessful "leaders  of  men."  We  took  Issue  with  that  conclu- 
sion, contending,  with  Herbert  Spencer,  the  English  phil- 
osopher, that  those  who  aim  to  be  leaders  of  men  gbould 
secure  a  thorough  education  in  science  and  a  training  in 
scientific  methods  of  solving  the  problems  of  every-day  life 
as  well  as  the  special  problems  that  confront  Inventors,  en- 
gineers, political  leaders  and  others.  We  have  watched  with 
particular  interest  the  sort  of  political  leadership  that  Mr. 
Wilson  has  shown.  Its  defects  have  been  precisely  those  that 
we  outlined  in  the  article  above  mentioned,  which  are  well 
illustrated  in  his  latest  message  to  Congress — a  message 
that  advocates  measures  of  public  relief  that  are,  at  best, 
mere  jialliatives. 

Give  the  Plumb  Plan  of  Railway 

Democratization  a  Trial,  But 

on  a  Moderate  Scale 

Temporarily,  at  least,  the  capitalistic  system  has  been 
overthrown  in  Russia.  While  in  Great  Britain  the  national- 
ization of  railways  and  mines,  which  is  demanded  by  labor 
unionists,  may  become  the  first  step  toward  a  general  aboli- 
tion of  private  ownership  of  capital.  Following  the  example 
of  their  British  cousins,  the  organized  railway  employes  of 
America  are  demanding  the  "democratization"  of  the  rail- 
ways. The  American  Federation  of  Labor  joins  in  the  de- 
mand, candidly  saying  that  "democratization"  of  the  railways 
is  only  one  step  toward  the  goal  of  general  democratization 
of  all   industrial   management. 

While  "democratization  of  industry''  is  susceptible  of  sev- 
eral definitions,  it  seems  evident  from  the  demands  of  the 
railway  labor  unionists  that  the  ultimate  intention  is  to  elim- 
inate capitalists  entirely,  save  only  such  as  are  satisfied  to 
invest  money  at  bond  interest  rates.  In  other  words,  the 
word  i)rofit  is  to  become  an  obsolete  term  if  the  plans  of  the 
labor  union  leaders  can  be  put  into  effect.  Carried  to  Its 
logical  conclusion,  this  form  of  "democratization  of  indus- 
try" dift'ers  no  more  from  socialism  than  "air-borne  mist" 
differs  from  "clouds." 

We  are  ready  to  join  the  movement  to  eliminate  profits  en- 
tirely, just  as  soon  as  experience  has  demonstrated  that  the 
average  workman  and  his  family  will  be  gainers  by  so  doing. 
But  we  insist  that  experience  should  be  our  guide  in  this  mat- 
ter, as  iu  all  others  where  economic  questions  are  involved. 
Outside  of  Russia  there  is.  as  yet,  no  nation-wide  experience 
to  which  appeal  can  be  made  for  guidance  in  deciding  Vhelher 
the  existing  system  of  capitalism,  with  its  concomitant 
profits,  should  be  abolished.  Of  course,  there  is  China,  a 
country  almost  without  capital  and  with  a  capitalistic  sys- 
tem of  the  crudest  sort.  One  may  point  to  the  lo-ct.  dally 
wage  of  the  average  Chinaman  as  evidence  that  a  nation  ti)§y 
almost  starve  for  lack  of  modern  capitalism.  But  the  reply 
will  be  that  the  Chinese  owe  their  desperate  poverty  to  gen- 
eral ignorance. 

In  arguments  relating  to  political  and  industrial  economics. 
little  progress  is  usually  made  by  citing  other  countries  as 
examples,  for  there  are  so  many  varying  factors  that  it  is 
difiiciilt  to  establish  what  is  the  effect  of  each.  So  we  are 
generally  compelled  to  experiment  in  our  own  country  where 
we  can  have  all  conditions  alike  save  those  whose  effect  is 
to  be  determined.  Hence  we  should  experiment  in  America 
to  determine  whether  profits  shouM  be  eliminated  entirely. 
It  docs  not  follow,  however,  that  any  experiment  should  he 
nation  wide  in  its  scope.  An  experiment  should  be  conducted 
on  a  large  enough  scale  to  yield  data  that  will  be  of  use  In 
judging  whether  to  adopt  the  new  plan  nationally.  But  the 
experiment  should  be  made  on  as  small  a  scale  as  will  yield 
the  desired  data,  for  to  go  beyond  that  will  be  unnecessarily 
expensive. 

Railway  labor  unions  are  demanding  a  nation-wide  dem- 
ocratization of  the  railways."  and  they  threaten  congress- 
men with  loss  of  their  positions  if  they  refuse  to  comply. 
Congress  can  answer   that  if  the   proposed   plan   of  railway 
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democratization  has  real  economic  merit,  tiie'  merit  can  be 
shown  by  applying  the  plan  to  a  part  of  the  railway  mileage 
of  America.  For  example,  let  it  be  tried  out  on  the  New 
York  Central  and  the  Northern  Pacific  Ry.  systems.  These 
two  railways  are  among  the  best,  and  together  they  would 
form  a  transcontinental  system  well  designed  to  meet  com- 
petition. 

If,  under  "the  Plumb  plan,'"  these  two  railways  could  not 
show  better  economic  results  than  other  railways,  would  it 
not  be  evident  that  Glenn  E.  Plumb  is  probably  a  better  lawyer 
than  industrial  economist? 

Mr.  Plumb,  in  advocating  his  plan  before  a  congressional 
committee,  suggested  that  if  it  were  not  adopted  by  congress 
there  might  be  a  revolution  to  secure  the  adoption  of  "some 
such  plan."  Revolutions  are  not  needed  in  America  to  secure 
a  test  of  any  economic  scheme.  Voters  can  always  bring 
about  a  test.  The  real  danger  lies  in  their  making  the  test 
on  a  larger  scale  than  is  needed  to  prove  the  worth  or  worth- 
lessness  of  a  new  plan.  Untrained  in  scientific  methods  of 
solving  economic  problems,  Mi-.  Plumb  has  induced  the 
equally  untrained  members  of  the  majority  of  the  American 
Federation  of  Labor  not  only  to  endorse  a  plan  that  is  rad- 
ical in  the  extreme,  but  to  demand  that  the  plan  be  at  once 
put  into  effect  throughout  the  greatest  single  industry  in 
America  outside  of  farming. 

By  all  means  let  the  plan  of  democratizing  industry  be 
tried.  Let  it  not  be  confined  to  railways.  But  above  all  let 
the  trials  be  conducted  on  a  moderate  scale.  The  science  of 
deductive  reasoning  is  still  a  long  way  from  such  perfection 
that  results  can  be  predicted  with  accuracy  in  any  realm 
where  a  great  many  forces  are  operating  coincidently.  Of 
all  the  realms  w^iere  complexity  reigns,  the  kingdom  of  the 
human  mind  is  the  most  intricate.  In  that  realm  it  surely 
behooves  us  to  hold  fast  that  which  is  good  and  to  move 
cautiously  in  securing  that  which  seems  better. 


"We  Now  Demand   Industrial 
Freedom" 

For  many  years  socialists  have  used  such  expressions  as 
"wage  slavery"  and  "capitalistic  autocracy"  to  indicate  their 
opinion  of  the  existing  industrial  system.  Recently  labor 
unions  in  Great  Britain  have  adopted  similar  terms,  and  now 
those  terms  have  become  part  of  the  propagandistic  vocab- 
ulary of  labor  unions  in  America.  For  example,  Warren  S. 
Stone,  head  of  the  Brotherhood  of  Locomotive  Engineers,  re- 
cently said  to  a  committee  of  congressmen: 

"We  exist  under  government,  but  by  industry  we  live. 
Under  such  a  system,  the  majority  of  a  democracy  can 
through  their  government  enjoy  only  such  rights  and  priv- 
ileges as  an  autocracy  in  industry  permits  them  to  receive. 

"We  now  demand  industrial  freedom.  This  can  only  be 
achieved  by  permitting  producers  and  consumers  to  share  in 
control  of  the  management  of  their  means  of  existence.  The 
machinery  for  attaining  this  result  we  believe  is  embodied  in 
the  plan  outlined  in  the  Sims  bill." 

The  Sims  bill  embodies  the  Plumb  plan  of  railway  or- 
ganization, which  the  officials  of  the  railway  unions  describe 
as  follows: 

"In  labor's  bill  providing-  that  the  public  take  over  the  railroad.s 
and  establish  a  tripartite  control  between  the  public,  the  railway 
operatnig'  management  and  the  elnployes,  the  labor  organizations 
of  America  have  established  this  new  policy  which  envisages  their 
corditicn  not  onl.v  as  producers,   but  also  as  consumers. 

"It  marks  the  step  by  which  organized  labor  passes  from  de- 
mands tor  wage  increases  to  demands  that  the  system  of  profits 
in  industry  be  overhauled.  Hitherto,  during  successive  wage  ne- 
gotiations and  arbitration  awards,  we  have  called  for  provisional 
settlements  only,  of  questions  arising  out  of  differences  as  to 
wages,  hours  and  conditions  of  labor.  That  'principle  of  genuine 
co-operation  and  partnership,  based  upon  a  real  community  of 
interest  and  participation  in  control."  of  which  President  Wilson 
has  spoken  to  Congress  has  been  igTiored  both  by  labor  and  by 
the   private  owners  of  the  railroads. 

•■What  wage  increases  have  been  received  during  the  past  few- 
years  resulted  only  in  immediately  being  followed  by  more  than 
proportionate  increases  in  the  cost  of  livinft'.  Each  rise  in  wa.gcs 
has  turned  out  to  mean  only  temporary  relief  for  the  affected 
workers. 

"As  the  major  part  of  the  consuming  public,  labor  is  entitled 
to  representation  on  the  directorate  of  the  public  railroads.  As  a 
producer  of  capital  it  is  entitled  to  representation  on  the  direc- 
torate of  the  railroads.     To  capital,  which   is   the  fruit  of  yester- 


day's labor,  we  now  propose  to  discharge  every  just  obligation. 
We  demand  that  the  owners  of  capital,  who  represent  onl.v  financial 
interest  as  distinguished  from  operating  brains  and  energy,  be 
retired  from  management,  receiving  Government  bonds  with  a 
fixed  interest  return  for  every  honest  dollar  that  they  have  in- 
vested in  tit?  railway  industry.  We  ask  that  the  railroads  of  the 
United  States  be  vested  in  the  public:  that  those  actually  engaged 
in  conducting  that  industry,  not  from  Wall'  Street,  but  from  the 
railroad  offices  and  j'ards  and  out  on  the  railroad  lines,  shall  take 
charge  of  this   service  for  the  public. 

"These  represent  all  the  brains,  skill  and  energy^  that  is  in  the 
business.  They  are  entitled  to  that  measure  of  control  which  is 
equal  to  their  ability  and  their  responsibility  for  operating  the 
transportation  properties.  Then,  and  then  only,  will  the  service 
be  primarib"  for  the  public,  not  primarily  for  profits  to  speculators 
and  inflators  of  capital.  As  a  means  for  accomplishing  this  ^nd, 
we  ask  that  a  lease  be  granted  to  a  corporation  created  not  for 
profit,  but  for  public  service.  We  ask  that  this  corporation  be 
controlled  in  its  management  by  an  equal  representation  of  the 
three  fundamental'  interests  upon  which  industry  is  based.  The 
public,  operating  managers  and  wage-earners  will  then  guarantee 
both  the  inte?,rit>'  of  the  investment  required  for  the  conduct  of 
the  indu.stiy  and  that  return  which  induces  it,  by  investing,  to 
enter    the    public    service. 

"The  public  as  consumers  and  the  operating  managers  and 
wage-earners  as  producers  having  joined  in  that  guarantee,  will 
then  share  equally  .all  earnings  in  excess  of  the  amounts  required 
tc    meet    the   guarantee. 

"This  is  provided  by  granting  to  the  wage-earners  and  manag-e- 
ment  one-jialf  of  the  savings  which  they  through  their  perfected 
org-aniz-'itions  can  make  and  bj-  securing  to  the  public  the  other 
half  to  I)e  enjo>  ed  by'  the  consumers,  either  by  charges  or  by  re- 
ducing the  cost  of  the  service  which  the  machinery  then  in  exist- 
ence can  render.  Thus  the  cost  of  transportation  is  automatically 
reduced  exactly  in  proportion  as  benefits  accrue  to  the  producers 
of  transportation.  Increase  in  earning  power  of  producers  under 
this  system  cannot  b«  reflected  in  increased  costs,  it  must  be 
balanced  by  decreased  costs. 

"The  railroads  are  the  key  industry  of  the  nation.  They  affect 
at  once  the  price  of  every  necessity.  As  increased  transportatioii 
costs  are  reflected  in  the  increased  price  of  all  commodities,  so  a 
reduction   in   those  costs  must  be  reflected  by  reduced  prices. 

"AA'e  say  this  because  of  labor's  interest  as  consumer,  as  part 
of  an  overbuidened  public.  This  fundamental  statement  of  prin- 
ciple  we   respectfully   submit   to   the   American   people." 

Although  the  present  capitalistic  system  of  profits  is  de- 
nounced, note  that  the  railway  unions  propose  to  secure  half 
the  future  increments  in  profits  for  themselves.  They 
adroitly  avoid  calling  future  increments  in  net  earnings  by 
the  name  "profit,"  but  refer  to  them  as  "savings"  to  be  ob- 
tained through  more  economic  railway  operation.  Half  of  all 
such  "savings"  are  to  go  to  the  public  and  half  to  the  rail- 
way employes.  In  short  there  are  to  be  profits  under  this 
new  plan,  but  they  are  not  to  be  called  profits!  Thus  in  the 
very  manifesto  in  which  they  advocate  a  new  railway  "cor- 
poration created  not  for  profit  but  for  public  service,"  they 
propose  to  create  profits  and  to  divert  half  of  them  to  them- 
selves. We  do  not  say  that  this  may  not  be  an  improve- 
ment over  the  present  capitalistic  system  of  distributing  sav- 
ings that  accrue  because  of  better  management.  There  are 
some  reasons  why  it  does  appear  to  be  a  step  in  the  right 
direction.  But  we  do  say  that  labor  unionists  must  learn  to 
be  consistent  in  their  use  of  economic  terms,  and  avoid 
camouflaging  old  practices  under  new  names. 

Many  people  who  "pay  the  freight"  will  recall  that  it  was 
these  same  unions  that  secured  "full  crew  laws"  in  several 
states  a  few  years  ago.  thus  considerably  and  unnecessarily 
increasing  the  cost  of  transportation.  And  the  question  will 
naturally  arise  as  to  whether  the  unions,  once  in  command  of 
the  railways,  will  not  double  or  triple  the  size  of  all  train 
crews  under  the  guise  of  securing  greater  safety  of  operation. 
Also  it  will  be  questioned  whetlier  the  unions  will  not  secure 
progressively  higher  rates  of  freight  and  passenger  trans- 
portation, in  order  to  enjoy  their  half  of  the  increased  profits 
which  they  call  "savings." 

Starting  with  a  demand  for  industrial  freedom  and  the 
abolition  of  capitalistic  autocracy,  would  not  the  "Plumb 
plan"  lead  to  a  labor  union  beaurocracy  such  as  now  afflicts 
Australia? 

These  are  only  a  few  of  the  questions  raised  by  the  recent 
publication  of  "Labor's  Magna  Charta."  The  "Sims  bill" 
might  come  eventually  to  be  known  as  the  simpleton's  bill, 
were  it  to  be  rushed  through  congress  and  put  into  effect. 
Certainly  it  requires  more  evidence  in  its  favor  than  the 
application  to  it  of  such  honored  titles  as  "Magna  Charta" 
and  "Industrial  Freedom." 
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Book  Reviews 


Excavation,  by  F'rol".  Allen  B.  McDaiiiel.  i^ublished  bj'  McGraw- 
Hill  Book  Co..  Xew  York;  cloth,  6x9  ins.,  542  pages.  $5. 
This  new  book  is  based  largely  on  tlie  author's  "Excavat- 
ing ^Machinery."  published  in  1913.  The  book  is  divided  into 
two  major  divisions.  The  tirst  division  contains  IB  chap- 
ters and  2'>()  pages  on  excavating  tools  and  machinery,  with 
ilescription  of  their  use  and  some  illustrative  cost  data.  The 
second  division  contains  7  chapters  and  275  pages  on  exca- 
vation, as  for  different  types  of  "structures"  such  as  high- 
ways, railways,  irrigation,  drainage,  rivers,  harbors,  canals, 
trenches,   quarries  and   pits,   and   tunnels. 

Although  the  book  includes  both  earth  and  rock  excava- 
tion, only  a  small  part  relates  to  rock. 

At  the  end  of  each  chapter  there  is  a  bibliography  of 
books  and  articles  on  the  subject.  This  is  an  excellent  fea- 
ture, and  it  would  be  well  were  more  references  given. 

The  book  is  particularly  well  adapted  for  use  as  a  text 
book  by  engineering  students,  and,  in  general,  for  anyone 
'who  is  a  "beginner."  It  is  not  so  well  adapted  for  the  use 
of  men  who  have  had  much  experience,  although  it  is  not 
devoid  of  use  to  them.  Of  course  it  is  impracticable  to  go 
very  deeply  into  the  details  of  so  large  a  subject  in  so  lim- 
ited a  space  as  .525  pages.  36  of  which  are  devoted  to  the 
bibliography. 


Industrial  Goodwill,  by  Prof.  John  R.  Coninions,  published  by  Mc- 
Graw-Hill Book  Co.,  New  York;  cloth,  D'ixS  in.,  213  pages;  $2 
Although  this  book  is  not  an  engineering  work,  it  may  be 
read  with  profit  by  every  engineer  and  contractor  who  is  in- 
terested in  the  great  social  problem  of  securing  the  good- 
will of  workers. 

The  author  regards  the  science  of  management  as  being 
defective  because  of  its  treatment  ot  workers  as  if  they 
were  mere  machines.  He  reviews  the  history  of  the  strug- 
gle between  labor  and  capital,  and  concludes  that,  since  the 
struggle  will  never  end.  the  Government  must  force  all  em- 
ployers to  follow  the  leadership  of  the  most  progressive  em- 
ployers who  have  succeeded  in  securing  the  greatest  meas- 
ure of  goodwill  from   their  employes. 

The  chapters  of  the  book  form  a  series  of  essays  on  the 
relationship  between  labor  and  capital,  the  fundamental 
feature  throughout  being  the  emphasis  placed  on  the  eco- 
nomic value  of  industrial  goodwill.  The  book  is  a  valuable 
contribution  to  the  subject  of  social  economics. 


Political  Economy  as  a  Science 

To  the  Editor;  Permit  me  to  take  issue  with  your  edi- 
torial. "How  Political  Economy  May  Become  a  Science." 
My  -experience  is  that  the  real  economic  nonsense  is  to  be 
found  in  financial  journals,  and  not  in  text  books  written 
by  professors.  It  is  true  that  the  war  has  caused  the  various 
financial  lights  to  broaden  slightly,  but  much  remains  yet  to 
be  done. 

As  an  example,  the  "business  as  usual"  howl  which  big 
and  little  business  men  sent  out  when  we  entered  the  war. 
and  which  Governor  Stephens  of  this  state  made  the  sub- 
ject of  a  special  public  statement,  although  a  IG-year-old 
bov  could  understand  the  absurdity  of  the  statement,  showed 
the  state  of  the  economic  thought  of  our  business   men. 

That  we  need  a  study  of  economic  phenomena  is  not 
doubted,  but  if  I  understand  your  editorial  correctly  you 
would  go  about  this  in  a'  more  direct  way  than  do  our  col- 
lege professors. 

As  an  analogy  let  us  assume  that  an  individual  was  given 
the  problem  of  determining  the  ballistic  qualities  of  a  42 
centimeter  rifle  ball,  nothing  being  known  of  the  funda- 
mental laws  of  mechanics.  One  man  would  begin  by  Undy- 
ing the  free  fall  in  vacuum,  and  then  compensate  for  air  re- 
sistance, et  cetera,  while  another  man  would  eliminate  the 
vacuum  since  we  are  not  shooting  in  vacuum,  and  spend  a 
few  mil'lioH  dollars  in  trial  shooting,  and  at  the  end  of  the 
period  would  know  no  more  about  it  than  when  he  set  out, 
while  the  other  man  at  least  had  a  chance  of  giving  us  a  so- 
lution of  the  problem. 

I  believe  if  Tvcho  Brahe  had  used  instruments  of  greater 
precision,  Kepler  would  not  have  found  the  simple  ellipse 
as  the  earth's  orbit,  but  would  have  found  a  more  or  less 
irregular   curve,    due    to    perturbations:    and    Newton    might 


not  have   seen   the  relationship  between  UIh   law  of   gravita- 
tion and  the  movements  of  the  planets. 

These  are  analogies  with  the  llmitatluns  that  problems  in 
economics  are  far  more  ditncult  to  deal  with  than  problema 
in  mechanics. 

It  may  be  well  to  remember  that  the  stalUB  of  all  ma- 
chinery 200  years  ago  and  at  the  end  of  the  (ireek  perloU 
was  practically  identical.  The  only  difference  was  that  2"« 
years  ago  we  had  begun  to  apply  theory  to  our  machines. 
while  the  Greeks  were  limited  to  empirical  solutiunH  There- 
fore the  Greeks  had  reached  the  end  of  their  development 
when  we  were  ai  the  beginning. 

You  say,  "Quantitative  facts  are  dug  out  of  experience." 
and  this  is  true.  But  without  fundamental  theories  with 
which  we  may  correlate  these  facts,  they  are  worthless  and 
worse.  What  we  need  is  a  profound  and  more  widespread 
study  of  abstract  fundamental  principles  (such  as  the  free 
fall  in  vacuum  is  in  mechanics  I,  and  not  grandstand  trial 
shootings  which  would  avail   us  nothing. 

I  agree  with  you  that  engineers  might  be  especially  quali- 
fied to  tackle  this  subject,  if  they  will  tackle  It  from  the 
right  end.  B.   F.  JAKOBSEN. 

Designing   Engineer. 
San  Joaquin   Light  &   Power  Corporation. 

Fresno.  Cal. 


Suggests  Combination  of  National 
Engineering  Societies 

To  the  Editor:  Those  members  of  the  engineering  pro- 
fession who  have  had  an  opportunity  to  read  the  report  of 
the  Committee  on  Development  of  the  American  Society  of 
Civil  Engineers,  and  who  are  at  the  same  time  more  or  less 
familiar  with  the  aims  and  objects  of  the  American  Associa- 
tion of  Engineers,  cannot  fail  to  discern  a  very  evident  simi- 
larity between  the  two. 

A.  S.  C.  E.  has  a  membership  of  some  9.000.  and  is  still 
growing;  A.  A.  E.  has  a  membership  of  some  7.000  and  is 
growing  very  rapidly.  It  is  very  evident  that,  when  A.  S. 
C.  E.  shall  have  embarked,  upon  some  of  the  new  work 
which  has  been  so  comprehensively  outlined  by  the  com- 
mittee, there  will  be  two  engineering  societies  in  the  coun- 
try of  approximately  the  same  numerical  strength,  engaged 
in  exactly  similar  work,  and  entirely  independent  of  one  an- 
other, except  in  so  far  as  some  engineers  will  be  members 
of  both  organizations. 

It  is  only  justice  to  the  younger  organization  to  concede 
that  it  was  not  inaugurated  for  the  purpose  of  either  com- 
peting with  the  older  organization,  nor  of  usurping  its  place 
in  engineering  affairs,  but  was  rather  formed  for  the  pur- 
pose of  supplementing  the  work  of  the  older  technical  so- 
cieties. Quoting  from  one  of  the  pamphlets  of  propaganda 
which  A.  A.  E.  has  had  in  print  tor  some  time. 

"All  the  other  national  societies  have  been  organized  to 
advance  technical  knowledge  or  at  least  have  particularly 
devoted  themselves  to  that  object.  .  .  .  Although  these  so- 
cieties are  awakening  to  the  fact  that  there  is  great  need 
for  something  beyond  their  scope  they  have  not  yet  de- 
veloped a  plan  to  meet  the  situation.  .  .  . 

"A.  A.  E.'s  activities  supplement  those  of  the  other  so- 
cieties. It  seeks  closer  co-operation  with  them  and  to  aid 
in  a   constructive  social   program." 

Now  that  A.  S.  C.  E.  is  proposing  to  assume  a  great  deal 
of  the  work  in  which  A.  A.  E.  is  now  actively  engaged  there 
is  bound  to  be,  not  only  duplication  of  effort  but  friction  and 
rivalry.  Is  this  condition  desirable?  As  a  profession. 
should  engineers  allow  it  to  arise? 

There  will  be  few  who  will  desire  such  a  condition  to  ex- 
ist What  then  is  the  remedy?  A  combination  of  the  two 
organizations  in  which  the. one  will  assume  certain  functions 
and  the  other  totallv  different  functions,  yet  each  striving 
toward  a  common  goal.  In  the  writers  opinion  this  can  be.st 
be  obtained  through  some  .such  organization  as  is  proposed 
in  the  report  of  the  committee  above  named,  viz.,  an  engi- 
neering council  (national  in  scope),  a  state  forum  in  each 
state  or  group  of  states,  and  local  clubs  or  societies  in  cities 
and  district  Intermediate  to  the  council  and  the  local  clubs 
the  national  technical  societies  would  stand,  not  functioning 
through  the  state  forums,  however.  As  branches  of  the 
national    technical    societies    the    specialized     technical     so- 
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cieties    would    stand    without    connection,    directly,    with    the 
forums  of  the   local   clubs. 

Diagrammed  this  organization  would   appear  as  follows: 
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What  body  is  more  in  a  position  to  perform  the  functions 
of  an  engineering  •council"  than  A.  A.  E?  The  modifica- 
tions, then,  that  the  writer  would  suggest  to  the  organiza- 
tion as  outlined  by  the  Committee  on  Development  would  be 
as   follows: 

1.  That  A.  A.  E.  be  substituted  for  Engineering  Council. 

2.  That  a  member  of  A.  A.  E.  as  now  organized  become 
through  his  present  connection  with  A.  A.  E.  a  member  of 
a  local  club. 

3.  That  members  of  a  local  club  be  not,  necessarily,  mem- 
bers of  a  national  technical  society,  but  such  affiliation  be 
encouraged. 

4.  That  all  members  of  a  national  technical  society  be  re- 
quired to  be  members  of  a  local  club,  and  therefore  have  a 
representation   in  A.  A.   E. 

5.  That  the  state  forums  be  representative  bodies  from 
the  local  and  district  clubs,   and  be   responsible   to  A.   A.   E. 

Ck  That  A.  A.  E.  be  a  representative  body  from  state 
forums  and  national  technical  societies,  and  that  both  be 
responsible  to  it. 

Some  difficulties  would  undoubtedly  be  encountered  in 
putting  such  a  plan  in  operation,  but  they  do  not  occur  to 
the  writer  as  unsurmountable.  whereas  the  tangle  which  is 
bound  to  result  if  present  tendencies  go  unchecked  will  be 
such  that  it  will  be  impossible  to  straighten  them  out  without 
a  great  deal  of  unnecessary  strife. 

,  C.    W.    HAASIS. 

Cleveland,  O. 


Thawing  Dynamite 

To  the  Editor:  Kindly  refer  to  the  "Safety  Rules  for 
Quarrying."  page  658,  issue  .lune  18,  1919.  Rule  2S-A  reads 
as    follows: 

"One  of  the  safest  and  cheapest  ways  to  thaw  dynamite 
is  to  bury  it  in  a  pile  of  manure." 

This  is  incorrect.  Dynamite  should  never  be  buried  di- 
rect in  manure  as  this  causes  it  to  deteriorate  promptly.  It 
is  proper  to  bury  in  manure  wooden  cases  or  boxes  con- 
taining dynamite,  provided  they  are  tightly  closed,  but  this 
iiualirtcation  should  always  be  made  when  recommending 
thawing  dynamite  in  manure.    Otherwise  trouble  will  result. 

ATLAS   POWDER  CO., 

Wilmington,   Del. 


Federal  Valuation  Bureau  to  Release  One  Hundred  Engi- 
neers.— About  Oct.  1  the  Bureau  of  Valuation  of  the  Inter- 
state Commerce  Commission  will  release  from  Government 
service  in  the  Western  district  IdO  engineers,  whose  salaries 
range  from  $720  to  $3,00(1  per  annum  plus  all  expenses.  The 
ages  of  these  men  range  from  22  to  40  years.  Many  of  them 
have  had  very  extensive  experience  in  construction  and  in 
maintaining  railways  and  in  general  engineering  experience. 
Many  of  them  have  been  in  the  Government  service  for  a  pe- 
riod of  5  years.  Parties  having  openings  for  any  of  these 
engineers  should  write  to  Mr.  John  S.  Worley,  Member  Engi- 
neering Board,  Bureau  of  Vahiation  for  Western  District, 
Kansas  City,  Kan. 


Steam-Jetted  Concrete  for  Tunnel 
Lining 

An  interesting  example  of  relining  a  tunnel  involving  some 
novel  features  was  recently  described  in  the  Railway  Re- 
view, from  which  the  following  abstract  is  taken. 

The  Voksburg  tunnel  on  the  Lehigh  Valley  R.  R.  was  com- 
pleted in  1885.  It  is  a  double  track  tunnel  3,902  ft  long  and 
had  a  tiring  brick  lining  in  the  center  and  stone  lining  at  the 
ends. 

It  passes  through  a  hill  about  900  ft.  high,  and  the  combi- 
nation of  leakage  of  water  through  the  brick  with  the  ex- 
haust gases  of  the  locomotives  has  disintegrated  the  brick 
work  over  the  tracks  in  many  places.  In  other  places  be- 
tween the  tracks  there  are   deep  and  extensive  holes. 

A  year  or  so  ago  hand  repairing  with  concrete  was  at- 
tempted, but  this  being  found  expensive  and  unsatisfactory, 
Mr.  George  T.  Hand,  chief  engineer  of  the  road,  placed  in 
charge  of  Mr.  Harold  P.  Brown  of  New  York  the  relining  of 
the  tunnel  with  steam-jetted  concrete.  For  this  purpose  Mr. 
Brown  designated  a  special  car  mountefd  on  a  track  car- 
ried by  an  ordinary  flat  car  and  is  controlled  by  two  hand 
winches.  One  moves  the  nozzle,  mounted  on  a  trolley,  which 
runs  upon  an  I-beam  curved  on  a  9-ft.  radius,  with  the  same 
center  as  that  of  the  arch  of  the  tunnel.  The  end  of  the 
I-beam  projects  beyond  the  center  line  of  tunnel,  so  that  the 
nozzle  can  be  used  to  place  concrete  overhead  between  the 
tracks. 

The  second  winch  controls  the  fore  and  aft  movement 
of  the  nozzle  car  for  10  ft.  of  working  distance.  A  further 
movement  causes  the  side  of  the  car  nearest  the  tunnel  wall 
to  run  down  hill  at  an  angle  of  45°,  so  that  the  projecting 
I-beam   is   brought   back   within   clearance   lines. 

The  concrete  atomizer  is  placed  on  a  second  flat  car  which 
carries  a  supply  of  cement,  sand  and  gravel.  Steam  is  sup- 
plied from  a  locomotive  fired  with  coke.  A  pressure-reduc- 
ing valve  set  at  90  lb.  reduces  the  steam  pressure  in  the 
pipe  leading  to  the  atomizer.  Connections  are  made  by  two 
ball  joints  on  a  2V4-in.   pipe. 

The  work  train  is  completed  by  a  box  car  carrying  the 
necessary  tools;  also  a  large  air  tank,  so  that  compressed 
air  can  he  used  on  the  pneumatic  tools  for  drilling  weep 
holes  and  placing  expansion   bolts  in  the  brickwork. 

The  exhaust  of  steam,  smoke  and  water  has  covered  the 
tunnel  lining  with  a  layer  of  viscous  material  having  an 
acid  reaction.  This  layer  cannot  be  removed  by  scrapers, 
by  wire  brushes  or  by  sand  blasts;  as  the  sand  merely  sticks 
to  the  viscous  surface.  Nor  does  a  steam  jet  serve  to  clean 
the  bricks.  Mr.  Brown  therefore  uses  a  spray  of  pebbles, 
hot  water  and  steam  jetted  by  means  of  the  nozzle  car 
against  the  surface,  at  45  lb.  pressure.  This  leaves  the 
bricks  perfectly  clean  and  hot.  A  mixture  of  1  part  cement, 
3  parts  sand  and  1  of  fine  pebbles  with  10  per  cent  of  water 
is  at  once  jetted  on  to  the  cleaned  surface  and  adheres 
strongly  enough  to  check  the  flow  of  water  through  the 
brick. 

No  trouble  is  caused  by  the  presence  of  the  coke-flred 
locomotive  in  the  tunnel.  As  the  service  in  both  directions 
is  carried  on  one  track,  the  work  is  frequently  interrupted, 
and  a  locomotive  hauling  a  heavy  freight  train  fills  the  tun- 
nel with  smoke  which  takes  some  time  to  clear.  To  help 
in  clearing  away  the  smoke  on  days  without  a  breeze  a  draft 
tube  is  mounted  on  top  of  the  cab  with  a  series  of  steam 
jets.  This  creates  a  powerful  current  of  air.  A  dynamo  on 
the  engine  supplies  incandescent  lights  for  the  train,  and 
several  acetylene   torches   are  used  for  general   illumination. 

This  is  the  first  instance  of  the  use  of  a  coke-fired  loco- 
motive in  a  long  unventilated  tunnel.  The  hot  concrete 
jetted  upon  the  roof  seems  to  absorb  a  large  proportion  of 
the  carbonic  acid  gas  generated  by  the  combustion.  The 
concrete  sets  up  very  quickly  and  no  reinforcement  or  wire 
mesh  is  needed  to  hold   it  in  place   on  the  arch. 


Fifty-two  Per  Cent  Increase  in  Railway  Wages  in  Two 
Years. — In  testifying  last  June  before  the  House  Comriiittee 
on  Appropriations.  Director  General  of  Railroads  Hires  esti- 
mated that  the  wages  being  paid  railway  employes  in  1919 
were  52  per  cent  higher  than  the  rates  of  pay  in  effect  at  the 
end  of  1917.  He  stated  that  prices  of  material  and  supplies 
were  35  to  40  per  cent  more  than  they  were  in  1917. 
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How  the  Miami  Conservancy  Dis- 
trict Keeps  Records  of  Con- 
struction Equipment 
and  Supplies 

An  efficient  card  index  system  is  employed  by  the  Miami 
Conservancy  District  tor  lieeping  records  of  the  equipment 
and  supplies  used  on  the  $2T,0<i0.00i)  flood  prevention  project 
on  the  Miami  River.  Ohio.  This  work,  which  is  being  carried 
out  by  force  account  by  the  district,  has  required  an  invest- 
ment of  $2,(10(1.000  for  equipment. 

Records  for  each  machine   are  kept   on  the   form    (Fig.    1). 
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Growth  and  Decline  of  Jitney  Business  in 
Los  Angeles 

Jitneys  commenced  to  operate  in  Los  Angeles  during  .luly. 
1!*14.  and  their  number  increased  with  such  rapidity  that 
there  were  500  in  operation  by  the  end  of  the  year.  The 
number  of  jitney  permits  issued  the  succeeding  years  wen- 
1.300  in  1915,  1,000  in  19lr,  and  (;00  in  1917.  The  number  of 
jitneys  operating  at  any  one  time  seldom  exceeded  KM),  as 
the  old  jitney  operators  dropped  out  about  as  fast  as  new 
operators  entered  the  business.  During  the  year  ending 
June  30,  1918.  the  decline  in  the  number  of  jitneys  operated 
was  extremely  rapid:  The  total  number  during  July,  1917, 
was  approximately»200,  and  In  June,  1918.  there  were  only 
32  in  operation.  This  decrease,  according  to  the  ninth  annual 
report  of  the  Board  of  Public  Ttilities  of  l^s  Aneeles.  was 
due  to  several  causes,  mainly  as  follows: 

(1)   Increase  in  cost  of  oquipnu-nt.  gasoline,  oil  and  llres. 
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Fig.    1. — Card   for   Machinery    Record.    (Actual    Size    of   Card   5x8   in.). 

Ore  side  of  the  card  gives  the  record  of  the  equipment,  while 
the  other  side  sliows  the  appraisal  costs  at  various  times.  th.> 
charges  for  use  of  the  equipment,  and  its  final  disposition. 
It  is  thus  possible  to  obtain  from  the  cards  all  the  informa- 
tion essential  to  accurate  accounting,  including  the  amount 
expended  for  repairs  and  the  final  disposition  of  the  machine. 
The  card  system  is  handled  by  one  man. 

Supplies  and  repair  parts  are  distributed  through  a  large 
central  warehouse  at  Dayton,  to  local  warehouses  on  each 
job.  The  central  warehouse  records  are  kept  on  the  form 
shown  as  Fig.  2.  This  card  records  the  quantity  and  value 
of  the  material  or  parts  on  hand,  so  that  the  warehouse 
superintendent  can  tell  at  any  time  the  exact  amount  of  any 
article  he  has  in  stock. 

The  local  warehouse  is  supplied  from  the  central  ware- 
house on  written  orders  from  the  division  superintendent  or 
division  engineer.  Each  out-going  item  is  priced,  and  the 
wagon  bill  of  lading  is  made  out  in  duplicate  and  given  to 
the  truck  driver,  who  signs  it  as  a  receipt  and  delivers  the 
supplies  to  the  local  warehouse.  The  local  warehouse  man 
checks  the  load,  keeps  one  copy  of  the  bill  and  sends  the 
other  to  the  central  warehouse. 

(3 


Fig.   2. — Card    Used   at   Central   Warehouse   for   Records   of   Supplies 
and   Repair  Parts.   (Actual  Size  of  Card  10' 2X12  In.). 

(2)  High  wages  offered  for  labor  by  shipyards  and  other 
war  industries. 

(3)  Restricted  legislation  which  prohibited  the  operation 
of  jitneys  within  the  congested  business  district  of  Los  An- 
geles. 

The  above  mentioned  report  also  gives  some  Interesting 
statistics  on  the  earnings  of  jitney  operators,  the  figures 
being  based  on  checks  made  on  certain  days  from  G  a.  m.  to 
12  p.  m.  The  average  receipts  per  car  on  the  days  the 
checks  were  made  ranged  from  $4.84  on  April  9,  1917.  to  $7.77 
on  July  11.  1917.  On  the  latter  date,  for  instance.  177  cars 
were  operating.  The  total  number  of  round  trips  was  2.213 
or  an  average  of  12  per  car.  The  average  number  of  miles 
per  car  was  124  and  the  total  receipts  was  $1,370.  The  aver- 
age receipts  per  car  mile  on  this  day  were  0.2  ct.  On  the  day 
the  low  figure  of  $4  84  was  made.  28G  jitneys  were  in  oper- 
ation, making  a  total  of  2,3GG  round  trips,  or  8  per  car.  The 
number  of  miles  per  car  was  91  and  the  total  receipts  for  the 
day  was  $1,385.  The  average  receipts  per  car  mile  were  5  ct. 
Eight  checks  in  jitney  operations  were  made  in  1915.  14 
in  I9in.  15  in  1917  and  G  in  1918.  The  average  receipts  per 
car  and  per  car  mile  based  on  the  figures  obtained  in  these 
checks  were  as  follows: 

.Werasre  daily  Averaprf  receipf! 
receipts  per  car.     xxrc  car  mile. 

19]i;  $5.68  S"  I15S 

1916 ^.71  .JISl 
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Efficient    Plant  for  Casting  Con- 
crete Blocks  for  Miami 
River  Revetment 

In  connection  with  its  flood  prevention  work  on  the  Miami 
River  the  Miami  Conservatory  District  will  cover  a  con- 
siderable length  of  the  new  river  banks  with  a  concrete  lin- 
ing.    The   lining  also  will  cover  a  35  'ft.   strip  of  river   bed 


Fig.    1. — Car   With    16-Celled   Concrete    Form. 

adjacent  to  the  banks.  The  latter  portion  wdll  consist  of  a 
flexible  mattress  of  concrete  blocks  woven  together  by  steel 
cables.  About  400,000  blocks  will  be  required  for  the  mat- 
tress. These  blocks  will  be  1  ft.  x  2  ft.  x  5  in.  in  thickness, 
with  narrow  faces  beveled  Vi  in.  from  their  center  line  each 
way  and  with  holes  located  6  in.  from  the  short  edges  of  the 
block.  The  holes  are  %  in.  in  diameter  and  take  a  %  in. 
steel  cable.  The  efficient  plant  and  ingenious  devices,  de- 
veloped for  the  casting  of  these  blocks,  are  described  in  the 
Miami  Conservancy  Bulletin,  from  which  the  matter  follow- 
ing is  abstracted: 

The  plan  of  the  forms  for  the  blocks,  as  developed  by  Mr. 
Harry  Price,  of  Price  Bros.,  contractors,  who  are  doing  the 
work,  is  shown  in  Fig.  1.  For  economy  in  handling,  the 
blocks  are  molded  on  small  flatcars,  IG  blocks  to  the  car, 
remaining  on  the  cars  from  the  time  they  are  cast  till  they 
are  unloaded,  a  finished  product,  in  the  storage  yard.  The 
16-celled  form  is  built  up  on  the  floor  of  the  car,  which  forms 
one  face  of  the  block.  The  cells  are  formed  by  longitiidinal  and 
cross  pieces,  forming  the  partitions,  2  tenons  on  each  end  of 
each  longitudinal  piece  slipping  rather  loosely  into  corre- 
sponding mortises  in  the  cross  pieces,  whicli  are  longer.     A 
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Fig.    2. — General    Plan,    Concrete    Block    Plant. 

partition  piece  of  each  kind  is  shown  leaning  against  the  end 
of  the  car.  The  center  cross  piece  is  bolted  to  the  car  plat- 
form; all  the  other  pieces  are  loose. 

The  forms  are  built  up  by  slipping  the  tenons  of  five  of  the 
short  partition  pieces  into  the  corresponding  mortises  in  the 
fixed  cross  piece,  then  laying  the  next  cross  partition  piece 
in  place,  slipping  the  mortises  over  the  tenons  of  the  short 
pieces  already  in  place.  This  completes  one  middle  section 
of  four  cells.  The  other  middle  section  and  the  two  end 
sections  are  similarly  built  up.  The  whole  form  is  then 
tightened  by  cross  blocks  and  wedges  inserted  between  the 
two  end  cross  pieces  and  the  projecting  studs  seen  at  the 
ends  of  the  car  platform.  The  top  of  the  form  is  left  open 
to  receive  the  concrete,  the  freshly  poured  block  being  struck 
off  with  a  broad  trowel  but  not  finished.  The  partition  pieces 
are  lined  with  sheet  steel,  number  10  gage  and  rustproof. 
The  holes  through  the  blocks  are  formed  by  iron  rods,  slipped 
through  holes  in  the  form  partitions,  as  shown  in  the  figure. 
Rods  and  partition  faces  are  oiled  with  straw  paraffin  oil  to 
prevent  the  concrete  from  adhering.     The  rods  are  removed 


while  the  blocks  are  still  a  little  green.  The  blocks  cure  for 
2i  hours  on  the  car,  after  which  the  forms  are  taken  apart 
by  knocking  out  the  wedges  and  removing  the  partition 
pieces  and  the  finished  blocks,  one  by  one. 

The  movement  of  the  cars  in  relation  to  the  general  ar- 
rangement of  the  plant  Is  shown  in  Fig.  2.  Empty  cars  with 
forms  made  up  receive  the  fresh  concrete  from  the  mixer  and 
are  j)ushed  onto  a  rolling  platform  which  moves  along  the 
transfer  track  at  the  left  to  a  point  opposite  one  of  the  tracks 
in  the  curing  yard,  to  which  it  is  then  transferred,  all  the 
pushing  being  done  by  hand.  (Short  sections  of  rail  on  top 
of  the  rolling  platform  are  placed  to  align  with  the  tracks  in 
the  curing  yard  and  on  the  same  level.) 

The  curing  yard  contains  8  tracks,  each  capable  of  holding 
13  cars.  At  the  end  of  a  day's  run  this  yard  is  filled  with 
from  81  to  83  cars,  all  loaded  with  green  blocks.  The  next 
day  these  cars,  by  way  of  the  second  transfer  platform  (two 
of  these  being  in  use),  are  run  over  the  transfer  track  at 
the  right  to  the  movable  track  (see  Fig.  2),  in  the  storage 
yard,  over  which  they  pass  to  the  point  where  they  are  un- 
loaded to  await  transportation  to  the  river  levee.  The  blocks 
remain  in  the  curing  yard  about  24  hours.  The  regular  day's 
run  is  81   cars,  or  1,290  blocks,  enough  extra  carloads  being 


Fig.    3. —  Floor    Plan,    Concrete     Block     Plant, 

cast  during  the  week  to  bring  the  average  up  to  1,300  blocks 
per  day.  After  the  blocks  are  unloaded,  the  forms  are  taken 
apart,  cleaned,  oiled,  set  up  again,  and  returned  to  the  plant 
for  a  fresh  load  of  blocks. 

The  finished  blocks  are  kept  wet  for  several  days  by  a 
sprinkling  device  made  by  running  down  the  length  of  the 
storage  yard  a  light  weight  pipe  with  slots  sawed  in  its  upper- 
quarter  at  proper  intervals. 

Cement  for  the  concrete  is  brought  by  truck  and  unloaded 
by  hand.  The  gravel  is  obtained  from  the  bed  of  the  Miami 
River.  It  was  deposited  in  a  stock  pile  on  the  bank  by  a 
dragline  excavator,  the  plant  being  close  to  the  river.  The 
gravel  is  taken  from  stock  pile  by  a  traveling  stiff-leg  der- 
rick with  V2  yd.  clam  shell  bucket  (see  Fig.  4),  and  dropped 
intc  a  car  running  on  a  track  on  a  trestle.  The  car  dumps 
into  the  hopper  of  a  stone  crusher,  from  which  an  elevator 
takes  the  crushed  material  to  a  gravel  screen  which  sepa- 
rates it  into  two  sizes — coarse  aggregate,  2  in.  to  Vi  in,,  and: 


Fig.  4. — Price  Bros:  Concrete  Block  Plant. 

Clamshell  in  foregrround  loads  sravel  from  stock  pile  fnot  seen) 
into  car  sliown  dumping:  into  rock  crusher  at  left.  Rlevator  belt 
to  left  of  car  takes  crushed  gravel  to  screen  above,  whence  it 
passes  to  bin.s  below  and  then  by  cars  to  mixer.  Curing:  yard  at 
risht.     Storase  yard  in  distance.     Mixer,  etc.,  in  house  at  left. 

sand,  all  below-  M  in.  The  screened  material  passes  by 
gravity  to  bins  and  thence  to  hopper  cars  which  carry  it 
along  a  track  to  the  receiving  hopper  of  the  concrete  mixer. 
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From  the  mixer  (M,  Fig.  3)  the  fresh  batch  pours  into  a 
mortar  box  B.  one  batch  making  about  a  car  and  a  half  of 
blocks.  The  car  with  the  form  is  rolled  under  the  mortar 
box.  The  fresh  concrete  runs  from  the  box  into  the  forms 
through  four  gates,  properly  spaced  to  fill  4  cells  of  the  form 
at  a  time.     Four  such  pourings  fill  a  car. 

The  fresh  blocks,  after  being  run  to  the  curing  yeard,  are 
thorouchly  spaded  by  a  special  spade  made  by  straightening 
the  shank  of  the  blade  of  a  garden  hoe.  They  are  then  rough- 
finished  by  striking  with  a  broad  trowel  as  already  stated. 

The  reinforcement  for  the  blocks  is  of  No.  7  steel  wire, 
shaped  as  shown  in  Fig.  1.  The  reinforcement  is  laid  into 
the  form  as  shown  and  slightly  lifted  from  the  bottom  as  the 
block  is  being  poured,  in  order  to  bring  it  into  proper  posi- 
tion, the  fresh  concrete  being  stiff  enough  to  hold  it  in  place. 

The  reinforcement  is  made  from  the  wire  by  a  simple  and 
ingenious  arrangement  sketched  in  plan  as  part  of  Fig.  3. 
The  wire  coming  from  the  supply  reel  passes  over  three 
grooved  wheels  as  shown  to  take  the  bend  out.  It  passes 
thence  to  the  bending  reel  made  out  of  parallel  gas  pipes 
attached  to  a  pulley  rotated  by  an  electric  motor.  This  reel 
forms  it  into  a  somewhat  flattened  coil.  The  crimping  clamp 
is  then  rolled  forward  on  its  rails  (not  shown  in  cut)  and  its 
jaws  bring  the  coil  to  final  flatness.  The  coil  is  then  re- 
moved from  the  reel  and  cut  into  sections  of  the  requisite 
number  of  turns  to  give  it  the  final  shape  seen  in  Fig.  1. 

The  rock  crusher  is  a  No.  1  jaw  crusher,  built  by  the  West- 
ern Wheeled  Scraper  Co.  The  mixer  is  a  Koehring  batch 
nnxer  of  21  cu.  ft.  capacity,  run  by  a  General  Electric  7 '4  hp. 
motor.  A  2  hp.  motor  runs  the  wire  bender,  a  3  hp.  motor 
th(  gravel  screen,  and  a  7%  hp.  motor  the  rock  crusher.  All 
the  electric  motors  are  of  the  induction  type,  and  take  cur- 
rent from  the  Dayton  Power  &  Light  Co.'s  alternating  cur- 
rent line,  the  plant  being  within  the  city  limits  of  Dayton. 

The  labor  required  is  as  follows:  wire  bending  machine, 
one  man;  trucks  bringing  cement.  2  men;  derrickman; 
crusher  and  screen,  2  men;  sand  and  gravel  car  to  mixer.  4 
men;  mixer,  2  men;  filling  forms,  2  men;  transfer  car,  1  man; 
spading  and  finishing  blocks.  2  men;  cleaning,  oiling,  and 
setting  up  forms,  4  men;  unloading  blocks,  3  men.  Add  to 
these  a  superintendent,  an  inspector,  a  general  utility  man, 
and  a  night  watchman.  This  totals  28  men.  Much  of  the 
work  has  been  done  with  24  to  20  men. 

The  plant  is  operating  very  sutcessfully  and  economically. 
and  is  turning  out  an  excellent  product.  The  contract  price 
for  the  first  100.000  blocks  is  20  ct.  per  block;  for  additional 
quantities,  IC  ct.  per  block.  Counting  the  expense  of  gravel 
and  use  of  rock  crusher,  both  of  which  are  supplied  by  the 
District,  this  makes  the  average  cost  between  17  and  18  cents 
per  block.  The  turnout  up  to  .July  2G  was  S7,.5(M)  blocks,  just 
half  the  number  required  for  the  Dayton  river  improvement. 
Hamilton  will  require  225,000.  The  plant  will  he  dismantled 
and  moved  to  Hamilton  to  make  them. 


Annual  Congress  of  National  Safe- y  Council.^Some  of  the 
most  important  problems  before  American  industry  today, 
such  as  the  anticipation  of  labor  unrest,  increasing  plant 
efficiency  and  .  production,  decreasing  manufacturing  costs 
and  the  whole  subject  of  labor  management,  will  be  dis- 
cussed in  connection  with  the  general  subject  of  accident 
prevention  at  the  8th  Annual  Safety  Congress  of  the  National 
Safety  Council  in  Cleveland,  Oct.  1  to  4.  The  great  bulk  of 
the  accident  prevention  talent  of  the  country—  100  scheduled 
speakers  and  approximately  3,000  men  and  women  who  di- 
rect the  safety  work  of  the  nation's  greatest  industries- 
will  come  together  for  a  four-day  exchange  of  ideas  and  ex- 
periences. There  will  be  four  general  sessions,  four  round 
tables,  and  35  sectional  meetings  during  the  congress.  -\s 
all  the  general  sessions  will  open  at  2  o'clock  in  the  after- 
noon and  the  sectional  meeting  at  9;  30  o'clock  in  the  morn- 
ing it  will  be  possible  for  any  one  to  attend  all  the  general 
sessions  and  also  all  the  sectional  meetings  for  his  particular 
industry.  There  will  be  three  meetings  each  of  the  metals, 
mining  and  steam  railway  sections,  one  meeting  each  of  the 
marine  and  navigation  and  textiles,  and  two  meetings  of 
each  of  the  following  sections:  automotive,  cement,  chem- 
ical, construction,  electric  railway,  health  service,  packers, 
paper  and  pulp,  public  safety,  public  utilities,  rubber,  wood- 
working, and  women  in  industry.  The  first  general  session 
will  be  devoted  entirely  to  a  discussion  of  employes'  rep- 
resentation. 


The  Railroad  Problem 

In  a  pamphlet  of  about  TO  pages  entitled  •'Comments  on 
the  Railroad  Problem,"  by  Mr.  Robert  S.  Lovett,  preBideni 
of  the  Union  Pacific  System,  this  well-known  railroad  execu- 
tive has  made  a  thoroughgoing  analysis  of  the  railroad  sit- 
uation and  has  shown  in  a  striking  way  the  many-HidedneKii 
of  the  problem.  He  has  first  taken  up  several  of  the  plans 
for  administering  and  financing  the  railroads  which  have  al- 
ready been  proposed  and  shows  the  weakness  of  each  of 
these,  and  then  proceeds  to  constructive  criticism  by  offering 
the  essential  features  of  the  plan  designated  as  the  "sound 
remedy." 

The  problem  of  the  strong  and  the  weak  companies  he  de- 
scribes as  being  an  inevitable  condition  rather  than  a  prob- 
lem which  can  be  solved,  or  should  he  solved.  The  weak 
roads  are  weak  because  of  serving  territory  with  little  trafflc, 
because  of  competition,  mistakes  in  policy,  unsound  financing 
or  bad  management.  The  bulk  of  the  nation's  business  is 
done  by  the  strong  lines  and  this  tends  to  make  them  strong. 

The  plan  to  consolidate  all  roads  into  a  few  systems  would 
undoubtedly  have  the  effect  of  reducing  the  average  of  the 
credit  of  all  the  railroads.  The  credit  of  the  strongest  roads 
has  not  been  any  too  good  during  the  last  few  years.  Con- 
gress has  no  right  to  compel  one  corporation  to  consolidate 
with  another.  It  may  give  one  the  right  to  acquire  the  prop- 
erty of  the  other  by  condemnation,  but  it  must  pay  for  it 
and  (here  is  the  difficulty)  pay  for  it  in  cash.  It  is  believed 
that  the  consolidation  of  all  the  railroads  into  a  tew  com- 
panies would  result  in  each  one  being  too  large  for  eflleient 
and  economical   management. 

The  plan  for  the  pooling  of  net  earnings  Mr.  Lovett  claims 
to  be  essentially  confiscatory,  for  if,  as  a  part  of  this  plan. 
the  most  efficient  roads  are  limited  in  their  net  earnings  it 
will  deprive  many  stockholders  of  a  large  part  of  their  only 
income.  Congress  has  not  the  power  to  carry  out  any  such 
scheme  as  this,  for  it  is  a  denial  of  due  process  of  law  and 
would  be  taking  private  property  for  public  use  without  com- 
pensation, contrary  to  the  Fifth  Amendment  of  the  Federal 
Constitution. 

Many  financiers  and  railroad  men  believe  that  a  guaranty 
of  dividends  or  some  definite  return  on  the  money  invested 
in  railroads  is  necessary  in  order  to  re-establish  failh 
in  railroad  securities  now  constituting  such  an  important 
part  of  our  financial  structure.  This  seems  impracticable. 
because  it  is  not  believed  that  the  Government,  as  a  perma- 
nent policy,  would  guarantee  the  railroad  owners  a  fair  re- 
turn upon  the  full  value  of  their  property  and  leave  the  man- 
agement in  their  hands,  taking  all  of  the  risks  and  none  of 
the  profits,  whereas,  if  the  Government  should  take  the  ex- 
cess above  the  guaranty,  then  it  would  cease  to  be  a  guaran- 
tee, and  all  incentive  to  competition  and  economy  by  the  pri- 
vate management  would  be  eliminated. 

The  plan  devised  by  the  committee  of  railroad  executives 
and  submitted  to  the  Senate  committee  offers,  in  Mr.  Lovetfs 
judgment,  the  best  solution  of  the  problem.  Its  principal 
features  are: 

A.  The  rule  of  rate-making  to  be  provided  by  Congress  It- 
self, which  should  require  that  the  rates  be  suflicienl  to  en- 
able the  carriers  to  provide  the  requisite  service  and  facili- 
ties, protect  existing  investments,  and  provide  the  new  cap- 
ital necessary  in   the  public   interest. 

B.  Compulsory  federal  incorporation  of  all  railroad  car- 
riers. 

C.  Exclusive  federal   regulation  of  railroad  securities. 

D.  Exclusive  'ederal   regulation   of  railroad   rates. 

E.  Creation  of  a  Department  of  Transportation  with  power 
to  act  quickly  and  deal  with  emergencies,  and  the  distribu- 
tion of  the  regulatory  powers  between  such  Department  and 
the  Interstate  Commerce  Commission,  with  the  creation  of 
such  regional  or  other  subordinate  co.mmissibns  and  agencies 
as  mav  be  necessary. 

F.  IModifications  of  restrictions  upon  railroad  consolida- 
tions, and  provision  for  the  merging  of  lines  when  in  the 
public  interest  and  approval  by  the  Commission. 

Mr.  Lovett  defines  a  "reasonable  rate"  as  whatever  rate 
Congress  may  fix,  provided  it  is  not  so  low  as  to  be  confisca- 
tory of  the  carriers  property,  nor  so  high  as  to  confiscate  the 
shipper's  property  bv  preventing  it  from  iroving. 

Other  comments  of  Mr.  Lovett  taken  from  his  discussion 
and  explanation  of  the  plan  of  which  he  approves,  are  as 
follows : 
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Railroad  investors  and  owners  will  not  take  all  the  risks 
and  forego  the  profits  of  the  business.  Why  should  they? 
There  are  too  many  other  opportunities  for  profitable  invest- 
ment all  over  the  world,  and  more  now  and  for  many  years 
to  come  than  ever  before.  Who  is  more  deserving  of  en- 
couragement, liberal  treatment  and  appreciation,  he  whose 
money  provides  the  railroad  facilities  which  the  public  con- 
venience and  interest  require  and  conducts  his  business  so 
well  that  he  can  make  a  profit  out  of  it  at  jates  which  the 
Government  itself  fixes;  or  the  man  in  private  business  (in 
some  lines,  the  more  private  the  better  for  it)  with  no  public 
interest  involved,  and  only  his  selfish  interest  to  serve? 

It  a  railroad  company  is  compelled  to  go  to  half  a  dozen 
state  railroad  commissions  for  permission  to  make  an  issue 
of  stock  or  bonds,  and  to  encounter  delays  running  into 
weeks  and  months  on  account  of  numerous  hearings  before 
different  commissions,  and  in  meeting  their  confiicting  poli- 
cies and  views,  before  it  can  deliver  the  securities,  it  will  be 
impossible  to  have  the  issue  underwritten,  or  if  underwritten 
at  all  the  cost  will  be  excessive.  In  the  matter  of  service, 
a  cabinet  officer  by  calling  in  railroad  executives,  and 
through  informal  discussions,  could  bring  about  changes  in 
train  service,  schedules,  and  other  things  desired  by  the  pub- 
lic, which  if  taken  up  with  the  elaborate  formality  and  pro- 
cedure inevitable  in  cases  of  a  commission  or  similar  body, 
would  not  be  accomplished  for  weeks,  and  possibly  months. 


Code  of  Practice  for  General  Con- 
tractors and  Subcontractors 


Economy  in  Painting  Railway  Structures 

Mr.  W.  I.  French,  foreman  maintenance  of  way  painters. 
New  York,  Ontario  &  Western  Ry.,  writing  in  the  Railway 
Maintenance  Engineer,  reminds  us  that  notwithstanding  the 
mounting  costs  of  material  and  labor,  it  is  still  "good  busi- 
ness" to  maintain  structures  in  proper  condition  as  regards 
painting.  He  claims  that  it  is  a  custom  with  railroads  when 
it  is  necessary  to  maKe  a  reduction  in  their  maintenance 
forces  to  reduce  the  paint  force  first.  Where  this  practice 
exists  many  bridges  are  gradually  being  eaten  away  with 
rust  and  the  buildings  are  decaying,  thereby  producing  a 
condition  which  can  only  be  corrected  after  a  great  amount 
of  labor  on  the  part  of  the  painters  before  the  structures 
are  in  proper  condition   to  apply  paint. 

When  a  bridge  begins  to  rust  it  also  begins  to  weaken,  be- 
cause rust  is  like  a  cancerous  growth  which  is  continually 
working  and  destroying.  Similarly  when  the  large  scales 
form  a  certain  amount  of  strength  is  taken  from  the  bridge 
due  to  the  reduction  in  section  of  the  metal.  Something 
must  be  done  to  check  the  rust.  It  is  then  up  to  the  painter 
to  scrape,  wire  brush  or  sand  the  steel  and  remove  as  much 
of  the  rust  as  is  possible  before  applying   the   paint. 

In  many  cases  the  season  is  so  short  from  the  date  the 
work  is  started  on  the  bridges  that  one  can  give  them  only 
one  coat  of  paint,  which  will  perhaps  be  the  only  coat  which 
they  will  get  until  they  are  in  much  the  same  condition  as 
before  being  painted.  For  this  reason  in  most  cases  bridges 
should  not  receive  less  than  two  coats  of  paint.  If  the  bridge 
receives  two  coats  the  second  one  is  a  protection  to  the  first 
coat,  as  it  seals  and  protects  the  steel  from  atmospheric  con- 
ditions that  would  otherwise  affect  the  one  coat  of  paint. 
The  cost  to  clean  the  bridges  that  are  allowed  to  get  in  bad 
condition  may  be  three  times  as  much  and  in  some  cases 
more  than  it  would  cost  to  paint  them  in  season.  Since  labor 
is  the  major  item  of  cost  it  seems  very  poor  economy  to  let 
them  get  in  such  condition. 

Buildings  and  other  structures  built  of  wood,  instead  of 
rusting  will  decay  if  not  kept  properly  painted.  It  seems  a 
fallacy  to  permit  a  station  or  building  which  costs  a  large 
amount  of  money  to  go  to  ruin  when  by  keeping  it  well 
painted  it  can  be  preserved  for  years.  If  people  would  only 
stop  and  think  for  a  minute  of  the  amount  of  work  it  necessi- 
tates to  get  a  building  into  condition  to  paint  after  the  old 
coat  has  begun  to  peel,  fewer  structures  would  be  allowed  to 
get  in  such  a  condition. 

After  a  building  begins  to  peel  the  only  practical  procedure 
before  painting  is  to  burn  off  the  old  paint  down  to  the  wood. 
It  this  method  is  not  used  it  will  continue  to  peel,  whereas 
if  it  was  given  one  coat  of  paint  every  four  years  it  would 
keep  the  building  in  good  condition  at  a  reasonable  cost.  It 
would  always  look  well  and  be  in  a  good  state  of  preserva- 
tion. 


The  Contractors'  Protective  Association  of  Cleveland,  an 
organization  composed  of  general  contractors  in  the  build- 
ing trades  has  adopted  a  code  of  practices  to  govern  the  re- 
lations between  general  contractors  and  subcontractors. 
The  code  follows: 

Allocation  of  Expense. — The  general  contractor  shall  as- 
sume and  pay  for  the  different  items  of  expense  which  are 
called  for  in  the  "General  Conditions"  of  the  specifications 
on  all  work  let  under  a  general  contract,  except  such  ex- 
pense items  as  pertain  especially  to  the  work  which  is  sub- 
let by  him.  Such  items  as  watchmen,  telephone  charges 
(except  long  distance  calls),  fire  insurance,  etc.,  shall  not 
be  pro-rated  against  the  sub-contractor.  Long  distance  tele- 
phone calls,  water,  electric  current,  compressed  air.  eleva- 
tor service,  etc.,  shall  be  charged  directly  to  the  sub-con- 
tractor on  the  basis  of  the  use  made  of  these  items  by  the 
sub-contractor. 

Cutting  and  Patching. — Sub-contractors  shall  assume  all 
reasonably-to-be-expected  cutting  and  patching  of  their  own 
work,  but  are  to  be  paid  by  the  general  contractor  for  all 
unreasonable  cutting  and  patching  which  may  be  required  of 
them.  Sub-contractors  shall  clean  up  and  remove  rubbish 
made   by   their   men. 

Liability  Insurance. — Both  general  contractors  and  sub- 
tractors  shall  a.ssume  the  responsibility  for  personal  dam- 
age to  either  their  employes  or  to  the  public  as  prescribed 
or  permitted  by  the  laws  of  the  state  of  Ohio.  Sub-contrac- 
tors shall  not  be  required  to  carry  contingent  liability  insur- 
ance, except  as  may  be  required  for  their  own  protection,  and 
for  the  protection  of  the  general  contractor,  in  case  they 
themselves  become  insolvent.  Sub-contractors  shall  not  be 
required  to  place  their  insurance  in  any  particular  manner 
or  with  any  particular  company,  however,  either  the  owner 
or  the  general  contractor  has  the  right  to  refuse  to  permit 
the  risk  to  be  carried  in  any  specific  manner  or  by  any  spe- 
cific company  if  said  owner  or  contractor  feels  that  he  has  a 
just  reason  for  taking  such  a  stand. 

Bond  from  Sub-contractor. — Sub-contractors  are  to  give 
bond  to  the  general  contractor  if  the  general  contractor  so 
requires,  but  the  cost  of  the  bond  is  not  to  be  prorated 
against   the   s"ub-contractor. 

Co-operation  in  Letting  Work. — It  is  the  expressed  desire 
of  the  general  contractors  to  conform  with  the  wish  of  the 
Building  Trades  Employers'  Association  of  Cleveland,  that 
work  shall  be  sub-let,  as  far  as  it  is  reasonable  and  practica- 
ble to  so  do,  to  members  of  the  Building  Trades  Employers' 
Association. 

Rejecting  Bids  by  Sub-contractor. — When  the  general  con- 
tractors ha\e  requested  and  taken  bids  on  sub-contract  work, 
at  the  time  of  making  up  their  own  bids  on  that  work,  they 
shall  not  again  request  sub-bids  after  having  been  awarded 
the  general  contract,  but  shall  proceed  to  sub-let  said  work 
upon  which  they  have  taken  sub-bids,  and  shall  do  so  on  the 
basis  of  the  bids  received,  unless  there  shall  be  some  good 
reason   to   the   contrary. 

Payments. — Sub-contractors  shall  invoice  against  the  gen- 
eral contractors  once  a  month  and  the  general  contractors 
shall  make  monthly  payments  to  their  sub-contractors,  said 
monthly  payments  being  based  upon  the  conditions  of  the 
principal  contract,  except  that  the  sub-contractors  are  to  be 
paid  in  full  for  their  work  within  60  days  after  the  final  com- 
pletion and  acceptance,  by  the  owner's  representative,  of 
said  sub-contract  work,  unless  there  shall  be  some  indica- 
tion of  lien  or  a  similar  reason  for  withholding  payment.  If 
a  lien  or  attested  account  has  been  filed,  or  if  it  is  indicated 
that  the  same  will  be  filed,  the  general  contractor  has  the 
right  to  retain  from  the  sub-contractor  sufficient  funds  to 
cover  such  obligations. 

Waiving  Lien  Rights.--  It  shall  be  compulsory  for  the  gen- 
eral contractor  to  notify  the  sub-contractor  before  closing 
contract  with  him  if  he.  the  general  contractor,  has  waived 
the  sub-contractor's  lien  rights. 

Responsibility  for  Damage. — Each  subcontractor  shall  be 
responsible  to  the  general  contractor  for  any  and  all  dam- 
age done,  either  to  the  general  contractor's  work  or  to  the 
work  of  any  sub-contractor  by  the  acts  or  lack  of  acts  of 
said  sub-contractor. 

Criticising   Preparatory  Work. — It  shall  be  the  duty  of  each 
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sub-toutractor  to  take  measurements  of  his  own  work,  and 
10  criticise  to  the  general  contractor  any  faulty  work  which 
is  preparatory  and  has  to  do  with  the  results  of  his  own 
workmanship,  and  in  this  connection  the  subcontractor  shall 
refuse  to  proceed  with  his  work  if  he  considers  that  it  is 
impractical  to  secure  the  desired  results  over  the  work  al- 
ready in  place. 

Quoting  Owners  by  Subcontractors. — It  shall  be  the  proper 
method  tor  sub-contractors,  doin^  work  under  a  general  con- 
tractor, not  to  quote  to  owners  on  the  job  or  jobs  where  they 
are  doing  said  sub-contract  work,  except  through  the  gen- 
eral contractor.     . 

Violation  of  Code. — If  any  member  of  the  general  contrac- 
tor's organization  be  accused  by  any  sub-contractor  in  writing 
over  his  own  signature  of  a  violation  of  this  code  of  prac- 
tice, such  written  notice  of  violation  shall  be  immediately 
referred  to  the  Secretary  of  the  Building  Trades  Employers' 
Association,  who  in  turn  shall  refer  the  matter  to  a  commit- 
tee to  be  appointed  for  this  purpose,  and  this  committee  shall 
act  as  prescribed  by  the  Building  Trades  Employers'  ."Asso- 
ciation. 


Electric  Railway  Fares 

In  view  of  the  fact  that  the  traction  problem  is  one  of  the 
most  important  questions  now  confronting  the  municipalities 
of  the  country  the  following  data  will  be  of  interest  to  engi- 
neers and  other  city  offlcials  who  are  concerned  with  the 
building  and  niantenance  of  electric  railway  lines.  The 
figures  are  taken  from  the  Aera.  a  Journal  devoted  to  the 
interests  of  the  American  Electric  Railway  Association  and 
were  collected   by   officials   of  that   organization. 

There  are  273  cities  in  the  United  States  having  a  popu- 
lation of  25,000  or  more.  In  18G  of  these,  fares  have  been 
increased  over  those  prevailing  before  the  war.  Of  these 
increases.  129  were  granted  by  public  utility  commissions. 
4(3  by  local  authorities,  9  became  effective  under  service-at- 
cost  plans,  1  was  put  into  effect  by  order  of  the  United  States 
Court,  and   1    by  the  company. 

In  24  cities,  applications  for  increases  have  been  refused. 
In  20  of  these  cases,  the  refusal  came  from  local  authorities, 
and  in  4  cases  from  the  commissions. 

Forty-two  states  and  the  District  of  Columbia  have  cities 
of  more  than  25,000,  In  36  of  these  states,  increases  have 
been  granted.  In  Connecticut,  Delaware,  the  District  of 
Columbia.  Idaho,  Maine,  Maryland,  Massachusetts,  Missis- 
sippi, Montana,  New  Hampshire,  New  Jersey,  North  Carolina. 
Oregon  and  Rhode  Island,  increases  have  been  granted  in  all 
cities  of  more  than  25,000.  In  Arkansas,  Florida,  Kansas, 
Oklahoma,  South  Carolina  and  Tennessee,  no  increases  have 
been   granted  in  such  cities, 

A  10-ct,  fare  is  being  charged  in  12  cities;  an  8-ct,  fare  in 
10:  6  ct.  plus  1  ct,  for  transfers  in  14:  a  7-ct,  fare  in  15,  and 
a  6-ct.  fare  in  86. 

Thirty-two  applications  are  pending  before  Commissions. 
27  before  city  authorities  and  two  before  courts. 

Municipal  ownership  has  been  p-oposed  in  three  cities- 
San  Francisco,  Detroit  and  Omaha,  Service-at-cost  plans  are 
being  considered  in  Philadelphia,  New  Orleans,  Minneapolis, 
Denver,  Louisville,  Oakland,  Berkeley,  and  Muskogee,  In 
six  cities  the  service  is  being  operated  by  the  state,  while 
state  operations   will  be   shortly  under  way   in   12   more. 

In  31  cities,  railway  companies  are  in  the  hands  of  re- 
ceivers. 


Advantages  of  Electrical  Method  of 
Setting  Off  Blasts 

riie  potential  energy  contained  in  dynamite  or  any  other 
explosive  cai>  be  brought  Into  activity  only  through  the  use 
of  some  intermediate  firing  agent.  The  ideal  raedium  for 
this  purpose  should   possess  the  following  (|ualilleR: 

First.  It  must  secure  the  full  energy  from  the  explosive 
in  the  form  of  useful  work. 

Second.     It  should  be  absolutely  free  from  miKrtres. 


Electric  Power  Requirements  of  Rock  Crushing  Plant. — 
The  following  figures  on  energy  consumption  of  a  rock  crush- 
ing plant  are  reprinted  from  the  Electrical  "World.  The 
plant  is  located  in  Massachusetts,  is  equipped  with  a  20  hp. 
550  volt,  3-phase  induction  motor,  and  is  operated  8  months 
of  the  year.     The  crusher  is  fed  by  gravity: 

Cost  of  Tons  Demand 

Month                                             service.     Kw-.-Hr.     crushed.       (Kw.) 
May  $50.76  950  1.042  1^.3 

Tune  •  35"  "<*  '^^  VJ. 

Jul,  33  9S  .-.90  59fi  22.1 

•iu^st |o22  930  1,082  25,4 

Sen^mber 62.10  1,150  1.240  37.2 

October  6102  1.130  1,308  22.4 

November- '  i  i i  i  i ■.::::: ; : : : : : : ; :  eo'ee      1.290      1 ,3«      30.9 

December  65.S8  r220  J!6o  2. .6 

Total    $«8.76  7.870  7.677 

fost  per  ton   for  energy    'qsq 

Kw.-hr.    per    ton    i^i 

Average  kw.-hr.  per  month   ""■' 


Fjse   Permits   Good   Tamping.   But    Ipnites   the   Charge   In   the   End. 
and    Requires   an    Open    Flame    to   Light    It. 

Third.  The  blaster  or  user  should  enjoy  uuixiiuuni  safety 
while  using  it. 

Fourth.  It  should  be  able  to  resist  adverse  or  poor  storage 
conditions  without  deteriorating  and  thus  becoming  more  or 
less  useless. 

Fifth.  The  cost  should  be  low.  The  factor  of  a  low  flrst 
cost,  however,  is  not  a  true  criterion  of  the  cheapness  of  any 
given  method  of  detonating  or  igniting  explosives.  Though 
a  method  might  be  very  cheap  in  first  cost,  it  might  not  de- 
liver t'he  full  energy  of  the  explosive  and  would  thus  require 
the  use  of  a  greater  amount  of  explosive  than  would  other- 
wise be  necessary.  It  might  give  rise  to  a  large  number  of 
misfires,  which  are  dangerous  to  the  blaster  and  generally 
result  in  a  total  loss  of  explosives.  It  might  also  be  unsafe 
or  at  least,  comparatively  unsafe,  and  one  or  more  serious 
accidents  would  bring  the  expense  far  above  the  greater  first 
cost  of  some  safer  method. 
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When   the   Needle   Is   Removed   for  the    Miner's  Squib   a   Hole    Is   Lett 
Permitting  the    Escape   of  Gases. 

Many  methods  have  been  devised  to  set  off  blasts.  An  In- 
teresting discussion  of  the  methods  at  present  in  use  is  given 
by  Mr.  B.  Stoneking  of  the  Technical  Division.  E.  I.  du  Pont 
de  Nemours  &  Co..  in  the  August  Du  Pont  .Magazine,  from 
which  the  matter  in  this  article  is  taken. 

Igniting  Blasting  Powder.— In  igniting  blasting  powder,  the 
principal  agents  are  miners'  squibs,  safety  fuse  and  electric 
squibs.  If  the  characteristics  of  the  ideal  detonator,  as  given 
above,  be  taken  as  a  standard,  it  will  be  found  that  miners' 
squibs  are  deficient  in  thiit.  they  do  not  give  the  full  energy 
of  the  explosive.  In  using  miners'  squibs,  a  passage  through 
the  tamping  must  be  left  so  that  the  squib  can  "aky-rocket  " 
back  from  the  mouth  of  the  hole  to  the  explosive  charge. 
This  opening  gives  a  vent  for  the  gases  generated  by  the 
explosive;  hence  some  are  wasted  in  useless  whistling  into 
the  open  air. 

Safety  fuse  is  much  better  than  miners'  squibs  in  this  re- 
spect, for.  when  fuse  is  used,  the  hole  may  be  tamped  solid. 
This  confines  the  gases.  In  bore  holes  where  the  charge  of 
powdei   extends  over  several  feet  in  length,  however,  safety 
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Electric    Squibs    Permit   Good    Tamping.    Ignite    the    Charge    In 
Center  and    Do   Away   With   Open    Flames  tor   Lighting, 
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fuse  is  faulty  in  that  the  ignition  may  occur  at  the  point 
nearest  the  tamping.  The  first  gases  generated  may  start 
the  tamping  or  open  up  a  seam.  Thus  a  considerable  por- 
tion of  the  energy  of  the  gas  may  be  wasted  before  the  ex- 
plosive in  the  back  of  the  hole  has  burned. 

Electric  squibs  are  more  satisfactory  than  either  of  the 
other  two.  for  the  hole  may  be  tamped  solid  and  the  squib 
placed  in  the  center  of  the  charge.  This  eliminates  the  pos- 
sibility of  any  gases'  escaping  through  a  seam  or  blown-out 
tamping. 

In  frequency  of  misfires,  miners'  squibs  are  undoubtedly 
the  worst  offenders,  for  any  small  obstacle  in  the  passage  or 
blasting  barrel  may  stop  them  and  cause  a  missed  hole. 

Safety  fuse  is  better  in  this  respect,  but  it,  too,  leaves 
something  to  be  desired.  Such  things  as  a  kink  in  the  fuse 
due  to  careless  tamping,  cuts  caused  by  using  sharp  rock 
particles  as  stemming  material  and  the  absorption  of  mois- 
ture from  the  tamping,  are  frequent  causes  of  misfires. 

Electric  squibs  are  superior  to  the  others  in  freedom  from 
misfires,  because  the  igniting  material  fired  by  the  electric 
current  is  imbedded  in  the  charge  of  explosives,  and,  if  the 
proper  current  is  applied  through  the  squib,  no  misfire  can 
occur. 

Safety  in  the  use  of  these  materials  is  extremely  impor- 
tant, for  an  accident  is  probably  the  most  costly  thing  that 
can  happen  in  explosives  work.  In  this  respect,  also,  miners' 
squibs  are  at  the  bottom  of  the  list,  tor  their  rate  of  burning 
is  uncertain,  and  the  sky-rocket-like  jump  from  the  front  of 
the  hole  to  the  charge  of  explosive  obeys  no  rational  law. 
The  charge  may  explode  before  the  blaster  can  get  away 
from  the  blast. 

Safety  fuse  is  better  than  miners'  squibs  from  a  safety 
standpoint,  because  its  rate  of  burning  is  comparatively  uni- 
form. Nevertheless,  this  rate  varies  somewhat  even  in  the 
same  grade  of  fuse.  Moreover,  the  character  of  the  stem- 
ming material  and  the  comparative  compactness  of  the  tamp- 
ing also  have  an  effect  on  the  burning  speed.  Thus  it  is  easy 
to  see  that  a  blaster  might  mlscalctilate  the  length  of  fuse 
required  to  allow  him  to  reach  a  place  of  safety.  Both  miners' 
squibs  and  safety  fuse  require  an  open  light  for  their  initial 
ignition,  and  this  in  itself  is  a  hazard  in  coal  mines  contain- 
ing gas  or  dust. 

Electric  squibs  offer  the  greatest  factor  of  safety  for  the 
blaster  in  that  he  can  be  at  a  point  of  safety  before  he  ap- 
plies the  current  or  operates  the  blasting  machine  to  fire  the 
shot.  He  knows  that  if  he  has  made  his  connections  prop- 
erly, the  charge  will  explode  the  instant  the  current  is  ap- 


Fjse   May   Sometimes   Be    Bent  and    Broken   by   the   Tamping   Stick. 

plied.  It  it  does  not  explode,  he  is  perfectly  safe  in  return- 
ing immediately  to  investigate  the  trouble.  This  would  be 
a  most  unsafe  proceeding  with  either  safety  fuse  or  miners' 
squibs.  No  sparks  or  open  lights  are  required  to  set  off 
electric  squibs,  so  they  are  quite  safe  to  use  in  the  presence 
of  gas. 

As  far  as  resistance  to  poor  storage  conditions  is  con- 
cerned, miners'  squibs  very  easily  absorb  moisture  and  are 
useless  in  such  a  condition.  Safety  fuse  will  also  absorb 
moisture  if  subjected  for  too  long  a  time  to  moist  conditions. 
It  also  requires  a  moderately  cool  place,  for  too  much  warmth 
has  a  tendency  to  cause  asphaltum  or  similar  water-proofing 
material  to  liquefy  and  penetrate  the  powder  train.  Ex- 
cessive cold,  on  the  other  hand,  will  cause  fuse  to  become 
stiff  and  hard,  and  in  this  condition  fuse  may  break  when 
uncoiled  unless  warmed  beforehand.  After  long  storage,  fuse 
becomes  dry,  stiff  and  hard.  Electric  squibs  will  withstand 
bad  storage  conditions  much  better  and  for  a  longer  period 
of  time  than  either  of  the  others. 

In  first  cost  miners'  squibs  are  the  lowest,  with  safety  fuse 
next,  and  electric  squibs  last.  It  must  be  kept  in  mind,  ho'w- 
ever.  that,  as  has  already  been  said,  the  first  cost  is  not  a 


true  indication  of  what  the  ultimate  cost  will  be.  The  other 
factors  are  all  in  favor  of  electric  squibs. 

Detonating  Dynamite.  -Four  methods  are  at  present  in  use 
for  detonating  dynamite:  the  blasting  cap  in  combination 
with  safety  fuse,  the  electric  blasting  cap,  the  delay  electric 
blasting  cap.  and  the  delay  electric  igniter  in  combination 
with  the  blasting  cap.  To  these  may  be  added  Cordeau, 
which  is  a  "detonating  fuse,'  but  whose  cost  is  so  high  as  to 
preclude  its  use  in  anything  except  deep  well  drill  holes  or 
similar  projects  where  very  large  charges  of  explosives  are 
contained  in  a  single  hole.  Hence  it  will  not  be  considered 
in  this  instance. 

Consideration  of  these  different  methods  on  the  points  con- 
stituting   the    ideal,     reveals    the    fact   that,     with    the   same 
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Careless   Tamping    May    Kink   the    Fuse   and   Cause   a    Misfire. 

strength  of  blasting  cap,  they  are  all  about  equal  in  secur- 
ing t5e  full  energy  from  the  charge  of  dynamite  in  the  hole. 

With  the  blasting  cap  and  fuse,  it  is  possible  to  fire  almost 
any  number  of  holes  in  succession  or  rotation.  This  is  a 
most  desirable  feature  in  sinking  shafts  or  driving  tunnels, 
but  it  is  impossible  with  this  method  to  explode  a  number  of 
holes  simultaneously  so  that  the  charge  in  one  hole  will  aid 
that  in  the  next.  With  electric  blasting  caps,  however,  it  is 
possible  to  fire  a  large  number  of  holes  simultaneously  and 
to  have  each  charge  and  the  other.  This  reduces,  to  a  cer- 
tain extent,  the  amount  of  explosives  necessary.  Further- 
more, in  usfng  either  electric  blasting  caps  or  delay  electric 
blasting  caps,  it  is  possible  to  fire  three  successive  series  of 
holes  in  rotation,  with  one  application  of  the  current  and 
without  coming  back  to  the  breast  or  scene  of  the  shooting. 
By  using  delay  electric  igniters  with  blasting  caps  crimped  to 
the  end  in  combination  with  electric  'blasting  caps,  almost 
any  number  of  holes  may  be  fifed  in  rotation. 

The  blasting  cap  and  fuse  method  is  undoubtedly  lowest  in 
freedom  from  misfires,  for  in  addition  to  the  possibility  of  a 
misfire  due  to  the  fuse  alone,  there  is  the  added  risk  that 
some  moisture  may  enter  the  cap  and  cause  a  misfire.  This 
possibility  could  be  eliminated  by  water-proofing  the  crimp. 

Electric  blasting  caps  are  as  free  from  misfires  as  are 
electric  squibs.  The  delay  electric  blasting  caps,  which  are 
self-contained  units,  are  of  equal  value  in  this  respect.  The 
delay  electric  igniter  to  which  a  blasting  cap  has  been 
crimped  probably  ranks,  with  respect  to  freedom  from  mis- 
fires, between  the  electric  blasting  cap  and  the  blasting  caj) 
and  fuse,  for  there  is  a  possibility  of  water's  entering  the 
crimp  and  causing  a  misfire. 

As  far  as  the  blaster's  safety  is  concerned,  the  blasting  cap 
and  fuse  method  is  the  most  unsafe  of  those  mentioned,  be- 
cause it  sometimes  happens  that  fuse  will  smoulder  along 
for  a  considerable  time  and  then  reignite  the  powder  train, 
turning  what  appeared  to  be  a  misfire  into  a  serious  accident. 
Again,  when  lighting  a  considerable  number  of  shots  in  rota- 
tion, the  blaster  sometimes  fails  to  make  allowance  lor  the 
time  required  to  do  the  lighting  and  get  to  a  place  of  safety. 
An  accident  is  often  the  result.  Another  disadvantage  is 
that  the  blasting  cap  must  be  crimped  to  the  end  of  the  fuse. 
This  in  itself  presents  an  element  of  danger.  The  same  thing 
is  true  of  delay  electric  igniters,  to  which  a  cap  must  also  be 
crimped.  The  electric  blasting  cap  and  the  delay  electric 
blasting  caps  are  complete  in  themselves,  and  are,  there- 
fore, free   from  a  similar  hazard. 

With  the  electrical  method,  the  blaster  can  be  in  a  place 
of  safety  before  attempting  to  fire  the  blast.  If,  upon  the 
application  of  the  current,  the  blast  does  not  follow,  he  can 
safely  return  and  investigate  the  trouble,  allowing,  of  co;irse. 
a  few  minutes  if  any  delay  electric  igniters  are  used  in  the 
blast. 

As  far  as  the  effect  of  poor  storage  is  concerned,  blasting 
cap  and  fuse  and  the  delay  electric  igniter  and  blasting  cap 
are  about  on  a  par.  Blasting  caps  themselves  require  pro- 
tection from  moisture,  and  the  fuse   in  both  cases  requires 
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similar  protection.     Electric  blasting  caps  and  delay  electric  \t       • 

blasting  caps,   being  better  protected   from  moisture  by   the  VariOUS     UsCS    of    Tie    Taninin^ 

filling  in  the  copper  shell,  are  not  open  to  as  strong  objections  f\        £•                               r        f^ 

on  this  point.     They  are  also  not  affected  by  ordinary  atmos-  OUtlltS 

pheric   warmth   or  cold   weather.     In    first   cost,   the   blasting  Mr.  Walter   P.  Burn,   writing   in   the   Railway    Maintenance 

cap  and  fuse   would  probably   be   the  lowest,   although   there  Engineer,  presents  some  illustrations  of  the  use  of  tletami)- 

is  a  point  at  which  a  given  length  of  fuse  would  equal  the  'ig  outfits  on  railroads   for  purposes  other  than   the   tamp- 

cost  of  electric  blasting  caps  under  certain  conditions.     The  '"8   of   ties.      As   is    well    known,    the   pneumatic    tie    tamper 

electric  blasting  cap  is  a  little  more  costly  than  cap  and  fuse.  has  been  in  service  several  years  and  has  proven  its  econ- 

The  delay  electric  igniter  comes  next,  and  the  delay  electric  "■">■  Jmd  efficiency  where  the  cost  of  labor  has  been  steadily 

blasting  cap  is  the  most  expensive  of  all  in  first  cost.  advancing.      The    following    data    are    abstracted    from    Mr 

Summarizing    the    points    mentioned    above,    the    electrical  Burns'  article, 

method  would  undoubtedly  be  placed  first,  both  for  igniting  Two  railroads,  the  Central  of  Xew   England   la  subsidiary 

blasting    powder    and    detonating  dynamite,  in  everything  ex-  of  the  .\ew  York.  New  Haven  &  Hartford)  and  the- Chicago 

cept  firr-t  cost,  ai,d  as  the  first  cost  might  very  easly  be  in-  Milwaukee   &    St.   Paul,   have   simultaneously   and    independ- 

creased    a    hundred-fold    by    the    amount    of    explosives    lost  ently  worked   out   a  method   of  using  the  air  compressor  of 

through  misfires  or  the  cost  of  a  single  major  accident,  the  the   tie-tamping   outfit  for   the  drilling  of  rails   for  bondlnis 

conclusion  is  irresistible  that  the  electrical  method  of  setting  and  there  are  several  points  of  similarity  in  the  two  methods' 

off  blasts  IS  far  superior  to  any  other  yet  devised.  The  principal  resemblance  is   in   the  employment  of  an  -old 

CHOICE  OF  METHOD.s  FOR  firin'g  bla.stixg  POWDER.  '"an"  for  holding  the  drill  up  to  the  rail  and  feeding  It  Into 

Miners'            Safetv         Electric-  ^^^  ''°'*'   as   it  drills. 

Points  to  be  considered.                     Squibs.             Fuse.           .Squibs  rir,     iv,„    kt          i. 

Full   energ^v   from  explosive    3rd                2nd                1st  "^"^    '^^"'    Haven    line    a    compressor    car    of    the    size 

STIt'^T l^?eV",nflster ■;;:::::;::;  fA        iiJ^l        \ft  l!"" h'V' •!"'  """^f""'  "'  '^'"""  ''"" '"  "*"''•  '^''"  ^'^  «""■ 

Relative  resistance  to  adverse  ."storage  3rd                2nd                1st  Piiea    Dy    it    IS    sufficient    to    operate     four     pneumatic     drills 

First  cost    1st              2nd              3rd  simultaneously,   the   No.   .5   Little   David   tool    being   the   one 

CHOICE    OF    METHODS    FOR    FIRING    DYNAMITE    AND    HIGH  Used. 

EXPU3S1VE.S.  A   crew   of  six   men   is   required.     The   "old   man"  consists 

bo                           .  of  a  pair  of  iron  bars,  placed  parallel  and  hooked  at  one  end 

~          o  .       OS  to  clamp  over  the  rail;  the  other  end  is  bent  downward  and 

t         I          t «       t  riveted   to  an   angle,   which   is   in    turn   fastened    to  a   short 

'->  ^       £          iP       Si.'c  piece  of  plank  which  rests  on  the  ground. 

£=       ■?          "c          i.  The  drill  is  supported  on  a  pair  of  grooved  supports  which 

i*       tx        si       «^  slide  freely   back  and   forth  along   the   bars  on   either   hori- 

Points  to  be  con.sidered.                       |s       |g       g|       gg  zontal   portion,  and  is  fitted    with  a  short  rack   in   place  of 

Full  energy  from  explosive  1st       1st       1st       isr  the  usual  feed  screw  or  spade  handle.     The  latter  engages 

Refa'ur  sif etT-  to  '  Walfer "  i :  1 1 1  i ;  1 1 1  i  l  frd        lit        Itf        1^^  "•,"'\  ^  ^ear  which   is  supported  in  a  bearing  resting  on  the 

Relative  resistance   to  adverse   storage  2ncl         1st         1st         2nd  plank   and  has  a  long   handle  attached  to   it. 

^''"^'   ""^^ ^'''       """       ""      •■*'■''  The  size  of  the  hole  drilled  by  the  outfit  described  IS  9/32 

in.   and  the  holes  were  made  through   the  web  of  a   100-lb 

Amortization  of  Debt  and  Street  Car  Fares  laU,   the  thickness  of  which   is   9/1G   in.     An  average  of  70 

In  an  address  before  the  New  York  State  Conference  of  ^"^'^^  P^""  h""""  P*^""  '''''"  ''as  been  made  with  the  outfit,  which 
Mayors  and  other  city  officials.  Delos  F.  Wilcox,  who  may  includes  the  time  occupied  in  moving  from  one  position  to 
he  said  to  be  the  leading  advocate  of  municipal  ownership  another.  The  above  average  does  not  take  account,  how- 
in  this  country,  de'clared  that  the  most  important  difference  ^"''^^-  "^  ^^^  time  consumed  in  moving  the  tie-tamper  car 
between  public  and  private  ownership  and  operation  of  pub-  f™™  ^ne  position  to  another,  nor  of  the  delay  caused  by 
lie  utilities  was  that  the  private  owners  constantly  added  to  Passing  trains.  With  each  drill  equipped  with  100  ft.  of  hose, 
their  capital  account,  and  so  built  up  a  burden  of  carrying  ''  '^'■"^^  f""°''  "'at  the  drilling  of  a  mile  of  double  track  re- 
charges that  tended  to  increase  the  cost  of  the  service,  while  luired  about  1.5.8  hours,  not  considering  time  lost  due  to 
the  policy  of  municipal  owners  and   operators,  was   to  grad-  passing  trains. 

ually  amortize  the   capital   invested  in  the  business,   and  so  On   the   Chicago,   Milwaukee   &    St.    Paul    the    rails     were 

decrease  the  carrying  charges.  bonded  to  carry   a  current  of  far  greater  amperage.     It  is. 

In   commenting  on  this   statement   the  June  Aera  remarks  moreover,  a  single  track  line  and  uses  a  lighter  rail,  so  that 

that  Mr.  Wilcox  should   have   pointed   out   the   close  relation  the  conditions  represented  differ  considerably  from  the  east- 

between  the  amortization  of  capital  and  the  rate  of  fare,  and  em  road.     On  this   work   two  drills   were   used   with   the  air 

goes  on  to  say:  supplied  by  a  four-tool  tie  tamper  compressor  car.     Since  the 

Electric    railway    companies    ha^  e    in    the    main    but    one  traffic   is   comparatively   infrequent,   the   practice   Is    to   keep 

source   of   revenue,   the   fares   received    from    the   passengers  the   compressor  car   moving   along  ahead   of   the   drills,  and 

they  carry.     Payments   into   sinking  funds   must   come   from  two  men  are  included  in   the  gang  to  push  it  and  attend  to 

the  fare.     The  question  that  presents  itself  is  the  extent  to  the  compressor.     The  pace  is  obviously  too  slow  to  admit  of 

which  the  fare  of  passengers  in  this  generation  should  be  in-  running  the  car  along  under  its  own  power.     The  outfit  aver- 

creased   in   order   to   decrease    the   fare   to    be    paid     by    the  aged  1.000  rail  bond  holes  per  day  and  is  followed  up  by  an- 

passengers   of  the  next   generation.  other  gang  doing  the  actual  bonding  of  the  rails. 

If  the  debt  of  the  Glasgow  Municipal  Railway  has  been  Drilling  rails  for  electrical  bonding  is  only  one  of  many 
wiped  out.  as  pointed  out  by  Mr.  Wilcox,  it  is  evident  that  uses  which  have  been  devised  for  the  portable  compressor 
the  car  riders,  who  have  in  the  past  used  the  system,  con-  car  on  railroads.  Jackhammers  have  often  been  used  with 
tributed  in  increased  fares  to  the  car  riders  of  the  present  the  tie  tamper  compressor  cars  for  drilling  rock  for  blast- 
generation,  ing.    Boulders  are  easily  broken  up  by  drilling  holes  in  them 

The  amortization  of  the  debt  of  the  Glasgow  Railways  was  with  the  jackhamm.er  and  inserting  a  small  charge  of  dyna- 

rather  a  question  of  the  ability  of  the  system  to  charge  a  mite. 

rate  of  fare  that  would  permit  of  its  extinction,  than  a  ques-  In  the  repair  and  maintenance  of  steel  bridges  rivets  have 

tion  of  municipal  or  private  ownership.     There  are  few  pri-  to  be  knocked  out.  the  holes  re-reamed  and  new  rivets  placed. 

vate  owners  who  would  not  hail  with  delight  the  opportunity  In   this   operation    the   compressor' car   supplies   air   for  the 

to  amortize   their  debt  through  payments   made   possible   by  riveting  hammer,  the  drill   and   the  forge  used  to  heat  the 

rates  of  fare  high  enough  to  provide  the  cost  of  the  service.  rivets, 

plus  the  reduction  of  the  debt.  Where  a  railway  track  occupies  a  paved  city  street  It  has 

To  prescribe  the  proper  balance  between  fares  to  be  paid  been  found  that  the  tie-taoiping  tool,  when  fitted  with  a  suit- 
by  the  present  generation  for  the  benefit  of  succeeding  gen-  able  chisel,  is  perfectly  capable  of  cutting  either  asphalt  or 
erations  and  the  fares  to  be  paid  by  succeeding  generations  concrete  pavement.  The  same  tool  may  also  be  used  for 
for  the  benefit  of  this  generation  is  an  exceeding  compli-  toothing  out  paving  blocks,  but  as  it  is  unnecessarily  heavy 
cated  and  delicate  task.  The  point  raised  by  Mr.  Wilcox  and  powerful  for  this  task,  a  chipping  hammer  is  generally 
involves  this  and   nothing  else.  used.     For   cutting  concrete   pavement,     a     pneumatic    tool 
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known  as  the  concrete  pick  is  often  used,  but  the  tie  tamper 
may  also  be  used  tor  this  purpose  where  available. 

The  car  also  finds  a  use  when  the  pavement  is  being  re- 
placed, for  air  may  be  furnished  to  a  sand  rammer,  a  tool 
which  has  been  found  to  be  excellent  for  tamping  backfill. 
Or  in  the  case  of  having  to  repair  leaks  in  a  pipe  line,  the 
air  is  supplied  to  calking  hammer  for  calking  the  joints  with 
lead  wool,  and  used  afterward  for  tamping  the  fill  around 
the  pipe. 

A  comparatively  new  use  for  the  tie  tamping  tool  on  rail- 
ways is  that  of  adzing  ties  in  place.  For  this  the  gasoline 
self-propelling  car  is  used  on  steam  railroads.  The  elec- 
trically-driven car  is  used  on  some  electric  roads,  but  is  de- 
signed to  take  its  power  from  the  trolley  wire,  and  is  not 
self-propelling. 

All  the  machinery  is  enclosed  in  a  steel  housing  mounted 
on  the  trucks,  and  on  which  the  sides  fold  up  out  of  the 
way  in  a  manner  similar  to  the  hood  of  an  automobile.  At 
each  end  of  the  car  is  a  platform  designed  to  carry  the  men 
and  equipment.  The  truck  is  four  wheeled  and  is  equipped 
in  addition  with  four  small  auxiliary  wheels  running  at  right 
angles  to  the  track.  These  are  for  the  purpose  of  remov- 
ing the  car  from  the  track. 

The  car,  when  running  at  its  full  capacity,  consumes  about 
2%  gal.  of  gasoline  and  V2.  pt.  of  mineral  oil  for  lubrication 
purposes  per  hour.  The  matter  of  upkeep  and  repairs  sel- 
dom exceeds  $75  for  a  season.  The  New  York  Central  has 
tabulated  data  on  some  hundreds  of  these  machines  which 
were  used  in  tie  tamping,  covering  a  period  of  five  years, 
and  has  estimated  that  the  saving  afforded  by  their  employ- 
ment for  that  use  is  about  $140  per  mile  of  track  tamped. 
This  figure  covers  every  item  of  cost,  including  the  depre- 
ciation on  the  investment.  No  similar  figures  are  as  yet 
available  on  the  new  uses  to  which  the  machines  have  been 
put. 


Railway  Standards 


Mr.  C.  A.  Morse,  Director  of  Maintenance,  U.  S.  Railway 
.Administration.  In  a  discussion  of  a  paper  by  Mr.  F.  L. 
Stuart  before  the  American  Society  of  Civil  Engineers,  takes 
occasion  to  correct  an  impression  easily  gained  from  Mr. 
Stuart's  paper  with  regard  to  standardization,  namely,  that 
the  Railway  Administration  is  engaged  in  an  attempt  at 
standardization  of  all  manner  of  railroad  necessities  and 
methods.  This.  Mr.  Morse  states,  is  untrue,  and  that  whereas 
during  the  war  there  were  numerous  committees  at  work 
under  the  War  Industries  Board  in  an  attempt  at  some  gen- 
eral standardizations,  even  this  work  was  stopped  as  soon 
as   possible   after  the  armistice. 

Continuing  the  discussion,  Mr.  Morse  calls  attention  to  the 
fact  that  without  doubt  there  are  many  things  that  could 
be  standardized  with  advantage  to  everyone.  One  of  the 
most  important  of  these  is  standardization  of  rail  sections, 
and  of  the  location  of  bolt-holes  in  rails.  At  present,  there 
are  nearly  50  different  sections  of  rail  between  70  and  13G 
lb.  per  yard.  Notwithstanding  the  fact  that  the  American 
Railway  Association  and  the  American  Railway  Engineer- 
ing Association  have  recommended  as  standard  only  seven 
sections  between  these  limits,  practically  every  railroad  has 
a  different  spacing  tor  bolt-holes,  and  there  is  a  great  va- 
riation between  the  location  of  the  center  of  bolt-holes  as 
regards  the  neutral  axis  of  the  rail.  Standardization  of  rail 
sections  and  of  the  drilling  of  rails  is  a  very  desirable  thing 
to  accomplish. 

The  fact  that  the  standardization  of  methods  and  appli- 
ances has  been  found  to  be  a  source  of  economy  on  the  larger 
railroad  systems,  thereby  reducing  the  stock  of  materials 
necessary  to  be  kept  on  hand,  plainly  indicates  that,  could 
this  be  extended  to  the  railroads  of  the  country,  it  would 
mean  economy  in  manufacture,  which,  in  the  end,  would 
mean  reduction  in  the  cost  to  the  railroads  and   the   public. 

There  is  no  reason  why  standardization  should,  in  any  de- 
gree, limit  efforts  to  improve  devices  or  to  adopt  new  stand- 
ards at  any  time  when  an  improvement  in  a  standardized 
article  has  been  perfected. 


Municipal  Street  Railway  Operation  In  Tacoma. — Accord- 
ing to  an  official  report  issued  by  the  city  of  Tacoma  last 
May.  the  municipal  street  railway  of  Tacoma.  Wash.,  was 
losing  approximately  $300  a  day.  Since  taking  over  the  linos 
in  Januaiy,  a  total  deficit  of  $40,403  was  shown  on  th?  city  3 
books. 
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Equipment  for  Detonation  of  Ex- 
plosives by  Electricity 

The  experience  of  the  Army  in  the  recent  European  war 
brought  out  certain  weaknesses  and  faults  in  the  equipment 
used  in  electric  blasting  and  led  to  the  development  of  appa- 
ratus which,  it  is  hoped,  will  find  a  permanent  place  in  the 
commercial  field.  In  a  recent  issue  of  the  Engineering  and 
Mining  .lournal,  Capt.  L.  D.  Rowell  describes  certain  features 
of  the  blasting  problems  as  affecting  general  practice  in  the 
use  of  electricity  for  the  detonation  of  explosives.  We  quote 
from  his  article  as  follows: 

Electric  Detonating  Caps. — The  standard  electric  caps 
manufaciuied  in  this  cuuntry  are  thoroughly  dependable  if 
handled  with  intelligence  and,  when  one  considers  their  con- 
struction, their  uniformity  is  remarkable.  .\  current  of  0.4 
amp.  will  fire  some  caps,  and  0.5  amp.  may  be  depended  upon 
to  fire  any  single  cap.  The  time  required  to  produce  detona- 
tion, however,  varies  from  0.05  sec.  to  0.2  sec.  even  with  caps 
of  the  same  resistance,  and  may  vary  considerably  more. 
This  fact  is  of  the  utmost  importance  in  electric  blasting. 

The  variation  in  time  required  for  detonation  at  low  cur- 
rent strengths  is  not  due  to  avoidable  variations  in  manufac- 
ture. The  effect  of  time  variation  at  low  currents  is  seen 
only  when  two  or  more  caps  are  connected  in  series.  If  a 
current  of  i/4  ampere  be  used,  and  two  caps  be  connected  in 
series,  it  is  probable  that  one  of  the  caps  will  fire  and  open 
the  circuit  before  the  other  has  reached  the  firing  tempera- 
ture, and  if  a  circuit  of  20  or  30  caps  be  connected  up.  a  current 
of  %  ampere  may  fire  only  a  few  caps  for  this  reason,  even 
though  the  same  current,  if  continued,  would  have  fired  all 
of  them.  The  conclusion  that  the  unexploded  caps  are  faulty 
is  entirely  wrong  and  is  based  on  a  lack  of  knowledge  of  the 
true  conditions. 

The  difficulty  presented  by  this  time  variation  can  be  over- 
come only  by  using  a  current  so  high  that  the  slowest  cap 
in  the  circuit  will  be  raised  to  the  firing  temperature  before 
the  quickest  cap  explodes  and  opens  the  circuit.  A  time 
interval  elapses  between  the  raising  of  the  bridge  wire  to 
the  firing  temperature  and  the  explosion,  proljably  due  to  the 
transfer  of  the  necessary  heat  from  the  wire  to  the  fulminate. 
While  this  is  taking  place  in  the  "quickest"  cap.  the  current 
must  be  high  enough  so  that  the  bridge  of  the  "slowest"  cap 
reaches  firing  temperature.  The  explosion  of  the  first  cap. 
and  consequent  interruption  of  current,  will  then  not  inter- 
fere with  the  firing  of  the  second,  as  the  heat  transfer,  which 
takes  place  in  a  few  hundredths  of  a  second,  can  proceed 
after  the  current  has  been  interrupted.  So  far  as  I  know,  no 
accurate  determination  has  ever  been  made  of  the  magnitude 
of  the  current  requird  to  ignite  a  number  of  caps.  Experi- 
ments by  Captain  Ralph  W.  Crocker,  Chemical  Warfare  Serv- 
ice, at  the  Pittsburgh  Laboratories  of  the  Bureau  of  Mines, 
show  an  increase  of  20  per  cent  in  the  current  necessary  to 
fire  two  caps  in  series,  one  of  which  was  10  per  cent  high  in 
resistance  and  one  10  per  cent  low.  An  increase  of  8  per  cent 
in  current  over  that  for  single  caps  was  found  necessary 
where  two  caps  of  the  same  resistance  were  connected  in 
series. 

From  results  secured  in  the  testing  of  blasting  machines, 
I  believe  1  ampere  may  be  accepted  as  a  safe  current  to 
insure  the  detonation  of  all  caps  in  series.  As  the  heating 
varies  as  the  square  of  the  current,  this  represents  four 
times  the  heating  rate  required  for  single  caps.  The  bridge 
wire  fuses  before  explosion  of  the  cap  at  a  current  of  about 
2.5  an.peres.  and  this  value  forms  the  basis  of  the  specifica- 
tions adopted  by  the  Corps  of  Engineers.  U.  S.  Army,  for 
electric  exploders. 

Testing  Blasting  Machines. — It  is  customary  to  test  the 
machines  by  the  use  of  a  rheostat  (which  takes  the  place  of 
a  stated  number  of  caps  in  the  circuit),  with  a  single  cap 
connected  in  series  with  it.  Such  a  test,  however,  may  give 
erroneous  results,  for  the  reasons  already  stated;  that  is,  the 
current  necessary  to  fire  a  series  of  caps  is  always  higher 
than  that  which  will  always  fire  a  single  cap.  To  remedy 
this,  and  provide  the  necessary  factor  of  safety,  the  resist- 
ance of  the  rheostat  is  made  two  or  three  times  that  of  the 
caps  which  it  replaces,  but  this  may  not  give  the  desired 
results,  as  will  be  shown. 

The  type  of  blasting  machine  in  most  common  use  delivers 
an  initial  current  which  is  determined  by  the  windings  of 
the  machine  and  is  independent  of  the  number  of  caps  in  the 
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circuit.  Now,  it  such  a  machine  is  designed  to  deliver  an 
initial  current  of  Vz  ampere  or  slightly  higher,  it  will  pass  a 
splendid  rheostat  test,  but  it  will  not  tire  a  series  of  caps 
with  any  degree  of  certainty.  The  effect  of  added  resistance 
in  the  circuit  is  to  produce  a  more  rapid  falling  off  of  cur- 
rent, so  that  a  machine  designed  to  deliver  an  initial  current 
of  5  amperes  may  fail  on  the  same  rheostat  test,  and  still  be 
a  dependable  machine,  up  to  its  rating,  though  the  first 
machine  is  not  dependable  at  any  rating.  Makirig  the 
rheostat  resistance  double  that  of  the  caps  in  the  contingency 
suggested  has  not  provided  the  necessary  factor  of  safety. 
It  can  also  be  shown  that,  with  the  .5-ampere  machine, 
doubling  the  resistance  and  using  a  single  cap  may  not  pro- 
vide a  true  indication  of  the  machine's  capacity. 

Rheostat  Test. — The  best  rheostat  test  is  to  connect  two 
caps  in  parallel,  as  shown  in  the  figure.  If  they  both  fire,  the 
test  shows  that  sufficient  current  is  delivered  to  insure  the 
firing  of  all  the  caps  in  a  series  circuit.  The  factor  of  safety 
in  such  a  test  conforms  to  actual  working  conditions  and 
though  a  difference  in  the  resistance  of  the  two  caps  may 
permit  the  explosion  of  both  caps  on  less  than  1  ampere,  my 
experience    warrants    the    belief    that    this    is   a   reliable   test 


Method    of    Testing     Blasting     IVIachlne. 

for  capacity.  In  making  this  test,  be  careful  to  place  the  caps 
so  that  one  cannot  detonate  the  other.  The  rheostat  in  this 
case  should  be  equivalent  to  the  actual  resistance  of  the  caps 
which  it  replaces  in  the  circuit. 

The  average  resistance  of  a  Du  Pont  cap  with  10-ft.  leads 
is  1.3  ohms,  and  if  1.5  ohms  per  cap  is  used  in  the  rheostat 
it  allows  for  the  resistance  of  the  cap  and  connections,  when 
properly  made.  Duplex  firing  wire  has  a  resistance  of  one- 
half  ohm  per  100  ft.,  or  300  ft.  is  equivalent  to  one  cap.  Al- 
lowance for  this  should  be  made  in  calculating  the  number 
of  caps  in  the  circuit.  Thus,  2.5  caps  connected  up  through 
1,200  ft.  of  duplex  firing  wire  woif»d  be  equivalent  to  29  caps. 
The  Du  Pont  rheostats  have  a  resistance  of  about  3.2  ohms 
per  cap;  when  used  as  described  above,  with  two  caps  in 
parallel,  their  rating  may  be  increased  in  the  ratio  of  2  to 
1.  Thus  a  machine  which  fires  two  caps  in  parallel  through 
the  25-cap  step  of  a  Du  Pont  rheostat  would  have  a  capacity 
of  50  caps. 

Blasting  Machine. — The  blasting  machines  in  common  use 
frequently  referred  to  as  magnetos,  or  magneto  exploders. 
This  is  a  misnomer,  and  the  term  should  not  be  used,  inas- 
much as  it  conveys  a  wrong  impression  as  to  the  nature  of 
the  machine.  These  machines  are  electric  generators  of 
the  series  type;  that  is,  the  field  windings  are  in  series  with 
the  cap  circuit.  When  such  a  machine  is  operated  with  no 
connected  circuit,  severe  insulation  strains  are  produced, 
and  in  the  larger  capacities  this  becomes  a  vital  defect.  The 
shut  machines,  however,  in  which  the  field  windings  are  con- 
nected in  parallel  with  the  cap  circuit,  do  not  have  this 
objectionable  feature,  and  they  may  be  designed  for  larger 
capacities  than  is  practical  in  the  series  machine.  The  X)u 
Pont  No.  6  is  an  example  of  this  type. 

By  the  use  of  small,  enclosed-frame  machines,  with  im- 
pregnated windings,  exploders  having  considerably  greater 
capacities  than  those  in  present  use  have  been  built  and 
tested.  Machines  having  the  size  and  weight  of  a  30-cap 
exploder  have  a  capacity  of  120  to  150  caps,  and  a  machine 
having  a  capacity  of  50O  caps  weighs  not  over  35  lb.  and  is 


entirely  practical.  These  machines  represent  a  de\.)loi>- 
ment  in  advance  of  any  of  the  earlier  machines,  and  indicate 
the  possibilities  in   this   field. 

Testing  of  the  electric-cap  circuit  is  usually  of  the  crudest 
sort,  consisting  of  a  te.st  for  continuity  made  with  a  •circuit 
detector,"  which  is  some  form  of  galvanometer,  with  a  self- 
contained  silver  chloride  cell.  This  type  of  cell  is  used  be- 
cause its  potential  is  so  low  that  it  does  not  give  enough 
current  to  explode  the  cap,  and  also  because  of  Its  supposed 
permanency.  This  latter  quality,  however,  is  questionable, 
and  there  is  nothing  more  undependuble  than  a  cheap  cir- 
cuit detector  equipped  with  a  silver  chloride  cell. 

The  best  instrument  of  this  type  is  a  well  made,  pivoted 
galvanometer,  with  a  graduated  scale.  With  a  good  cell, 
and  careful  usage,  such  an  Instrument  serves  the  purpose 
of  tests  for  continuity  of  the  circuit,  and  gives  a  rough  Indi- 
cation of  the  number  of  caps.  Instruments  of  the  annuncia- 
tor type,  which  merely  show  whether  the  circuit  is  open  or 
closed,  are  not  recommended. 

B'or  military  operations,  and  for  commercial  work  where 
it  is  important  that  there  shall  be  no  failures  In  the  explo- 
sion, especially  in  cases  where  the  cap  circuit  is  connected 
up  for  some  time  before  being  detonated,  it  is  highly  desira- 
ble to  make  more  thorough  tests  than  those  above  indicated. 
For  this  work  an  extremely  rugged,  portable  ohm-meter  has 
been  developed,  by  means  of  which  the  resistance  of  the 
circuit  can  be  instantly  measured,  with  an  accuracy  sudl- 
cient  to  detect  the  shorting-out  of  a  single  cap.  With  It. 
tests  for  opens,  short-circuits  and  grounds  can  be  made 
readily.  As  it  uses  an  ordinary  flash-light  cell,  which  Is 
easily  renewable,  it  is  not  subject  to  the  uncertainty  of  In- 
struments using  silver  chloride  cells.  Protection  against  cur- 
rents high  enough  to  explode  the  caps  is  secured  by  a  re- 
sistance combination,  and  the  sensitiveness  of  the  Instru- 
ment is  such  that  the  actual  current  used  is  less  than  that 
of  the  ordinary  circuit  detector,  being  limited  to  2  per  cent 
of  that  required  to  explode  the  cap.  With  such  an  instru- 
ment, the  condition  of  the  cap  circuit  may  be  fully  deter- 
mined at  any  time,  and  the  development  of  trouble  at  once 
detected. 


Blasting  Out  in  Boat  Basin  and  Channel 

A  canal  basin.  14x5u  ft.  in  area  and  a  conneciinn  channel 
were  constructed  in  the  Mogothy  River  near  Annapolis,  Md.. 
by  the  following  method:  The  center  line  of  the  proposed 
channel  was  first  staked  out.  Starting  at  the  farther  end 
out  in  the  river  where  the  water  was  about  2  ft.  deep  and 
the  bottom  composed  of  about  lo  in.  of  sand  with  heavy 
black  mud  underneath  it.  cartridges  of  50  per  cent 
straight  dynamite,  were  picked  down  into  the  mud  fol- 
lowing the  center  line  of  the  proposed  channel.  They  were 
put  down  into  the  mud  about  18  in.  and  spaced  about  15  in. 
apart.  .A.  cartridge  containing  an  exploder  was  put  down 
about  the  middle  of  the  line.  The  firing  of  this  charge  was 
sufficient  to  set  off  the  charges  on  either  side  down  the  line 
both  ways.  The  method  of  loading  was  the  same  up  through 
the  30-ft.  stretch  of  marsh  to  the  edge  of  where  it  was  pro- 
posed to  locate  the  basin.  This  shot  resulted  in  a  channel 
about  8  ft.  deep;  that  is,  giving  5  ft.  of  water  out  into  the 
river  where  the  depth  had  been  but  2  ft.  and  3  ft.  of  water 
up  through  the  marsh  to  the  edge  of  the  basin.  The  basin 
itself  was  blasted  by  loading  two  parallel  rows  of  holes  2V4 
ft.  apart  and  loading  a  half  pound  of  5ii  per  cent  Straight 
dynamite  in  holes  spaced  15  in.  apart  in  the  row  and  about 
20  to  22  in.  deep.  There  was  an  exploder  in  the  cartridge 
loaded  in  the  center  hole  of  each  of  the  two  rows  and  as  it 
was  important  to  have  the  two  shots  go  exactly  simulta- 
neously, electric  blasting  caps  were  used  connected  together 
by  the  wires  and  the  shots  fired  with  a  blasting  machine. 
The  result  of  this  blast  -was  a  basin  14x50  f.  in  area.  The 
entire  job  was  done  with  75  lb.  of  50  per  cent  straight  dyna- 
mite and  six  electric  blasting  caps.  The  work  consumed 
214  hours  and  the  total  cost  was  $45.  The  work  was  done 
bv  P.   Y.   K.   Howat,  Contractor,   Baltimore,   Md. 


Accidents  fronn  Operation  of  Steam  Shovels  and  Cranes. — 
A  total  of  220  industrial  accidents  resulted  from  the  opera- 
tion of  steam  shovels  and  cranes  in  California  in  1917.  Of 
these  injuries  10  proved  fatal  and  15  caused  permanent  dis- 
ability. The  sum  of  $28,453  was  paid  out  in  compensation 
benefits. 
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The  Air  Receiver* 

By  FRANK  RICHARDS. 
An  air  receiver  connected  with  an  air  compressor  would 
seem  to  be  about  as  simple  a  thing  from  the  engineer's 
viewpoint  as  can  well  be  imagined,  and  yet  there  are  many 
things  which  might  be  said,  and  some  which  should  be  said 
and  reiterated,  concerning  it.  its  function  and  relations  as 
essential  to  be  borne  in  mind  in  the  interest  of  correct  and 
profitable   practice. 

The  first  detail  to  be  specified  concerning  an  air  receiver 
for  any  given  service  is  as  to  its  size  or  volumetric  capacity, 
in  which  particular  it  is  at  once  as  different  as  possible  from 
a  steam  boiler;  for  while  there  are  rules  and  formulas  in- 
numerable to  determine  the  capacity  of  the  latter  there 
are  no  such  rules  for  an  air  receiver,  and  in  the  nature 
of  thinj,s  none  could  be  expected.  If  we  were  called  apon 
to  suggest  a  rule  for  air  receiver  capacity  we  would  say. 
have  it  as  big  as  possible,  and  even  then  its  size  would  not 
be  of   much   help. 

Comparative  Capacities  of  Receiver  and  Compressor. — Say 
that  we  had  an  ordinary  single-stage  air  compressor  with  an 
air  cylinder  24-in.  in  diameter  running  at  400  ft.  per  minutf 
piston  speed.  Its  free  air  capacity  would  roughly  be  about 
1,200  cu.  ft.  per  minute,  and  its  delivery  at  0  atmo.spheres 
or  75-lb.  gage  (after  the  air  was  cooled)  200  cu.  ft.  per  min- 
ute. An  air  receiver  5  ft.  in  diameter  and  10  ft.  long 
which  would  be  fv.lly  as  large  as  would  ordinarily  be  pro- 
vided for  such  a  compressor,  would  have  a  capacity  of  19fi 
cu.  ft.,  only  164  cu.  ft.  of  which,  at  75  lb.,  would  be  in  excess 
of  the  normal  atmosphere  content  of  the  receiver,  so  that 
the  total  receiver  capacity  would  be  decidedly  less  than  one 
minute's  output  of  the  machine.  With  the  air  not  cooled, 
as  would  be  the  case,  the  deficiency  would  be  still  greater. 
With  a  two-stage  compressor  of  the  same  free  air  capacity 
and  compressing  to  8  atmospheres,  or,  say,  a  little  above 
100  lb.,  gage,  and  the  air  at  least  partially  cooled,  the  re- 
ceiver capacity  as  above  would  more  nearly  approximate  the 
one  minute  output  of  the  compressor.  But  the  futility  of 
installing  the  air  receiver  for  storage  purposes,  besides  its 
necessarily  insufficient  capacity,  lies  in  the  fact  that  the 
pressure  of  the  contained  air  falls  immediately  with  any 
withdrawal  of  the  air,  or,  if  in  continuous  operation,  when- 
ever the   output  exceeds   the   intalce. 

It  happens  that  wherever  compressed  air  is  employed  for 
operating  rock  drills,  pneumatic  tools,  hoists  or  other  de- 
vices, the  call  for  the  air  is  irregular  and  intermittent,  and 
the  problem  of  maintaining  a  constant  pressure  is  a  diffi- 
cult one,  and  yet  one  of  great  importance.  An  obvious 
method,  and  perhaps  the  first  to  be  thought  of.  would  be  to 
have  the  compressor  capacity  approximately  equal  to 
the  maximum  demand,  and  then  to  trust  to  the  safety  valve 
to  dispose  of  the  surplus  when  the  air  consumption  fell  off. 
'but  that  of  course  would  be  crude  and  costly.  Automatic 
speed  regulation  of  the  compressor  usually  does  not  give 
a  sufficient  range,  and  the  fractional  unloading  of  the  air 
cylinder  is   more   or   less   of  a   makeshift   character. 

Constant  Pressure  in  the  Receiver. — By  the  aid  of  static 
water  pressure,  which  is  usually  available  or  can  easily  be 
provided,  a  constant  pressure  may  be  maintained  in  an  air 
receiver  whatever  the  fluctuation  of  its  air  content  may  be. 
of  course  within  the  limits  of  its  capacity,  and  wherever 
there  is  any  permanency  of  installation  the  arrangement 
should  be  adopted. 

The  bottom  of  the  receiver,  the  vertical  type  being 
preferable  but  not  essential,  is  connected  by  a  pipe  of  suit- 
able size  with  an  elevated  body  of  water,  either  a  tank  pro- 
vided for  the  purpose  of  capacity  greater  than  that  of  the 
receiver,  or  any  existing  body  of  water  whose  surface  is  at 
the  required  elevation.  It  will  be  seen  that  with  the  re- 
ceiver partly  filled  with  water  and  compressed  air  above  it 
the  air  pressure  will  be  determined  and  maintained  by  the 
height  of  the  surface  of  the  water  in  the  tank  above  that  of 
the  water  in  the  receiver.  Thus,  for  a  pressure  of  50  lb.. 
gage,  in  the  receiver,  the  elevation  of  the  water  in  the  tank 
should  be  107  ft,,  and  correspondingly  for  any  other  pres- 
sure. There  is  free  communication  between  receiver  and 
tank,  and  as  the  volume  of  air  in  the  receiver  decreases  or 
increases  the  water  in  the  receiver  will  rise  and  that  in  the 
tanks  v;ill  fall,  or  vice  versa,  to   correspond,  and   no   water 
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is  consumed  or  wasted.  With  the  water  thus  freely  flow- 
ing back  and  forth  a  very  slight  difference  of  air  pressure 
in  the  receiver  will  occur  on  account  of  the  varying  differ- 
ences of  height  of  the  two  bodies  of  water,  and,  singularly, 
the  pressure  will  be  the  greatest  in  the  receiver  when  it 
contains  the.  greatest  volume  of  air  and  when  the  water 
level  there  is  the  lowest.  With  compressors  in  operation 
and  a  constant  flow  of  air  passing  through  the  pipes,  the 
air  which  is  being  used  need  not  enter  the  receiver  at  ali 
if  only  a  free  communication  between  the  tank  and  the  ro- 
cpivor  is  maintained  to  keep  the  constant  pressure. 

The  original  and  most  notable  employment  of  this  prin 
ciple  was  by  Bruno  V.  Nordberg,  by  whom  the  arrangement 
has  since  been  patented,  at  the  group  of  mines  of  the  Ana- 
conda Copper  Co.,  Butte,  Mont.  Here  a  battery  of  air  re- 
ceivers connected  with  a  large  tank  of  water  at  the  re- 
ijuired  height  maintains  a  constant  pressure  of  90  lb.  gage, 
so  thai  the  entire  compressing  system,  with  a  free  air  ca- 
pacity of  20,000  cu.  ft.  per  minute,  might  be  stopped  for  half 
an  hour  iind  the  fjll  air  pressure  maintained,  againr.t  max- 
imum  consumpliou. 

Air  Receiver  CoriLtr  ucticn  — The  normal  air  retieiver  of 
the  present  day  is  a  cylindrical  steel  shell  of  a  length  two 
or  three  times  the  c'iaiuci.er,  and  often  much  longer  than 
that  if  used  horizontally,  \:ith  bumped  heads  riveted  in. 
When  the  receiver  is  large  enough  to  have  a  manhole  both 
heads  are  usually  inserted  with  the  convex  faces  of  the 
heads  outward,  as  they  should  be,  but  for  the  smaller  re- 
ceiver the  generally  accepted  custom  has  been  to  have  one 
head  as  it  should  be  and  the  other  head  as  it  should  not  be, 
or  with  the  concave  face  of  the  head  outward,  just  for  the 
convenience  of  the  riveter  in  manufacturing,  a  thing  for 
the  mechanical  world  to  be  ashamed  of.  The  later  develop- 
ments of  welding  processes  remove  the  last  excuse  for  re- 
ceivers so  constructed,  and,  indeed,  we  may  hope  to  see 
rivets  entirely  discarded  in  air  receiver  construction. 

Every  air  receiver  before  being  put  into  service  should  be 
subjected  to  a  hydrostatic  test  to  a  pressure  considerably  above 
that  to  which  it  will  ever  be  subjected  when  in  use,  and  in 
determining  what  shall  be  the  test  pressure  limit  it  will  be 
well  to  consider  that  working  conditions  are  more  strenu- 
ous than  the  quiescence  of  the  shop.  There  is  liable  to  be 
more  or  less  shock  or  jar,  and  especially  there  are  possibli- 
ties  of  a  great  range  of  temperature  changes,  and  also  in 
course  of  time  the  receiver  will  be  weakened  by  rust,  all 
of  which  particulars  should  be  allowed  for,  with  an  addi- 
tional  factor  of  safety  above  that. 

Explosions  from  Static  Pressure.— The  subject  of  air  re- 
ceiver explosions  is  an  interesting  and  important  one;  and 
first  of  all  we  need  a  discriminating  definition  of  the  word 
"explosion."  for  so-called  explosions  of  air  receivers  occur 
under  two  entirely  different  sets  of  conditions  and  with 
differences  of  result  and  consequences  which  are  almost  in- 
comparable. 

First,  there  is  the  letting  go  of  the  receiver  and  the  sud- 
den escape  of  the  air  when  its  pressure  at  the  moment  is 
greater  than  the  material  of  the  receiver  can  withstand,  all 
other  conditions  being  presumably  normal.  The  air  pres- 
sure from  some  cause  may  have  become  greater  than  ever 
before,  or  the  receiver  may  have  been  insidiously  weak- 
ened. With  so  small  a  margin  of  safety  as  has  usually  been 
deemed  suflicient  it  is  little  wonder  that  these  static  pres- 
sure explosions  should  occasionally  occur.  When  such  an 
explosion  does'  take  place,  the  results  to  the  surroundings 
are  usually  much  less  serious  than  when  a  pressure  explo- 
sion of  a  steam  boiler  occurs,  because  there  is  nothing  but 
the  confined  air  to  escape,  while  in  the  steam  boiler  there 
is  not  only  the  actual  steam  in  the  space  above  the  water, 
but  this  is  followed  up  by  more  steam  instantly  generated 
from  the  hot  water  and  also  frequently  this  is  backed  by 
the  rush  of  masses  of  the  water  itself. 

Explosive  Ignitions, — The  fixing  of  working  pressure  lim- 
its, the  safety  valves  and  other  precautions  which  should 
be  provided,  guarantee  only  im;nunity  from  explosions  of 
the  preceding  type,  and  are  of  little  account  when  there 
occurs  the  firing  of  an  explosive  mixture  of  air  and  oily 
vapor  within  the  receiver  or  its  connections.  Concerning 
explosions  of  this  character  there  is  much  more  to  be  said, 
and  investigations  of  causes  must  have  to  do  with  much 
more  than  with  the  receiver  itself.  We  must  begin  in  fact 
with  the  beginning  of  the  air  compression,  and  even  outside 
the  compressor  where  (he  man  in  charge  doses  the  machine 
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with  the  lubricating  oil:  for  in  the  use  of  the  lubricant  in 
the  compressor  lies  either  danger  or  safety,  and  much  which 
has  to  do  with  the  ultimate  economy  and  safety  of  the  entire 
compressed  air  system. 

It  is  encouraging  to  be  able  to  note  that  the  troubles  at- 
tributable to  the  lubricant  used  in  air  compressors  have 
been  greatly  reduced,  especially  when  the  vast  increase  in 
the  number  of  compressors  and  in  the  volume  of  air  used 
is  considered,  and  perhaps  we  may  more  readily  compre- 
hend why  this  is  so  by  comparing  what  might  be  called  the 
ancient  and  the  modern  styles  of  practice  in  air  compression. 
These  lie  not  farther  apart  than  a  single  generation  of  men, 
with  no  distinct  demarkation  between  them,  so  that  there 
■are   still  survivors  of  the   primeval  to   discredit   the   present. 

The  Ancient  Air  .Compressor, — The  typical  compressor  of 
the  earlier  type  which  we  here  have  in  mind,  supplying  air 
mostly  to  rock  drills  in  mine  or  tunoel.  was  a  single  stage 
machine  compressing  the  air,  to  say,  90  lb.  gage,  without 
any  cooling  devices  for  the  air,  and  little  thought  was  given 
to  the  effects  of  the  presence  of  the  lubricant  except  for  the 
actual  lubrication,  and,  as  a  consequence,  the  oil  was  used 
"liberally."  Now.  the  oil  which  is  fed  into  the  air  cylinder 
has  no  discharge  or  escape  except  into  the  air  itself  by  which 
it  is  caught  up  and  carried  along.  At  the  point  of  its  leav- 
ing the  cylinder  and  immediately  thereafter  the  heat  of  the 
air  is  sufficient  to  decompose  the  oil  and  leave  the  carbon 
to  accumulate  as  a  black  sticky  mess  of  combustible  ma- 
terial lining  the  air  passages  and  the  interior  of  the  receiver. 
while  the  more  volatile  constituents  of  the  oil  are  carried 
along  by  the  air  to  wherever  it  is  finally  discharged.  As 
to  the  latter,  there  is  an  authentic  court  record  that  a  man 
in  an  Alabama  coal  mine  was  fatally  asphyxiated  by  the  oil 
fumes  in  the  exhaust  of  an  air  driven  steam  pump,  and 
heavy  damages  were  collected. 

Under  the  system  of  high  pressure,  single  stage  compres- 
sion which  formerly  prevailed  it  was  undoubtedly  necessary 
to  use  much  more  oil  than  in  these  days  when  such  high 
temperatures  and  undivided  pressures  are  avoided,  and  with 
the  extravagant  use  of  lubricating  oil  above  spoken  of  the 
carbon  deposit  accumulated  rapidly  in  the  air  receivers,  and 
it  was  a  frequent  occurrence  to  have  the  material  take  fire 
and  burn  with  such  sudden  fierceness  that  the  receiver  be- 
came visibly  red  hot.  It  may  have  been  the  products  of 
combustion  resulting  from  such  a  fire  that  asphyxiated  the 
miner  spoken  of  above. 

It  is  not  worth  while  to  inquire  how  ignition  could  occur 
in  such  a  case,  as  the  heat  of  the  compression  and  the  pres- 
ence of  six  times  or  more  the  quantity  of  oxygen  per  volume 
of  air  would  alone  be  almost  sufficient  to  account  for  it.  The 
stopping  of  the  compressor  would  of  course  stop  or  smother 
the  fire  at  once  for  lack  of  fresh  air. 

Receiver  explosions  in  connection  with  such  fires  did  not 
generally  occur.  In  one  case  there  was  a  vertical  receiver 
with  the  convexity  of  the  head  facing  inward,  and  when  the 
fire  occurred  the  pressure  of  the  air  reversed  the  curve  of 
the  head  and  the  receiver  was  lifft-d  entirely  clear  of  its  sup- 
port. Another  receiver,  horizontal,  actually  seen  and  pho- 
tographed, after  the  event,  by  the  present  writer,  about  2  ft. 
in  diameter  and  .5  ft.  long,  had  a  similar  concave  head  which 
became  red  hot  and  while  hot  was  reversed  by  the  pres- 
sure, the  reversal  occurring  with  such  a  snap  that  the  head 
was  torn  out  entirely  clear  of  the  shell. 

Two-Stage  Compression. — So  much  for  the  ancient  and 
obsolete  or  obsolescent  practice.  The  modern  way  is  to  have 
two-stage  compression  for  the  ordinary  working  pressures, 
say  from  5  to  8  atmospheres,  with  efllcient  cooling  of  the 
air  between  the  stages.  By  this  arrangement  the  high 
tem.peratures  are  avoided,  the  oil  has  better  lubricating 
effect,  it  retained  longer  upon  the  friction  surfaces  and  less 
oil  is  required.  More  intelligent  and  careful  supervision  also 
is  exercised  as  to  the  systematic  feeding  of  the  oil.  and.  as 
an   essential   detail,   careful  records   are   kept. 

It  might  appear  in  the  light  of  present,  up-to-date  practice 
that  the  function  of  the  lubricant  in  the  air  cylinder  is  not 
altogether  clear.  The  impression  has  been  that  more  or  less 
oil  must  always  be  present  upo"  thp  friction  surfaces.  This 
belief  is  not  easy  to  retain  in  the  face  of  some  indisputable 
records.  On  the  Panama  Canal  work  the  tabulated  records 
show  1.887,513  sq.  ft.  of  cylinder  surface  swept  by  the  pis- 
ton per  pint  of  oil  used.  This  area  is  about  40  acres,  and 
cannot  imagine  a  pint  of  oil  could  be  made  visible  or  other- 
wise discoverable  it  spread  over  such  an  expanse.     A  com- 


pressor of  the  Nevada  Conaolidaied  Copper  Co.  haK  more 
recently  shown  a  rate  of  lubricating  oil  conKumplion  only 
one-third  of  the  above.  At  the  present  lime  therf  Ih  more 
or  less  discussion  current,  which  we  will  not  here  go  Into, 
as  to  the  quality  of  the  oil  most  suitable  for  air  compresBors. 
our  impression  being  that  quantity  rather  than  quality  must 
be  the  determining  characteristic.  It  is  neither  high  flash- 
point nor  low  flash-point,  but,  rather,  no  flash-point  that 
will  guarantee  absolute  safety. 

Moisture  in  the  Air.— In  dealing  with  compressed  air  lu 
any  way  the  problem  of  disposing  of  the  moisture  contained 
'n  the  air  is  practically  always  encountered  and  imperatively 
demanding  solution.  Air  taken  in  to  be  compressed,  free 
air,  is  never  so  dry  that  it  does  not  prove  to  be  super-sat- 
urated after  being  compressed  to  five  or  six  atmospberes 
and  allowed  to  cool  to  normal  temperature,  and  the  air  re- 
ceiver has  been  popularly  regarded  as  an  important  agent 
in  disposing  of  the  surplus  moisture,  but  for  that  service  it 
must    be   regarded   as   more   or  less  a   disappointment. 

The  Work  of  the  Intercooier. — To  fully  appreciate  the  pos- 
sibilities and  the  impossibilities  in  connection  with  the  air 
receiver  and  its  attributed  functions  it  may  be  well  to  con- 
sider the  practical  operation  of  the  intercooier  of  th?  two- 
stage  compressor.  Without  the  intercooier  there  would  be 
no  reason  for  and  no  advantage  in  two-stage  compression. 
The  primal  argument  for  the  intercooier  is  that  it  reduces 
the  volume  of  the  air  under  compression,  leaving  less  work 
for  the  high  pressure  cylinder  and  thereby  saving  power. 
It  may  as  well  be  conceded  that  this  result  alone  would 
scarcely  be  sufficient  to  enforce  the  general  adoption  of  the 
intercooier,  its  incidental  services  being  really  of  more 
practical  value  than  the  mere  saving  of  power. 

The  reduction  of  volume  effected  by  the  intercooier  Is 
merely  a  consequence  of  the  reduction  of  temperatures,  but 
the  reduction  of  temperatures  is  in  itself  a  great  good  ac- 
complished. The  deposition  of  the  carbonized  residuum  of 
the  oil  upon  the  valves  and  in  the  air  passages  is  greatly 
reduced  and  the  spontaneous  ignition  of  the  oily  deposits  or 
the  firing  of  explosive  mixtures  which  might  be  formed  Is 
rendered  practically  impossible.  The  lubricating  oil  also 
remains  in  better  condition  and  lasts  longer  upon  the  fric- 
tion surfaces,  so  that  less  oil  is  required. 

Condensing  the  Mixture. — The  cooling  of  the  air  in  the  In- 
tercooier for  the  primal  purpose  of  reducing  its  volume  also 
provides  the  conditions  most  necessary  for  the  separation 
and  extraction  of  the  moisture  carried  by  the  air.  Up  to 
the  point  of  complete  saturation  of  the  air.  the  water  car- 
ried by  it  and  which  in  greater  or  less  quantity  is  always 
present,  is  in  the  form  of  steam.  Not  steam  under  the  condi- 
tions with  which  we  are  most  familiar  with  its  boiling  point 
at  212°.  but  yet  true  steam.  We  must  remember  that  under 
varying  conditions  water  may  have  its  boiling  point  and  its 
point  of  recondensation  anywhere  either  above  or  below 
212°.  It  is  true  steam  carried  by  the  air  and  normally  with 
all  the  accompanying  phenomena  of  true  steam,  and  the 
water  can  he  eliminated  from  the  air  not  by  any  process  of 
straining  or  filtration,  but.  first  by  the  condensation  of  the 
steam  and  then  by  the  deposition  and  collecting  of  the  water 
of  condensation.  Any  intercooier  is  thus  a  condenser  and 
might  properly  be  so  called,  whatever  its  construction,  so 
far  as  it  accomplished  the  purpose  of  converting  into  liquid 
the  vapor  that  is  mixed   with  the  air. 

Very  roughly  stated,  the  capacity  of  air  for  moisture  at 
the  saturation  point  and  at  any  constant  temperature  is  di- 
rectly as  the  volume,  or  inversely  as  the  absolute  pressure. 
Thus,  with  free  air  at  ,iO  per  cent  of  saturation,  and  it  Is 
generally  above  rather  than  below  that,  it  will,  at  the  same 
temperature,  be  completely  saturated  when  its  absolute 
pressure  becomes  2  atmospheres,  or.  say,  15  lb.  gage,  and 
its  volume  is  reduced  to  one-half. 

But  it  is  to  be  remeiiibered  at,  the  same  time  that  the 
capacity  of  the  air  for  moisture  is  much  more  rapidly  af- 
fected by  changes  of  temperature.  As  a  general  rule  this 
capacity  is  doubled  with  6ach  rise  of  temperature  of  20'-  F. 
Thus,  in  the  case  just  cited,  when  the  air  theoretically  be- 
came completely  saturated,  so  far  as  the  pressure  alone  was 
concerned,  when  a  pressure  of  2  atmospheres,  was  reached, 
the  operation  of  raising  the  pressure  of  the  air  by  15  lb.  at 
the  same  time  raised  its  temperature  more  than  100  de- 
grees, so  that  by  this  rise  of  temperature  the  moisture  car- 
rying capacity  of  the  air  was  increased  2x2x2x2x2,  more 
than   ;!2  times. 
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It  will  thus  appear  that  the  air  which  comes  to  the  inter- 
cooler  after  its  compression  in  the  low  pressure  cylinder  is. 
on  account  of  its  high  temperature,  in  an  extremely  "dry" 
condition,  although  its  actual  water  content  has  not  been 
reduced  in  the  least.  It  is  so  dry  in  fact  that  the  proposi- 
tion to  relieve  it  of  some  of  its  contained  moisture  seems 
almost  absurd.  And  yet,  assuming  the  aftercooler  to  be 
properly  designed  and  equipped  for  its  purpose,  the  parting 
of  the  water  from  the  air  begins  quite  early  in  their  transit 
through  the  apparatus,  and  continues  with  increasing  rapid- 
ity and  until  the  cooling  of  the  steam-and-water  mixture  is 
completed. 

The  typical  intercooler  might  be  any  air  receiver  in  which 
have  been  mounted  a  great  number  of  thin  metal  tubes  of 
small  diameter  so  connected  that  th^y  are  all  constantly  full 
of  cold  water  in  active  circulation,  the  air  which  is  to  be 
cooled  tilling  the  body  of  the  intercooler  and  surrounding 
the  cooling  tubes,  it  being  provided  that,  by  means  of  baffle 
plates  or  otherwise,  this  air  also  is  constantly  in  motion 
along  the  surface  of  the  tubes,  or  preferably  across  them 
with  impinging  action.  It  is  further  arranged  that  the  final 
emergence  of  the  air  from  the  intercooler  is  at  the  end 
where  the  cold  water  enters,  thus  insuring  that  the  air 
as  It  leaves  the  intercooler  shall  be  at  the  lowest  tempera- 
ture possible,  and  little  above  that  of  the  cold  incoming 
water. 

The  Condensation  of  the  Water  Vapor.— The  cooling  ac- 
tion which  takes  place  in  the  intercooler.  when  considered 
in  detail,  is  not  at  any  instant  operative  upon  the  entire 
body  of  the  air  at  the  time  contained  within  the  intercooler. 
tout  upon  successive  films  of  the  air  which  come  imme- 
diately iu  contact  with  the  surfaces  of  the  cooling  tubes, 
and  hence  we  may  see  how  the  condensation  of  the  vapor 
and  the  separation  and  the  deposition  of  the  water  may 
commence  immediately  that  the  air  enters  the  intercooler. 
Steam  contained  in  the  free  atmosphere  will  be  condensed 
and  globules  of  water  will  form  upon  the  outside  of  a  pitcher 
of  ice  water  carried  into  a  room  of  normal  temperature  with- 
out perceptibly  lowering  the  mean  temperature  of  the  room. 
In  this  case  a  very  small  cooling  surface  is  presented  to  a 
large  body  of  air  which  contains  more  or  less  water  vapor, 
but  yet  the  air  immediately  in  contact  with  the  pitcher  is 
effectually  cooled  and  some  of  the  vapor  in  it  is  condensed. 
The  case  of  the  intercooler  is  the  reverse  of  this.  In  it  small 
portions  at  a  time  of  moisture-laden  air  caused  to  flow 
over  large  cooling  surfaces  and  the  result  in  kind  is  the 
same,  but  the  quantities  of  moisture  released  are  much 
greater.  As  the  moisture  in  tttte  films  of  air  which  succes- 
sively come  in  contact  with  the  cold  tubes  is  condensed  and 
adheres  to  the  tube  surfaces  the  globules,  at  first  minute, 
begin  to  grow  larger  and  then  run  together  to  form  large 
drops  and  these  run  down  and  collect  at  the  lowest  point, 
where  means  must  be  provided,  automatic  or  otherwise,  for 
removing  the  water. 

Aftercooler  as  Necessary  as  the  Intercooler. — The  task,  or 
as  we  see  in  detail,  the  several  tasks,  assigned  to  the  inter- 
cooler may  be  satisfactorily  and  completely  performed,  and 
yet  the  work  it  does  in  the  nature  of  things  cannot  be  more 
than  half  the  work  of  that  kind  requisite  to  be  done.  All 
that  the  intercooler  does  is  still,  to  make  the  job  complete, 
more  necessary  to  be  done  after  the  final  compression  and 
before  the  sending  out  of  the  fully  compressed  air  to  do  its 
work.  An  air  compressing  installation  cannot  in  these  days 
be  said  to  fully  satisfy  the  demand  upon  it  when  it  merely 
puts  out  so  much  air  compressed  to  the  given  pressure  with- 
out regard  to  the  condition  of  the  air  as  delivered. 

The  air  in  the  first  place  should  be  cooled  at  once  as  it 
leaves  the  compressor  to  reduce  its  volume  and  minimize  the 
friction  loss  in  transmission,  which  is  a  small  matter  in  it- 
self, but  the  cooling  of  the  air  secures  for  it  the  combina- 
tion of  conditions,  highest  pressure  and  lowest  temperature, 
when  its  moisture  carrying  capacity  is  at  the  minimum,  and 
advantage  should  be  taken  of  this  for  drawing  off  all  the 
water  so  released,  and  if  this  is  not  done  the  subsequent 
inconvenience,  delay  and  other  money  losing  details  should 
be  added  to  power  cost  and  the  other  costs  of  the  compres- 
sion. 

Those  mest  intelligejitly  seeking  economy  in  compressed 
air  practice  today  recognize  these  things.  In  the  most  up- 
to-date  installations  will  be  found  not  only  the  receiver,  which 
seems  to  be  inevitable,  but  also  the  aftercooler  and  the 
moisture    separator,    each    individually     supplementing     the 


compressor,  and  all  proving  themselves  worth  while  in  prac- 
tice. These  things  carry  no  operative  expense  except  for  the 
supply  of  water,  and  that  is  not  consumed,  but  is  still  usable 
for  any  other  purpose,  so  that  a  more  profitable  investment 
could  not  well  be  found. 


Use  of  Manganese  Steel  in  Curved  Rails 
Not  Always  Economical 

The  use  of  manganese  steel  and  other  alloyed  steel  in 
special  track  work,  including  curves,  upon  electric  railways 
was  a  rather  fixed  practice  before  the  steam  railroads  began 
to  take  an  interest  in  the  subject.  In  fact  it  took  a  long 
time  to  prove  to  them  that  even  a  tiaal  would  prove  its 
worth.  Once  convinced,  the  steam  roads  have  become  large 
users  of  this  material-  for  some  kinds  of  work.  Meanwhile 
the  electric  railways  had  gained  considerable  experience  in 
comparative  wear  of  manganese  steel  as  against  bessemer 
and  open-hearth  steel,  especially  in  curves,  and  some  street 
railway  engineers  were  long  ago  bold  enough  to  voice  the 
results  of  these  experiences,  which  were  to  the  effect  that  for 
plain  curves  the  conditions  must  be  exceptionally  severe  to 
warrant  the  added  expense  of  the  manganese,  even  at  the 
pre-war  price  differences.  Some  electric  railways  have  found 
that  they  could  afford  to  renew  a  curve  three  times  with 
open-hearth  steel  for  the  same  total  expense  as  was  involved 
in  one  manganese  curve.  The  tendency  in  the  use  of  ex- 
pensive manganese  curves  is  also  toward  permitting  the 
curves  to  remain  in  service  long  beyond  the  time  when  good 
maintenance  would  call  for  their  removal. 

Similarly  it  was  found  that  only  in  certain  exceptionally 
severe  locations  was  it  advisable  to  install  the  excessively 
expensive  manganese  special  track  work.  The  steam  roads 
are  beginning  to  find  out  the  truth  of  this  matter  also,  if 
the  reports  of  tests  on  alloyed  steel  rails  in  service  in  curves, 
as  recently  rendered  by  the  committee  on  rails  of  the 
American  Railway  Engineering  Association,  can  be  taken  as 
a  guide.  Here,  two  different  railroads  report  that  when  the 
high  cost  is  considered,  the  proposition  can  hardly  be  con- 
sidered economical.  It  is  also  noted  that  the  manganese 
rails  become  distorted  more  easily  than  bessem.er  or  open- 
hearth  rails,  an  observation  which  confirms  electric  railway 
experience.  In  fact,  in  electric  railway  service,  the  distor- 
tion has  been  the  real  cause  of  removal  in  several  instaiices, 
rather  than  direct  abrasion.  Similarly,  in  special  work  for 
steels  in  many  cases  so-called  soft  centers  (medium-steel 
or  sometimes  cromium-steel)  will  serve  the  purpose  better 
than   manganese   at  less  cost. 

The  lesson  to  be  learned  from  these  combined  experiences 
points  out  the  Electric  Railway  .Journal  seems  to  be  that  a 
very  careful  study  of  conditions  should  be  made  before  a 
decision  is  had  as  to  the  advisability  of  substituting  man- 
ganese steel  in  curves  and  other  special  work,  since  it  will 
often  be  found  that  some  other  alloy-steel  or  even  open- 
hearth  steel    will   eventually   prove   more   economical. 


Salvaging  Track  Material  with  Sand  Blast 

According-  to  the  Electric  Railway  .Journal,  the  United 
Railways  of  St.  Louis  are  meeting  with  much  success  in 
making  available  for  reuse  quantities  of  old  track  material, 
especially  screw  spikes,  joint  plates  and  bolts. 

The  screw  spikes,  when  removed  from  old  track,  have 
usually  parts  of  the'  old  ties  adhering  to  them,  but  a  short 
treatment  with  the  sand  blast  cleans  them  perfectly  and 
after  being  dipped  in  oil  they  are  ready  to  use  again.  Fish 
plates  require  no  treatment  other  than  the  sand  blast. 

Nichols'  joints  are  taken  out  of  the  track  by  cutting  the 
rail  on  each  side  of  the  joint  near  the  end  of  the  plate.  The 
plates  are  then  taken  into  the  yard  and  the  rivets  knocked 
out  with  a  pneumatic  hammer  with  a  long  stroke,  called  a 
pneumatic  "gun."  The  spelter  is  easily  knocked  loose  from 
the  plates  and  is  then  ready  for  remelting. 

The  company  tried  various  ways  of  operating  the  sand 
lilast.  particularly  with  bolts  and  screw  spikes  which  are  so 
small  that  they  could  not  easily  be  set  up  against  a  board. 
Finally  the  best  way  was  found  to  be  to  put  the  bolts  and 
screws  in  the  hoppers  of  some  old  dismantled  wheelbarrows 
so  that  they  roll  around  as  the  sand  blast  plays  on  them. 
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Sorbitic  Treatment  for  Rails 

The  sorbitic  process  of  liardeiiing  rail  surfaces,  invented 
by  Mr.  C.  P.  Sandberg  of  Great  Britain  may  be  applied  either 
to  new  rails  at  the  mill  or  to  those  already  in  place  in  the 
track  without  disturbing  the  pavement.  As  described  in  tho 
Electric  Railway  Journal,  the  method  consists,  when  applied 
at  the  mill,  of  subjecting  the  rail  heads,  as  they  come  from 
the   hot   saw   at  a   temperature  of  about   itiiO     C.   to   a   blast 


TNT  As  a   Blasting  Explosive 

TNT  Is  an  explosive  which  Is  obtuim-d  by  actinR  upon 
toluene  with  nitric  acid  in  the  presence  of  BUlpbiiric 
acid.  It  has  been  known  to  chemlstH  since  18C3  and  it 
was  adopted  as  a  military  service  expIOHive  bj  1902, 
but  it  did  not  become  widely  known  until  the  Great 
War,  when  it  came  to  be  extensively  used.  With  the  cessa- 
tion  of  hostilities  this  country   found  Itself   with   very  lurRe 


A  B  (• 

Microphotographs    Showing    Gradual    Change    of    Structure    in    Rati   Heat   Treated   by   Sandberg   Process. 

of  air  at  15-lb.  pressure  from  a  series  of  discharging  nozzles.  supplies  of  TNT  on  hand.  So  large  indeed  thai  it  wai> 
When  applied  to  rail  already  in  place,  the  lead  is  heated  by  deemed  unwise  to  keep  all  of  it  in  stores  awaiting  future  raili- 
oxy-aeetylene  flame  and  immediately  quenched  by  water  jets.  tary  use  and  it  was  proposed  to  devote  many  million  pounds 
In  a  demonstration  conducted  tor  the  benefit  of  a  repre-  of  it  to  industrial  use.  Careful  experiments  and  observations- 
sentative  of  the  above  mentioned  journal,  a  length  of  rail  have  been  made  by  the  Rureau  of  Mines  Experiment  Station 
was  subjected  to  the  flames  from  a  specially  designed  twin  to  determine  the  value  of  this  explosive  as  an  industrial  blast- 
er duplex  oxy-acetylene  blow  pipe,  mounted  on  a  light  hand-  ing  agent.  The  results  of  this  study  are  set  forth  by 
propelled,  geared  truck,  which  advanced  at  the  rate  of  about  Charles  E.  Munroe  and  Stephen  P.  Howell  in  a  bulletin  issued 
1  ft.  per  minute.  The  rail  surface  recently  by  the  U.  S.  Bureau  of  Mines,  from  which  the  matter 
was  raised   to  a  red  heat  and   imme-   -— vr:^^    ^             j     j  following  is  abstracted: 

diately  quenched  by  means  of  water  I  c^  \  /  TNT  is  more  diflicult  to  detonate  with  certainty  than  nitro- 
jets,  close  to  and  just  behind  the  1  V_.  -  j  glycerine,  dynamite  or  the  explosives  ordinarily  used  in  en- 
blow-pipe  nozzles.     After  the  passage ^                   ^y  gineering    operations,     in     mining     and     in     quarrying,   TNT 

of  the  truck  large,  freshly-ground  cold  ,       ^'"'^  charges  require  a  .No.  8  detonator   (blasting  cap)   or  electric 

chisels   were   applied   to   both   treated  \      f  detonator,  while  dynamite  and  the  other  high  explosives  ordi- 

and  untreated  portions  of  the  rail.    No     „      .  ,  ,.,^.  .  narily  used   in  industrial  operations  require  but  a  No.  6  det- 

Sections:    from     Whicn 

diflSculty  was  experienced  in  notching         Microphotographs  onator. 

the    untreated    rail,    but    the   edges   of  were  Tai<en.  As  shown   by  tests  with  the   pendulum   friction  device,  all 

the  chisels  were  immediately  turned  up  or  chipped  on   lieing  the  three  grades  of  TNT  are  less  sensitive   to  friction  than 

applied  to  the  treated  portions.  40    per   cent   straight    dynamite,    gelatin    dynamite    or   picric 

Another   evidence   of  the   change    in    structure   of   the   rail-  acid,  and  as  shown  by  tests  with   the  large  impact  machine 

head  metal  is  shown  in  the  microphotographs  taken  at  differ-  all  are  less  sensitive  to  percu.ssion  than  40  per  cent  straight 

ent  depths  below  the  rail  sui^ace.  dynamite,    ammonia   dynamite    and    nitrostarch    powders.     II 

may  be  set  on  fire,  when  it  will  burn,  but  this  burning  may 

-T  1  p  tti  -n  •        J     r  TT        f     ^  change  to  a  detonation.     Hence  TNT  must  be  protected  from 

Number  of  Wagons    Required    for    Hauling  ^^e  and  causes  of  fire,  such  as  sparks,  flame,  heated  bodies. 

From  Steam  Shovels  friction,  percussion  and  the  like,  as  all   explosives  should  be 

Very    little    information   is   avail? *ile   as   to   the   num."-.-   of  at  all  times.  v^r.^^i^^„,    a.o.i^„    k„ 

...     ^      J,     ,1  .      ^     *         .  I  „,.   1  f  ..  In   tes  s    made   at   the    Pittsburgh    Experiment    Station    by 

wagons  required  to  handle  the  output  of  a  steam  shovel  for  ,t,»,™   ^     j      ,  in     .-„      .i,„    „.„„„    i.    „.„. 

j-<»         .  1       »^       <.  1.     ,     r,.!,     »■  ,1      ■        1   *     f  h-^h    .„  detonating    TNT   Grade   I,   and    collecting   the   gases    it    waa 

different  lengths  of  haul.    The  toUowing  data  from   which  an  ,       C  .    .-.         ~     .i   ii,  .      t  .i,„   r.,„i«oi.,»   „„„«.   snr  t 

.  ,.       ^  ,  .        ^  ■„,    ,    f ,    ,i,o  found      that  -134   grams    1,1   lb.)    of   the   explosive   gave   o06.5 

approximate   estimate   can   be   made   are   reprinted   from    the  ,      u-  u    i<-.- „.    „_   -tya   ii.„™    »■«,«. 

,  .  .  ^  „  ^  ,  ,.   i^    ,  liters  of  gases,  of  which   4G.b   per  cent,  or  236   liters,  were 

A.ugust  issue  cJ  Successful  R.othods:  .  .r-,^,     „j  --to  „->-  „„„»    „,  o-o  a  ii»o..=  ^t  A«m 

poisonous  gas  (CO)  and  7.5.8  per  cent,  or  iiS.S  liters  of  com- 

YARDAGE    FOR    VARIOUS    HAfLS^^    ^^^    ^^^  ^^^  bustible  gases   (CO,  H  and  CH.).     The  tests  of  other  grades 

perteam  with"  of  TNT  gave  similar,  though  not  identical,  results,  but   all  in- 

"""soo"  ^^'  Round^  Trips.  1%-yd.  jWaeons.  jj(.a,p  jj  jq   bo  unsafe  to  use  TNT  in  close  places,  such  as 

1.000     ...... ...............     53  "9  underground    workings    and    particularly    coal   mines.     These 

^■*J{^    26  40  results   emphasize   tlie  importance   of   remaining  away  from 

5!ooo    ".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.     10  15  the  face  of  the  blast  after  the  explosion  until  assured   that 

^O-OOO    4  fi  jIjp  gases  produced  have  been  blown  or  have  diffused  away 

Daily 'output''  "'^   """^''^   ''"''   ^'-^'''"''''   "'"^^'^"'^-  from  the  interstices  of  the  debris. 
in  ou.  yd.           Haul   1,000  ft.    Haul  3,000  ft.    Haul   10.000  ft.  jn   determining   the    relative    eflicieneies   of   explosives    In 

j^Jj I  \l  II  use.  the  Bureau  of  Mines  has  long  employed   the   "unit  de- 

50o'.'.'.'.'.'.'.'.'.'.'.'.'.      s  20  84  flective  charge"  and  the  "rate  of  detonation"  as  criteria.   The 

On   a   road   ^ob   in   Minnesota   5   wagons  are   serving   a    "i-  unit  deflective  charge  is  ascertained   by  exploding  a  known 

yd.  steam  shovel  on  a  300-ft.  haul  and  are  kept  busy.  weight  of  the  explosive  in  the  Ballistic  Pendulum,  and   this 

At   Hamilton.    O.,   a    steam    shovel    with    a     %-yd.   bucket,  term  "unit  deflective  charge"  is  defined  as  "that  weight  of 

loading   gravel   on   a    3    to   10-ft.    face,   loaded     480     2-cu.    yd.  an    explosive    which   will   swing    the    ballistic    pendulum    the 

wagons  in  9  hours    and   60  teams  were  estimated  as  neces-  same  distance  as  Vz  lb.  of  40  per  cent  straight  nitroglycerin 

sary  to  keep  the  shovel  busy  on  a  1-mile  haul.     The   same  dynamite."     Tests  of  the  unit  deflective  charge  showed  each 

shovel  handled  clay  out  of  a  6  to  12-ft.  face  and  should  be  of  the  three  grades  of  TNT  to  be  9  to  14  per  cent  stronger 

able  to  load   360   2-yd    wagons  in   9  hours.     This   would   re-  than  40  per  cent  straight  nitroglycerin  dynamite.     The  rate 

quire  45  teams  to  haul  the  material  away  on  a  1-mile  haul.  of  detonation  of  the  TNT  was  practically  the  same  as  for  40 

8  trips  to  the  team.  Per  cent  dynamite. 
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Wlu'ii  either  of  the  three  grades  of  TNT  are  packed  in 
cartridge  cases  or  in  bore  holes  under  ordinary  tamping 
pressures,  the  apparent  specific  gravity  of  the  charges  vary 
from  0.81  to  0.95.  while  when  40  per  cent  straight  dynamite  is 
so  packed,  the  apparent  specific  gravity  of  its  charges  are 
from  1,15  to  1.34.  It  is  evident,  therefore,  that  for  equal 
weights  the  T["NT  cartridges  will  be  more  bulky  than  the 
dynamite  cartridges.  As  a  consequence  of  this,  larger  bore 
holes  must  be  used  tor  TNT  charges  than  for  dynamite 
charges  of  equal  weight.  This  presents  an  advantage  tor 
the  dynamite  over  the  TNT,  but.  on  the  other  hand,  it  has 
been  observed  that  as  the  apparent  specific  gravity  of  the 
TXT  approaches  the  lower  limit  given  above  its  resistance 
to  wetting,  when  the  cartridges  are  immersed  in  water,  in- 
creases. Hence,  it  is  recommended  that  except  in  assuredly 
dry  holes,  or  in  big  blasts,  where  full  boxes  of  the  explosive 
may  be  fired  in  chambers,  the  TNT  be  packed  tor  use  in 
cartridges  and  that,  as  the  No.  Ill  Grade  is  the  most  water 
resistant  of  them  all,  it  be  packed  at  a  low  pressure  and  re- 
served tor  use  in  the  especially  wet  work. 

The  practical  value  of  TNT,  Grade  III,  for  general  blasting 
purposes  was  tried  out  by  a  number  of  field  tests,  such  as 
adobe  shots  on  boulders  and  concrete  piers,  blasting  out 
oak  stumps,  splitting  oak  logs  and  shooting  under  water. 
The  tests  were  loaded  in  extemporized  wrappers,  made  from 
newspapers,  and  detonated  by  a  No.  8  electric  detonator. 
The  conclusions  based  on  these  tests  were:  Grade  111  TXT 
can  be  successfully  used  for  adobe  shots  of  boulders,  tor  re- 
moving stumps,  and  for  splitting  logs.  It  has  shown  itself  to 
give  results  the  equal  of  40  per  cent  straight  nitroglycerin 
d.vnamite.  It  detonates  completely  with  a  No.  8  electric  det- 
onator. The  evidences  of  black  smoke  is  not  to  be  taken 
as  an  incomplete  detonation.  It  detonates  completely  under 
water.  It  detonates  completely  after  moderate  immersion  in 
wet  holes. 

Since  some  blasting  must  be  done  in  damp  or  very  wet 
holes,  it  is  desirable  to  know  the  water  resisting  properties 
of  the  different  grades  ot  TNT  when  compared  with  such 
well-known  comn'.ercial  explosive  as  40  per  cent  "straight" 
nitroglycerine  dynamite  and  40  per  cent  strength  ammonia 
dynamite,  1%  by  8  in,  cartridges  ot  Grade  I,  Grade  II  and 
Grade  III  TNT  and  the  two  dynamites  were  submerged  in 
thoreughly  wet  sand  in  pans  at  room  temperature  for  definite 
periods  of  time  and  attempts  made  to  detonate  each  cartridge 
when  confined  in  sand  in  a  borehole.  No,  (>  electric  detona- 
tors were  used  with  the  TXT  and  the  dynamites.  If  com- 
plete detonation  occurred  in  each  of  three  trials,  the  ex- 
plosive was  considered  as  having  sufiiciently  resisted  the 
water. 

The  conclusions  from  these  tests  were:  When  both  ends 
of  cartridges  of  all  grades  ot  TNT  are  redipped  and  not  punc- 
tured, they  withstand  water  tully  as  well  as  the  dynamites 
when  tested  as  received.  This  shows  the  efficacy  of  this 
type  of  cartridge  and  is  independent  ot  the  nature  ot  the  ex- 
plosive within  the  cartridge. 

Grade  III  TXT  in  cartridges  resists  water  for  1  to  72  or 
more  hours,  the  time  depending  upon  the  density  at  which 
packed  and  the  nature  ot  the  cartridge.  In  all  cases  with 
Grade  III  TNT,  the  cartridges  which  were  packed  easily 
withstood  the  water  better  than  those  which  were  packed 
hard.  Grade  III  TNT  has  very  much  better  water  resisting 
properties  than  either  of  the  other  grades  of  TNT,  and  espe- 
cially so  when  packed  easily  and  compare  very  favorably  with 
the  dynamites  tested, 

Ot  the  three  grades  ot  TNT,  the  only  one  recommended  tor 
use  in  wet  holes  in  cartridge  form  is  the  Grade  III,  The 
others  may  be'  used  for  wet  work  if  packed  in  completely  re- 
dipped  paraffined  cartridges,  provided  they  can  be  charged 
without  breaking  the  cartridges. 


New  East  River  Tunnel  Holed  Through. — Excavation 
work  in  the  north  tube  of  the  14th  St.  rapid  transit  tunnel 
under  the  East  River  at  New  York  was  completed  Aug.  7, 
when  Transit  Construction  Commissioner  John  H,  Delaney 
fired  the  shot  which  holed  through  the  last  piece  ot  rock 
between  the  tunnel  headings  from  Brooklyn  and  Manhattan, 
By  this  final  blast  it  was  made  possible  to  walk  through  the 
tunnel  from  the  foot  qt  14th  St,,  in  Manhattan,  to  the  foot  of 
North  7th  St..  Williamsburg.  A  considerable  part  of  the 
tunnel  work  was  done  under  an  air  pressure  of  39  lb.  Under 
that  pressure  the  men  were  employed  in  3-hoiu'  shifts. 


Principles  of  Service  at  Cost  as  Ap- 
plied to  the  Solution  of  the 
Traction  Problem 

In  a  paper  of  some  length  presented  at  the  Xew  York  State 
Conference  of  Mayors  and  Other  City  Officials,  at  Schenectady, 
Mr,  Harlow  C,  Clark  makes  an  analysis  of  the  relations  be- 
tween the  public  and  the  traction  interests,  with  special 
reference  to  finance.  He  summarizes  the  plan  of  service  at 
cost  as  follows: 

1,.That  private  individuals  and  corporations  shall  act  as 
the  agents  of  the  public  in   providing  street  railway  service. 

2,  That  such  agents  shall  receive  for  their  services  (a) 
such  a  rate  of  interest  upon  their  investment  in  the  property 
used  and  useful  in  serving  the  public  as  will  attract  capital 
into  the  business,  and  (b),  an  additional  compensation  as  a 
reward  tor  initiative,  to  be  measured  by  the  economy  and 
efficiency  manifested  in  the  management, 

3,  That  the  degree  to  which  the  street  railway  system  shall 
be  called  upon  to  bear  public  taxes  and  imposts,  be  deter- 
mined, in  the  light  of  fairness  and  justice  as  between  the 
taxpayer  and  the  car  rider,  against  whom  such  imposts  are 
directly  levied, 

4,  That  the  cost  of  operating  the  property  should  be  borne 
by  the  persons  receiving  the  service,  through  a  system  of 
fares  so  adjusted  as  to  respond  to  the  variations  in  costs, 

5,  That  the  public,  under  such  a  system  of  fares  as  will 
provide  the  cost  of  whatever  service  is  reuired,  shall  pre- 
scribe the  service  to  be  furnished, 

i:.  That  because,  under  the  plan  proposed,  the  rate  of  fare 
w^ill  largely  depend  upon  the  economy  and  efficiency  with 
which  the  property  is  operated,  the  co-operation  of  the  pub- 
lic in  the  elimination  of  unnecessary  service  and  in  the  in- 
troduction of  all   proper  operation  economies,  be  enlisted. 

Cost  of  service  is  not  a  new  thing  to  the  I.Tnited  States.  It 
has  been  in  effect  in  Cleveland  since  1910.  The  Boston  Ele- 
vated Ry.  Co.,  opei-ating  in  the  city  ot  Boston;  the  Bay  State 
Street  Ry.  Co.,  serving  the  eastern  part  of  Massachusetts: 
the  Mahoning  &  Shenango  Ry.  Co.,  serving  the  city  of 
Youngstown.  O,:  the  Montreal  Tramways  Co,,  serving  the 
city  of  Montreal:  and  the  Cincinnati  Traction  Co,,  serving 
the  city  ot  Cincinnati,  are  now  operated  under  complete 
service  at  cost  plans ;  w  hile  the  agreements  effective  in  Chi- 
cago, insofar  as  the  surface  lines  are  concerned,  in  Dallas, 
Texas,  Des  Moines,  la,,  and  Kansas  City,  Mo,,  embody  many 
services  at  cost  features,  Massachusetts  has  a  general  law 
which  permits  any  street  railway  company  complying  with 
its  requirements  to  put  service  at  cost  into  effect.  In  Chi- 
cago, a  complete  cost  of  service  agreement,  with  operation 
of  the  system  by  public  trustees,  was  defeated  last  year  by 
referendum.  The  city  of  Philadelphia  entered  into  an  agree- 
ment with  the  Philadelphia  Rapid  Transit  Co,  for  the,  opera- 
tion of  the  rapid  transit  system  which  the  city  is  building 
I'ndei  a  service  at  cost  plus  plan,  hut  the  agreement  was  dis- 
approved by  the  State  Public  Service  Commission,  the  con- 
sent of  which  was  necessary.  Governor  Smith  has  just  ve- 
toed a  bill  providing  for  service  at  cost  for  the  International 
Railway  Co..  serving  the  city  of  Buffalo,  In  addition,  the 
plan  is  bein.g  considered  by  a  number  of  cities,  including 
Denver,  St,  Paul,  Minneapolis.  Oakland  and  New  Orleans, 

These  various  measures  differ  largely  as  to  details,  but 
the  same  general  theory  is  the  basis  of  them  all — that  is, 
that  the  return  to  the  owners  shall  be  limited  to  an  amount 
sufficient  to  attract  capital  and  secure  efficiency,  and  that 
the  rate  of  tare  to  be  charged  shall  depend  upon  the  cost  of 
providing  the  service  and  shall  vary  from  time  to  time  as 
this  cost  varies. 

At  the  close  of  his  paper,  Mr,  Clark  summarizes  also  what 
he  conceives  to  be  the  merits  of  service  at  cost,  as  follows: 

That  it  establishes  a  method  by  which  the  price  of  street 
railway  service  may  be  brought  into  correct  relation  with 
its  cost; 

That  it  is  applicalile  to  all  methods  ot  operation  and  under 
control,  whether  directly  by  the  public,  by  private  corpora- 
tions,  or  by   state,  or   local    regulation: 

That  it  permits  the  public  to  specify  the  kind  and  extent 
of  service  to  be  furnished; 

That  it  is  applicable  to  any  system  ot  charging,  either  by 
distance,  by  zones  or  by  a  flat  rate; 

That   it   induces   co-operation   between    the   public   and    the 
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management  in  securing  economical  and  efficient  manage- 
ment; 

Tliat  it  removes  the  antagonism  between  the  public  and 
the  corporations  furnishing  them  transportation  service,  and 

That  it  establishes  the  transportation  utilities  as  agents 
of  the  public,  performing  for  the  public  a  public  service  and 
receiving  therefore  a  reasonable,  a  sufBcient  and  an  assured 
return. 


National  Transportation  Conference  Plan 
for  Railroad  Legislation 

There  is  a  striking  contrast  between  the  two  typical  plans 
for  railroad  legislation  now  before  Congress — the  plan  of 
Government  ownership  and  operation  in  the  interest  of  one 
pyrticular  class,  as  advocated  by  the  railroad  brotherhoods, 
and  the  plan  of  returning  the  railroads  to  their  owners,  as 
urged  by  the  National  Transportation  Conference  and  by  all 
the  other  groups  that  have  appeared,  before  the  House  and 
Senate  committees. 

Briefly  stated,  the  plan  for  railroad  legislation  recently 
submitted  to  Congress  by  the  National  Transportation  Con- 
ference   provides    for — 

1.  Return  ol  the  railroads  to  private  ownership  and  opera- 
tion as  soon  3=  the  necessary  remedial  legislation  can  be 
enacted. 

2.  Consolidation  of  existing  railroads  into  strong  cnmpri- 
titive  systems. 

3.  Requirement  that  all  carriers  engaged  in  interstate 
commerce  subject  themselves  as  corporations  to  federal  jur- 
isdiction. 

4.  Exclusive  Federal  regulation  of  the  capital  expenditures 
and  the  security  issues  of  all  carriers  engaged  in  interstai.; 
commerce 

5.  Interstate  Commerce  Commission  to  retain  its  present 
powers  and  to  be  given  additional  powers  over  rates. 

6.  Creation  of  a  Federal  Transportation  Board,  to  promote 
the  development  of  a  national  system  of  rail,  water  and 
highway  transportation;  to  pass  upon  the  public  necessity 
for  capital  expenditures;  to  regulate  security  issues;  to  ad- 
minister and  enforce  the  measures  that  may  be  adopted  for 
strengthening  and  stabilizing  railroad  credit;  to  determine 
the  grouping  or  consolidation  of  railroads  deemed  to  be  in 
the  public  interest:  and  to  carry  out  plans  authorized  by 
Congress  for  ,  merging  all  railroads  engaged  in  interstate 
commerce   into   strong  competing   systems. 

7.  Adjustment  of  the  wages  and  working  conditions  of  rail- 
road employes  by  boards  consisting  of  equal  numbers  of 
representatives  of  railroad  employes  and  railroad  officers, 
with   the    Federal   Transportation   Board   as   referee. 

8.  Adoption  by  Congress  of  a  plan  for  the  stabilization  of 
a  railroad  revenues  and  credit   by  means  of 

(a)  Enactment  of  a  statutory  rule  providing  that  the  the 
rate  structure  established  by  public  authority  shall  be  de- 
signed to  yield  a  net  return  of  r,  per  cent  per  annum  upon 
the  aggregate  fair  value  of  the  property  of  the  roads  in  each 
traffic  section  of  the  country,  such  fair  value  to  be  deter- 
mined after  due  consideration  of  both  physical  value  and 
earning    power. 

(b)  Use  of  the  aggregate  property  investment  accounts  of 
the  railroads  as  the  fair  value  of  the  property  for  rate-mak- 
ing purposes  pending  the  completion  of  the  valuation  now- 
being  made  by  the  Inter^ate  Commerce  Commission, 

(c)  Creation  of  two  kinds  of  contingent  funds  an  individ- 
ual rTilroad  contingent  fund  established  by  each  road  to  sup- 
port its  own  credit,  and  a  general  railroad  contingent,  fund 
maintained  by  contributions  from  all  prosperous  roads,  man- 
aged by  trustees  appointed  by  the  Federal  Transportation 
Board  and  used  to  support  the  credit  of  all  of  the  railroads 
of  the  country.  Any  excess  in  the  general  railroad  contin- 
gent fund  above  $750,000,000  is  to  be  used  for  the  general 
development    of    the    transportation    system    of    the    country. 

9.  Creation  of  a  railroad  reserve  fund  administered  by  the 
Federal  Transportation  Board  to  facilitate  the  prompt  sta- 
bilization of  railroad  credit;  and  loan  of  $.500,000,000  to  this 
fund  by  Congress  as  soon  as  the  railroads  are  returned  to 
their  owners;  the  loan  to  be  used,  if  necessary,  in  making 
advances  to  the  general  railroad  contingent  fund,  and  to  be 
repaid  with  interest  from  moneys  contributed  by  the  rail- 
roads to  the  general  railroad  contingent  fund. 

10.  Determination  and  announcement  by  the  Federal  Trans- 


portation Board  of  the  grouping  or  coniiolidatiun  of  rail- 
roads deemed  to  be  in  the  public  interest;  and  authorization 
for  the  board  to  require  such  consolidaliunti  1  flhey  Hhull  not 
have  been  effected  or  well  advanced  within  a  period  of  tUe 
have  been  CMRDLC  SHRDL  C.\!F\VYPnw.-,hbll— JUrllKKIUJ 
years  after  the  board   has  declared  them  to  be  desirable. 

11.  Organization  of  the  Board  of  DirectorH  of  each  con- 
solidated railroad  system  with  12  members  of  the  board  - 
one  to  be  a  representative  of  the  employcB  of  the  Hystem 
nominated  for  such  position  by  the  employes,  and  three  to 
be  selected  by  the  Federal  Transportation  Board  to  repre- 
sent the  principal  interests  involved  in  the  territory  Horved. 

The  Chamber  of  Commerce  of  the  United  States  ha« 
adopted  by  referendum  vote  seven  of  the  above  recommenda- 
tions of  the  National  Conference  propositions  1  to  i;  and 
also  No.  11.  The  other  parts  of  the  conference  program, 
though  not  included  in  the  plan  adopted  by  the  Chamber 
of  Commerce,  are  in  harmony  with  the  principles  of  the 
Chamber's  plan. 


Advantages  of  Using  Stemming  in 
Blasting 

Tests  were  made  some  lime  ago  at  the  Pittsburgh  Station 
of  the  r.  S.  Bureau  of  Mines  to  determine  the  effect  of 
stemming  on  the  efficiency  of  explosives.  Some  of  the  re- 
sults of  these  tests  are  summarized  in  a  recent  bulletin  of 
the  bureau  on  the  mining  and  milling  of  lead  and  zinc  ores 
in  the  Missouri-Kansas-Oklahoma  zinc  district. 

In  carrying  out  the  tests,  the  Trauzl  lead  block— a  lead 
cylinder  7%  in.  high  and  7%  in.  in  diameter,  with  a  bore 
hole  1  in.  in  diameter  and  5  in.  long— was  used,  as  it  fur- 
nishes one  of  the  simplest  means  for  measuring  the  relative 
strength  of  high  explosives. 

A  known  amount  of  the  explosive  under  test  is  placed  In 
the  bore  hole  and  then  fired.  The  pressure  of  the  gases 
evolved  by  the  explosive  expands  the  hole  into  a  pear-shaped 
cavity.  The  original  volume  of  the  bore  hole  is  determined 
by  measuring  the  au'ount  of  water  required  to  fill  it  exactly; 
the  volume,  after  a  test,  is  determined  in  the  same  way.  The 
difference  between  the  volume  of  the  hole  after  the  firing 
of  the  charge  and  the  volume  before  firing  is  taken  as  a 
measure  of  the  force  exerted  by  the  explosive. 

The  different  kinds  of  stemming  used  in  the  tests  were 
dry  sand,  both  tamped  and  untamped;  dry  fire  clay,  tamped 
and  untamped;  moist  sand,  tamped;  and  moist  lire  clay. 
tamped.  Table  I  show's  the  efTect  of  using  different  weights 
and  kinds  of  stemming. 

T4BLE    1.— EXPANSION    OF    BOlil-;    HOI.K    IN    l-K.\l>    KI>iCKS 

'by  'so  grams  of  EXPI^ISIVK  with   |)|FFKI:TCNT  KIN!>S 

AND   WKICHTS  OF  STKM  .MING. 


—  Weight  of  stt-mminK.  KrninB  — 
0     6.25    12.5      25       50      100     200 


Forty    i>er   cent   strength   ammoni: 
dynamite: 

Kind  of  stemming-. 

'^'"''''"'e.xpa''nsion*ofboie  hole,"  cc.  230     ;iOI     .•?59     408     430     «4     416 
fntampcd    dry    nre    clay  . .       ;;         230     2SS     347     .185     387     38       3.S 

V^^  ?u^  ^?fcfav::::::    ■•    iS  2S5  ^  's"  III  ??n  ill 

Tin     e      moi»t    sard   .....       "         2.W  2(i5     293     3T5     3S!i  4i;.  4.0 

Tamprd    moist    fire   clay....       "         230  2X0     341     382     107  462  ■  4S7 
Forty    per    cent    "straiBht"    nitro- 
glycerin dynamite: 

Untamped  dry  sand • .  .,  .,„ 

Hvmnsion  of  bore  hole    c.c.  367  462     .lOI     569     Ml  83S  C'.2 

T-n,anM.ed''dr.v'°Hre''oIar.          'i;         367  460     496     574     578  5M  bS9 

V;:^  dl^'  Se-'cia;::::::    -     "  ilt  iS*  eSl  Hi  III  Ik 

T^mne       moin     =al.d  . .        '■         367     465     525     603     645     697     hi'K 

SednToist'nri^cfay:::..       "         367     507     547     623     6.3     696     710 

According  to  Snelling  and  Hall  the  results  obtained  from 
the  experiments  prove  definitely  that  confinement  by  the 
use  of  stemming  greatly  increases  the  efficiency  of  a  charge 
of  explosive. 

As  the  expansion  of  the  bore  hole  of  the  lead  blocks  in 
the  experiments  is  a  good  measure  of  the  pressure  that  is 
exerted  on  the  wall  of  a  drill  hole  by  the  same  explosives 
in  actual  mining  operations,  it  is  reasonable  to  assume  that 
the  useful  work  done  by  the  explosives  would  be  in  the 
same  ratio.  The  results  of  the  tests  show  that  with  quick- 
acting  explosives,  such  as  "straight"  dynamite,  a  small 
quantity  of  stemming  greatly  increases  the  efficiency, 
whereas  a  large  quantity  is  required  with  slow-burning  ex- 
plosives, such  as  black  blasting  powder,  for  effective  re- 
sults. It  addition,  the  use  of  stemming  reduces  the  evolu- 
tion of  poisonous  gases  to  a  minimum. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
HydrauHc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Accounting    on    "Cost 
Contracts 


Plus* 


By   RALPH  W.   HORNK. 

Although  the  "cost  plus"  form  of  contract  for  construction 
work  is  not  a  novelty,  it  has  been  more  extensively  used 
during  the  past  two  or  three  years,  than  was  formerly  the 
case.  Its  use  for  most  of  the  emergency  was  construction 
work,  carried  out  by  the  United  States  Government,  produced 
physical  results  which  were  very  satisfactory,  although  the 
costs  in  some  instances  may  have  been  high.  For  private 
work  it  has  frequently  given  even  better  satisfaction  as  more 
time  has  been  available  for  applying  efficient  methods  to  ob- 
tain low  cost  work;  the  rapidity  of  construction  being  a  less 
vital  factor. 

An  engineer  or  artichtect  liaving  supervision  of  private 
work  under  this  form  of  contract,  finds  that  his  oversight 
must  cover  not  only  proper  inspection,  from  the  structural 
view  point,  but  also  the  keeping  of  accurate  cost  records,  in 
order  to  properly  safe.euard  the  financial  interests  of  his 
client,  the  owner.  This  cost  keeping  phase  of  the  work  has 
too  often  been  neglected;  but  with  the  recent  increase  in 
prices  for  both  labor  and  materials  it  is  highly  important  that 
economy  should  be  the  watchword  in  all  future  construction 
undertakings. 

Upon  the  completion  of  a  project  the  party  having  super- 
vision of  the  work  should  be  able  to  account  to  the  owner  for 
the  use  of  all  labor  and  supplies  (both  material  and  tools), 
which  have  been  charged  to  the  job  and  should  be  able  to 
show  that  all  such  have  either  been  applied  to  the  work  or 
that  proper  credit  has  been  received  for  them  in  the  con 
tractor's  statements. 

The  method  for  keeping  cost  records  should  be  such  that 
these  records  can  be  readily  checked  against  data,  kept  by 
the  contractor  for  his  own  use.  This  checking  from  the  con- 
tractor's records  should  be  done  with  as  little  inconvenience 
to  him  or  his  force  as  possible,  and  he  should  understand 
clearly  at  the  outset  just  what  data  are  to  be  obtained  from 
him. 

Records   will   be   in   a  convenient  and   useful   form   if  sepa- 


rated into  two  main  groups,  viz.:  (I)  Labor  and  (II)  Sup- 
plies (including  materials  and  tools).  Each  g»oup  should  be 
arranged  so  that  it  can  be  used  either  for  checking  contrac- 
tor's statements  or  for  computing  unit  costs.  Statements  are 
generally  composed  of  (a)  pay-rolls,  (b)  charges  or  credits 
tor  material  and  tools,  and  (c)  miscellaneous  minor  items 
such  as  insurance,  telephone,  etc.  Material  and  tools  are 
either  delivered  to  the  job  as  a  debit  to  the  owner  or  shipped 
away  as  a  credit  to  him.  For  convenience  in  keeping  records, 
the  subdivisions  of  the  work,  for  which  unit  costs  are  to  be 
figured,  should  be  clearly  defined  and  a  system  of  notation 
adopted  for  them  at  the  outset. 

Labor  Records. — Records  of  the  labor  costs  should  cover 
the  following  items;  (1)  The  total  number  of  men  at  work 
each  day.  (2)  The  men's  occupation,  such  as  labor  fore- 
man, brick  mason,  carpenter,  laborer,  etc.  (3)  The  particu- 
lar subdivision  of  the  work  on  which  the  men  were  employed, 
such  as  building  forms,  mixing  concrete,  laying  pipe,  etc.  (4) 
The  total  hours  spent  on  each  subdivision  of  the  work  by 
each  man  or  group  of  men.  (5)  The  rate  of  pay  which  the 
workmen  received.  Tliere  should  also  be  space  in  the  rec- 
ords for  figuring  the  labor  cost  of  the  several  subdivisions  of 
the  work  and  an  additional  space  for  remarks.  All  items 
should  "be  recorded  in  such  form  that  they  may  be  used  either 
in  checking  up  the  contractor's  statements  or  in  figuring  unit 
costs  of  the  work.  A  form  which  on  jobs  amounting  to  about 
$150,000  has  proved  very  convenient  for  keeping  these  data  is 
shown  in  Fig.  1.  This  form  may  be  printed  either  on  cards 
or  slips,  which  can  eventually  be  filed  for  permanent  record. 
One  or  several  of  these  may  be  required  daily,  depending  on 
the  size  of  the  job. 

It  is  quite  probable  that  somewhat  similar  methods  of  rec- 
ord keeping  could  be  used  for  projects  much  larger  than  the 
one  above  mentioned. 

Record  of  Supplies  (Including  Material  and  Tools). — Rec- 
ords of  supplies  should  include  (1)  The  amount  delivered  to 
or  transferred  from  the  job.  (2)  The  subdivision  of  the  work 
on  which  they  were  used  (in  the  case  of  tools  tliis  will  some- 
times be  quite  indeterminable),  (3)  The  unit  and  total  cost 
of  the  above  or  in  the  case  of  credits,  the  amount  which  the 
contractor  agrees  to  allow  the  owner  for  them.   (4)   The  con- 


RECORD  OF  LABOR 

Day Date 

MEN 

WORK                           Total  Hours       !       Rate  Per 

Total  Hours 
X  Rate 

REMARKS 

Number 

Classification 

DISTRIBUTION 

Chargeable 

Hour 

• 

■ 



Fig.    1 — Form    for    Labor    Record, 


(50) 


Engineer'uig  and  Cnntiact'iug  for  Aiif/iisf  -JO,  UiliK 


229 


RECORD  OF  SUPPLIES  (Including  Material  and  Tools i     DEBIT 

Day 

Date 

ITEM 

Amount 

Unit 

WORK 
DISTRIBUTION 

COST  _ 

Contractor's 

Record  Number 

Date  of 

Statement 

REMARKS 

Unit 

Total 

— 

Fig.    2 — Form    f5r    Debit    Record    of    Supplies. 


RECORD  OF  SUPPLIES     Including  Material  and  Tools)     CREDIT 

Day Date 

Item 

Amount 

Work 

Asrreed  Credit 

Contractor's 
Record  Number 

Date  of 
Statement 

Remarks 

Distribution 

Unit 

Total 

- 

Fig.  3— Form   for   Credit    Record    of   Supplies. 


tractor's  record  number  of  the  invoice  and  (5)  The  date  of 
the  contractor's  statement  on  which  the  items  appeared. 
Two  sets  of  record  forms  should  be  used,  one  for  debits  and 
one  for  credits,  as  shown  in  Figs.  2  and  3. 

The  record  of  unit  prices  paid  as  shown  on  the  debit  forms 
will  be  very  helpful  in  determining  the  proper  credit  to  be 
received  for  supplies  transferred  or  sold  from  the  job  at  its 
completion.  ^ 

Before  the  contractor's  final  statement  is  passed  for  pay- 
ment, a  thorough  comparison  of  the  debit  and  credit  records 
should  be  made  in  order  to  make  certain  that  proper  credit 
has  l)eeji  received  for  all  supplies  charged  to  the  job  and  not 
used  thereon. 


9  Mile  Subway  System  in  Madrid,   Spain 

There  is  uearing  completion  in  the  city  of  Madrid.  Spain. 
a  modern  rapid  transit  subway  system  of  about  9  miles  in 
length.  This  tunnel,  as  described  in  the  Electric  Railway 
.Journal,  is  double  track  throughout  and  is  of  solid  concrete 
construction  similar  to  that  of  the  Paris  subway,  but  with 
dimensions  slightly   smaller. 

The  capital  of  Spain  has  developed  rapidly,  due  to  the  in- 
crease   in    transportation    facilities    already    provided.    .This 


has  caused  a  spreading  out  of  the  population,  as  the  inhabi- 
tants, trusting  the  transportation  facilities  as  lo  future  ad- 
equacy, have  moved  away  from  the  centers.  The  network 
of  electrical  carlines  is.  however,  inadequate  to  satisfy  the 
growing  needs  of  -the  capital. 

Many  of  the  city  streets  are  so  narrow  as  to  preclude  the 
use  of  more  than  a  single  track.  The  consequent  throttling 
of  traffic,  added  to  the  tie-up  caused  by  congestion  of  ve- 
hicles, leads  to  a  service  necessarily  very  slow  and  irregu- 
lar. This  condition  cannot  be  remedied  by  increasing  the 
speed  of  the  vehicles  and  adding  to  the  number  of  cars,  as 
the  difficulties  at  the  crossings  would  make  matters  worse 
rather  than  better. 

On  the  "Metropolitano".  the  average  speed  will  be  15.5 
miles  per  hour,  with  sufficient  capacity  to  permit  a  2  to  3- 
minute  headway  between  trains.  These  will  consist  of  5- 
car  trains,  comfortably  accommodating  2-50  persons  per  train. 
The  2-track  tunnel  has  been  designed  to  accommodate  wide 
and  comfortable  cars,  which  will  be  well  lighted. 

Material  such  as  rails,  ties,  car  bodies  for  the  motor  cars 
and  trailers,  trusses  for  the  shops,  machinery,  etc..  are  be- 
ing produced  in  Spain.  The  motors,  forward  truck?;,  and 
various  operating  accessories  are  being  furnished  ly  well- 
known  American  manufacturers. 
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The  Need   for  Complete  and  Ac- 
curate Cost  Data 

By  P.  W.  PINKERTOX. 
Senior  Accountant.  Geo.  B.  Buist  Co.,  Indianapolis.  Ind. 
Too  many  of  the  engineering  cost  figures  which  have  b'een 
published  laclt  the  element  of  permanent  value  to  such  an 
extent  as  to  make  them  only  temporarily  interesting.  It  is  of 
no  value  to  the  man  who  desires  to  bid  on  plowing  and  bar- 
row work  in  Colorado,  to  have  only  the  following  data  of  a 
job  he  or  someone  else  did  10  years  ago  in  Louisiana; 

Item  Cost  per  cu.  yd. 

Plowing    $0.01% 

Loading    1^ 

Wheeling  and   dumping    05 

Spreading'    and    finishing'    00% 

Foreman     00% 

Water-boy     00% 

Attending'  run    planks    00% 

$0,181/2 
Or  even  if  he  knows  the  rate  of  pay  per  day  for  each  of  these 
classes  of  men,  he  still  has  insufficient  data,  unless  he  knows 
the  number  of  hours  worked  per  day. 

It  may  be  argued  that,  of  course,  all  this  will  be  on  the  rec- 
ords. True,  it  should  be,  and  usually  is  in  factory  data,  but 
the  general  contractor,  who  will  undertake  anything  from 
erecting  a  telephone  line  to  building  an  emergency  fleet  ves- 
sel— and  has  shown  that  he  can  do  both  successfully — has  too 
many  records  of  too  many  units,  some  of  which  he  may  have 
no  occasion  to  refer  to  for  years,  to  justify  him  in  paying 
rent  on  a  place  to  store  more  than  a  summary  in  the  most 
readily  usable  form.  If  to  the  above  record,  then,  is  added 
the  rates  of  pay  and  number  of  hours  worked,  the  data  will  be 
complete,  but  still  not  in  the  best  form,  because  each  time 
the  contractor  wants  to  use  the  figures  he  has  to  divide 
through  to  find  the  number  of  units  per  man  per  hour. 

But  suppose  him  to  have  the  data  in  the  following  form; 

Plowing  and   Barrow  Work. 

Average  earth.      Runways  nearly   level. 

Haul   85   ft.      Hourlv  output   of   following  gang,    3"   cu.    yds.: 
Item  Number  of  men. 

T'low   team  and   driver 1 

Plow    shaker     •     1 

Loaders 22 

Barrow    men    ■. 11 

Spreading  and   flnishing   , f 

Foreman    f 

Water-boy     1 

Attending  run  planks   1 

Then  when  he  wants   to  bid  on   his   Colorado   job.   he   will 

learn  what  he  will  have  to  pay  for  labor  and  can  make  the 

following  estimate; 

Plow   team   and    driver.    l@SOc   per   hr $  0.80 

Plow    shaker,     IffltOc    per    hr '10 

Foreman.    1  fiiTSc    per    hr 75 

Wflter-l)oy.    lifi  25c   per    hr 25 

Others.     35@35c     per    hr 12.25 

I>;ibor    co.st    per    hour     $14.45 

With  an  output  of  33  cu.  yd.  per  hours  the  cost  will  be 
$0,438  per  cu.  yd.,  which  is  a  very  different  figure  from  his 
cost  in  Louisiana  before  the  war. 

At  the  same  time  we  must,  of  course,  recognize  that  the 
output  may  not  be  the  same.  There  is  where  the  contrac- 
tor's experience  can  not  be  replaced  by  figures,  but  if  he  de- 
termines that  the  conditions  are  such  that  his  output  will  be 
only  2.!;  cu.  yd.  per  hour,  he  still  has  the'  data  showing  the 
economical  organization  of  gang  for  a  proper  correlation  of 
the  work. 

A  simple  example  has  been  given,  but  in  much  contracting 
work  this  becomes  an  important  factor  in  the  condensation 
of  records  and  their  utility  for  future  use.  In  steam  shovel 
work,  for  example,  it  is  best  to  make  the  permanent  record 
one  of  quantities  instead  of  values:  coal  burned  in  pounds 
per  yard  of  material  excavated  instead  of  in  cents  per  yard; 
repairs  in  number  of  each  per  million  yards;  luburicants  in 
gallons  of  each  per  million  yards,  etc.,  in  order  that  no  mat- 
ter what  the  cost  of  each  delivered  at  some  other  place  and 
time  may  be,  the  cost  per  yard  may  be  ascertained. 

But  it  is  not  to  be  supposed  that  this  is  a  method  to  be 
used  instead  of  the  common  method  of  cents  per  unit  of 
quantity.  It  is  an  addition  to  that.  The  dual  purpose  of  cost 
accounting  has  been  well  defined  by  Gillette  as; 

"1.  To  enable  a  manager  to  analyze  unit  costs  with  a  view 
to  securing  the  minimum  cost  possible  of  attainment  under 
existing   conditions. 


"2.  To  provide  data  upon  which  to  base  estimates  of  the 
probable  cost  of  projected  work." 

To  accomplish  the  first  aim  the  ordinary  method  of  cents 
per  unit  is  a  very  valuable  adjunct  in  seeing  that  the  cost 
stays  below  the  contract  price,  but  for  comparison  with  jobs 
done  previously  under  different  conditions,  it  is  of  no  value. 
If  one  is  to  know  whether  as  much  is  being  accomplished  as 
should  be,  he  must  have  his  data  in  terms  of  men-hours, 
horse-hours,  and  machine-hours  per  unit,  and  in  no  other  way 
can  he  know  whether  his  organization  is  working  efficiently. 
In  factory  management  the  burden  to  be  divided  among 
the  units  of  work  accomplished  is  a  factor  which  should  un- 
dergo, under  normal  conditions,  changes  only  gradual,  never 
large  and  sudden,  and  never  very  different  in  different  classes 
of  work.  But  the  burden  in  contracting  -work  varies  greatly 
with  each  job  undertaken.  Suppose  it  costs  a  contractor 
$60,000  to  place  his  equipment  on  the  site  of  the  work.  If 
the  job  contains,  then,  00,000  units  of  work,  the  burden  for 
this  one  item  will  he  $1.00  per  unit,  but  if  there  are  six  mil- 
lion units  of  work  to  be  done,  the  burden  for  this  item  Is 
only  1  ct.  per  unit. 

This  constant  change  of  location  makes  necessary  a  rigid 
analysis  of  many  more  items  than  are  usually  kept  track  of. 
AH  of  the  burden  items  have  to  be  analyzed  for  future  esti- 
mates. It  is  not  sufficient  to  say  that  the  cost  of  establishing 
camp  is  $4,000,  or  a  certain  number  of  cents  per  unit  of  work 
to  be  done,  and  charge  that  off  as  the  units  are  accomplished. 
The  cost  of  establishing  camp  must  itself  be  analyzed:  get- 
ting materials  together,  loading,  hauling,  transferring,  to 
freight  cars,  unloading  from  cars,  hauling  again,  unloading 
from  wagons,  setting  up.  These  costs  should  be  recorded  in 
various  units,  such  as  per  pound  of  weight,  per  ton-mile 
hauled,  per  man  to  be  housed  in  camp,  etc.,  and  in  all  cases 
should  be  finally  recorded  in  terms  of  cost  by  hours  of  men 
and  team  labor,  as  well  as  in  terms  of  cost  by  dollars  and 
cents,  so  as  to  be  of  value  for  future  estimates  of  cost  under 
changed  conditions. 

Until  our  engineering  cost  data  are  published  in  terms  of 
labor-hours  and  material-tons,  gallons,  etc..  per  unit  of  work 
accomplished,  they  are  going  to  be  of  only  passing  interest 
instead  of  being  permanently  valuable.  The  reason  that 
cost  systems  are  meeting  with  such  continued  opposition 
among  contractors  is  undoubtedly  to  be  found  in  this  very 
failure  to  carry  the  data  far  enough.  The  failure  is  the  more 
strange  when  it  is  safe  to  say  that  not  one  more  man's  time 
or  one  more  printed  form  would  be  required  to  make  the 
data  complete. 

The  reports  of  Dun  and  Bradstreet  show  an  abnormal  num- 
ber of  failures  in  the  contracting  business,  a  fact  which  seems 
to  prove  that  the  contractor  needs  cost  data  as  much  as  any 
other  business  man.  especially  since  the  conditions  under 
which  he  works  are  changing  so  rapidly  that  without  thor- 
oughly accurate  data  his  bids  are  likely  to  be  only  estimates. 
His  plant  is  constantly  being  shifted;  the  weather  conditions 
under  which  the  work  is  done  are  a  vital  factor;  materials 
entering  into  the  work  vary  daily  in  suitability  and  adapt- 
ability, or  in  the  case  of  excavation  are  ever-changing  in  the 
degree  of  difficulty  of  handling;  there  is  always  more  or  less 
shitting  of  the  occupations  of  the  different  men ;  and  the  per- 
centage of  unskilled  labor  to  the  whole  is  greater.  The 
further  fact  that  the  contractor's  work  is  done  now  in  one 
city,  now  in  another,  perhaps  even  now  in  one  country,  now 
in  another,  adds  to  the  need  for  the  recording  of  accurate  and 
complete  data. 


Progress  of  Federal  Railway  Valuation  Work. — According 
to  a  recent  statement  of  Director  C.  A.  Prouty  before  the 
Appropriations  Committee  of  the  House  of  Representatives, 
the  federal  valution  department  had  expended  $13,70().000  up 
to  the  end  of  Dec.  31,  191S.  of  which  $13,207,000  had  been 
spent  on  railway  valuation.  The  average  force  of  the  divi- 
sion of  valuation  during  1918  was  1,32.5  men.  Mr.  Prouty 
stated  that  the  road  and  track  parties  will  substantially  com- 
plete their  work  this  year  in  all  districts.  Four  parties  have 
already  been  disbanded  in  the  Pacific  district  and  five  in  the 
Southern  district.  The  land  and  the  field  accounting  work 
will  be  completed  in  about  two  years,  while  the  office  work 
will  be  completed  in  about  three  years.  It  is  estimated  that 
the  division  will  receive  completed  reports  from  the  engi- 
neering section  on  .50.000  miles  of  road  during  1919.  similar 
reports  having  been  "received  on  25,000  miles  of  road  up  to 
Jan.  .1  of  this  year. 
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Bonus  Plans  for  Motor  Truck 
Operators 

Examples  of  various  types  of  bonus  plans  that  have  proved 
successful  in  securing  more  efficient  motor  truck  operation 
are  given  by  Mr.  Harold  P.  Gould,  chairman  Truck  Owners' 
Conference,  Inc..  Chicago,  in  a  recent  issue  of  l()0<7t  Maga- 
zine.    The    matter   following   is   reprinted    from    the   article. 

The  Economy  Bonus. — The  summary  of  the  Economy 
Bonus  Plans  includes  plans  for  the  following  purposes: 

(a)  Lowering  Per  Mile  Cost. 

(b)  Increasing  Tire  Mileage. 

(c)  Decreasing   Spring   Breakage. 

(d)  Decreasing  Accidents. 

(c)   Increasing  Gasoline   Mileage. 

(t)   Good  Behavior. 

(g)   Regular  Attendance. 

(h)   Not  Getting  Stuck  on  the  Road. 

(i)    Keeping  Car  Out  of  Repair  Shop. 

(j)    Reducing    Customer    Complaints. 

Lowering  Per  Mile  Costs. — Ward  &  Ward,  Inc.,  of  Buf- 
falo, have  worked  out  a  very  successful  bonus  plan  based 
on  the  cost  of  operation  per  mile.  With  the  allowed  cost  at 
7  ct.  a  mile,  they  give  the  driver  all  the  saving  he  can  effect 
on  this  standard  and  deduct  from  his  bonus  the  cost  of  all 
accidents  unless  proved  to  be  outside  his  control. 

Production  remains  at  a  predetermined  standard  because 
the  deliveries  are  made  to  customers  on  fixed  routes,  under 
very  nearly  standard  conditions  of  roads  and  loads;  time 
does  not  enter  in.  because  it  the  driver  takes  longer  than 
he  should  he  is  simply  running  his  day  longer  without  cost 
to  the  company.  The  deduction  for  accidents  has  been  care- 
fully made  under   Mr.   Ward's   personal   supervision. 

First  of  all,  a  fair  wage  is  paid;  the  man  starts  at  $20  a 
week,  the  next  month  receives  |22  a  week  and  the  sixth 
month    $24. 

In  figuring  cost  per  mile  on  li^-ton  trucks,  garage  cost, 
depreciation  and  insurance  were  not  included  and  it  came 
to  gas,  oil  and  tires. 

Bonus    payments    are    made    every    four    months.      Three 
drivers  earned   at  the  last  distribution  $75,  $50  and   $30.   re- 
spectively;   three   times   that   sum   for   12    months    is    a   very 
respectable  bonus  earning. 
*  Better  satisfied  drivers,  more  careful  with  their  trucks,  and 

working  for  the  interest  of  the  company,  as  well  as  lower 
maintenance  cost  on  the  cars  were  the  good  results  of  the 
use  of  this  bonus  plan.  Three  cars  were  run  nearly  1,000 
miles  a  month  for  11  months  each  and  were  laid  up  only  a 
total  of  five  days   for  repairs. 

Four  Combined  Bonuses. — The  Oilman  Trucking  Co.  of 
Cleveland  offers  its  drivers  four  simple  bonus  payments  of 
$5  each  for  accomplishing  four  different  results,  as  follows: 

1.  For  regular  attendance  and  no  absence  without  excuse 
previously  granted  by  the  foreman. 

2.  For  good  behavior. 

3.  For  not  getting  stuck  on  the*  road. 

4.  For  keeping  the  truck  out  of  the  shop  in  working  hours. 
This  made  it  possible  for  each  driver  to  earn  $20  per  month 

for  exercising  proper  care,  and  resulted  in  lower  cost  and 
greater  proiluction   to  the  company. 

Spring  and  Tire  Bonus. — McCrady  Brothers,  in  the  coal 
and  building  material  business  in  Pittsburgh,  are  operating 
two  simple  bonus  plans  with  excellent  results,  the  first  on 
tires  and  the  second  on  ^prings. 

Each  driver  is  offered  $1  for  each  lOOO  miles  he  runs  his 
truck  over  the  m.aker's  guaranteed  7.000.  and  $2  for  each 
1.000  miles  he  runs  his  duals,  or  large  single  tires  on  the  rear 
wheels,   over  the  maker's  guarantee. 

When  a  driver  runs  his  tires  14.000  miles,  for  instance,  he 
earns  $■?  bonus  on  .each  front  wheel  and  $14  for  each  rear 
%vheel,  a  total  of  $42  bonus. 

As  it  costs  the  company  from  $12  to  $22  per  1.000  miles  for 
one  of  these  tires,  for  the  first  7.000  miles,  the  extra  dollar 
or  two  paid  in  bonus  is  earning  from  10  to  12  times  its  cost 
to  the  company. 

The  good  results  are  not  only  satisfied  drivers  and  in- 
creased mileage  on  tires,  for  when  the  rear  tires  are  so  han- 
dled as  to  run  more  miles,  it  stands  to  reason  that  the 
differential  will  run  more  miles  and  the  engine  will  run  fur- 
ther without  an  overhaul.  Careful  driving  means  longer 
wear  on  every  part  of  the  machine. 
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-A.  10  per  cent  overload  Is  all  that  is  allowed  on  these  trucka 
and  the  drivers  have  no  desire  to  put  on  niort-  load  or  lo 
speed  the  trucks  because  it  is  working  to  their  detriment  in 
the  tire  bonus. 

One  driver  that  earned  a  bonus  for  running  his  front  tires 
7.000  miles  over  the  guaranteed  distance,  hauled  770  tooK 
more  in  a  three  months'  contest  than  another  driver  with  a 
lower  tire  mileage  in  the  same  time,  proving  thai  the 
economy  bonus  on  tires  did  not  lessen  the  production  of 
the  truck. 

W'hen  William  McCrady  offered  his  drivers  a  $3  bonus  for 
every  month  in  which  no  springs  were  broken,  he  did  it  to 
meet  a  serious  situation,  for  on  one  truck  they  w.ere  aver- 
aging two  broken  springs  a  month  at  a  cost  of  $20  each,  or 
$40.  Immediately  after  this  bonus  was  offered  the  worst 
truck  in  the  fleet  ran  two  months  without  a  broken  spring. 

Again,  there  was  reflected  a  benefit  to  the  rest  of  the 
truck,  because  the  breaking  of  the  spring  means  the  break- 
ing of  other  parts  at  the  same  time.  The  more  careful 
driving  to  earn  the  spring  bonus  pays  hundreds  of  dollars 
each  year  on  a  machine  in  lessened  repair  bills  on  other 
parts  of  the  truck. 

Joseph  Home  Co.  of  Pittsburgh,  whose  department  store 
fleet  has  received  effective  administrative  attention  from 
Mr.  F.  C.  Schatz,  has  developed  several  effective  economy 
bonus  plans. 

The  first  bonus  is  an  efficiency  bonus,  figured  by  crediting 
for  good  conduct  and  good  mileage  and  debiting  the  driver 
for  failures  and  complaints  registered  by  customers  with  the 
complaint  department. 

The  second  bonus  is  given  for  the  care  of  the  car.  No 
repairs  are  made  without  the  authorization  of  Defect  Cards. 
initialed  by  the  drivers,  so  that  this  item  as  affecting  their 
esrnings  can  be  kept  in  the  control  of  the  driver  to  a  certain 
extent. 

The  third  bonus  is  for  economy  in  tire  cost,  or,  in  other 
words,  for  hi.gh  tire  mileage. 

The  fourth  bonus  is  the  half-yearly  no-accldent  bonus.  The 

driver  forfeits  his  whole  bonus  if  he  has  an  accident  withi.T 

the  six  months'  period,  with  one  exception;  he  is  not  respon- 

,  sible  if  his  car.  left  standing  empty  at  the  curb,  is  hit  by 

another  vehicle. 

These  four  bonus  plans  in  conjunction  have  been  very  suc- 
cessful in  rew-arding  the  better  operators,  causing  the  poorer 
nen  to  strive  for  better  records  and  the  consequent  belter 
earniag. 

Wilson  *  Co.  of  Cnicago  have  recently  inaugurated  a  plan 
of  giving  prizes  for  tire  economy.  They  give  the  driver  30 
per  cent  of  the  "gravy"  on  sets  of  tires  or  single  liroT  for 
number  of  rules  run  over  10,000,  guarding  against  damage 
to  the  rims  by  the  regulation  that  tires  must  be  changed 
when  worn  do'"n  to  within  %   in.  of  the  steel  base. 

Pooled  No-Accident  Bonus.— Tiffany  Studios  of  New  York 
have  a  simple  pooled  no-accident  bonus  for  the  drivers  and 
helpers  on  their  trucks.  They  feel  that  alertness  and  watch- 
fulness on  Ine  part  of  the  helpers  will  tend  In  gt'eat  measure 
to  prevent  rcc'dents,  so  they  are  allowed  the  same  bonus  as 
the   drivers. 

Each  man  is  allowed  a  bonus  at  the  rate  of  $10  a  month, 
payable  twice  a  year,  or  $60  every  six  months. 

it  is  understood  that  if  an  accident  occurs  through  care- 
lessness on  the  part  of  any  of  the  drivers  or  helpers,  its  cost 
will  be  deducted  from  the  bonus  fund,  so  that  all  of  the 
drivers  and  helpers  will  be  affected.  This  makes  all  of  them 
take  an  interest  in  preventing  accidents,  not  only  to  them- 
selves, but  to  each  other. 

The  company  carries  insurance  protecting  it  against  dam- 
age to  other  cars,  but  they  have  so  few  accidents  that  they 
have  dropped  the  insurance  covering  their  own  trucks  and 
by  carrying  it  themselves,  are  ahead  on  the  deal. 

They  have  had  so  few  accidents  which  their  insurance  has 
not  adequately  covered  that  they  ha-ve  not  as  yet  made  any 
deductions  from  the  bonus  account,  so  that  the  men  have 
always  received  their  $10  per  month  in  full. 

If  any  man  leaves  their  employ  he  forfeits  his  interest  in 
the  unpaid  bonus  fund,  and  it  is  distributed  among  the  re- 
maining men.  This  helps  to  keep  the  men  satisfied  wifi 
their  positions  and  to  hold  them  on  the  job. 

The  Miller  North  Broad  Storage  Co.  of  Philadelphia  oper- 
ated a  similar  no-accident  bonus  plan  for  three  months  dur- 
ing the  dullest  part  of  their  season. 

This  was  an  unfortunate  time  to  test  it  out,  by  reason  ot 
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the  fact  that  they  were  unable  at  all  times  to  make  up  the 
expenses  incurred  through  accidents  as  promptly  as  they 
should  have  done  in  a  busier  season,  and  it  tended  to  throw 
discredit  upon  the  bonus. 

At  the  end  of  three  months,  when  they  expected  to  get  the 
greatest  benefit  from  the  plan,  conditions  compelled  them  to 
make  a  substantial  raise  in  the  wage  of  the  men,  and  because 
of  certain  weaknesses  in  the  bonus  plan,  they  felt  it  prudent 
at  the  time  to  abandon   it. 

Paper  Credit  Bonus. — Parke,  Davis  &  Co.  of  Detroit  have 
a  simple  economy  bonus  in  use  for  the  drivers  of  their  eight 
city  delivery  trucks.  Each  month  that  a  driver  has  no  acci- 
dent, whether  his  own  or  another  driver's  fault — and  the  loss 
of  the  smallest  piece  of  equipment  is  put  in  the  category  of 
accidents — he  receives  a  $.5  paper  credit  bonus,  payable  in 
cash  on  the  first  of  May  each  year. 

For  the  least  or  the  greatest  accident  in  a  month  a  driver 
forfeits  his  entire  $5  credit.  A  nightly  inspection  of  the  cars 
at  their  garage  carefully  checks  up  the  condition  of  the  ma- 
chines and  their  equipment. 

The  excellent  effect  of  this  plan  may  be  seen  from  a  study 
of  the  May,  1919,  distribution:  Four  drivers  received  the  full 
amount  of  $60,  one  man  received  $50,  and  three  $-55.  One 
driver  with  one  accident  charged  against  him  delivers  in  the 
thick  of  traffic  all  the  year  round. 

This  is  the  more  remarkable  when  the  comprehensiveness 
of  the  conditions  covered  by  the  bonus  is  remembered.  The 
four  perfect  records  mean  that  four  cars  had  suffered  no 
damage  whatever  from  accident,  and  that  they  had  lost  not 
so  much  as  wrench  during  the  year's  service. 

The  Jacob  Van  Skiver  Co.  of  Philadelphia  have  a  bonus, 
or  demerit  system,  for  reducing  maintenance  cost  on  their 
fleet  of  trucks.  They  pay  their  drivers  $30  a  week  if  they 
keep  the  trucks  on  the  road,  but  if  for  any  reason  a  truck 
is  kept  in  the  garage,  the  driver  is  penalized  $1,  or  has  his 
pay  reduced  from  $5  to  $4  per  day  until  his  truck  is  out 
again.  He  may  be  sent  out  on  another  truck  if  he  is  not 
needed  to  repair  his  own  truck,  but  must  stand  the  cut  in 
salary  just  the  same. 

Whereas  the  drivers  in  the  past  often  found  something  the 
matter  with  their  cars  in  bad  weather  to  keep  them  in  the 
garage,  they  changed  their  minds  and  decided  that  they 
would  rather  drive  outside  than  pay  a  dollar  for  the  privilege 
of  staying  it. 

The  Credit  System  for  Economy. — The  Chicago  Motor 
Bus  Co.  uses  its  debit  and  credit  system  as  a  pooled  bonus 
plan  to  increase  gasoline  mileage,  in  one  month  pay  in'.;  out 
$?.0<l  in  increased  salaries  to  secure  a  saving  of  $1,200  in 
gasoline,  and  in  another  case  paying  all  the  employe.?  from 
a  pooled  monthly  bonus  for  the  reduction  of  accidents  on 
a  mileage  basis. 

The  Service  Bonus  (B4). — Service  bonuses  can  hardly  be 
classified  with  jiroduction  and  economy,  or  combined  bonus 
plans  and  credit  systems,  although  they  have  a  definite  effect 
in  reducing,  the  labor  turnover  and  in  making  drivers  satis- 
fied with  their  jobs. 

John  Wananiaker  has  a  simple  bonus  plan  of  giving  the 
drivers  $50  for  every  year  of  continuous  service,  and  he'pers 
$35  for  a  year  of  continuous  service,  in  addition  to  the  regu- 
lar profit-sharing  and  welfare  provisions  made  for  all  the 
employes   of  the  Wanamaker   organization 

Strawbridge  &  Clothier  of  Philadelphia,  another  large  re- 
tail store,  has  a  yearly  bonus  plan  for  drivers  and  helperr,. 

The  Fair,  Chicago,  offers  a  two  weeks'  vacation  with  full 
pay  after  a  full  year's  service,  in  addition  to  a  Christmas 
bonus  of  $75  after  one  year's  service,  $40  after  six  months' 
service,  and  $25  after  three  months'  service. 

The  Crane  Co.,  as  is  well  known,  gives  every  employe  a 
Christmas  present  of  10  per  cent  of  his  yearly  wages,  which. 
at  the  customary  wage  of  truck  drivers,  would  amount  to 
approximately  $150  a  year. 

This  plan  is  criticized  by  many  as  being  nothing  more  than 
a  deferred  salary  payment,  since  the  10  per  cent  bonus  is 
counted  on  by  all  the  employes  when  considering  whether 
or  not  they  will  leave  the  company  for  higher  immediate 
salary  somewhere  else.  It  certainly  has  nothing  to  do  with 
the  productivity  or  the  faithful  performance  of  scheduled 
duties  by  the  employes  individually. 

Yearly  Bonus  With  Saving  Feature. — The  'Walter  J.  Crow- 
der  Co.  of  Philadelphia  has  met  its  labor  problem  by  a  sys- 
tematic  campaign    to    co-operate    with    their   drivers.      They 


formed  an  employes'  organization  to  promote  good  fellowship 
and  interest  in  the  company,  and  instituted  a  simple 
bonus  plan. 

Each  of  the  drivers  pays  .:iO  ct.  a  month  in  dues  and  the 
company  puts  50  ct.  with  it  for  a  Christmas  saving  fund; 
then,  just  before  Christmas,  each  man  receives  a  check  for 
$12  from  the  company. 

Systematic  Raise  in  Wages.  The  Erie  Service  Co.  of  Buf- 
falo finds  that  a  scheduled  raise  in  wages  keeps  the  drivers 
satisfied  and  works  out  well  for  the   company. 

They  start  a  driver  out  at  $20  a  week,  at  the  end  of  each 
month  give  him  a  raise  of  $1  per  week  until  in  six  months' 
time  his  wage  is  $20  a  week.  In  addition  they  pay  40  ct.  an 
hour  for  overtime.  The  assured  increase  each  month  tends 
to  keep  the  drivers  satisfied  until  they  are  getting  the  max- 
imum: from  then  on  they  stick  to  keep  up  that  maximum 
income. 

Basis  for  Bonuses  Must  Vary  v\(ith  Conditions. — It  is  easy 
to  vary  the  basis  of  the  bonus  plans  to  suit  the  conditions 
in  any  particular  business.  If  a  business,  for  instance,  is 
delivering  to  a  large  number  of  customers  on  long  routes,  it 
would  be  foolish  to  try  to  pay  a  bonus  on  the  ton-mile  ba- 
sis, because  the  ton-mileage  in  that  case  would  be  very 
diflicult  to  obtain  and  not  worth  the  trouble.  Per  package 
delivered  and  the  tons  delivered  in  the  total  trip,  number 
of  calls  made,  or  some  other  such  basis  should  be  used  in 
such   a   case. 

The  Pooled  Bonus. — Pooled  bonuses  have  been  very  suc- 
cessful in  certain  factories  where  they  have  been  tried,  be- 
cause as  high  as  700  operatives  in  a  single  department  or 
plant  can  be  placed  upon  a  pooled  or  combined  bonus  that 
rewards  every  employe  in  the  group  tor  production  records 
or  economies  of  that  group. 

During  the  war  the  Goodrich  Tire  &  Rubber  Co.  had  as 
high  as  700  employes  in  the  balloon  department,  sharing  a 
pooled  bonus  on  the  following  basis:  Every  piece  of  work 
produced  was  credited  to  the  bonus  account  at  a  pre-deter- 
mined  piece  rate  price.  The  wages  for  the  workers  were 
deducted  in  total  from  this  fund  and  the  balance  distributed 
among  the  workers,  all  700  of  them,  in  proportion  to  their 
wages. 

There  are  many  cases  where  truck  operators  cannot  in 
fairness  accept  a  certain  bonus  standard  and  reward  for 
their  different  drivers  without  working  injustice  upon  the  , 
men  who  have  the  harder  route  or  the  morp  expensive  runs 
for  low  production.  The  heavy  and  expensive  run  may  be 
the  run  of  lower  production  also  through  the  exigencies  of 
the  business. 

In  this  case  a  pooled  bonus  is  suggested  that  credits  all 
the  drivers  in  a  pool  with  the  earnings  of  the  fleet  as  a 
whole  over  previous  earnings  or  earnings  agreed  upon  as 
standard  and,  after  the  wages  are  deducted,  leaves  a  bonus 
fund  to  be  divided  among  the  men  according  to  the  wages 
earned.  The  men  will  see  to  it  in  this  kind  of  an  arrange- 
ment that  no  one  of  the  men  reduces  the  profits  of  the 
others  in  the  group  by  his  laziness  or  poor  methods. 

The  pool  method  has  been  used  successfully  by  the  Chi- 
cago Motor  Bus  Co.  under  the  credit  system,  both  in  the 
machine  repair  shop  and  in  the  gasoline  economy  bonus. 

Similar  results  are  shown  by  the  Tiffany  Studios  in  their 
no-accident  bonus. 

While  not  having  all  the  advantages  of  a  bonus  set  upon 
individual  records  and  paid  to  the  drivers  in  proportion  to 
their  merit  as  in  the  Timken  plan,  the  pooled  bonus  has 
other  advantages  not  possessed  by  the  individual  bonus, 
because  of  the  close  supervision  of  the  poorer  workers  by 
the  better  workers.  Which  the  individual  system  does  not  so 
much  inspire.  It  is  very  much  easier  in  many  cases  to  In- 
stall the  pooled  bonus. 

Objections  to  Production  and  Economy  Bonuses. — Mr.  H. 
H.  Ball  of  the  Molstedt  Lumber  &  Coal  Co.,  .Mew  Rochelle,  N. 
Y.,  stated  that  his  company  put  in  a  bonus  plan  some  time 
ago  based  on  the  number  of  tons  of  coal  that  his  driver  could 
deliver. 

Not  having  a  proper  check  or  allowance  for  extra  dam- 
age to  the  equipment,  he  found  that  it  was  only  a  short  time 
before  he  had  to  take  the  extra  help  he  saved  in  the  pro- 
duction end.  and  put  them  in  the  repair  department.  He 
thinks  that  the  result  was  just  simply  human  nature  on 
the  part  of  the  drivers,  who  got  paid  to  produce  without 
being  penalized  for  causing  extra   repairing. 
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Col.  James  Kilbourne 

The  death  early  last  month  of  Col.  James  Kilhourne, 
president  of  the  Kilbourne  &  Jacobs  Mfg.  Co.,  Columbus. 
0.,  is  worthy  of  more  than  brief  notice,  for  it  marks  the 
passing  of  a  man  who  for  40  years  has  occupied  a  position 
of  prominence  in  the  construction  field. 

Colonel  Kilbourne  is  best  known  as  the  founder  and 
builder  of  one  of  the  largest  contractors'  equipment  manu- 
facturing plants  in  the  middle  west,  the  market  operations 
of  which  extend  all  over  the  world.  He  has  been  an  impor- 
tant constructive  influence  in  this  field  for  many  years,  and 
in  that,  as  well  as  in  the  field  of  national  citizenship,  his 
absence  will  be  noted. 

Colonel  Kilbourne  was  graduated  from  Kenyon  College 
with  the  successive  degrees  of  A.  B.  and  A.  M.,  from  Har- 
vard with  the  degree  of  LL.B,  later  receiving  the  degree  of 
LL.D..  from  Kenyon.  When  the  Civil  War  broke  out  he 
was  offered  a  commission  by  the  Governor  of  Ohio,  but  with 
his  characteristic  democratic  spirit,  refused  it,  enlisted  with 
the  84th  Ohio  Volunteer  Infantry  and  won  his  way  to  a  cap- 
taincy. He  served  on  the  staff  of  General  Tuttle,  command- 
ing the  'Bhird  Division.  Fifteenth  Army  Corps,  and  General 
John    McArthur.    commanding   the    First    Division,    Sixteenth 


Army  Corps,  Army  of  the  Tennessee.  At  the  end  of  the 
war  he  was  a  captain  with  the  fl.5th  Ohio  Volunteer  Infantry, 
but  for  "gallant  and  meritorious  services"  he  was  brevetted 
major,  lieutenant  colonel  and   coloi  el. 

He  practiced  law  for  a  time  and  then  founded  the  Kil- 
hourne &  Jacobs  Mfg.  Co.,  of  which  he  was  president  and 
general  manager.  Through  his  large  ability  and  his  personal 
popularity  he  soon  became  one  of  the  big  public  figures  of 
Ohio.  He  was  a  director  of  the  Columbus.  Hocking  Val- 
ley &  Toledo  Ry.,  of  the  Columbus  &  Cincinnati  Midland 
Ry.  Co.,  a  director  of  the  Hayden  Clinton  National  Bank, 
of  the  New  First  National  Bank  of  Columbus  and  of  the 
.Midland   Mutual  Life  Ins<irance   Co. 

In  1892  and  18!tr,  he  was  a  delegate  from  his  home  di.^tri<-l 
to  the  Democratic  National  Convention,  and  in  IHIKI  as  a 
delegate  at  large  he  was  chairman  of  the  Ohii>  delegation. 
In  1901  he  was  nominated,  by  acclamation,  for  Governor  of 
Ohio.  He  was  president  of  the  Ohio  Centennial  Commis- 
sion in  190.'?.  member  of  the  American  Society  of  Political 
and  Social  Science  of  the  National  Geographic  Society,  the 
National  Forestry  Association,  the  Ohio  Historical  and 
Archaeological  Society,  formerly  vice  president  of  the  Les- 
lie F.  Orren  Educational  Society  and  former  president  of 
the  Old  Northwest  Genealogical  and  Historical  Society.  He 
was  also  a  member  of  the   Ohio  Society  of   New   York. 

On  Oct.  S,  1869.  he  was  married  to  Anna  B.,  daughter  of 
Gen.  George  B.  Wright.  Their  children  are  James  Russell 
Kilbourne.  vice  president  and  general  manager  of  the  Kil 
bourne  &  Jacobs  Mfg.  Co..  Lincoln.  Kilbourne  and  Mrs.  Rob- 
ert H.  Jeffrey,  all  of  Columbus  Their  second  son.  George 
B.  Kilbourne  died  in  1906 


Colonel  Kilbourne,  in  his  relations  with  labor.  iiiBtinctivply 
inspired  personal  affection  as  well  as  tlie  eHprit  de  corpR 
which,  in  this  later  industrial  generation  Is  go  earnen'.ly 
striven  for  through  organization  methods.  His  life  was  one 
of  brisk  action  in  anticipation  of  the  needs  of  all  that  por- 
tion of  mankind  with  which  he  came  In  contact,  and  his 
life  work  shows  the  effectiveness  of  a  man  of  clear  prevision 
on  both  the  social  and  economic  problems  of  humanity. 


Railway  Technical  Engineers  Get    Increase 
in  Salary 

R.  H.  .\ishton.  Regional  Director  t'.  S.  Railroad  Adniin- 
istration,  has  authorized  a  wage  increase  for  the  engineers 
in  his  region  below  the  grades  of  chief  draftsman  and  as- 
sistant engineer.  It  is  understood  that  this  new  schedule  is 
effective  July  1  for  those  roads  that  had  put  into  effect  Sup- 
plement 7  to  General  Order  27.  For  roads  that  had  'not  put 
this  supplement  into  effect  it  is  understood  authority  was 
issued  for  them  to  put  it  into  effect.  This  means  that  the 
engineers  who  did  not  get  the  increase  of  $25  per  month. 
authorized  under  Supplement  7.  will  be  given  it.  That  order 
went  into  effect  Sept.  1,  1918,  and  therefore  entitles  engi- 
neers who  did  not  receive  the  benefit  of  it  to  receive  back 
pay  of  $2.5  per  month  to  Sept.  1,  1918.  The  matter  of  in- 
creased salaries  for  railway  technical  engineers  was  pre- 
sented to  the  Wage  Board  by  the  American  Asspciatlon  of 
Engineers  at  the  hearing  of  March  :?l-.-\pril  2.  On  June  i:! 
the  association  was  informed  that  the  T.  S.  Railroad  Ad- 
ministration had  transferred  consideration  of  the  request 
from  the  Wage  Board  to  the  regional  directors.  Since  that 
time  the  association  has  been  treating  the  case  independ- 
ently in   each   region. 


Personals 


Capt.    H.   J.   Bradshaw   has  been   cl<-ctcd   cliy   iiianugcr  of  Stam- 
ford.  Tex. 


S  Corps  of  EnBim-ers,  has  bei-n  as.«iKii«l 
Cincinnati  ilistrlcl  pnKinviT's  ofllre.  Hi- 
.   Bt-acli.  who  has  been  detailed  for  special 


Col.   E.   S.   Brown,   I'. 

to  :ake  charge  of  tht- 
-.ipceeds  Col.  I.*ansiiiK  t 
duty. 

Philip  Petri,  formerl.v  ili.xtrict  engineer  on  the  Baltimore  & 
Ohio,  ea.st.-rn  line.s.  at  fittslmrph.  has  lieen  appointed  division  en- 
ainetr.  with  oflioe  at  Cumberland.  Md.,  sucoeedinir  \V.  T.  Huuhes. 
transferred. 

Robert  A.  Caughey  of  I'erns.vlvania  State  College  him  btei. 
appointed  as  assccial.'  profes.«or  of  civil  enKlneerintr  at  Iowa  Stale 
College.  Capt.  Vi'illiani  E.  DuckerinK  of  the  f.  E.  ICiiKlneers  bus 
also  ticen  appointed  to  the  ensineerinK  department  of  Iowa  Sinli- 
College. 

Lieut. -Col.     Harley     B.     Ferguson     has    as.sumed    eharce    of    the 

river  el.gmeerinK  worli  of  tll.  1 'il  t.vl.urKh  ili.striet.  .SUeeeedhlK  Col 
Horton  W.  Sti>l<le.  for  Iv.o  .vi-ars  in  rbarce  of  the  PlttKburfcli 
ilepartmeiit  Col.  .«ti<-kle  was  on  the  retired  list  al  the  time  war 
was  declared  and  was  ncalled  to  active  duty  to  take  eharite  of 
the    Pittsbur;;h    district. 

Col  Frederick  Wears,  general  manager  of  the  .American  railroad 
lines  in  France  during  the  war.  has  been  appointed  by  I'rexideni 
Woodrow  Wilson  as  ehier  engineer  in  charge  of  construction  04 
the  government  railroad  in  .Maska.  Me  will  N-  chairman  of  lb- 
Ala-i^kan  Kngineering  Coniniis.«ion.  William  C.  Kdes  ba.-i  U'en 
named  consulting  engineer  to  the  conimis.><lon. 

J.  H.  Minton,  senior  a.«»lstant  engineer  of  the  Pennsylvania 
Lines  We.«t.   Pi 


Pittsburgh,  has  resigned  to  engage  In  ,         ,  .. 

The  field  work  foinierlv  handled  by  .Mr.  Minton  has  lieen  iilaced  In 
charge  of  T  M  Bole,  :i.ssi;-tant  engineer.  Pittsburgh,  and  the  olHc. 
details  and  plans  and  specifnations  in  connection  with  new  c-n- 
«truction  work,  forinerlv  handled  by  .Mr.  Minton.  h:i.s  iM-en  taken 
over  by  L.   P.   Struble.  assistant  engineei*  at   Pittsburgh. 

CaDt  Bruce  Aldrich.  who  will  take  cbarge  of  the  Toroiiio  of- 
lice  of  lb-  Asphalt  .\ssoclation  as  district  engineer  of  th.-i  ana - 
dian  district  with  headquarters  at  the  otHce  of  the  H.  K  McC  ann 
Co  Ltd..  Toiont.j.  Ont  .  is  a  native  of  Umdoii.  England.  He  cane 
10  Canada  at  an  earlj  age  and  began  bis  ed.u-allon  In  tb,-  pub  c 
.schools  of  Ottawa,  returning  lat.-r  to  England  to  complete  hm 
studies  From  England  he  came  lo  the  n.ite.l  .Slates,  and  aft.  r 
Serving  as  a  volunteer  in  the  fnited  States  Armv  In  the  S-panlsb- 
Miien-an  and  Philip)>in.  wars,  be  was  apiminted  in  l!'ni  to  a 
"D.jSilion  in  the  olflce  of  inspector  of  asi.balts  and  cement.s.  ei..;i- 
Uelr  departnunt.  District  of  Columbia,  where  he  servedjn  , various 
testing    pavini.'    materials    under    Prol. 


.\.  B  I>ow  of 
Xew^Tork  until  February.  VJVl.  In  March.  i:'12.^he  went  lo  Bal- 
timore  M(l..  where  be  organi'/.ed  and  ciuippe,!  the  municipal  lah- 
oratorv  in  which  v  er-  tested  all  the  materials  entering  Into  th- 
new  Lining  .v.*  in.sr.ector  ..f  asnhaPs  he  supervised  the  laying 
of  more  than  anon.iiOO  s.|uare  yards  of  sheet  asphalt  and  bitumin- 
ous concrete,  having  on  many  occasions  as  many  as  seven  as- 
Shaltidams  working  at  the  same  time.  .\t  the  outbreak  of  bos 
iil^es  between  the  fnited  States  and  Germany  Mr.  Aldnch  re- 
sx)mie.'  to  the  .all  01  the  President  and  ser%ed  In  France  aa  a 
ckXi"  of  in  antry  for  one  year,  returning  to  the  Fnited  S.aus 
in.i  rUuming  his  former  duties  in  Baltimore  June  b  IMS.  He 
res  gn?"ws  otflce  to  become  connected  with  the  Asphalt  Awocia- 
tfon  of  1."  Ma  den  Lane.  Xow  York.  Capt.  Aldrich  will  devote  nis 
Vtten^  on  to  -o-operation  with  officials  and  engineers  in  the  several 
nroWnce"  with  a  view  to  bringing  al»ut  the  most  constructive 
results  po.sslblc  in  asphaltic  highway  work. 
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News   Letter 
St.  Louis  Items 

p.  J.  Hannan  Co.,  Boatman's  Bank  Bldg.,  St.  Louis,  Mo.,  was 
awarded  contract  for  building-  l(i  miles  of  tlie  Fort  Smith-Subiaco 
&  Rock  Island  R.  R.  between  Dardanelle  and  Stranton,  Ark.  They 
will  sublet  this  in  quantities  to  suit  outfits. 

K.  y.  Southeriand  of  St.  Louis,  Mo.,  is  going  to  do  the  bridging 
on  the  new  Fort  Smitii-Siibiaco  &  Rock  Island   R.   R. 

J.  W.  McMurray  and  Dan  Munroe  of  Kansas  City  passed 
through  here  on  their  way  home  front  Little  Rock.  Ark.,  after 
bidding  on  the  Arkansas  river  bridges.  All  bids  were  rejected  on 
account  of  being  too  high. 

A.  D.  Thompson.  1005  Jefferson  Bldg.,  Teoria,  111.,  can  use  a 
15  to  20-team  outfit  on  road  work  in  northern  Illinois. 

MulviU  Bros..  Alton.  111.,  have  some  railroad  grading  suitable 
for  an     S  or  10-team  outfit  to  sublet. 

L.  J.  Smith  and  Scott  Mitchell  of  the  L.  J.  Smith  Construction 
Co.,  Kansas  City,  Mo.,  were  with  us  one  day  last  week.  They 
have  added  some  more  equipment  onto  their  steam  shovel  job  on 
the  White  river  branch  of  the  Missouri  P'acific  R.  R. 

P.  J.  Hannan  Co.  were  instructed  to  beg-in  work  on  three  via- 
ducts on  the  Wabash  R.  R.  in  Indiana  and  Ohio. 

John  Strubel,  Alton,  111.,  can  use  an  8  or  10-team  outfit  on 
road  work. 

J.  J.  Printy  has  moved  a  part  of  his  outfit  on  state  road  work 
near  Springfield,  111.  Also  has  some  teams  at  work  on  the  Co- 
lumbus.  O.,   levee. 

George  Gist  of  Oak  Park.  111.,  caine  in  looking  for  some  team 
outfits. 

D.  J.  Griffith  has  sold  his  ranch  and  farm  and  is  going  back 
into  the  the  contracting  business.  His  friend  McMurray  says 
that  Dave   is   getting  his   second   wind. 

The  Kansas  City  Bridge  Co..  Kansas  City.  Mo.,  were  awarded 
a  nice  concrete  job  by  the  Missouri  Pacific  R.  R.  in  Kansas  City. 

The  Missouri  State  Highway  Department  has  organized  sij: 
surveying  parties  of  10  men  each  to  begin  surveying  the  first  of 
6.000  miles  of  road  to  be  improved  in  Missouri  during'  the  next 
three    years. 

Charles  and  John  MulviU  of  Alton,  111.,  and  Dr.  E.  McLau.5h- 
lin  of  Knoxville,  la.,  are  in  a  syndicate  that  bought  a  large  tract 
of  land  near  Alton.  111.  They  have  not  announced  what  they 
intend  to  do  with  the  property,  but  it  is  understood  that  they  wiil 
decide  definitely  in  a  few  days,  but  the  general  impression  is 
that  they  purchase.I  this  land  for  a  new  company  to  be  located  in 
the   Alton   industrial   district. 

J.  J.  Grier,  the  well  known  boarding  contractor  and  manager 
of  the  eating  houses  on  the  Rock  Island  system,  died  suddenly  in 
Milwaukee  while  on  a  motor  tour  through  Wisconsin.  Mr.  Grier's 
body  was  shipped  to  Kansas  City  and  funeral  services  held  there. 
Mr.  GrieT  was  born  in  Cconomowoc,  Wis..  63  years  ago.  lie 
married  Miss  Mary  McCarth\-  of  Chilton,  Wis.  The  couple  moved 
to  Booneville,  la.,  and  from  there  to  Colorado  Springs,  Colo., 
where  Mr.  Grier  engaged  in  the  railroad  contracting  business. 
Twenty  years  ago  he  came  to  Kansas  City,  where  he  built  up  tiie 
John  J.  Grier  org-anization.  in  charge  of  the  commissary  depart- 
inents  of  the  Rock  Island  .and  Burlington  railways.  He  is  sur- 
vived by  his  wife  of  the  home  address.  8147  Broadway,  two  broth- 
ers. James  Grier,  Omaha.  Neb..  M.  T.  Grier.  Phoenix,  Ariz.,  and 
four  sisters,  Mrs.  Celia  Cliggett  of  this  city:  Mrs.  Catherine  Mo- 
Cue.  Denver:  Mrs.  Mary  .\twood.  York,  Neb.,  and  Mrs.  Anna 
Grier   Murphy  of  Kansas   City. 

The  finest  highways  in  the  state  of  Missouri  are  to  be  built 
in  St.  Louis  County,  traversing  four  roads,  with  an  extent  of 
52.36  miles,  at  a  total  cost  of  $1,717,320.  of  which  sum  the  Federal 
Government  through  the  state,  is  expected  to  furnish  $830,805, 
according  to  plans  and  estimates  submitted  to  and  approved  b.y 
the  St.  Louis  County  Court.  William  C.  Elbring.  County  Highway 
Engineer,  submitted  estimates  and  plans  which  will  be  turned 
over  to  Harry  Grifiith.  State  Division  Engineer  of  Highways,  who 
will  take  them  to  Jefferson  City  to  be  passed  upon  by  the  State 
Highway  Commission.  The  roads  over  which  the  hig'hways  are 
to  be  constructed  are  the  St.  Charles,  the  Manchestei",  the  Gravoi.s 
and  the  Lemay  Ferry.  The  portion  of  each  road  nearest  the  city 
will  be  constructed  of  better  material  than  the  iiortion  toward 
the  county  line.  While  approval  of  the  State  Highway  ComTnis- 
sion  must  be  obtained  before  September  in  order  to  procure  -tov- 
ernment  aid,  the  work  is  to  be  started  in  the  spring. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  Labor  Agepcy,  612  Walnut  St.,  St.  Louis.  Mo.,  or 
503    Delaware    St..    Kansas   City.    Mo. 

The  Middle  States  Consti-uction  Co.  are  starting  work  on  their 
state  highw'ay  in  Illinois  this  week.  Will  have  their  latest  im- 
p^o^■ed   machinery  on   this^job.  ' 

R.  E.  Cotton  of  Stresenreuter-Cotton  &  Co.,  was  here  arrang-- 
ing  for  labor  and  supplies  for  their  new  state  highway  job  at  Ef- 
fingh.am.   III. 

Pen  Reynolds  will  be  in  charge  of  the  P.  .1.  Hanna  Co.'s  work 
on  the  Fort  Smith-Subiaco  &  Rock  Island  R.  R.  and  P.  W.  Hannan 
will  be  in  charge  of  their  new  office  that  they  opened  in  the 
First   National   Bank   building'  at   Dardanelle.    Ark. 

R,  T.  Amis  is  finishing  his  team  work  at  Appleton  City,  Mo.,  and 
going  to  move  his  teain  outfit  onto  a  new  job  in  Oklahoma. 

Cook  &  O'Brien  of  Kansas  City  are  grading  East  Sixth  street 
in  Topeka,  Kans. 

Contracts  for  the  construction  and  equipment  of  the  General 
Motors  Co-  i)lant  at  Natural  Bridge  road  and  Union  boulevard 
were  awarded  on  a  "cost  plus"  plan.  .\  total  of  $5,000,000  will  be 
spent  :n  (onstruction  it  is  expected.  The  general  contract  was 
awarded  to  ihe  George  A.  Fuller  Co.  of  Detroit.  Plumbing  and 
mechanical  equipment  will  be  installed  l>y  the  Thomas  J.  Sheehan 
Co.  of  St.  Louis.  The  plant  is  to  be  one" of  the  largest  automobile 
assembling  factories  in  the  United  States  and  10,000  more  workers 
will  be  employed. 

Mrs.  Cooper  &  Son  are  busy  with  their  outfit  at  Fairfield,  la. 
Subbed  this  job  from  A.  L.  Cook  of  Ottawa,  Kans. 

Ne^-t.  Paisley,  manager  of  Koenig's  Labor  Agency.  Kansas 
City,  reports  labor  returning'  from  the  harvest  fields  and  more 
plentiful  in  Kansas  City  now  than   it   has  been  for  some   time. 

A.  B.  KOENIG. 


Industrial  Notes 


The  Chicag'o  Pneumatic  Tool  Co.  announces  the  appointment 
of  J.  £/.  Canby  as  district  manager  of  sales  at  Chicago,  succeed- 
ing NelsoiL  B.  Gatch,  who  has  been  transferred  to  New  York  as 
district    manager   of    sales. 

In  order  to  meet  the  large  and  growing  demand  for  Plymouth 
industrial  locomotives,  clay  working  machinery  and  other  Plymouth 
products,  the  Fate-Root-Heath  Co.  of  Plymouth.  O.,  has  been 
incorporated  with  a  capital  stock  of  .fl. 000. 000  and  has  taken  over 
the  property  and  busines.?  of  the  J.  D.  Fate  Co.  and  the  Root- 
Heath  Mfg.  Co.,  the  plants  of  the  two  companies  adjoining. 

The  Sullivan  Machinei-y  Co.  announces  the  appointment  of 
R.  S.  Weiner  as  district  manager  at  El  Paso,  Tex.,  succeeding 
Don  M.  Sutor.  Mr.  Sutor  has  been  transferred  to  the  company'r 
St.  Louis  office  as  district  manager  for  Mi.ssouri.  eastern  Texas, 
Oklahoma.  Kansas,  western  Kentucky  and  western  Tennessee. 
The  company's  office  at  El  Paso  remains  at  Room  511,  Mills  Bldg'., 
as  heretofore. 

Bucyrus  Co..  South  Milwaukee.  Wis.,  has  established  an  oflicG 
at  105  "East  Tth  St..  Pittsburg.  Kan.,  for  the  convenience  of  coal 
stripping  contractors  and  coal  mining  companies  in  ordering  re- 
pairs for  ste.ini  and  electric  shovels  operating  in  the  Pittsburg 
district.  A  stock  of  repair  parts  will  be  kept  on  hand  for  this 
purpose.     A.   M.  Nielsen  will  be  in  charge. 

The  Chicago  Pneumatic  Tool  Co.  plans  moving  its  general 
ofiices  from  Chicago  to  New  York  and  toward  this  end  is 
erecting'  an  office  building  at  6-8  East  44th  St..  New  York  City. 
The  structure,  which  is  being  built  by  the  Westinghouse-Church- 
Kerr    C^o..    is    of    combination    steel,    brick    and    limestone    and    wiil 


New   York   Office    Building    of    Chicago    Pneum.itic    Tool    Co. 

comprise  initially  ten  stories,  all  to  be  occupied  by  the  company. 
The  ground  fioor  is  to  be  an  attractively  de.signed  permanent  ex- 
hibition room  and  will  contain  an  interesting  display  of  the  many 
"Chicago  pneumatic"  products,  including  "Boyer"  pneumatic  ham- 
mers, "Little  Giant"  pneumatic  and  electric  tools,  rock  and  coal 
drills.  "Giant"  oil  and  S-^s  engines,  air  compressors,  etc.,  some 
of  which  will  be  shown  in  operation.  In  conjunction  a  completely 
equipped  service  station  will  be  maintained.  The  operation  of  the 
company's  six  American  plants  and  26  sales  and  service  branches 
can  be  directed  more  economically  from  New  York.  There  will  be 
continued  in  Chicago  a  sales  and  service  organization  more  ex- 
tensive than  formerly.  The  new  building  is  to  be  ready  for 
occupancy  early  in  1020,  at  which  time  the  transfer  will  be  effected. 


Obituaries 

J.  B.  Orman,  a  well  known  railroad  contractor,  died  July  21  at 
his  home  in  Pueblo.  Colo.,  aged  69.  He  was  born  in  Muscatine, 
la.,  and  came  to  Denver  in  1869.  His  first  contract  was  for  the 
construction  of  the  old  Kansas  Pacific  from  Sheridan,  Kans.  to 
Denver.  With  his  brothers  he  assisted  in  building  the  following 
railways:  Kansas  Pacific.  Denver  &  Rio  Grande.  Canadian  Pacific. 
Oregon  Pacific,  (."olorado  Midland,  Denver.  Northwestern  <Sr  Pacific, 
the  Colorado  &  Northwestern.  Santa  Fe  &  Northern  and  the 
Florence  &  Cripple  Creek.  Mr.  Orman  was  al.=o  a  builder  of 
many  of  the  state's  irrigation  projects.  The  Uncompaghre  tunnel, 
near  Montrose,  was  built  by  him  and  he  also  constructed  the 
Bessemer  irrigation  project  in  Pitkin  County.  In  1900  he  was 
elected   Governor  ot   Colorado. 
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Roads  and  Streets — 1st   Wednesday 


(a)  Roads 

(b)  Streets 


(c)    Street   Cleaning 

(d>    Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)   Waterworks 
(bl   Sewers    and    Sanl 
tatlon 

(e)    Management    and    Office 
System 


(c)  Irrigation    and   Drainage 

(d)  Power    and    Pumping 


Railways  and   Excavation — 3rd   Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pita 

Dredging  (d)   Railways,   Steam  and 

(b)  Rivers  and   Canals  Electric 

(e)   Management  and  Office 
System 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 


(c)  Harbor    Structures 

(d)  Miscellaneous  Structures 


(e)   Properties  of  Materials 
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The  "Secret"  of  Andrew  Carnegie's 
Success 

Everyone  listens  when  the  lips  of  a  successful  man  open 
to  tell  "the  secret  of  his  success."  But,  curiously  enough, 
we  are  usually  disappointed  when  we  hear  the  "secret."  Is  it 
because  there  is  really  no  secret  path  to  tame  and  fortune? 
Or  is  it  because  the  successful  man  rarely  analyzes  the  causes 
of  his  remarkable  progress? 

A  careful  and  rather  extensive  study  of  the  methods  of  suc- 
cessful managers  has  convinced  the  editor  that  there  is  no 
single  cause  of  success  in  any  line  of  endeavor.  Success  is  a 
resultant  of  many  causes  properly  co-ordinated  to  produce  the 
desired  effect.  Even  a  simple  economic  problem  involves 
many  factors,  and  its  correct  solution  necessitates  the  com- 
bination of  all  the  factors  in  such  a  way  as  to  produce  the 
maximum  of  annual  profit  or  the  minimum  unit  cost.  The 
highly    successful    man 


the  realm  of  business  even  successful  business  men  have  been 
accustomed  to  regard  "success"  as  a  phenomenon  rather  than 
as  the  correct  solution  of  many  economic  problems.  Hence 
when  Carnegie  was  interviewed  about  "success"  he  replied: 
"The  secret  of  my  success  has  been  ray  practice  of  dividing  my 
business  into  departments,  placing  the  best  man  I  could  find 
in  charge  of  each  department,  and  then  judging  him  by  re- 
sults". Yet  this  is  a  practice  that  was  old  before  Carnegie 
used  it,  and  many  men  who  have  used  it  have  made  no  strik"- 
ing  success. 

Had  Isaac  Newton  been  interviewed  by  a  daily  reporter 
after  the  publication  of  his  immortal  "l^incipia,"  in  which 
the  laws  of  gravitation  were  first  mathematically  expounded. 
can  you  imagine  his  replying:  "The  secret  of  my  success  in 
solving  these  problems  is  my  correct  use  of  algebraic  equa- 
tions." Such  a  "secret"  would  be  no  secret,  unless  he  were 
addressing   people   who   knew   nothing  of  algebra,   and   even 

then    it    would    be-  but 


is  one  who  is  capable 
of  solving  not  merely 
one  but  many  economic 
problems.  Hence,  to  / 
ask  such  a  man  what 
Is  "the  secret  of  his 
success"  is  on  a  par 
with  asking  a  great 
mathematician  what 
secret  method  he  em- 
ploys in  solving  diffi- 
cult mat  h  e.m  a  t  i  c  a  I 
problems.  A  mathema- 
tician would  reply : 
"There  is  no  secret. 
Study  the  science  of 
mathematics  long  and 
thoroughly,  and  if  you 
have  mathematical  tal- 
ent you  will  be  able  to 
do  what  I  do."     But  in 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest—easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  m 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


a  small  part  of  the  en- 
tire reason  for  his  suc- 
cess. However,  so  long 
as  many  people  had  no 
conception  of  the  value 
of  algebra  as  a  tool  of 
reason,  Isaac  Newton 
might  have  been  Justi- 
fied in  laying  stress 
upon  its  value:  but  cer- 
tainly he  would  never 
have  pointed  to  alge- 
bra, or  even  to  cal- 
culus, as  the  secret  of 
,his  success. 

Why,  then,  do  suc- 
cessful business  men 
persist  in  doing  what 
successful  mat  h  e  m  a- 
ticians  never  attempt 
to     do.     namely,     glv- 


(29) 


23b 


Enf/lneerituj  and  Contracting  for  August  27,  1919. 


ing  a  few  simple  rules  for  attaining  success?  To  this 
there  Is  but  one  plausible  answer:  Business  has  not  been 
generally  regarded  as  the  application  of  science,  and,  in  fact, 
it  has  been  largely  unscientific.  But  business  has  at  last  en- 
tered its  scientific  era.  Rules  of  economic  procedure  are 
being  codified.  Details  of  practice  are  being  reduced  to 
writing  and  classified  for  ready  use  when  needed.  Methods 
are  being  quantitatively  tested  and  compared.  Vague  opin- 
ions are  giving  way  to  exact  data.  In  a  word,  business  is 
becoming  a  science — the  great  science  of  industrial  econom- 
ics. And  very  soon  no  industrial  leader  will  announce  the 
"secret"  of  his  success,  unless  he  has  discovered  a  new  eco- 
nomic method.  Rather  he  will  say:  "Young  man,  you  ask 
the  secret  of  my  success.  I  have  none.  Every  principle  that 
I  have  applied  is  already  in  print,  and  nearly  all  the  details 
of  my  practice  are  known  to  any  one  that  cares  to  study  the 
books  and  articles  on  industrial  economics.  The  nearest  ap- 
proach to  a  secret  that  I  have  to  impart  is  this:  While  others 
have  been  looking  lor  'secrets'  and  happy  leaps  of  luck,  1 
have  been  studying  all  that  I  have  had  time  to  read  or  hear 
on  business  economics." 

In  thi.s  connection  it  may  be  well  to  point  out  that  engi- 
neers and  college  educated  men  in  general  commonly  make 
the  mistake  of  regarding  a  knowledge  of  "general  principles" 
as  being  far  more  important  than  a  knowledge  of  details  of 
practice.  This  is  one  of  the  logical  blunders  that  is  retarding 
progress,  for  most  engineers  are  prone  to  read  carelessly,  or 
skip  entirely,  any  article  that  relates  mainly  to  detailed  de- 
sciption  of  methods  and  results  secured.  It  is  true  that  arti- 
cles that  describe  only  methods,  without  giving  comparative 
results  are  defective;  but  even  a  bare  method  may  be  suf- 
ficiently suggestive  to  lead  to  a  trial  from  which  quantitative 
data  may  be  derived  for  comparative  purposes. 

Illustrative  of  the  value  of  a  detail  of  practice,  there  re- 
cently came  to  the  editor's  attention  the  following  incident. 
A  centrifugal  pump  for  irrigation  had  been  installed  in  a  deep 
well  pit.  The  engine  was  started  and  it  pumped  water  for  a 
few  minutes.  Then  it  began  to  "lose  its  vacuum"  until  it 
ceased  to  draw  any  water.  A  graduate  engineer  of  several 
years'  experience  was  sent  by  the  pump  manufacturer  to 
remedy  the  defect.  He  went  over  the  pump  carefully,  lifted 
the  pipe  from  the  pit  and  "calked"  a  few  leaks  at  the  joints. 
Still  the  pump  would  not  work.  He  then  declared  that  the 
trouble  was  with  the  well  and  not  with  the  pumping  outfit. 
So  the  owners  drilled  another  expensive  well.  But  the  same 
trouble  occurred  with  it,  in  spite  of  the  fact  that  the  well  was 
larger  and  appeared  to  be  capable  of  yielding  a  great  volume 
of  water.  The  hydraulic  engineer  was  appealed  to  again,  but 
with  the  same  negative  resuults.  Finally  an  "uneducated" 
plumber  suggested  that  he  could  make  the  pump  work.  He 
capped  certain  connections,  and  tested  the  pipe  line  by  filling 
it  with  cotnpressed  air  from  an  automobile  pump.  Major 
leaks  in  the  joints  were  quickly  discovered,  and  minor  leaks 
were  found  by  squirting  oil  over  the  joints,  the  oil  bubbles  in- 
dicating lejiking  air.  Finally  all  joints  were  heated  with  a 
blowpipe,  and  an  ordinary  candle  was  held  against  the  hot 
metal.  The  melting  candle  plugged  every  leak,  and  there- 
after the  pump  worked  perfectly. 

In  this  case  who  was  the  better  educated  man.  the  "unedu- 
cated" plumber  or  the  "educated"  hydraulic  engineer?  The 
former  solved  a  problem  that  the  latter  had  tailed  to  solve. 
The  former  saved  two  wells.  The  latter  would  have  made 
them  worthless,  and  worse,  for  320  acres  of  land  would  have 
been  unproductive.  The  land  is  now  worth  $60,000,  because 
the  wells  are  productive. 

We  have  described  this  case  at  some  length,  because  it 
serves  to  ilustrate  the  worth  of  a  very  small  item  of  knowl- 
edge— an  item  that  a  common  plumber  knew  and  that  a 
graduate  engineer  of  several  years'  experience  did  not  know. 
Professional  success,  as  well  as  business  success,  is  de- 
pendent not  only  upon  a  knowledge  of  general  principles  but 
of  many  details. 

The  successful  general  manager  need  not  necessarily  know 
a  multitude  of  details — although  he  usually  does  know  a  great 
many — but  he  must  know  how  to  select  men  equipped  with 
detail  knowledge.  Such  a  general  manager  was  Carnegie. 
He  got  the  best  assistants  to  be  found,  and  he  not  only  judged 
them  by  results  but  paid  them  according  to  results.  While 
he  does  not  mention  the  latter  fact  in  giving  his  "secret  of 
success,"  the  liberal  reward  that  his  business  and  professionaP 
assistants   received   accounts   largely   for   his   success.     They 


improved  the  steel  manufacturing  industry  at  a  phenomenal 
rate,  until  Carnegie  had  left  every  steel  competitor  in  the 
world  in  the  ruck  of  the  race.  His  own  fortune  has  gone 
back  to  the  public.  But,  what  is  far  more  important,  the  price 
of  steel  is  much  lower  than  it  would  have  been  had  he  not 
taught  the  world  how  to  make  it  at  greatly  reduced  cost. 


Which  of  These  Nine  Causes  of 
High  Prices  Is  Predominant? 

In  a  discussion  of  the  causes  of  high  prices  a  contemporary 
recently  ssald: 

"Since  the  armistice,  inflation  in  money  values  has  in- 
creased in  astonishing  volume,  and  all  indications  point  to  no 
sudden  diminishing.  The  cost  of  labor  is  one  of  the  chief 
factors  in  this  inflation.  Its  action  has  a  direct  tendency  to 
delay  the  decline  in  prices,  and  to  postpone  the  reaction  from 
the  present  condition,  and  to  reduce  wages  now  in  general 
would  not  only  be  unthinkable  from  the  point  of  view  of  labor, 
but  also  it  would  not  affect  a  decrease  in  inflated  values. 
High  wages  alone  do  not  make  for  high  prices.  Other  factors 
besides  supply  of  gold  are: 

(1)  Tariffs  and  taxation. 

(2)  Higher  cost  of  materials. 

(3)  Decreased  production. 

(4)  Speculation. 

(.5)   Increase  in  urban  population. 

(6)  Profiteering. 

(7)  Increase  in  wages  without  corresponding  increase  in 

unit  production. 

(8)  Monopolistic   combinations. 

"Inflation  is  due  not  only  to  an  increase  in  banking  credit. 
Demand  for  goods  has  its  effect,  but  so  have  supply  and  the 
changing  expense  of  production.  It  one  would  find  the  causes 
of  the  change  in  prices,  let  him  investigate  all  the  data  about 
labor,  wages,  efficiency,  costs  of  material,  freights,  skill  in 
management,  machinery,  new  processes,  taxation,  insurance, 
and  all  other  items  which  enter  into  the  expense  of  production 
of  every  commodity." 

Fortunately  no  extensive  investigation  of  all  these  nine  fac- 
tors is  necessary.  There  is  one  fundamental  factor,  and  one 
only,  that  has  changed  greatly  during  the  last  five  years, 
namely,  the  supply  of  money  and  its  equivalent — bank  depos- 
its. "Taxes"  play  but  little  part  in  average  prices.  "High 
cost  of  materials"  and  "increase  in  wages"  are  effects  rather 
than  causes  of  general  price  inflation. 

"Decreased  production"  is  certainly  a  factor  of  consider- 
able, though  not  commanding,  importance.  "Speculation" 
has  always  been  with  us,  but  has  operated  less  to  raise  price.-' 
than  to  indicate  the  probability  of  a  rise.  "Increase  in  urban 
population"  has  been  no  faster  in  recent  than  in  past  years; 
moreover,  it  is  doubtful  whether  it  has  ever  affected  the  gen- 
eral price  level,  save  possibly  to  lower  it.  "Profiteering"  is 
merely  a  new  name  for  a  century-old  phenomenon,  which  is 
probably  no  worse  now  than  ever.  "Monopolistic  combina- 
tions" is  also  not  a  "war  baby";  it  was  a  vigorous  adult  ten 
years  ago. 

Although  there  are  many  causes  of  a  high  price  level,  we 
are  now  mainly  concerned  only  with  those  causes  that  are 
operating  with  much  greater  energy  than  they  were  operating 
five  years  ago.  Overshadowing  all  other  causes  is  the  enor- 
mous increase  in  currency  and  the  consequent  increase  in 
bank  deposits. 

Greater  output  per  man-day  should  be  aimed  at  in  order  to 
reduce  unit  costs,  but  this  should  be  the  goal  regardless  of 
the  quantity  of  money  and  bank  deposits.  The  issue  is  con- 
fused when  it  is  urged  that  the  best  way  to  lower  prices  is  to 
increase  production.  Moreover  there  is  such  a  thing  as  "over 
production,"  as  is  evident  when  foodstuffs  are  allowed  to  rot 
in  the  field.  Many  people  are  now  suffering  from  the  high 
price  level,  because  of  an  "over  production"  of  money  and 
bank  deposits.  European  nations  printed  billions  of  paper 
money,  to  use  at  home,  and  sent  their  gold  abroad,  thus  caus- 
ing "over  production"  of  currency  throug^hout  the  world. 
America  should  either  export  a  billion  of  gold  in  exchange 
for  foreign  securities,  or  increase  bank  reserves  and  thus  de- 
crease bank  deposits  until  a  return  to  the  prewar  price  level 
is  attained. 


(30) 


Engineering  and  Contracting  for  Augnni 


1919. 


23; 


Are  Engineers  Too  Modest? 

The  late  Henry  Gordon  Scott,  past  president  of  the  Amer- 
ican Institute  of  Electrical  Engineers,  said  in  an  address: 

"Whilst  the  legitimate  field  of  work  of  the  engineer  is 
extremely  broad  and  almost  unlimited,  yet  as  a  rule  he  has 
apparently  decided  to  keep  in  the  background  and  only  come 
to  the  front  when  called.  The  result  of  this  policy  "is  that 
when  the  opportunity  comes,  the  engineer  is  taken  at  his 
own  valuation  and  passed  over  for  others,  who.  whilst  not  suf- 
fering from  modesty,  are  lacking  in  engineering  education 
and  experience,  and  therefore  are  forced  to  call  in  engineers 
(to  act  in  a  subordinate  position)  to  supply  the  incumbent's 
deficiency  in  the  qualifications  necessary  for  the  office. 

"A  good  illustration  of  this  policy  is  furnished  in  the  ap- 
pointments made  on  two  state  public  service  commissions,  in 
which  the  ten  offices  are  filled  by  gentlemen  whose  occupa- 
tions had  been  as  follows:  six  lawyers,  two  manufacturers, 
one  political  officeholder,  and  one  engineer.  These  commis- 
sioners have  control  of  all  matters  pertaining  to  public  serv- 
ice corporations:  and  as  their  functions  are  of  an  inquisitorial 
and  critical  nature,  it  is  quite  evident  that  their  lack  of  engi- 
neering knowledge  must  be  a  severe  handicap,  not  only  to 
them  but  much  more  so  to  the  state  that  employs  them,  and 
lastly,  but  not  least,  to  the  company  or  corporation  suffering 
from  their  well-meant  but  misdirected  efforts. 

"What  is  the  cause  of  this  anomalous  situation?  Is  it  en- 
tirely the  fault  of  the  executive  who  makes  these  appoint- 
ments? Has  not  the  whole  body  of  engineers  some  share  in 
the  blame?  We  have  seen  that  there  is  today  an  inherent 
tendency  to  specialization  in  engineering,  and  that  by  far  the 
greater  number  of  our  members  are  becoming  experts  in  one 
or  two  subjects  only,  and  that  comparatively  few  attempt  to 
keep  in  touch  with  the  more  general  aspects  of  engineering. 
This  condition  is  caused  not  so  much  by  lack  of  willingness  as 
by  lack  of  time  and  opportunity." 

There  are  several  vacancies  today  on  state  public  service 
commissions  and  one  on  the  Interstate  Commerce  Commis- 
sion, but  what  are  the  engineering  societies  doing  to  secure 
appointments  of  engineers  on  those  commissions?  Mr.  Scott 
has  attributed  the  lack  of  engineering  activity  in  such  mat- 
ters to  modesty.  Would  it  not  be  more  correct  to  call  it 
ignorance  and  inertia?  The  ignorance  consists  in  not  know- 
ing that  engineering  services  cannot  be  marketed  satisfac- 
torily without  advertising  arid  salesmanship.  The  inertia  is 
seen  wherever  engineers  who  are  not  ignorant  of  the  power 
of  advertising  and  salesmanship  fail  to  take  an  active  part  in 
politics. 

Mr.  Scott  has  defined  "engineering  as  the  art  of  organizing 
and  directing  men.  and  of  controlling  the  forces  and  materials 
of  nature  for  the  benefit  of  the  human  race."  While  this 
definition  is  too  broad  to  be  exact,  it  serves  to  emphasize  the 
fact  that  engineers  should  not  confine  themselves  to  study  of 
"the  forces  and  materials  of  nature." 
Mr.  John  B.  Fisken  recently  saio: 

"Early  in  1917  the  authorities  of  Purdue  University  pub- 
lished the  results  of  an  analysis  of  the  activities  of  the  alumni 
of  the  School  of  Electrical  Engineering.  They  took  the  period 
of  ten  years  ending  June.  1915.  during  which  period  705  stu- 
dents had  graduated,  and  showed  the  number  and  percentage 
engaged  in  various  lines  of  work,  as  follows: 

Pet. 

Manufacturing    .  .  ./. 35.4 

Operating   railway    19.6 

Telephone  and  telegraph 6.5 

Public 2.2 

Teaching    6.1 

Non-electrical    engineering'  4.5 

Non-engineering    8.2 

Miscellaneous    engineering    10.0 

Unaccounted  for   3.9 

■  Deceased    3.2 

Total .  .  .  .     99.6 

"Commenting  upon  these  figures.  Professor  C.  Francis 
Harding,  head  of  the  School  of  Electrical  Engineering,  said 
'that  during  the  last  few  years  there  has  seemed  to  be  a 
greater  tendency  for  electrical  engineers  to  enter  situations 
of  a  more  or  less  commercial  nature  with  the  utilities  and 
other  positions  requiring  a  broader  training  than  was  the  case 
ten  years  ago.'  " 
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The  same  is  undoubtedly  true  also  In  the  civil  engineering 
field,  with  this  addition:  Many  civil  engineers  are  securing 
positions  that  were  formerly  held  by  mere  politicians.  How- 
ever, taken  as  a  whole,  they  have  barely  begun  to  ougt 
professional  politicians  from  the  thousands  of  positions 
that  would  be  better  administered  by  civil  engineers. 
.Much  advertising  and  salesmanship  will  be  necessary  If  engi- 
neers are  to  make  satisfactory  headway. 


Economical  Limits  of  Bridge  Spans 

In  discussing  the  general  principles  of  bridge  design,  in 
Western  Engineering,  Charles  E.  Fowler  said: 

There  is  no  need  when  considering  bridges  with  spans  of 
the  greatest  possible  economical  length  to  compare  the  cost 
with  a  tunnel  or  tunnels  of  the  same  traffic  capacity  as  a 
bridge;  because  it  may  be  considered  as  axiomatic  that  the 
tunnel  scheme  would  be  more  costly.  There  is  therefore  no 
need  to  discuss  the  dl.sagreeable  features  of  tunnel  transit. 
the  impossibility  of  ventilating  a  tunnel  for  auto  traffic,  and 
its  lack  of  safety  under  certain  conditions. 

The  approximate  span-lengths'  that  may  be  taken  as  the 
greatest  economically  possible,  are  for  simple  spans,  from  700 
to  800  ft.;  for  suspension  bridges,  3,000  ft.;  for  cantilever 
spans,  2.000  ft.;  for  arches  under  usual  conditions,  1,000  ft.; 
for  continuous  girders  proper,  800  to  1,000  ft.;  and  for  draw- 
spans.  550  ft.  A  suspension  bridge  would  in  most  cases  be 
more  economical  than  a  cantilever  structure  where  the  span 
exceeds  1.700  ft.;  a  cantilever  or  a  continuous  bridge  would 
usually  prove  to  be  cheaper  than  any  fixed  spans  that  could 
be  termed  a  really  long  span;  the  arch  would  be  formed  more 
economical  than  a  suspension  bridge  for  many  reasonably 
long  spans,  where  there  are  rocky  banks  or  walls  for  the 
skewbacks.  The  type  to  adopt  for  any  given  situation  de- 
pends mainly  upon  local  conditions. 

The  economical  number  of  spans  to  be  used  for  any  given 
ordinary  crossing  may  be  determined  by  the  various  formulas 
proposed  for  the  purpose,  but  it  is  usually  just  as  easy  to 
make  an  estimate  of  cost  for  several  bridges  with  different 
lengths  of  spans  with  their  respective  piers,  and  certainly  the 
results  attained  by  this  method  are  usually  more  satisfactory. 

Durability  of   Untreated  Piling  .\bove 
Low    Tide 

In  tidal  waters  the  portions  of  piles  above  mean  low  tide, 
although  completely  immersed  only  part  of  the  time,  may 
be  practically  saturated  all  the  time.  Wood  constantly  sat- 
urated with  water  is  not  subject  to  decay,  and  this  fact 
makes  the  height  to  which  saturation  extends  above  low  tide 
a  question  of  considerable  interest  to  the  designing  engineer. 

The  opinion  of  a  number  of  engineers  and  construction 
companies,  expressed  in  response  to  inquiries  by  the  Forest 
Products  Laboratory  at  Madison,  Wis.,  is  that  untreated  pil- 
ing in  water  not  infested  with  marine  wood-borers  will  re- 
main sound  indefinitely  if  cut  off  at  half  tide.  This  height 
ranges  in  various  ports  from  2.3  to  4.5  ft.  above  low  water. 
Xt  certain  places  on  the  Atlantic  coast,  piles  cut  off  at  the 
height  of  half  tide  are  still  sound  after  from  50  to  100  years 
of  service. 

Untreated  piling  is  destroyed  by  marine  borers  more  rap- 
idly than  by  decay,  and  the  information  given  would,  of 
course,  have  no  practical  use  where  these  organisms  are  ac- 
tive. 


Proposed  Legislation  for  Strengthening  of  Patent  Office. — 
The  Patents  Committee  of  Engineering  Council  has  collabo- 
rated with  the  similar  committee  of  National  Research  Coun- 
cil in  developing  a  scheme  for  the  Improvement  of  the  method 
of  dealing  with  patents  in  this  country.  The  staff  of  the 
patent  office  is  itself  actively  engaged  in  this  effort.  Out  of 
the  report  prepared  by  the  National  Research  Council,  and 
approved  and  adopted  by  Engineering  Council  as  the  report 
also  of  its  Patents  Committee,  remedial  legislation  has  taken 
form.  Three  bills  have  been  introduced,  known  as  H.  R.  5011, 
a  bill  to  make  the  patent  office  independent  of  the  Depart- 
ment of  the  Interior  or  any  other  department,  and  to  simplify 
the  procedure  of  the  courts  with  reference  to  assessment  of 
damages  or  profits  for  infringement  of  patents;  H.  R.  5012,  a 
bill  to  establish  a  single  Court  of  Patent  Appeals;  and  H.  R. 
7010,  a  bill  to  increase  the  force  and  salaries  in  the  patent 
office. 

) 
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Rebuilding  an  Old  Masonry  Arch 
Bridge 

A  stone  masonry  arch  bridge  built  in  1881  was  recently 
strengthened  by  jacketing  it  entirely  in  reinforced  concrete. 
The  bridge,  of  limestone,  consists  of  five  semicircular  arches, 
and  spans  a  creek  near  Delhi,  III.,  and  carries  a  single  track 
line  of  the  Chicago  &  Alton  R.  R. 

Originally  the  structure  was  but  8  ft.  wide  at  the  springing 
line  of  the  arches,  battering  to  12  ft.  6  in  at  the  tops  of  the 
footing.  The  piers  were  but  5  ft.  wide,  parallel  to  the  track 
at  the  springing  line.  The  spandrels  over  the  arches  and  also 
over  the  abutments  were  solid  masonry  and  originally  carried 
the  track  on  four  lines  of  8-in.  x  16-in.  stringers,  supported 
on  sills  placed  at  intervals  on  the  masonry.  In  1901  the  ma- 
sonry  showed   considerable   cracking,   especially   in   the   pier 
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Section    of    Masonry    Arch    Bridge    Built    in    1831,    Showing    Concrete 
Jacketing   In  Progress. 

stones,  and  also  spalling.  The  coping  on  which  the  track  was 
supported  also  showed  disintegration. 

In  1904  a  new  deck  was  placed  on  the  structure.  Th'G  upper 
layers  of  stone  coping  were  secured  and  a  plain  concrete  slab, 
in  sections  of  11  ft.  3  in.  in  length  was  placed  on  the  old  ma- 
sonry. In  1911  lateral  vibration  and  further  disintegration 
and  increased  train  loading  necessitated  a  further  repair  and 
at  this  time  the  footings  were  widened  in  both  directions,  ad- 
tional  piles  being  driven,  and  the  piers  were  jacketed  to  a 
point  some  5  ft.  above  the  springing  line.  Lateral  stiffness 
was  increased  by  pairs  of  buttresses  placed  on  each  side  of 
each  pier. 

In  1918,  cracks  had  developed  in  the  arches,  some  of  which 
extended  through  the  concrete  floor  slab  placed  in  1904.  Dur- 
ing that  year  the  entire  bridge  was  jacketed,  the  width  of 
piers  being  increased  so  that  now  the  top  of  the  bridge  has 
a  width  of  13  ft.  4  in.  The  copings  were  also  carried  above 
the  slab  floor  of  1904,  the  latter  being  retained.     The  intrados 


of  the  ^rcHteSf  KvWe  covered  with  a  ,lfty^er  of  concrete  1  ft.  4  in. 
thick.  The  whole  was  well  reinforced  with  steel  placed  both 
vertically  and  circumferentially  and  near  the  outer  face. 
Dowels  of  steel  and  stones  removed  from  the  old  structure 
gave  the  necessary  bond  between  the  new  and  the  old. 

Concrete  was  mixed  near  the  bridge  and  wheeled  into  place 
on  a  temporary  plank  deck  placed  on  top  of  the  bridge  ties, 
and  dumped  directly  into  the  forms.  Concrete  for  the  in- 
trados  was   mixed   rather   dry  and   rammed   into   place   from 
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Details  of  Reinforcement. 

both  sides,  the  original  width  of  8  ft.  giving  us  particular  diffi- 
culty  in  this   work.  ■    ' 

The   extension   of  the  coping  above  the  slab  floor  ^v^  a 
pocket  for  a   ballested   track  and   in  the'  reconstruction, '  the 
floor  was  coated  with  bitumen  and  ballast  and  ties  placed  in  . 
the  usual  way. 

The  latest  reinforcement  of  this  bridge  has  been  condticted 
under  the  general  direction  of  H.  T.  Douglas,  Jr.,  chief  engi- 
neer of  the  Chicago  &  Alton,  and  W.  P.  Rech,  bridge  engineer. 
J.  E.  Schwaab,  resident  engineer,  supervised  the  work  of  the 
contractor.  Stresenreuter,  Cotton  &  Co.,  Chicago.  The  work 
is  described  in  the  Railway  Maintenance  Engineer,  to  which 
we  are  indebted  for  the  matter  in  the  article. 
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Pile  Plan. 


Section  BB.  Section  CC 

General   Elevation   of   Bridge. 
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Why  Engineers  Were  in  Charge  of    Specific  Gravity   as  a  Measure  of 


War  Time  Emergency  Build- 
ing Construction 

In  England  the  greater  part  of  the  wartime  eniorgeucy 
building  construction  was  carried'  out  by  engineers.  In  an 
article  in  the  July  Journal  of  the  American  Institute  of  Archi- 
tects, Robert  Atkinson,  headmaster  of  the  School  of  the  Archi- 
tecturaji  Association,  London,  ascribes  the  failure  of  archi- 
tects to  handle  this  work  to  their  defective  ijysteni  of  educa- 
tion *hich  resulted  in  blindness  and  conservatism!     Extracts 


from  ihe  article '.follow: 


'=i(;-!t,i    - 


for  a  profession  which  for  untold  years  had  plowed  its 
pea,Geful  and  only  too  well-worn  furrow,  to  be  suddenly  trans- 
formed into  a  more  or  less  ilseful  branch  of  a  conscriptive 
national  machine  under  stress  of  war  conditions,  is  a  trial 
which  only  a  homogeneous  mass  would  be  expected  to  survive 
— and  with  what  result!  The  immediate  requirement  of  great 
numbers  of  temporary  buildings,  hutting  (or  cariips,  hospitals, 
depots,  works,  sheds,  and  the  like,  all  to  be  erected  in  the 
<juickest  possible  time  from  the  stocks  of  materials  available, 
presented  problems  in  whicb  organization  and  ingenuity  in 
using  the ,  materials,  or  inventing  new  materials,  played  a 
much  more  important  part  than  the  designing  or  drawings 
which  usually  occupy  tire  architect's  time.  The  work  needed 
to  be  executed  in  close  touch  with  manufacturers  or  their 
engineers,  in  the  fitting  in  of  machinery,  and  needed  also 
great  knowledge  of  the  working  capabilities  of  materials  so 
that^conomy  might  be  carried  to  its  greatest  possible  limit; 
in  fact,  the  work  approached  almost  as  closely  to  the  engi- 
neering as  to  the  architectural  side,  not  counting  the  great 
powers  of  organization  necessary  to  avoid  delay.- 

TlieE6,arose  at  once  a  clamor  for  trained  men  of  sufficient 
capacity  and  virility  to  Jump  into  strange  places  and  to  tackle 
new  problems  as  they  developed,  a  chance,  one  would  liave 
thought,  for  the  architect,  yet  with  very  few  exceptions  it 
was  the  engineer  and  not  the  architect  who  filled  the  breach. 
The  architect  proved  to  be  hidebound  to  a  degree,  incapable  of 
hustle,  and  lacking  in  fertility;  the  engineer,  on  the  contrary, 
proved  to  tie  more  practical,  more  energetic,  more  receptive, 
and  a  sufficiently  good  draughtsman  for  the  occasion.'  <    ■ '  •'"  '■ 

As  a  matter  of  fact,  tbe  life  of  the  nation  depended  not  a 
little  upon-its  munition  buildings  and  the  housing  of  its  work- 
ers. So  enormous  were  the  demands  that  existing  buildings 
utterly  failed  to  keep  pace,  and  the  architect,  at  first  so  indis- 
pensable, latterly  so  ignored,  in  failing- to  keep  his  place  suf- 
fered the  usual  law  of  the  elimination  of  the  unfitted.  What 
was  the  cause  of  such  a  debacle?  .      ^ 

Now  architects  are  just  as  patriotic  as  men  in  other  sections 
of  public  life,  and  the  rank  and  file  were  at  the  front  before 
the  need  for  their  services  was  perceived  at  the  rear;  once 
lost  in  the  maze  of  millions,  their  Iscall  became  diflicult.  Left 
— the  middle-aged  men  and  the  crocks— it  is  cold  comfort  to 
think  that  had  the  vitality  of  the  younger  members  been  pitted 
against  the  young  or  old  engineers,  the  result  would  have 
been  different.  (And.  personally.  I  believe  that  the  profession 
contains  as  much  good  material  as  any  other.)  As  it  is,  a 
scapegoat  must  be  found — the  deficiency  can,  it  is  said,  only 
have  been  the  result  of  a  detective  system  of  education.  The 
engineers,  by  their  system  of  education,  their  scientific  meth- 
ods, their  elimination  of  temperament  and  of  sentiment,  their 
constant  experiments  with  new  methods,  with  new  materials, 
have  kept  alive  the  spark  of  evolution.  Within  their  field  they 
have  constantly  progressed,  thus  keeping  the  faculties  of  their 
students  on  the  alert,  with  the  result  that  they  were  found 
ready  to  undertake  new  methods  with  a  fair  chance  of  suc- 
cess. Well.  then,  let  it  be  called  the  fault  of  the  education 
of  the  architect,  but.  this  being  agreed,  it  would  perhaps  be 
as  well  to  point  out  that  it  is  not  very  logical  to  blame  the 
education  of  the  present  for  the  defects  of  men  educated  20, 
30  or  40  years  in  the  past,  unless  it  be  taken  for  granted  that 
no  changes  in  system  have  occurred  during  the  intervening 
period,  an  assumption  which  I  am  afraid  is  very  likely  to  oc- 
cur, a  defect  in  outlook  which  is  consistent  with  the  primary 
causes  of  the  failure.  What  are  the  defects  of  our  educa- 
tional system?  In  the  past  they  have  been  just  those  things 
which  with  cumulative  effect  have  broken  down  under  the 
strain  of  evolution,   "blindness   and   conservatism." 


Strength  of  Wood 

By  the  analysis  of  over  200,ouu  tests,  the,  KoreHt  HtoducU 
Laboratory,*  in  co-operation  with  the  University  of  WIhcodsId, 
has  now  definitely  established  the  relation  between  the  spe- 
cific gravity  of  a  wood  and  Its  strength  property.  The  equa- 
tions and  tables  derived  can  be  used  (1)  for  estimating  the 
properties  of  any  particular  timber;  (2)  for  selecting  timber 
for  any  given  purpose;  (3)  for  comparing  the  various  species;' 
and  (4)  for  determining  in  what  way  the  species  are  excep- 
tional and  to  what  uses  they  are  best  adapted. 

Only  in  compression  parallel  to  the  grain,  the  ma^mum 
cnisliing  strength  varies  as  directly  as  the  specific  gravity. 
No  other  relations  can  be  expressed  by  an  equation  of  tlje 
first    degree. 

Determination  of  Specific  Gravity. — -Speciflc  gravWy  .<>' 
wood,  as  used  in  the  bulletin,  is  based  on  the  volume  of  the 
specimens  when  tested  (green  or  air-dry)  and  their  weight 
when  in  an  ovetirdry  condition;  that  is,  it  is  the  ra«io  of  the 
weight  of  the  specimen  of  wood,  oven-dry,  to  the  weight  of  a 
volume  of  water  equal  to  the  volume  of  the  specimen  at  the 
time  of  test.  Because  of  the  shrinkage  which  takes  place  in 
wood  when  it  is  dried,  this  figure  is  not  the  true  speciflc  grav- 
ity of  a  piece  of  oven-dry  wood.  The  method,  however,  is 
easily  applied  to  each  specimen  tested,  and  is  the  standard 
method  of  the  Forest  Service  tor  the  determination  of  a 
specific-gravity  fifiure  for  use  in  studying  the  properties  of 
wood. 

Moisture  Content  of  Test  Specimens.  -Both  greep  and  alr- 
dr>  specimens  were  used  in  the  tests,  and  the  relations  be- 
tween specific  gravity  and  strength  were  determined  sepa- 
rately for  green  and  air-dry  wood.  Variations  in  the  moisture 
content  of  wood  have  no  effect  on  its  mechanical  properties 
so  long  as  the  wood  is  thoroughly  green;  they  have  consider- 
able influence  on  these  properties,  however,  as  soon  as  the 
wood  becomes  air-dry,  or  partially  air-do'-  Accurate  com- 
parisons cannot  be  made  between  the  properties  of  two  lots 
of  air-dry  specimens  unless  they  were  tested  at  the  same 
moisture  content  or  adjustments  made  in  the  strength  figures 
for  difference  in  moisture  content. 

The  moisture  content  of  the  air-dry  material  at  the  time  of 
test  varied  from  8  to  18  per  cent.  Modulus  of  rupture  and 
maximum  strength  in  compression  parallel  to  the  grain  were 
adjusted  to  a  moisture  content  of  12  per  cent  before  determi- 
nations of  the  relation  of  these  properties  to  the  specific 
gravity  was  made.  This  adjustment  was  possible  because  the 
laws  governing  the  variation  of  these  properties  with  varying 
moisture  content  are  fairly  well  established.  However,  la 
the  case  of  the  other  strength  functions  their  variation  with 
varying  moisture  content  has  not  been  studied  in  detail  and 
no  such  adjustment  is  possible  with  any  very  great  degree  of 
accuracy.  Consequently,  the  actual  moisture  content  values 
as  obtained  from  tests  have  been  used  in  the  determination 
of  the  relation  of  these  properties  to  specific  gravity. 

Equations. — In  deriving  the  equations,  points  showing  the 
relation  as  speciflc  gravity  and  strength  function  were  plat- 
ted on  logarithmic  paper  and  a  single  equation  with  powers 
of  gravity  that  may  be  solved  by  arithmetical  operations  was 
established  by  trial,  and  not  by  the  method  of  least  squares. 
Obviously  the  amount  of  labor  involved  in  the  latter  was  out 
of  question  here.     These  are  given  under  part  I  of  table  I. 

In  the  second  portion  of  the  table,  percentages  of  the  equa- 
tion values  are  given  in  groups  for  both  green  and  air-dry 
wood.  They  are  in  a  sense  a  measure  of  accuracy  of  the 
equations.  For  instance,  under  static  bending  of  her  stress 
at  elastic  limit,  green  wood,  10  per  cent  of  all  specimens  had 
values  of  strength  above  123  per  cent  of  value  as  given  by 
the  equation  F  =  10300  *VG'  25  per  cent  of  all  specimens  ana- 
lyzed had  values  above  112, per  cent  of  the  figure  given  by  the 
same  equation  and  similar  results  for  specimens  whose 
strength  wap  less  than  that  given  by  the  formula.  Obviously 
50  per  cent  of  all  specimens  analyzed  under  the  head  and 
values  between  91  and  112  per  cent  of  values  represented  by 

^^"^lletin  No.  676.  Uiiitec:  States  Department  of  ABriculture.  .luly 
16  1019  Bv  J.  .^.  Xewlin,  in  Charge.  Section  of  Timber  Mechanics 
and  TEK  Wilson.  Engineer  Forest  Products.  "The  K* 'at ion  of 
the  Shrinkage  and  Strength  Piopertles  of  -Wood  to  Its  Speciflc 
.  Gravity." 
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the  equation.  Species  and  locality  are  the  causes  ot  the  varia- 
tions and  the  columns  are  so  named. 

la  the  third  portion  of  the  table  the  actual  species  and  its 
location  are  t-numerated  and  the  various  strength  functions 
are  given  as  percentages  of  values  that  would  be  determined 
by  the  equations  themselves.  Some  120  hardwoods  and  60 
coniftr?  are  represented  in  the  table  as  given  in  Bulletin  No. 
67b 

Application  of  the  Equation. — As  an  example  of  the  use 
to  which  the  table  and  diagrams  may  be  put,  suppose  it  is 
des'red  t-^  obtain  the  strength  in  compression  parallel  to  the 
grain  of  a  piece  oi  green  hemlock  (eastern)  grown  in  the 
soutliern  .Appalachian  region.  Its  specific  gravity  may  be  de- 
termined by  any  one  of  several  means  which  may  readily  be 
devised,  and  we  will  say  that  it  is  found  to  be  0.38.  In  the 
table,  the  "species-locality"  which  is  probably  most  nearly 
representative  of  the  region  in  question  is  the  eastern  hem- 
lock from  Tennessee,  and  of  this  the  maximum  crushing 
strength  is  29  per  cent  above  the  average  for  woods  of  the 
same  specific  gravity.     To  find  what  an  average  wood  of  a 


specific  gravity  of  0.38  will  stand  in  compression  parallel  to 
the  grain,  we  solve  the  equation  C:^  6,900  v  0.38.  which  gives 
us  a  maximum  crushing  strength  of  about  2.600  lbs.  per 
square  inch.  But  since  the  compression  strength  of  the  Ten- 
nessee hemlock  was  29  per  cent  high,  it  is  reasonable  to 
expect  that  the  timber  in  question  will  also  run  about  29  per 
cent  high,  or  that  the  value  would  be  about  3.300  or  3.400 
lbs.  per  square  inch  (2,600  x  1.29^3,354).  Any  of  the  other 
properties  of  the  hemlock  under  consideration  may  be  esti- 
mated in  a  similar  manner. 

It  must  be  borne  in  mind,  however,  that  such  equations  can 
never  take  the  place  of  tests  of  species  whose  properties  are 
unknown.  If  any  particular  mechanical  property  is  known, 
the  specific  gravity  may  be  approximated  and  the  other  prop- 
erties estimated;  even  the  properties  of  woods  upon  which 
no  test  data  are  available  can  be  estimated  with  a  fair 
degree  of  accuracy  from  the  results  of  specific  gravity  deter- 
minations. Nevertheless,  it  is  apparent  from  a  study  of  the 
table  and  diagrams  that  no  one  kind  of  test  can  replace  a  com- 
plete series  of  tests. 


T4BLE  I.— EQUATIONS  AND  VARIATIONS— SPECIFIC  GRAVITY    SHRINKAGE  AND  STRENGTH   RELATIONS   BASED  ON   TESTS 

OF  SMAU:^  CLEAR  PIECES,  GREEN  AND  AIR-DRY. 
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-EQUATIONS  FOR  SHRINKAGE  AND  FOR  EACH  OF  THE  STRENGTH    PROPERTIES    OF    GREEN    AND    AIR-DRY    WOOD    IN 

TEPvMS    OF   SPECIFIC    GRAVITY. 
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-MEASURE    OF   ACCURACY   OF  RESPECTIVE   EQUATIONS. 


Proportion    of    species- 
locality. 


Percentage  of  equation  value. 


10  per  cent  above,  per  cent 119  128  127  123  114  127  139  149  149 

25  per  cent  above,  per  cent 110  116  109  112  108  113  117  123  123 

2.'.  pel-  cent  below,  per  cent 90     88     89  91      91     89     86     S3     75 

10  per  cent  below,  per  cent 80     77     79  79     84     76     72     70     BO 

IC  ijer  cent  above,  per  cent 126  lis  122  164  139  167 

2r>  per-  cent  above,  per  cent  ...    Ill 

25  per  cent  below,  per  ceTit 85 

10  per  cent  below,  per  cent 75 


106  110  135  117  130 

SO     90     75     83     72 
80     81     60     66     58 


118  122  135  142  130  119  133  136   121  121  120  119  117  130  134  135  140 

110  109  121   118  115  HI   117  115  110  111  111   109  109  118  116  118  127 

90     90     S5     86     86     90     86     SS     S7  88  90     93  89  83  SI  SO  71 
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.130  120  143  145  145  116  142  133  131  124  120  125  122  144  141  139  141 
112  110  125  120  127  lOS  120  118  115  111  112  112  110  126  121  127  122 

85  89     78     83     82     88     86     S3     85  94  91     90  88  78  79  69  85 
73     81     63     70     68     81     67     74     79  83  S3     79  78  56  64  54  5'. 


TIT.— ACTUAL   VALUE    OF    EACH    PROPERTY    FOR    "SPBCIES-LOCALTTY"   AS  DETERMINED  BY   TESTS— EXPRESSED  IN   PER- 
CENTAGE  OF  EQU.^TION  VALUE. 

IThe  origin.a  table  in  Kulletin  Xo.  676  covers  values  for  some  120   hardwoods  and  60  conifers.     Only  tl'e  values  for  the  more  brener-illv 
used  woods  are  reprinted  below.]  '  sr  ■     ,.  ,. 

Tiasswood   (Wisconsin): 

Green    5 T62  206  156  101  101  106  126  135  102       97     97  122  114 

■■^ir   dry    113     90  157  108     64     91       62  108     51     55 

l^irch.  paper  (Wisconsin): 

(Ireen     73   ...    ... 

i;im.    cork    (Wise.    Marathon   County) 

Gre.;n    126 83  101     85     77  137  lU     101     79  12S  101 

.\!r    dry    75  105     93     59  131  113       94     94     91  120 

Gum,  cotton  (Louisiana): 

Green  76 93  97  98  104  100  87  122  79  80   83  92  73  77 

Air  dry  :  76  80  84  76  53  58   74  83  73  61 


lin  117  1(19  70  78  84  59  151  llfi   82  82 


84  113  96  103  96  93  101  103  115  ISO  117  132 
93  185  117  108  123  115  150  158  159  194  108  141 
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71  61 

..   83 
87  88 
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78  S7  83  92  06 


89  93 
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94  99  101   76  87  

93  107  103  103  114  121  120 


86  108  94  81  113  106  117  103  105  108  130  IflS  152 
SO  99  85  79  114  106  103  98  109  130  112  82  122 
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Eiuinuuinu,  ,nid  Cnitractiug  fur  Auyusl  ^V,  Jum.  j41 

Maple.  silvt.r\\M.,,o„si„,:     "       ^       *      ^       *       '       '       ■'     ^     "     1^     1^       H     15     1^     n     1,,     i;.     .„     v,     .,..     ,,.,     .,^     ,. 
CJreen 5(t  q«     7^     a-     «.»     a-     cc     yo  100     n-       .1  ---•-«-»     a  1 

O,^:^<W^3C0„.ini:--    ■•    ••■  •■■    ■■■    ■••   "^     «^     -  -     -     -     "0    Z  M  Z  ^%    li    II  \Z  -   -  -ill  }-   -p  13.  u;  u. 

Jils^;^,,^F-- ■^-  ■  ■•••"■"  -  -  "  -  -  "  "  ti  f.  II  It  ?i  i>?-rrjs  rsi  jt  ?i'r^ 

oJFS^^o^a...;---  "  ^^^^  ■''  ■''  ■''   ^   ^  -^   ^   ^i  -    ^  ^  ?s  It   It  II  ^  ni  ^11  \]t  il^  ^  ^t  ^U  l«i  -  iJJ 

C^darwhUeVwisconsinj:-    " "'     '"  1»'   > '»  ''*  '''  "»  ^^^  1'"    '''  ^^^  18«  l^l  160  135  ,:,5  U,  ISl.  104  ,08  m  11!,  „-     •„  ,.„,     -, 

J£2-;^ySsiaA^V    ••    -    -   ■''  ■■'  ■''  -  -    -  -  -  i^^      -  >oS  lej  -  ,-  ,-    -  }^.   no  ,SS  ^.  ;.  „.  J.  ..  J.  J. 

H;.mlo?k.eaWtern<Tennessee): 108  111105  122  111133  117     SI     :-H     107  131     97     85  127  119  167  121     95     92     97  117  102     66     69     .6     ;,g 

',"r<'<™,    52 94     94  108  137  IIS  123  156     SS  IK     114   113  121     99  14.129  19a  ij-,  in.,     no     ,.0  .n,     „„ 

Pine,   loblolly    (Florida):  "     ^  ^■"'      ^*     '*•'  "**     ^^  "*  115  105  121  146  103     86  US  118     S8     67     SS 

ArSry-;;;;;;:::;:::;:::'' :;:  :::  .''"''''''  '''''  •'«  '-  -   »^  •«=>  79  ss  iooio«  105  89  no  626  6  92  75  62  6*  62  5,, 

Pine.  lodgepole  (Colorado) :  

'2r5«"     31 110  119  113  106     99  112  117     91     Ol       97  100   1(19     79  118     99  115  117     60     K4     «     ofi     oi,     «,     ,, 

Pit^l^XleafMPioricia); '""  '''  '''  '''  '''  '"'      ""    ''    "'    '''  ^'^  1«^'  »1  "»    8^    sl  ,L'    9^    12    II    ?^ 

ArSry-::;:;:::;;:::::::'"':: :::  .:'  ''  '''"'  '''''  ''  ''  '-   ''"'  ''  "-innoiu  73  50  61  «<  89  73  «  3*  ,,  ,, 

Pine,  long-leat  (Lake  Charles,  La.) :  

Al^'Sry-:::::;:::::::::::'":::  ;:;  .'' '"^'' "'  "' "•  '^  "«  ■'   ""''  «^  «« 127  ns  m  s,  53  67  69  90  ,1  4*  «  44  44 

Pine.  longleaf  (Tangipahoa  Parish.  La.):  

'^'■"•^n     96 88   119      85   109  104   126      90      69   104       90   IM      71      88    112   117    125     69     67     66     89     96     «ft     .:o     c«      ,,      .. 

Air  dry 105  107  117     94     95     ;.,;       94   11ii     S5     96  111  l-'l  169     92     SB     7?     sn  i??    !2    5?    50     44     5.'. 

Pine,   long'leaf  (Mississippi):  •■       jj     to  iii  i^i  loa     vz     gg     73     go  113     89     77     45     61     52 

AJ^^'Sry^-;:;:::::::;:;:;:: '^ ;;:  :;:  .:^'' .'''*' .^' ""  ""  '■'  •'*   ■" ""  '■  '6120111112  76  55  69  72  94  S3  53  45  45  4,; 

Pine.  Norway   (Wisconsin):  

''^«™     57 92  110     96     99     95   123     83     6S12S       8G107     72  100  102  101131     76     .58     65     64     S'     7S     •;     ^„      .=      .. 

Airdry     ..    119  117  123  128  106  110    106  115  106     36  128  126  129     77     76     81     90     98     4    sT    «-     -?    f.r 

Pine,  western  white   (Montana):  ■■>     oi     .lu     »»     ,s     xi     6.      ,7     90 

'/re™     ■ 42 104  109  111106     96  132     94     74   117     lOO  US     96  104  131113  141     88     74     81     86     94     87     <tn     sj     .-.     re 

P.-ni:  .fhW -(Wisconsin); '''  "'=  "«  "^  *"  ^^^    "«  ^^^  ^^^  '''  ''"  "^  ^'^  "°    "    '«    i'  ■        tl    f.l    U    '.'    11 

'Jr****"    25 77     64     96  114  100  116  128  101  102      91101     95     fS  124  108  128  lOS     77     86     86     92     84     S9     «-     si     «t 

R;^o^y<Aibio^.- California): '''■'''  '''  '''  ""  '''      ''  ""^     '"'"'  '"  "«  "^  '''   '"«  "^  '»'    »'  '«'  l'?    "    ^i    H? 

Green    . .    28 107  143  120 ]  65  20' 

Air   dry    86  101     96 143  114  '92  118 79   'ii 

Spruce,  Ensrelmann  (Grand  County.  Colo.):  " 

<^ree5    8 117  121125  107     99  105  1.30  104     ,U     106  108  12C     85  113     97  110  137  100  106  115  103     98     88     91 

Tali^r'aS   (Wisconsin): 97  117  100  121  107  114       92  103  110  116  122  116  101  1.32     94     83     9§  \tl  l21  ,??    H^::    ii; 

jrSry:;::::::;:.::;::;^^ ;:: :::  "^  ."  ''."^  f.Zl'l',  I^iS  ll'll  It  lilS^S^l}^  II  it  ?,  II  H  11  l^  ^?  ^  It 


Fully  Equipped   Industrial  Town  for  Sale 

The  war  department  i«  offering  tor  sale  the  town  of  Nitro. 
W.  Va.,  a  complete  industrial  community  embracing  737  man- 
ufacturing buildings,  housing  accommodations  for  20,000  per- 
sons, and  the  utilities  and  civic  improvements  that  constitute 
the  conveniences  of  a  modern  city.     Nitro.  built  by  the  govern- 
ment at  a  cost  of  appro.ximately  $70,000,000.  is  the  site  of  the 
second    largest    smokeless   powder   plant   in   the    world.      The 
bids,   which   must   cover  not  only   t'^e   powder  plant  and   the 
other  industrial  units  which  were  erected  to  prepare  the  in- 
gredients essential  to   powder  making,  but   the  civic  commu- 
nity as  well,  to  which  the  United  States  also  holds  title,  will 
be  opened  at  noon  on  September  30,  1919,  at  the  office  of  the 
chairman  of  the  ordnance  district  salvage  board.  1710  Market 
street,     Philadelphia.       The    industrial    community    of    Nitro 
stretches  for  more  than  four  miles  along  the  east  bank  of  the 
Kanawha  River.     Here  are  to  be  found  a  sulphuric  acid  plant 
in  seven  units,  the  capacity  of  which  is  700  tons  per  day  of 
twenty-four  hours;  a  nitric  acid  plant  of  tour  units,  the  capac- 
ity of  Which  is  300  tons  per  day;  a  cotton  purification  plant 
of  standard   pulp   mill  design   in  four  units,   the  capacity  of 
which  is  22.S  tons  per  day;  a  nitrating,  coUolding  and  drying 
plant;   sixteen  shipping  houses,  or  magazines,  segregated  for 
the  storage  of  powder;   thirty  large  storage  buildings  erected 
to  handle  the  essential  crude  and  raw-  material;   a  complete 
shop   area,   with   fireproof  machine   shop   fitted   with   modern 
tools,  a  carpenter  shop,  tin  shop,  paint  shop  and  foundry;   a 
box-making    plant    capable   of   turning   out   4.000    metal-lined 
wooden  containers  a  day;  a  100-ton  ice-making  plant  with  in- 
sulated ice  storage  rooms;   an  absorption  refrigerating  plant 
consisting  of  five  160-ton  units  with  brine-cooling  equipment; 
two  completely  equipped  general  laboratories  for  chemical  re- 
search routine  plant  analysis,  and  six  special  laboratories  com- 
pletely equipped  for  special  plant  determinations.     Set  upon 
the  foothills,  overlooking  the  industrial  area  with  its  bristling 
smokestacks,    stands    the   civic   community — more   than    1.500 


furnished  portable  houses,  homes  for  the  workmen  who  will 
make  the  manufacturing  units  producing  institutions;  seventy- 
five  permanently  constructed  executive  residences,  hotels, 
boarding  houses,  dormitories,  clubhouse,  general  and  special 
stores,  cafeterias,  and  moving  picture  houses,  etc.,  etc..  etc. 

GluingWood  Coated  with  Varnish  or  Shellac 

IJluf  joints  between  wood  surfaces  which  have  been  coated 
with  shellac  or  varnish  have  low  or  very  erratic  strength. 
This  has  been  thoroughly  demonstrated  by  a  recent  test  at 
the  Forest  Products  Laboratory.  .Madison,  Wis.  Sixty  pairs 
of  test  blocks  were  prepared  in  which  one  or  both  wood  sur- 
faces were  varnished  or  shellacked  and  were  joined  with 
either  casein  or  animal  glue.  A  great  many  of  these  blocks 
fell  apart  before  testing,  and  all  which  held  together  long 
^^nough  to  be  tested  sheared  apart  in  the  glue  joint  and  not 
in   the  wood. 

The  highest  strength  value  obtained  was  1.712  lb.  per 
square  inch,  which  is  low  for  casein  glue.  The  other  values 
were  1,000  lb.  per  square  inch  or  less.  It  is  evident,  there- 
tore,  that  all  shellac  or  varnish  should  be  carefully  cleaned 
from  wood  which  is  to  be  glued,  if  high  strength  is  desired. 
A  few  blocks  were  joined  using  shellac  as  a  glue  over  surfaces 
previously  coated  with  sheUac.  The  maximum  shear  strength 
obtained  was  1.425  lb.,  the  minimum"450  lb.,  and  the  average 
758  lb.  per  square  inch.  These  values  are  low  and  do  not  in- 
dicate that  shellac  has  gluing  properties  which  compare 
favorably  with  casein  or  animal  glue. 


Senate  Passes  Bill  for  Relief  of  Building  Contractors. — The 
U.  S.  Senate  on  .\ug.  i:;  passed  the  bill  providing  for  the  relief 
of  contractors  who  have  been  carrying  on  public  building  con- 
struction for  the  Treasury  Department.  The  measure  was 
passed  by  the  House  on  .July  31.  The  acting  supervising 
architect  estimates  that  the  sums  involved  will  approximate 
$2,000,000. 
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Establishing  Standards  in  Con- 
struction* 

By   A.    B.   SEGUR, 
Industrial    Engineer,    Chicago. 

A  few  years  ago  we  had  ©ccasion  to  make  some  very  care- 
ful studies  on  certain  types  of  building  construction,  to  de- 
termine just  how  closely  standards  could  be  set  on  any  par- 
ticular contractor's  work.  To  our  surprise,  we  discovered 
on  fhis  class  of  work,  that  the  difference  between  perform- 
ing one  job  and  another  job  was  less  than  1  per  cent  of  the 
labor  cost.  This  applies  not  simply  to  one  foreman,  but 
works  out  in  the  same  way  when  applied  to  a  number  of 
different  jobs  or  different  contractors  scattered  over  a  large 
section  of  the  country,  and  differs  greatly  as  to  the  general 
character  of  the  work.  When  the  standards  were  applied  to 
the  erection  of  brick  flat  buildings  on  the  North  Side  of  Chi- 
cago, we  found  them  to  apply,  when  the  various  factors  were 
taken  into  consideration,  to  work  on  depots  in  Oklahoma. 

In  fact,  it  seemed  that  when  a  foreman  on,ce  struck  his 
stride  it  made  but  little  difference  whether  he  was  on  one 
job  or  another  job;  the  same  characteristics  of  his  ability 
to  get  the  men  to  work  seemed  to  hold.  For  instance,  stand- 
ards set  on  depots  in  Albuquerque,  N.  Mex.,  were  found  to 
hold  on  depots  of  a  different  design  built  in  Oklahoma  five 
years  later  by  the  same  company,  tbe  same  foreman,  but 
with  different  men.  Standards  set  on  flat  building  construc- 
tion on  the  North  Side  of  Chicago  held  good  on  flat  build- 
ings on  the  Southwest  Side  of  Chicago.  In  fact,  it  was  pos- 
sible to  take  off  the  quantities  of  labor  with  as  great  ac- 
curacy as  it  was  possible  to  take  off  tbe  quantities, of  ma- 
terials estimated  on  a  job,  so  long  as  one  knew  what  the 
real  standard  of  efficiency  of  the  foreman  on  the  job  really 
was. 

Desirability  of  Standards  for  the  Contractor.— Perhaps  one 
one  of  the  things  that  the  average  contractor  lacks,  more 
than  anything  else,  is  a  definite  set  of  standards  by  which 
he  can  measure  one  gang  against  another,  and  by  which  he 
can  measure  his  own  output  against  the  output  of  his  com- 
petitors. Again,  he  lacks  standard  which  he  can  apply  to 
a  job  immediately  and  get  a  measure  of  performance  on  his 
work  as  soon  as  the  job  tickets  come  in,  instead  of  waiting 
for  a  month  or  two  until  the  conditions  surrounding  the  job 
have  been  forgotten.  Yet,  the  setting  of  standards  on  some 
classes  of  contracting  work  is  no  more  difficult  than  setting 
standards  on  difficult  manufacturing. 

Whfle  tbe  general  contractors  of  the  United  States  are 
thinking  of  possible  co-operation  in  various  lines,  it  might 
be  well  to  make  a  study  of  the  similarities  and  dissimilarities 
of  the  contracting  business  with  otlier  lines  of  business  and 
determine  how  far  the  experience  of  people  in  other  lines 
may  be  used  in  contracting.  Let  us  consider  first  what  the 
points  of  difference  between  construction  work  and  manu- 
facturing are. 

Manufacturing  work  is  generally  carried  on*  inside  of  a 
building  of  a  definite  ai-ea,  while  construction  is  generally 
carried  on  at  widely  separated  points.  At  this  point  the  es- 
sential differences  seem  to  stop.  Both  parties  have  the  same 
labor  problems  (although  some  people  might  disagree  with 
this  statement) ;  both  parties  have  the  same  problems  in 
obtaining  material,  the  same  problems  in  transportation, 
similar  problems  in  financing,  similar  problems  in  estimat- 
ing. After  all,  when  you  study  manufacturing  as  a  whole, 
instead  of  studying  a  single  shop,  you  will  begin  to  find  that 
the  difference  between  a  manufacturing  job  and  a  construc- 
tion job  is  very  small  indeed. 

The  reason  for  the  general  thought  that  tbe  problems  are 
entirely  different  probably  springs  from  the  fact  that,  due 
to  their  general  conditions,  certain  problems  have  been  over- 
stressed.  The  average  contractor  thinks  of  bis  work  in 
terms  of  jobs  as  a  unit  rather  than  in  terms  of  specific  prob- 
lems which  apply  to  all  jobs  as  a  unit.  Take,  for  instance, 
the  labor  problem.  When  considering  the  job  as  a  unit,  the 
labor  problem  does  not  loom  up  as  a  problem  which  allows 
of  any  definite  solution.  Other  problems  such  as  materials, 
deliveries,  payments,  and  costs,  seem  of  so  much  greater 
importance  that  the  labor  problem  is  left  untouched.  It  is 
generally    considered    that   the    labor   is    floating   labor,   any- 


how, and  that,  therefore,  one  has  only  the  floating  labor  prolv- 
lem.  ,,,'   "'  ■ 

Applying  Standard  Principles  to  Wages.^Suppose  thatiwe 
consider  the  application  of  some  standard  principles  t'6  the 
labor  problem.  A  strike  is  now  on  in  Chicago,  and  the  labor 
demand  is  $1  per  hour.  The  union  leaders,  as  I  hear  their 
side,  do  not  claim  that  the  labor  is  worth  $1  per  hour  while 
the  man  is  working,  but  the  claim  is  that  the  brick  mason, 
for  example,  works  only  five  months  out  of  the  year  and  that 
he  must  make  enough  during  those  five  months  to  keep  hiin 
the  entire  year. 

Suppose  now,  that  the  Associated  General  Contractors 
should  consider  this  problem  in  its .  broad  aspect.  If  con- 
tractors in  different  sections  of  the  country  were  to  work 
out  their  labor  requirements  on  a  curve,  taking  note  of  the 
amount  of  labor  required  of  any  particular  type  in  any  part 
of  each  period  of  the  year,  there  is  a  possibility  that  the 
curve  would   be  something  like  Pig.   1.    This  illustration,  of 


2600 
2400 
2200 
2000 
1800 
1600 
1400 
1200 

moo 
soo 

boo 

4O0 
200 


A 

1  ■  ■ 

\ 

/  \  ■ 

/ 

\ 

^ 

f 

\ 

/' 

■-^ 

k 

'^ohl  /^equihemer 

hif 

Labor 

nas  froperl 

jShif 

^ 

i 

, 

Labof  ReCf 

uiremenh 

J 

,     / 

\ 

/ 

^ 

f 

\. 

\ 

/ 

\     llabor  Requirements  V 

\ 

\ 

/ 

\ 

Coniracior; 

/ 

\ 

\ 

/ 

\ 

Nor 

/A  Seciion 

/ 

\ 

/ 

^ 

i 

V 

\ 

/ 

/ 

- 

\  h 

/ 

\  i 

/ 

,-/ 

\T^ 

^H^^^^ 

^s. 

/ 

< 

Reqmremenis    \ 

/  \ 
/    \ 

Wesi 

'I 

X 

.A 

\ 

/ 

V 

A 

Y 

^""'"^->s^ 

/"^ 

\ 

— 

i^ 

■^ 

r 

♦■RYom  p  report  nrr'pare'l  fo»"  tbe  Comn*ittee  o"  Methods  of  the 
.Vssociated  GeTieral  Contractors  of  Amerira.  and  printed  in  the 
,\ucust  News  Letter  of  the  Association. 


Jan.    Feb.    Mar   Apr    Mau  June  Jultj   Aug.    Sept  OcJ   Nov.  Dec 


Fig.    1 — Diagram    Showing    Possibility    of    Shifting    Labor    to    Meet 

Demand. 

course,  is  purely  hypothetical,  but  it  will  be  seen  that  the 
total  requirements  of  these  contractors  for  this  particular 
type  of  labor  are  about  constant  throughout  the  year;  that 
the  only  problem  Involved  is  one  of  shifting  the  maximum 
load  from  one  section  to  the  other.  If,  after  a  study,  this 
should  not  prove  to  be  feasible,  the  contractor  might  be 
able  to  work  with  manufacturers  in  the  same  district  who 
were  working  in  allied  lines.  I  am  very  well  acquainted  with 
manufacturers,  for  instance,  who  make  use  of  some  skilled 
labor  of  contractors  where  the  condition  is  something  like 
the  illustration  in  Fig.  2.  The  resulting  curve  of  an  actual 
condition  does  not  follow,  of  course,  as  well  as  the  resulting 
curve  of  a  hypothetical  condition;  but,  nevertheless,  there 
is  a  considerable  amount  of  equalization  possible  in  condi- 
tions as  they  exist  in  Chicago  at  the  present  time.  And  yet, 
there  are  a  large  number  of  men  from  a  construction  gang, 
lying  idle  on  the  streets  at  the  very  time  that  the  manufac- 
turers are  breaking  in  new  men  to  handle  their  work,  and 
vice  versa. 

Co-operation  between  the  Contractors'  Association  and  the 
Manufacturers'  Association  in  this  regard  w«uld  be  of  great 
benefit  to  both;  and  its  effect  on  the  present  demand  for 
higher  wages  could  be  made  a  very  real  factor  in  determin- 
mg  a  fair  wage-scale. 

A  few  years  ago,  a  suggestion  of  this  kind  would  have  been 
laughed  at,  but,  from  what  little  experience  I  have  had  in 
recent  years  with  general  contractors,  I  am  inclined  to  be- 
lieve that  there  are  possibilities  of  this  kind  at  the  present 
time. 

Applying  Standard  Principles  to  Costs.— Another  illustra- 
tion is  that  of  costs.  The  reason  for  the  lack  of  standard- 
ized costs  on  construction  jobs  up  to  recent  years,  I  think. 
may  be  traced  back  to  the  old  idea  that  each  new  job  in  con- 


c^fi^ 


En(/iii('i'iivfi  11)1(1  C<>iiti(i(ti)i(/  for  Aiifftist  27,  Un'.i. 


243 


trading  was  a  gamble.  It  is  only  within  recent  years  that 
the  average  contractor  has  considered  that  he  is  in  business 
in  the  same  way  that  the  manufacturer  is  in  business,  and 
that  it  is  just  as  much  to  his  interest  to  make  a  moderate 
profit  on  every  job  by  accurate  study  of  costs,  as  to  make  a 
very  large  profit  on  one  job  and  lose  on  the  next  one,  due 
to  guess-work ,  estimating,  depending  upon  sheer  luck  to 
carry  him  through  the  year  with  something  as  a  hank  bal- 
ance. This  condition  also  is  being  corrected  today,  and  you 
will  find  in  some  big  offices  just  as  much  care  being  taken 
in  estimating  on  the  basis  of  unit  cost,  as  you  will  find  in 
almost  any  manufacturing  concern.  This  has  led  to  a  stand- 
ard basis  of  prices,  and  there  are  a  great  many  contractors 
who  adhere  to  a  one-price  system  of  handling  their  jobs. 
The  customer  has  no  more  .chance  to  get  prices  cut  on  a  par- 
ticular piece  of  work  than  the  customer  who  deals  with  the 
average  manufacturer.  Many  contractors  have  been  inclined 
to  think  that  since  their  Work  was  not  surrounded  by  four 
walls,  they  are  unable  to  obtain  standard  conditions  on  any- 
thing and  were  unable  to  translate  good   working  conditions 
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list  need  be  a  permanent  variable,  and  even  this,  with  proper 
treatment,  may  be  reduced  to  more  or  less  of  a  Standard 
basis.  In  science,  we  find  that  generally.  It  is  bCBl  to  start 
with  the  known  and  proceed  to  the  unknown,  bo  we  take 
the  things  that  we  are  sure  of  and  work  toward  the  things 
which  we  are  not  certain  of.  I  am  inclined  to  believe  that  the 
reason  that  the  average  man  on  construction  work  believes 
that  this  work  cannot  be  standardized,  i.s  that  he  is  think- 
ing continually  of  the  variables  and  not  suthclently  of  the 
items  which   are  applicable  to  standards. 

Variables  In  Manufacturing. — The  other  nuin's  problems  al- 
ways seem  a  great  deal  easier  than  our  own.  Most  men  are 
inclined  to  believe  that  every  factory  has  constant  conditionB 
of  manufacturing  and  that  all  the  problems  of  the  manufac- 
turer have  been  solved  by  the  factory  a  great  many  years 
ago.  I  sometimes  wonder  what  the  average  contractor  would 
say  or  think  if  he  were  to  go  with  us  through  the  many  In- 
dustries it  has  been  our  privilege  to  survey  during  the  war. 
He  would  probably  find  that  many  of  the  manufacturing 
plants  which  he  has  been  regarding  with  awe  for  a  great 
many  years,  were  no  better  off,  in  a  great  many  ways,  than 
himself.  Many  manufacturing  plants  can  have  no  more 
definite  policy  as  to  output  or  as  to  sales  policy  by  which 
to  govern  their  manufacturing  than  the  contractor.  Take. 
tor  instance,  the  foundry,  machine  shop,  or  structural  shop. 
The  following  table  would  represent  a  fair  comparison  be- 
tween two  jobs  in  a  machine  shop  which  might  very  possi- 
bly  come   through   in   succession: 


Jan    Feb      Mar   Apr    May   June  July   Aug    Sept  Oct    Nov  Pec 


Fig.    2— Diagram    Showing     Possibility    of    Shifting     Labor    Between 
Local    Industries. 

from  one  job  to  another.  If  you  will  look  over  the  average 
job,  however,  you  will  discover  that  this  is  almost  altogether 
a  matter  of  planning  on  the  job,  and  that  with  the  proper 
plan,  the  difference  between  various  jobs  of  a  similar  char- 
acter is  comparatively  small  after  all. 

Standardizing  Brick  Laying.— Suppose  we  take,  for  iu- 
?tance,  a  job  of  bricklaying.  If  we  should  divide  this  work 
into  three  divisions,  and  classify  the  various  elements  that 
enter  into  a  job  of  brick  laying,  we  would  probably  find  the 
following: 


Stp.ndard  Conditions. 


Weight  of  mortar  per 

brick. 
Weight   of  brick. 
Weight    of    unit    load 

of  brick. 
Weight    ot    unit    load 

of  mortar, 
rattern     in     w  h  1  c  h 

hi'ick    muf.'<:    be    laid 

outside, 
t^attern     in     v-  h  i  c  h 

brick    must    be   laid 

inside. 
Condition    of    the    in- 

yide  of  wall. 
Pattern  of  arches  and 

other    openings 

within    certain    def- 
inite limit.'-. 
Style     of     laying'     up 

corners. 
Ijine. 
f^iimp. 


It    will    be    noted 
considered  more  or 


Conditions    Which 

Can   Xe\  er   Be 
.Slandardiz;d   Com- 

pli-tely. 
Conciitions   out.siil.- 
building. 


Conditions    W.hich 
Can  Be  Stands',  dized 
by  Proper  Planning 

and    Data. 
Height     of     wall     on 
which     workmen 
must  plac"  his  ma- 
terial by  the  use  ot 
proper    scaffolding.  . 
L,evel   at  which  ma- 
terial     must      be 
hauled    by    use    of 
proper    elevator 
equijinien*. 
Surrounding      condi- 
tions such  as  car- 
penter     work, 
plumbing,     electric 
lighting,     etc.,     by 
proper  planning. 
Labor  performed  per 
unit  of  time  by  the 
use     of     proper 
standards. 
General  working  con- 
ditions     inside     oi 
.stajidard    buildings 
tyy  proper  arrange- 
ment between  con- 
tractors, 
that   all   the   items   which   are   generally 
less  variable,  that  only  one  of  the  entire 

( 


Name  of  ^■ariabIe. 

Piece 

No     1, 

Piece  No.  2. 

Weight 

1   pound 

5  tons 

Limits  of  accuracy 

.0001" 

.1" 

Number  of  pieces 

5 

2 

Material 

brass 

cast  iron 

r^rougbt   from 

ntife'hboring  shop 

a  distance 

Shipped  to 

customer 

second  manufacturer 

Machine    shop    e^iuip- 

rtient 

on  hand 

to  be  erected 

.Skill  required 

medium 

very  high 

Time      allowed     for 

shipment. 

1  month 

2  days 

I^ocess  involved 

D 

2 

Let  any  contractor  take  the  above  table,  take  any  feature 
of  any  contract  he  may  have,  and  see  whether,  in  his  opin- 
ion, he  is  likely  to  have  more  radical  variables  than  he  has 
in  these  two  pieces  of  metal  which  go  through  the  ordinary 
jobbing  shop.  The  variations  shown  in  this  table  are  com- 
paratively simple,  compared  with  what  actually  appears  in 
practice  when  complicated  machinery  is  involved.  And  yet, 
the  jobbing  shop,  if  it  is  up-to-date,  keeps  accurate  track  of 
all  of  this  work,  and  has  standards  by  which  each  piece  *)f 
work  can  be  gaged.  In  many  of  the  shops,  however,  sUnd- 
ardization  work  has  not  been  carried  on,  and  here  you  find 
cases  of  extremely  high  overhead,  and  many  of  them  have 
no  idea  whatever  as  to  what  their  overhead  amounU  to.  They 
are  being  continually  compelled  to  purchase  new  equipment 
which  depreciates  at  the  rate  of  50  per  cent  a  year  when 
the  job  for  which  it  was  purchased  has  been  completed,  and 
most  of  the  profits  will  be  found  to  have  been  tied  up  in 
this  depreciation  and  completely  wiped  off  the  books. 

Construction  Problems  Not  Different-Many  contractors 
are  it.  exactly  the  same  condition  as  the  old  style  jobbing 
shops  They  maintain  no  general  sales  policy  and  sell  for 
ihe  opportunity  of  selling  rather  than  for  the  opportunity  of 
economical  construction.  Almost  every  contractors  yard 
will  disclose  equipment  which  has  been  tied  up  in  the  yard 
for  two  or  three  vears.  purchased  for  some  special  job  with 
the  idea  of  charging  a  large  part  of  the  cost  of  the  equip- 
ment against  the  job,  and  never  again  used  after  the  job  was 
finished  It  is  well  to  remember  that  some  of  the  Profits  for 
that  year  have  gone  into  the  depreciation  account^^which 
maintains   that   machine   in   the   yard 


When   once   the  big 


problems  have  been  taken  care  of,  the  handling  of  the  smaller 
prob  ems  on  construction  are  no  more  difficult  than  handlmg 
fhe  ame  problems  in  a  manufacturing  plant.  Take  the  cost 
system,  for  instance.  The  manufacturing  concern  «h'ch  can 
tike  the  total  expenses  for  the  year,  divide  them  by  the  toUl 
output  to  determine  the  cost  per  unit,  are  extremely  rare. 
We  generally  find  that  the  same  factors  which  >°terfere  with 
IlLrate  costs  in  the  plant  are  the  factors  -t'-h  -  -  -e 
with  accurate  costs  on  a  construction  job.  The  big  factors 
n  both  the  construction  job  and  in  the  manufacturing  ,ob 
Is   to   first   discover   what   factors   can   be   standardized,   — ' 
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then  to  standardize  these  items.  When  these  big  problems 
have  been  cleared  away,  tlie  remainins  problems  lose  much 
of  their  sisnificance. 

Obtaining  Standards  Through  Co-operation. — This  leads  us 
to  the  thought  that  it  is  perfectly  possible  for  an  association 
of  contractors  to  set  standards  on  a  wide  range  of  worli,  cov- 
erins,  not  only  the  worli  of  a  single  contractor,  but  the  work 
of  a  very  large  group  of  contractors,  such  as  that  represented 
by  the  Associated  General  Contractors  of  America.  When 
the  standards  have  been  set.  the  contractor  may  then  deter- 
mine the  efficiency  of  his  work  as  measured  against  these 
definite  standards,  and  thus  deteimiue  the  weak  spot  in  his 
own  organization.  These  standards  are  not  easy  to  obtain, 
nor  is  it  practical,  on  account  of  the  high  cost  involved,  to 
obtain  them  on  every  class  of  work:  but  on  such  classes 
of  work  as  brick-laying,  form-building,  some  types  of  exca- 
vation, and  other  similar  operations  where  an  application  is 
almost  universal,  it  would  certainly  be  of  great  benefit  to 
general  contractors  to  be  able  to  have  some  standards  by 
which    they   could    measure   their   performance. 

Standardizing  Methods  and  Equipment. — Nor  does  the  sub- 
ject of  standards  need  necessarily  be  confined  to  costs.  In 
fact  one  of  the  great  benefits  of  the  standardization  of  costs 
is  the  opportunity  that  it  affords  for  the  standardization  of 
methods  and  equipment.  At  the  present  time,  about  the  only 
basis  that  a  contractor  has  for  judging  the  utility  of  different 
types  of  equipment  are  the  claims  of  the  salesmen  who  sell 
the  equipment.  It  certainly  is  reasonable  to  suppose  that 
different  types  ol  equipment  have  a  legitimate  field  to  which 
they  are  adapted.  If.  through  a  careful  research,  it  were 
possible  to  show  the  varying  efficiency  for  each  class  of 
eqiiipment  under  different  conditions,  the  contractor  would 
very  probably  save  a  considerable  amount  of  money  in  the 
purchase  of  equipment  through  this  knowledge  of  the  de- 
mands in  his  own  business.  Vet  in  most  cases,  this  would 
be  a  comparatively  simple  problem  if  applied  to  a  large  asso- 
ciation of  contractors. 

Cost  finding  methods  form  another  possibility  of  stand- 
ards. With  standard  cost-finding  methods,  it  would  be  pos- 
sible for  large  groups  of  contractors  to  co-operate  in  the 
cost-finding  work,  and  thtis  save  a  large  amount  of  money 
in  clerical  work  and  in  mistakes,  due  to  faulty  cost-keeping 
methods.  In  tact,  in  all  problems  which  contractors  have  in 
common,  it  is  altogether  possible  to  set  standards  by  which 
each  man  may  gage  his  own  performances  and  perhaps  profit 
thereby. 


Setting    Blood    Albumin    Glue    in    a  Kiln 

The  high  water  resistant  qualities  of  blood  albumin  glue 
would  make  it  very  valuable  for  gluing  thicker  stock  than 
plywood,  when  such  stock  is  to  be  used  under  moist  atmos- 
pheric conditions.  An  obstacle  in  the  way  of  using  this  glue 
in  ordinary  joint  work,  however,  is  the  fact  that  to  coagulate 
and  set  it  a  temperature  of  160°  P.  or  more  is  required.  In 
the  manufacture  of  plywood  with  blood  glue,  the  joint  is 
made  in  a  hot  plate  press,  but  this  inethod  is  not  feasible 
for  heavy   stock. 

Recent  experiments  at  the  Forest  Products  Laboratory. 
Madison.  Wis.,  point  to  the  possibility  of  setting  blood  glue 
satisfactorily  in  a  kiln.  Heavy  blocks  were  glued  up  with 
blood  glue  in  the  usual  manner  and  put  under  pressure  with 
retaining  clamps  and  I-beams.  They  were  then  placed  in  a 
kiln  and  subjected  for  several  hours  to  a  temperature  of 
Irom  175"  to  200^  F.  A  relatively  high  humidity  was  main- 
tained in  order  to  prevent  loss  of  moisture  from  the  blocks 
and  an  accompanying  decrease  in  the  pressure. 

When  the  glue  was  applied  to  cold  wood,  from  15  to  18 
hours  in  the  kiln  were  required  to  set  the  glue.  When  the 
wood  was  heated  to  150°  F.  before  gluing,  the  length  of  time 
the  stock  had  to  be  left  in  the  kiln  was  much  reduced.  Two 
hours  at  a  temperature  of  200°  F.  were  found  sufficient  to  set 
the  glue  in  blocks   7%   in.  thick,  consisting  of  3  laminations. 

Severe  soaking  and  drying  tests  were  afterwards  given 
these  blocks,  and  except  for  slight  checking  on  the  unpro- 
tested ends,  the  glue  line  remained  intact.  The  shearing 
strength  (on  black  walnut  blocks)  previous  to  the  soaking 
tests  averaged  1.670  lb.  per  square  inch,  with  80  per  cent 
wood  failure.  When  tested  wet  after  soaking  for  3  days 
they  gave  an  average  strength  of  1.280  lb.  per  square  inch, 
v.ith   42  per  cent   wood   failure. 


The  Housing  Situation 

Two  bills  designed  to  relieve  the  great  national  shortage 
of  housing  facilities  have  been  introduced  in  Congress  by 
S^enator  Wm.  M.  Calder.  who  by  the  way.  was  formerly  a 
contractor.  One  of  the  bills  provides  for  the  creation  of  a 
home  loan  banking  system  that  would  make  available  at 
least  $2.0(10.000.0(10  of  assets  for  building  purposes.  The 
other  bill  provides  for  the  exemption  from  taxation  of  the 
income  on  mortgages  on  real  estate.  In  an  address  before 
the  Senate  on  Aug.  8  Senator  Calder  in  outlining  the  pur- 
poses of  these  bills,  presented  much  interesting  information 
on  the  present  building  situation.  The  matter  following  U 
abstracted  from  his  address: 

Small  Profits  for  Lower  Prices. — That  there  is  a  great 
national  shortage  of  building  is  questioned  by  none.  Build- 
ing, after  all.  is  a  part  of  the  war  debt.  It  must  be  paid  after 
the  war  is  over  at  an  increased  cost,  paid  for  in  the  cost  of 
building  or  in  rent  or  in  the  general  high  cost  of  living 
through   the  shortage  of  facilities. 

Authorities  offer  no  encouragement  that  there  is  an  ap- 
proaching lowering  of  cost,  the  consensus  of  opinion  being 
that  we  are  all  subject  to  influences  beyond  our  control — the 
world  shortage  of  men.  materials,  and  plant,  heavy  tax  bur- 
dens, and  foreign  political  complications. 

Lowering  of  prices  through  the  curtailment  of  exports  or 
the  increase  of  imports  seems  impossible  at  the  present  time. 
The  only  avenue  remaining  is  the  lowering  of  prices  through 
increasing  production. 

The  shortage  of  man  power  in  the  country  points  to  the 
necessity  of  improved  national  facilities  of  every  description. 
It  is  to  be  hoped  that  we  are  entering  upon  an  era  of  indus- 
trial development  which  in  effectiveness  will  outrun  that 
occurring  from  18(;5  to  1890.  when  machine  methods  replaced 
hand  methods  and  tonnage  production  replaced  pound  pack- 
ages. 

We  are  the  wealthiest  nation  in  the  world,  wealthier  than 
five  of  the  next  wealthiest  nations  combined  Our  wealth 
is  in  the  neighborhood  of  $265,000,000,000.  There  is  no 
nation  on  the  face  of  the  earth  with  so  large  and  homoge- 
neous a  population.  The  moral  characteristics  of  our  people 
have  been  quietly  but  unmistakably  indicated  by  their  re- 
sponse to  the  draft  and  to  the  war  loans. 

It  is  said  that  we  already  have  more  than  one-half  of  the 
tools  of  industry  of  the  entire  world,  and  these,  together  with 
our  remarkable  resources  and  with  the  spirit  of  American 
hustle,  have  made  possible  a  higher  standard  of  living  in  this 
country  than  in  any  part  of  the  globe. 

Now  that  we  are  facing  a  shortage  of  labor  and  conmiodity. 
let  us  improve  our  tools  of  industry  and  develop  our  national 
resources,  for  our  assets  are  surely  ample,  and  let  us  im- 
prove our  credit  facilities  for  necessary  construction. 

Material  and  Labor  Prices  in  1914  and  1919. — Prices  have 
been  so  high  that  many  men  have  been  afraid  to  undertake 
construction  work.  In  New  York  City  rents  have  increased  . 
"id  per  cent,  and  the  cost  of  building  houses  generally,  as 
compared  with  four  years  ago.  has  increased  at  least  80  per 
cent.  Let  me  point  out  the  difference  in  the  price  of  mate- 
rial and  labor  in  New  York  City  between  1914  and  1919.  and 
this  same  ratio  exists  throughout  the  entire  country. 

AVHnT.IO.«.\LE     PRICE.S    TiflLDING    MATERIALS,     XKW     YORK 
M.\RKET. 

.Average.-!.  lul.v.       Increase, 

tor  1915.  i;il9.  Pet. 

I.,ime.  common,  oer  barrel    %  1.24  $  2.7n  lis 

Cement,  per  liarrel.  net   .., l.O."!  2.05  99 

Common  brick,  per  thousand    5.94  16.00  170 

.''and,   per  cubic  yard    150  1.25  150 

Gravel,  per  cubic  yard 85         •       2,00  123 

Crushed  stone,  per  cubic  yard 85  1.75  106 

Linseefl  oil.  per  gallon   56  1.90  240 

White  lead  in  oil,  per  pound 07  .13  gfi 

Structural  steel,  -per  hundred-weight  . .     1.46  2.72  86 

Hemlock,  base  price  per  thousand   i22.50  40.00  7S 

Yellow  pine  timber,  short  leaf,  per  thou- 
sand   122.50  42  00  ST 

Yellow  pine,  long:  leaf,  per  thousand   . . .  '28. 00  .50.00  127 

Snruce  timbev.  per  thousand   '28.00  48.00  71 

Window  glass,  per  50  sa.  ft ;..     2.635  =6.20  136 

Plate  ;<lass.  5-10  sq.  ft.,  per  squaie  foot.       .25i;,  ".54  113 

'.July.   1915.     =ApriI.  1919. 

fXlON  \Y.\OE  SCALE, iBPILDING   TRADES.   N'KW    \i  iRK  CITY. 

Julv.  .July.  Increase 

1915.  1919.  Pet. 

Carpenters,   shop   work    $  4.00  $  6.00  50 

Carpenters,  outside    5  00  6.50  3i> 

Bricklayers     6.00  720  in 

tVnient  masons   5,00  6  50  .-^o 

Composition   roofeVs    S,50  .s.25  "0 


l./ii/iKfci  iinj  and  Vuittiuctiiuj  jm   .liiiiii.st  ::7,  H'lH. 


-M? 


liicLtncal  workers    1.80                li  0(1                25  "Tni             •"v       .  t           t         r             r%                          i        ■ 

Engineers  .hoisting,      B.U..        7.00        17  ]  hc   (jutlook   loF  Research  in 

-Marble  cutters  and  setters >.50  h.50  Is 

Metallic  lalhers   5.30                6.00                 13  \n-^^ri^n* 

Painters ' JOu                 BOO                50  /VllieriCa 

Plasterers    5.50  7.25  30 

Plumbers     5.50                7.00                27  By   NKVIL  MOMtOK   HOPKINS.  Ph.D. 

Roofers  and  sheet-metal  worker.-^   5.00                fi.OO                20  ■           Kesearrh  Knt,in.-rr.   WiiHhii.Kton,   I>.  f. 

Slate  and    tile   roofeis    o.oO  h.oO  18 

Steam  iitt?is  5.50               7.0U               27  AUKM'ica  now  undoilbtediv  .stands  iipuli  the  golden  tlir<-.'<liulil 

sJone  ma.soni  :".:::::::!::'.::::::::.'::;:     tlS              til              Is  of  her  greatest  era  of  indu.strlal   research,  invt-mlon  and  de- 
stone  setters   6.00              7.00               17  velopnient.      Will   she   protit   b.\    liei    powerful   KtratiKic   poul- 

Woodwo'^kers/pW  week  oV  48  hours;::  llw             2^50              53  •'«".  "'"i  develop  her  full  poHsibililles  an  the  horror»  of  the 

Hod  carriers  '. .  .     3.25               .'..50               6vi  great  war  fade  into  gray  ghosts  of  the  past? 

.vverage  increase  about  3H  per  cent.  Germany,     undoubtedly     the     greatest     organized     research 

Present   Problems  of  the   Building   Industry.— The   man   en-  nation   in  the  world  before  Ihe  war.  has  enjoyed  her  ascend- 

gaged  in  the  building  industry  today  faces  an  entirely  differ-  p^pj    .,ud  now.  with  prompt  and  elllcient  action,  it  la  possible 

ent  problem  than  he  did  four  years  ago.     During  the  war  the  f^,.  ,|,p   i^'nited   States,  or  England  or  France,  to  lead   for  all 

policy  of  the  GovemuTent  was  to  divide  its  work  among  the  ,jjj,g  j„   research  and  discovery. 

diltereut   concerns   in   the    same   line,   in    proportion    to   their  jf  „.p  ^^e  to  lead,  we  must  not  lose  sight  of  the  fact  for  a 

capacity   to   perform.     There   was   a   tixed    price   and   a    fixed  mtnient   that    great   German    committees   are   now   preparing 

profit.     There  was  little  or  no  competition.     It  was  a  matter  elaborale    programs,   and    with    proverbial    German    foresight 

of  collective  bargaining.     The  prices  of  a  given  article  were  .,,„i    thoroughness   for   organized    research    again,   and    Indus- 

practically   the   same,   no   matter   from   where   or     by     whom  ,,.j;,|   warfare. 

quoted.     Today  one  must   pay  practically  the  same   price  for  j^^^    Educational    Requirements   for   Research   Work.— It   is 

what  he  buys  no  matter  who  sells  it  to  him.  ,i(,„    i„   t|jp   ^eld   of   peace   research   that   we  should   develop 

During  the  war  we  abolished  the  economic  law   of  compe-  efficiency,  not  only   in  the  Inventor,   but   in  the  men  who  sit 

tition.  and  in  its  place  have  created  a  system  of  co-operation  j,j  j„fig,j,ent. 

where  men  in  every  line  of  industry  are  assured  a  profit  on  j-,j.     \y     jj      Whitney,   a   famo\is   .\iiierican   research   ehem- 

their  output.     This  is  all  very  fine  in  theory,  but  what  about  j^.^     jjtgtes:      "We    are    generally    superficial.      The    interest- 

the  ultimate  consumer?     The  man   who  builds  houses  today  j^^    jj^.^j,    „,-    j,    fg„.    exceptionally    able    American    inventors 

not  only  competes  with  other  men  who  build  under  the  same  ^.^^.^    j^^    ,j^   ^^   overprize    engineering    short   cuts.      We   are 

condition  but  with  men  who  have  old  houses  for  sale,  houses  patenting  inventions  at  the  rate  of  nearly  .iO.OOO  a  year,  but 

built  when  prices  tor  the  material  and  labor  that   went    into  ^.^^^.  j^^.  Americans  are  advancing  the  sciences  at  all." 

Ihem    were    little   over   half    what    they   are    at    present,   and  pj.    j    g    ^mes,  an  equally  famous  physicist,  writes:    "One 

while  this  era  of  high  prices  has  made  large  profits  for  those  illustration  of  this   may  sutiice;   one  government  board,  with 

who   were   wise   enough   to   purchase  houses   under  old    price  ^^.j,ose  activity  1  am  familiar,  has  had  submitted  to  it  in  the 

conditions,   the   man   who   builds   houses   today   runs   a    great  j-our^e  of  the  year  lU.OOd  projects  and   devices,  proposed   by 

risk  of  having  difficulty  in  disposing  of  them  unless  they  are  ^o-called   inventors;    of   these   only    five   had    sufficient    value 

unusually   attractive   and   different    in    type    from    those    built  ^^   deserve    encouragement.      I    have    nothing   but   admiration 

in  prewar  times.  lor  those  15,995  men,  whoiie  disappointnienl  must  have  been 

No  one  will  buy  a  new  house  when  he  can  get  an  old  one  |;een.      .Most   of   them    were   more   than   willing   to   give   their 

nearly  as  good  as  new  for  very  much  less  in  price.     The  prob-  inventions   freely   to   the   Government.     The   point  I    wish   to 

lem  is.  how  best  can  we  assure  the  builder  a  profit  reasonable  pmphasiz*    is,    that    the    ability    and    knowledge    required    In 

enough   to  induce   him  to  go  to   work.     In   every   city   in   the  „.agj„g  this  war  successfully  are  not  those  possessed  by  any 

nation  we  are  organizing  associations  to  prevent  profiteering  ^^^^,    ^j    ^^^^^^    except    those    with    a    profound    knowledge   of 

in   rents.     That   man   is   entitled   to   little   consideration    who  ^(.jenpe    ^mj    of    scientific    methods.      The    problems    are    too 

will  take  advantage  of  present  conditions  and  raise  rents  ab-  complicated.     It   is  true   that   with   the  help  of  trained   tech- 

uormally.  but  at  the  same  time  recognition  must  be  given  to  ^^.^..^j   ^^^^^^   ^^.^  ^^.jl,  ^^^  better  engines,  better  explosives,  bet- 

the  change  in  conditions,  and   the  man  who  is  compelled  to  ^^^_  ^^^^^    ^^^^   ^.^^  j^p^^   ^.^   should   be   truly  grateful   to  our 

increase  his  rents  in  keeping  with  larger  carrying  costs  must  ,jmch-boasted    American    genius.      Hut,    consider    a    problem 

be  distinguished  from  the  profiteer.     If  we  are  goiiig  to  give  ^^^^    ^^.^,    ^^^   jevise   a    light    signal,    which    can   be    used    by 

any  encouragement  to  the  builder  of  new  houses:   if  you  are  j_^^.   ^^  j^^.   j,igi,(    .^^^   which   will   be  absolutely   invisible   to 

ijoing  to  bring  about   a  condition   whereby  rents  will  be  sta-  ^^'^   enemy.     Who  can   solve  that?     The   answer   is  obvious: 

bilized.  then  you  have  got  to  give  the  man  who  takes  the  risk  ^^^^^^,  ^  pj^^gjcjgt  .. 

of  building  under  such  conditions  '^^'<^'->"   Pf  ^''^'^^.^™"'^f  Superficial    Invention  vs.   Scientific   Research.-It   has  been 

On   every   hand   we   hear  men   argue  that   the   workiiien   of  ^^.^  *;,^.^j    America   has   never   been   a    nation   of  research   in 

the  nation  should  have  a  better  understanding  with  the  em-  -^^^^       ofound    scientific   sense,    but    rather   one   of   superficial 

ployer,  and  that  there  should  be  a  division  of  profits,     l  am  invention      This  statement  has  been  resented,  but  more  from 

for  all   of  these   things,   but   there  is   a   degree   to   ^vhich   co-  \mpu\,e  than  from  a  careful  analysis  of  the  history 

operation  and  collective  bargaining  can  go  which   ma>    com-  p^^  ^^^^^^  j^  ^^^  subject 

pletely  destroy  the  entire  business  fabric,  and  unless  a  way  -    ^^-  ^^^^^^   ^,^   j^^^.^   ^^^    j^^^p   .^    number   of   brilliant   and 

is   found   to   prevent   abnormal   profits   in    building    '"ate"^'^'  o,V.und    American    research   scholars   in   some  of  our  older 

thereby  tremendously  increasing  the  cost  ot  production,  then  .^^^^.^^^^.^^^   ^^^   ,3^3,,.   during   the   war,   ranking   eaally   with 

there  must   be  no  complaint   against   high   rents  ana   greater  speaking   in   general   and   considering 

prices  for  the  sale  of  the  finished  building.     My  oj"  opimon  -y    ,^^^^^^^    ^^^.  ^^^^^    ^^    ^^^    ^^^_^^^^     ^^^    ^^^^    ^^    ^^^^ 

is  that  we  are  not.  for  many  years,  going  to  ha^e  an>  cheaper  ^^^^  scratched. 

construction.     While  it  )s   true   that  the  wages   of   workmen  " ^^^^^J''^^  J^  ^^  ^^^   great  war  just   closing  ha«  without  the 

are   high,   still,   in   comparison   with   the   things   these   wages  ^  ^^p^^  ^„p  ^f  (he  greatest  awakening  influences 

purchase,  they  are  not  too  high.     There  is  no  evidence  of  the  ^^-  po,;„try  has  ever  experienced  and  the  more  general  spirit 

necessities  ot  life  being  materially  reduced  in  price.  ^^  ^^^^  ,-esearch  has  begun  to  come  in  for  its  share  of  devel- 

$4,000,000,000    Worth    of    Houses    Needed.— In     the     United  ypj,,p,„                                                                                   ^ 

States  every  year  there  is  need  of  approximately  $3,000,000.-  ^^  ^^^  ^^^  young,  and  if  we  have  been  neglectful  and  even, 

000  worth  of  building  construction  to  meet  the  needs  ot  the  ^^.^^  certain  "exceptions,  stnpid  and  sihort-sighted.  there  is  now 

country.     Ot   this   total    perhaps   $2,000,000,000    worth     is   re-  j^^j^^.^   ^^   j^p   prpat   opportunity   to   make  amends  with   full 

quired  for  the  housing  of  the  people,  the  rest  being  used  for  ^^^^  ^^^^.^^  ^^^^^ 

industrial  and  amusement  purposes.  ...^he  time  has  come,"  writes  Dr.  J.  S.  Ames,  "for  America 

Today  in  the  United  States  we  are  short  nearly  $4,000,000,-  ^^  recognize  the  usefulness  of  the  scholar,  the  thinker,  the 

OHO  worth  ot  houses  for  our  people  to  live  in.     We  are  some-  ;^^.pj.,ig.,tor  of  science.     All  the  other  countries  of  the  world 

ihing  like   d  million  houses   behind   the   need.     And  for  that  ,^^^^  ^^^^  ^^  ^^^^  ^^^^p  „ 

reason  those  who  have  made  a  business  of  the  construction  ot  ^^^           .^   ^^   Research     in     European    Universities.— Since 

houses    should   have   no   misgivings   about    the   beginning   ot  writer's    earlv    education    was    received     in    schools     in 

construction  despite  the  high  prices.    Every  assistance  should      

be  extended  to  enable  our  people  to  build  or  buy  their  own  ^^.^„^^  ^^l^^^i^^^^^'Xl^^Ul^i^.lllf^'.^^'"' 
homes. 

(39) 


246 


Eiiginecriufi  aiid  Contract  Ik  n  for  Aiiiinst  :.'!",  1919. 


France,,  England  and  Germany,  the -spirit  of  painstaking  re- 
search' in  tile  universities  and  even  it  tlie  liigh  sciioois  abroad 
was  evident,  and  naturally  niade  it^  first  and  lasting  im- 
pression. In  Germany,  under  comp'i/Jsory  education  laws, 
within  the  black-white-red  painted  boundary  posts,  so  fa- 
miliar to  those  who  have  visited  and  studied  the  Empire,  I 
remember  that  the  spirit  of  textbooks  and  inquiry  into  the 
facts  a,nd  forces  of  nature  were  so  strongly  fostered  that  the 
boys  in  the  streets  of  German  cities  would  often  know  the 
names  of  great  scientists  and  other  renowned  scholars,  and 
not  the  names  of  the  strong  men  who  toyed  with  massive 
weights  in  the  public  squares,  or  the  national  gamesters. 

I  mention  this  to  bring  out  the  fact  that  Germany  has  never 
been  a  nation  of  sportsmen,  but  rather  one  of  abnormally 
close  and  painstaking  application,  and  when  J  was  a  student 
in  Munich,  I  could  not  fail  to  observe  and  record  how  mor- 
bidly close  the  German  stuck  to  his  studies.  No  engineer 
who  iias-  been  to  Germany  and  studied  and  traveled  there 
can  fail  to  appreciate  that  her  great  strength  during  the  war 
lay  in  the  foundation  of  her  organized  research,  and  that  in 
the  absence  of  a  true  and  fair  sporting  spirit,  she  was  with- 
out conscience  as  to  ways  and  means. 

But  she  was  devilishly  thorough  in  the  theory  and  practice 
of  her  research  methods.  Here  is  but  one  incident  which 
will  illustrate  the  point.  In  a  recent  conversation  with  the 
president  of  an  American  steel  company  with  whom  I  had 
to  do  in  the  manufacture  of  war  munitions,  he  informed  me 
that  his  supply  of  vanadium  for  the  making  of  vanadium 
alloy  steels  had  been  cut  off  from  the  supply  in  South 
America  through  the  poisoning  of  the  llamas  employed  in 
bringing  the  vanadium  ore  down  through-  the  hazardous 
passes  in  their  mountainous  country  by  agents  of  German 
scientists; 

French  and  English  as  Compared  with  German  Tech- 
nologists.— It  has  been  a  mistaken  notion  that  the  French 
and  the  British  did  not  produce  research  technologists  just 
as  keen  and  just  as  able  as  Germany,  even  in  the  most  com- 
plex organic  chemistry  of  dyeing!  which  has  often  been  re- 
garded as  a  German  art., 

When  the  great  art  of  dyeing  was  young,  the  academic  and 
practical   honors   were   by   no  means  all  Germany's. 

In  the  famous  international  exposition  in  London,  in  1862, 
the  chemical  genius  in  producing  intricate  coal-tar  products 
was  mainly  French  and  English.  Here  the  United  Kingdom 
received  12  medals  by  the  International  Jury  of  Award,  and 
France  received  21,  and  Germany  and  Austria  together 
only  12.  • 

The-genius  and  skill  were  all  there  with  France  and  Eng- 
land, but  for  some  reason  or  another  they  did  not  sustain  the 
competitive  commercial  spirit. 

Research  Efficiency  vs.  Protective  Tariff  and  Boycott. — If 
we  are  now  to  acquire  research  efficiency,  we  cannot  lapse 
into  stupid  indifference,  and  continue  to  elect  corruptible  or 
anti-American  politicians  and  place  them  at  the  helm  of 
affairs  of  state,  industry  and  commerce.  1  am  inclined  to 
think  that  we  are  awake  now,  and  that  we  will  not  be  caught 
napping  again.  Dissemination  of  German  gold  as  a  powerful 
part  of  German  propaganda  before  the  war  to  admit  German 
dyes  and  dyestuffs,  is  now  one  of  the  many  well-established 
facts  which  have  been  uncovered,  and  if  our  eyes  are  really 
opened  we  must  prepare  at  once  to  fight  educationally  and 
scientifically,  instituting  an  intensive  and  aggressive  cam- 
paign. We  have  learned  to  our  mortification  that  no  de- 
fensive bulwark,  in  the  form  of  a  tariff,  no  matter  how  high, 
will  answer  as  protection.  We  must  equip  for  the  battle  and 
stand  upon  our  feet  and  fight  to  capture  and  to  hold.  Re- 
liance upon  protection,  or  hoping  to  thrive  on  the  boycotting 
of  German  goods  now  that  the  war  is  won,  would  be  an  ex- 
excusable  lapsing  into  old  lamented  methods.  I  can  here 
testify  first  hand,  from  contact  with  many  American  manu- 
facturers, that  a  great  majority  of  them  belittled  academically 
trained  technologists  and  when  they  employed  them  at  all, 
they  were  regarded  as  a  highly  expensive  and  speculative 
investment.  While  Germany  was  building  some  of  her  great- 
est and  most  substantial  industries,  destined  to  shine  as  un- 
challenged examples  to  the  entire  world.  Great  Britain  and 
America  did  not  appreciate  the  soundness  of  their  slumbers. 
In  old  England,  I  have  been  told  that  chemists  were  not  fa- 
vored, because,  "knowing  something  about  the  business,  they 
might  influence  it  in  some  way." 

The  Chemist  as  a  Commercial  Asset. — Sir  Joseph  Lamar 
pointed  out  that  England  had  no  use  for  chemists,  but  that 
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Germany  regarded  them  as  the  highest  of  assets,  and  that 
the  present  war  is  one  of  chemists,  and  that  the  coming  peace 
will  likewise  be  one  of  chemists.  Professor  Armstrong  wrote 
in  the  London  Times  his  views  and  experiences  in  England 
also.  "Though  I  have  50  years'  experience  as  a  chemist," 
he  writes,  "particularly  in  connection  with  the  materials  be- 
ing used  in  the  manufacture  of  explosives  and  of  natural  and 
artificial  organic  products,  I  have  never  been  consulted;  and 
the  only  request  for  ray  assistance  that  I  have  received,  since' 
the  outbreak  of  the  war,  came  from  a  German  gentleman, 
long  since  naturalized  as  a  British  subject.  Xo  doubt  I  am 
properly  regarded  as  merely  a  retired  professor,  but  I  know 
highly  competent  younger  men  among  those  trained  By^  tne 
who  are  equally  unutilized." 

The  industrial  plan  in  Germany  was  ever  fundamentally 
based  upon  research  and  an  organization  designed  to  expand 
against  all  the  counter-forces  of  more  inert  nations,  until  she 
achieved  her  policy  of  world  domination.  And  in  this  grand 
scheme  of  organization  for  military  victory  as  well  as  indus- 
trial control,  it  may  now  be  seen  how  the  university  played 
a  most  important  part,  and  how  the  professors,  the  Herr  Pro- 
fessors, the  Herr  Doctor  Professor.s  and  the  Herr  Doctor 
Lecturer  Professors,  and  the  Herr  Doctor  Lectur6  Research 
Professors  threw  their  might  into  the  great  balance  of  her 
progressive   scheme.  '    '       ;  '  ' 

How  Shall  We  Develop  Our  Full  Scientific  Powers'?'^If  *e 
make  a  broad  and  careful  analysis  of  the  very  complex  con- 
ditions under  which  we  live;  it  is  certain  that  we  will  have 
come  to  the  rather  inspiring  conclusion — 

"That  the  World  Knows  Not  Its  Greatest  Men.' 

Why  doesn't  the  world  kno**  its  greatest  m'en?  From 
what  ranks  may  be  expect  theta?  How  can  they  be  intro- 
duced? •  '"    ■' , ,  "^    ' 

It  will  be  the  endeavor,  by  incorporating  the  views  of  .others 
who  have  given  much  attehtioii  to  the  subject,  to  answer  as 
far  as  practicable  these  vital,  questions.  There  are  in  this 
connection  at  least  two  methods  of  classifying  men — by  repu- 
tation, and  according  to  natural  gifts.  The  first  classification 
is  by  reputation  and  is  a  misleading  one,  aiid  the  second 
classification  is  obviously  very  difficult  of  achievetneut. 

A  man's  success  is  many  fields  depends  upon  opportunities, 
itnd  upon  natural  power  of  intellect,  and  sometimes  he  must 
possess  both-  of  these  factors. 

It  is  where  small  men  become  "great "  through  opportunity 
alone  that  it  is  regrettable. 

The  saying  "The  survival  of  the  fittest"  has  always,  been  a 
very  irritating  one  to  me,  since  many,  many  cases  of  the  sur- 
vival of  the  unfit  have  come  under  notice.  Since  according 
to  our  quotation,  "The  greatest  admirals  have  gone  down  in 
their  ships"  and  the  soundest  thinking  minds  have  not  come 
to  the  light  of  recognition,  if  in  dealing  with  the  subject  1 
take  a  different  point  of  view  from  the  one  of  customary 
praise,  one  which  I  believe  to  be  better  for  the  immediate 
future  of  our  country,  I  hope  that  I  may  not  be  misunderstood 
as  unsympathetic  or  in  the  least  unpatriotic. 

Few  Profound  Thinkers  During  Last  300  Years. — Professor 
Simon  Newcomb.  the  pre-eminent  genius  of  American  science, 
wrote  relative  to  the  comparatively  few  men  who  have  dem- 
onstrated the  profoundest  ability  in  the  field  of  research: 
"It  is  impressive  to  tltink  how  few  men  we  should  have  to 
remove  from  the  earth  during  the  past  three  centuries  to 
have  stopped  the  advance  of  our  civilization.  In  the  17th 
century  there  would  only  have  been  Galileo,  Newton,  and  a 
few  other  contemporaries;  in  the  18th,  they  could  almost 
have  been  counted  on  the  fingers;  and  they  have  not  crowded 
the  19th.  Even  today,  almost  every  great  institution  for 
scientific  research  owes  its  being  to  some  one  man,  who,  as 
its  founder  or  regenerator,  breathed  into  it  the  breath  of  life. 

"If  we  think  of  the  human  personality  as  comprehending 
not  merely  mind  and  body,  but  all  that  the  brain  has  set  in 
motion,  then  may  the  Greenwich  Observatory  of  today  be 
called  Airy;  that  of  Pulkowa,  Struve;  the  German  Reichsan- 
stalt.  Helmholtz;  the  Smithsonian  Institution.  Henry;  the 
Harvard  Museum  of  Comparative  Zoology,  Agassiz;  the  Har- 
vard Observatory,  Pickering." 

But  Professor  Newcomb  was  listing  great  institutions  and 
their  subsequent  world  influences  as  well  as  men  perhaps, 
so  under  this  interpretation,  I  may  without  presumption  add 
the  following  names  in  alphabetical  order  as  standing  for  in 
many  instances  equal  brilliance  with  those  supplied: 
Archimedes,  Avogadro,  Becquerel,  Berthelot,  Bessemer,  Bell, 
Brashear.    Cavendish.     Charles     Coulcomb,     Crookes,     Davy, 
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Dumas,  Daguene,  Darwin,   Dewar,  Dulong,  Edison,  Ericsson,  To  develop  the  intellectual  and  inventive  power.--  ui   m.^hi- 

Faraday,  Franklin,  Gay-Lussac,  Henry,  Joule,  Kelvin,  Kepler,  who  w^ork  in  the  shops,  I  would  recommend  constructive  study 

Langley,  Lavoisier,  Le  Chatelier,   Myer,   Afendleeff,   Maxwell,  in  the  sound  arts  and  sciences  as  already  outlined,  and  travel. 

Morse,   Newton.   Newcomb,   Oersted,   Ohm,    Pascal,   Ptolemy,  Do  not  be  prematurely  shocked  at  this  last  suggestiou,  for 

Pasteur,   Priestly,   Ramsay.   Rayleigh.   Thompson.   Tesla.  Tyn-  I  do  not  mean   that  the   workman   should   travel   around   the 

dall,  Volta,  Wheatstone.  world   or  even   elaborately   In  his   own   country,   but   that    be 

Why    Does    Not  the   World    Know    Its   Greatest   Men? — The  should  travel  from  one  field  of  activity  into  another,  whereby 

sooner   the   average   inventor   can   abandon    ingrowing   habits  he  may  gain  an  insight  into  many  industries, 

of  thought,  the  more  rapid  will  be  his  development.     There  Many  Men  of  Genius  Lost  Through  Press  of  Routine  Work. 

are    many   able   scientific   men  in   America   whom   the    world  Xow.  on  the  other  hand,   why   don't  we   produci-  bi-tlir  in- 

should,  and  \Vould  know,  if  only  they  could  be  relieved  from  ventors  and  more  geniuses  from  the  classes  with  more  com- 

the  strain  of  heavy  routine  executive  work,  or  be  allow^ed,  or  prehensive   educations? 

forced  but  from  the  narrow  confines  of  their  own  laboratories  Og  Tocqueville   wrote   concerning  America   in   this  connec- 

and   shops,   and   mentally   stretch    and   look   about   them   and  tion;     "It  must  be  admitted  that  among  the  civilized  peoples 

compare  notes  with  others.    There  is  another  class  who  have  of  our  times,  there  are  tew  in  which  the  higher  sciences  have 

been   accustomed   to   the   praise   and   applause   of   immediate  made  less  progress  than  in  the  United  States."    And  contiau- 

friends  and  misleading  admirers  in  a  little  community,  and  jng  he  adds:      "I  consider  the  people  of  the   United   SLatee 

who  do   not  appreciate  how   limited   are   their  horizons,  and  as  that  portion  of  the  English  people  which  is  charged  wlUi 

remain   selt'-safisfied   and   complacent   in   the   often   damaging  ihe  exploitation  of  the  forests  of  the  New  World,  while  ttna  . 

applause.               '  rest  of  the  nation,  enjoying  more  leisure  and  less  preoccupi*^ 

Where   Do   Men   of  Genius   in   the   Various  Activities  Come  with  the  materia!  needs  of  life,  may  devote  itself  to  tho>i£^ 

From? — Sir  Francis  Gallon  selected  100  Englishmen  of  well-  and  to  the  development  of  the  human  mind  in  every  field,".,,.,  , 

marked  meritorious  achievement,  and  after  carefully  tracing  j^  j^  ^^.^^  ^^^^  ^j^j^  statement  of  De  Tocqueville  was  wrlb . 

the  origin  of  each  man,  found  that  only  4  per  cent  came  from  ^^^  g^j^^g  years  ago,  but  he  points  out  a  truth  still  more  or 

the  manual  laboring  classes.     My  analysis  of  this  poor  show-  ,g^g  applicable  to  conditions  today   in  the  pursuit  of  wealth 

ing  in  the  laborer  is  lack  of  education  and  mental  training  ^^.^j^  ^^^  strenuous  preoccupation. 

of  those  who  work  long  hours  in  the  shops  and  factories.     I  Tyndall  wrote  also  in  this  connection  as  follows:     "If  great 

believe  the  universal  introduction  of  the  8-hour  day  will  go  scientific   results   have  not   been   achieved   in  America,  it  is 

a  long  way  to  correct  this  lack  of  opportunity  for  develop-  ^^^^  j^  ^1^^  small  agitations  of  society  that  I  should   be  dis- 

ment,   and   I   would    suggest   that   such   workmen    who    may  po^ed   to  ascribe   the   defect;    but  to   the   fact  that  the  men 

have  more  time  under  this  8-hour  day.  spend  their  leisure  or  ^mong  you  possess  the  endowments  necessary   for  profound 

golden  hours  to  better  advantage  than  agitating  for  a  6-hour  scientific  inquiry,  are  laden  with  duties  of  administration,  so 

da,y,  a  4-hour  day  and  what  not.     I  would  advise  his  studying  i^g^yy  gg  to  be  utterly  incompatible  with  the  conditions  and 

some   well   established   and   sound   constructive   subjects,   m-  tranquil  meditation  which  original  investigation  demands." 

stead   of,   especially   at   this   time,   being   led   or  coerced,   by  This  criticism- of  Tyndall  still  holds  in  full  force- today,,  and 

soap-box  orators,  or  selfish  labor  delegates,  with  no  perspec-  .^  undoubtedly  one  of  the  prime  rea.sons  why  America  doesn't 

five  or  by  I.  W.  \V.  leaders  into  dabbling  in  socialism  or  any  ^^^^    .^^  greatest  men— at  least  its  greatest  scientific  men. 

other  vague  political  or  so-called  economic  movement.  ^  rough-and-ready  life  in  a  country  to  be  conquered,  how- 

Of  course  I   would   not   expect  all   workmen  who   may  re-  ^^^^    ^^^  ^^^^^  developing  value  it  the  worker  Is  not  over- 

ceive   this  advice   to  follow   it,   but  I   am  confident,  from  an  ^^.^^.^^^j         . 

intimate  knowledge  of  the  plodder  in  sound  well-established  ^.^^^^  ^^  ^  farm  usually  excels  in  later  years,  and  I  think, 

arts  and  sciences,  that  if  he  devotes  his  time  to  fighting  his  ^^  ^^^  ^^  invention  goes,  the  stimulus  is  due  to  the  fact  that 

way   through  acquiring  knowledge,   instead   of   through   hate  ^  self-contained  farm  is  in  a  sense  a  complete  manufacturing 

and  dynamite,  he  will  in  America  reach  a  far  richer  goal  in  ^^^^^^  ^  laboratory  and  a  forum  of  combined  activity  of  mind 

a  far  shorter  time.  ^mj  ^ody.     In  earlier  days  every'  farmstead  was  a  very  com- 

Monsieur  Odin  made  a  life  study  of  6,000  Frenchmen  ot  ^^^^^  ^^^  self-contained  manufacturing  plant,  from  the  fab- 
eminent  attainment,  and  bis  alignment  with  the  English  ex-  ^..^.j^jj^^j^  ^^  candles  to  the  spinning  ot  the  wool  raised  at 
perimenter  was  fairly  good,  showing  a  parallel  of  9.3  per  cent  ^^^^^  ^^^  ^^^  making  of  the  rough  homespun  cloth,  the  drlv- 
in  the  production  of  genius  for  the  laboring  classes.  Mon-  .^^  ^^  ^^^.  ^^^^^^  ^^^  ^^^  crystal  water  from  its  depths,  the 
sieur  Odin  lists  the  resul,ls  of  his  inquries  as. follows:  ^^^^   consumed,   and   the   poultry  and   the  eggs,   the  butter, 

.;.,,..     ^,.           P^'jSe"'-  milk  and  cream,  were  all  products  of  the  self-contained  es- 

Governmeiit   offlciais  "!'.'.''!'•'••••••••  ■; ?"  tablishment.  ,,^.j,„if„llv     an     over- 

Liberiil  professions •  •. f'  Charles   Josiah   Gilpin   depicts   most   beautifull>     an    over- 
Bourgeoisie ;  ^^  g  worked  farmer,  possibly  the  father  of  little  James  Watt,  who 

.„.—::::;•...,,,,.,,,  ...on-... «.......«  -^■!iLi7irc:»T4'M.;Tr'aU?™i'r:.'er: 

exclaimed:  ^^^^  farmer  and  his  family  achieve  the  primary  habits  of 
•Genius  is  in  things,  not  m  men.  ...  ,v,  „,,♦  „„^  cMinn  is  the  farmstead  The  farmer,"  continued 
I  am  led  to  believe  that  genius  among  American  laborer  'J^^^J^^^f  .^^^^*^°"^^^^^^  ^-ith  bent  back,  striking 
will  Show  a  considerab^-  ^^^^^^^'^^'^^t  bl^'w^'fter^ro^fa't  The" weakest  point  in  the  earth's  crust  pull- 
attainment  as  evidenced  '^/'^^"ntTand  or  France  I  think  ing  upward,  loosening  the  earth's  grip  upon  a  portion  of  soil. 
more  conspicuous  than  m  ^'ther  England  or  France^    l  tn  n  g     p                          ^^^     ^^^  ^^^^^^   ^^^^,^^  .^  ^^^^  ^      ^^^^ 

that  this  may  be  due   to  a  considerable  extent  to  O"^  ™an>  ""'"-""'            „,echanical  victorv  is  repeated,  clod  by  clod. 

moderate  priced  and   excellent  semi-technical   iBagazines    as  This   ""-^^  ^^^  -^  '^^  ;"^";',,''„\,,_  ^ay  after  day,  all  through  the 

well  as  the  elaborately  illustrated  instruction  sheets  sold  b>  >^\^^J;>  J^^^^j, ';;;;,^'^non.     Unremittingly  looking  bus  earth 

the  several  correspondence  schools.             ^   ,     ^    a„„„„   the  'inta-onist  in  the  eve.  the  land  worker  gives  and  takes— gives 

How  May  Men  of  Genius  Be  Developed  from  Among  the  ^°'^'"°'^'  '";"  ;^ '^l^^  after-effects  into  his  own  body  and 
Laboring  Classes?-Ultimately  in  Amenca.  am  ver^  sure  ^-  /?.--  -^^^^'^^'^^  ^f  ;,„,  ,„,.ever  he  may  be  intellectually 
with  the  more  thorough  education  of  the  children  t'^-'t  arm  sou'^  routine  and  bodily  fatigue,  and  yet 
into  the  great  manual  laboring  f--  f  a^  a  --h  higher  "j'o;  f '/J- ^l^-^^^^rp,,  i„  the  hard  routine  work  ot  the 
percentage  of  laboring  men,  and  women,  wil  "«f  to  hign  we  se  accounting,  duties  of  man- 
positions  and  even  fame.  There  is  the  best  o  ^-h  matermj  «f  °^-'/°^^f ^.'^"istration,  and  it  he  is  rich  In  worldly 
here  to  work  upon,  especially  the  children  f;"-" J^oH  /^'^  Ss  s  he  the  owner,  or  do  these  worldly  things  own  him. 
little  towns  who  filter  through  the  schools  to  the  facto-'f^-  f'^f^'a  sou  ' 

At  the  present  time,  however,  about  90  per  cent  of  Ameri^  ^^^g^f^^l'^^^^^  „^„  ^  ^UHon.  or  does  the  million  ov.-n 

can    school    children    stop    their    studies    ^;;^^ . 'f  ^^^[^^^"^"/j  the  man '-and  here  I  am  speaking  ot  the  man  with  the  in- 

school.     If  their  schooling,  and  the  accompan>ing  tr^'°'°g  °£  venth-e  and  research  tvpe  of  mind. 

the  mind,  could  be  continued  tor  another  yf\°:'l%'\%l  ^'conclusion'-There  will  always  be  the  passion  for  acquiring. 

is  but  little  doubt  of  their  ultimate  increased  chances  to  rise  «=°"=^";'°"^-^^i^,i,„    ^„a,ehy  and  bolshevism,  for  it  is,  ac 

from  the  ranks  of  the  laboring  classes,  ^  ^reat^rmy  whose  ui^s  me  of  so      ^               .^,^    ^  ^^^„„1  j^p„, 

opportunities   and   influences  in  America  have   already   been  cora  ng   .^          j^,^„  ^^^.^  Morgan,  in  his  work  upon  ancient 
enormouslv  increased  by  the  fortunes  of  war. 
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Method   of  Rebuilding   the  Gene- 
see River  Bridge,  Lehigh 
Valley   R.  R. 

TVie  bridge  over  the  Genesee  River  on  the  Buffalo  Division 
of  the  Lehigh  Valley  R.  R.  was  originally  designed  for  a  so- 
called  "Lehigh  Valley"  heavy  grade  engine  weighing  126  tons 
(engine  and  tender),  the  axle  load  for  the  consolidation  type 
engine  being  4(l.0iMi  lb.,  making  the  loading  somewhat  near 
I'ooper's  Class  "E  40"  engines.  The  details  of  the  structure, 
too,  were  not  as  good  as  modern  practice  and  heavier  motive 
power  would  warrant.  The  bridge,  built  in  1891-1892,  con- 
sisted of  a  pin  connected  deck  span  of  225  ft.  length,  and  a 
deck  plate-girder  viaduct  of  ten  spans,  each  60  ft.,  two  each 
64  ft.  and  ten  tower  spans  each  30  ft.  long,  with  a  through 
plate  girder  span  over  the  Western  New  York  &  Penna.  R.  R. 
.58  ft.  4%  in.  long  adjoining  at  the  west  end.  making  the  total 
length  of  the  structure  about  1,311  ft.     The  spacing  of  trusses 


The  new  truss  span  Is  provided  with  u  steel  floor  Bjsieui 
placed  below  the  top  chord.  The  puuelM  of  the  truau  spau 
were  so  arranged  that  the  floor  beams  of  the  new  span  could 
be  erected  without  interference  with  the  posts  anil  dianoual 
eye  bars  of  the  existing  truss. 
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Details    of    Rebuilding     River    Span. 

und  viaduct  girders  was  10  ft.  c.  to  c.  with  three  lines  of 
trusses  and  girders  for  double  track.  The  through  plate 
girder  was  composed  of  three  girders  spaced  13  ft.  and  was 
provided  vith  the  usual  floor  beam  and  stringer  floor  sys- 
tems; 8  in.  by  16  in.  wooden  bridge  ties  placed  directly  on  the 
upper  chords  carried  tlie  rails  on  the  deck  spans. 

In  the  reconstruction  to  bring  tlie  structure  up  to  the  ca- 
pacity of  Cooper's  E  60  loading  (the  present  standard  loading 
used  on  the  Lehigh  Valley  R.  R.  main  line  bridges),  the  fol- 
lowing scheme  was  adopted: 

Raise  the  viaduct  towers  3  in.,  remove  the  X-braciug  of 
tower  bents,  and  introduce  inclined  sub-posts,  fastened  to  the 
foot  of  the  main  columns  and  supporting  the  existing  cross 
girders  at  other  end,  move  all  existing  viaduct  deck  plate 
girders  (three  lines)  to  the  east-bound  track,  spaced  3  ft.  6 
in.  center  to  center,  place  two  lines  of  new  viaduct  plate 
girders  for  the  west-bound  track,  replace  the  225-ft.  pin-con- 
nected deck  truss  span  with  a  two-truss  riveted  span,  the 
trusses  spaced  28  ft.  6  in.  to  permit  of  their  erection  outside 
of  the  existing  trusses 

cnt 


2^)2 


Hi'}". 


® 

i 


■X- 


-so-.J, 


{Base  of  fail 


I  I 

I  I 

_j<-30'_j, W Jk^io'  ^ (a  —  ■if^so'^-i, —  «'  — 

General    Elevation    of   Genesee    River   Bridge.    Lehigh   Valley    R.    it. 


^k=^' 


I 


250 


Engineering  and  Contracting  for  August  27,  1919. 


4  of  7vs5 


^___27'6' ^- 


All  Stringer  Laterals  l-LSixlixi' 


S-Pane/s  S>?r5''l70' ^^_rfj™5£_ ^ ^7,^ 


-  Vteit  10  Buffalo 

'  Hew  f^oSf  ^^  ^'nii  iircrlp  Ipvel 


, 225' 

Plan  of  lop  Chord 


ICov.lit'M'        2Bars8f''M' 
?-T0PL'6Ji4x'i,-   2-Pli  n'kx'A- 
Z-BotebthtW  2-PI5  M-t  %■ 


I'CovM'i'A' 
2-BotL'6i6ii%' 


-M  - 

l-COV  }6A'h' 

?-TopL^bx4t'lib"  ,„,v, 
Z-BotL'bxiJi-'/it;'  iptio^ 

2-net)5  Sixb"  ffewraiH 


'^'^'       P/an  orBoffom  C/iorc/ ' 
General    Elevation   with   Chord    Plans. 


The  extension  of  the  pier.s  of  the  river  span  to  allow  for 
under  spanning  of  trusses  and  also  the  lowering  of  the  hridge 
seats  to  provide  for  the  increased  truss  depth  adopted,  were 
done  by  the  railroad  company's  forces.  Cofferdams,  piling, 
concreting  and  reinforcing  for  this  work  offered  no  apparent 
difficulties,  the  new  structure  interferin-g  very  little  with  the 
old.  Bond  between,  old  masonry  and  new  concrete  was  ob- 
tained by  cutting  the  masonry  into  steps,  and  by  means  of 
bolts  in  the  old  masonry.  The  reinforcing  steel  was  "wired" 
to  the  bolts  for  anchorage.  No  changes  were  made  in  the 
foundations  of  the  tower  bents  except  to  place  a  3  in.  bed 
plate  under  each  column  bearing. 

To  permit  of  continuous  operation  of  trains  during  recon- 
struction, the  work  was  subdivided  into  three  stages.  The 
first  provided  for  raising  of  the  existing  viaduct  towers  3  in., 
each  tower  of  four  posts  being  raised  simultaneously.  In  this 
operation,  the  strengthening  of  the  viaduct  towers,  placing 
the  sub-posts,  new  cross  bracing  for  bents,  stiffening  of  cross 
girders  wei'e  also  done,  under  double  track  carload  operation 
but  under  reduced  speed.  Run-off  blocks,  to  provide  for  3  in. 
break  in  grade  were  used  only  on  the  truss  span. 

The  second  step  provided  for  single  track  operation  of  the 
east-bound  track,  for  a  total  length  of  2,500  ft.  by  means  of 
cross  overs. 

During  this  stage  of  the  work  the  contractor  removed  tem- 
porarily the  north  girders  of  the  existing  viaduct  and  placed 
the  new  girder  spans,  which  were  riveted  together  complete 
in  the  shop,  beginning  at  the  east  and  west  ends  of  the  truss 
span  and  working  east  and  west.  The  new  trusses  of  the 
river  span,  the  floor  beams,  and  as  much  of  the  sway  and  lat- 
eral bracing  as  cleared  the  old  truss  span,  were  also  placed 
into  position  from  pile  bents  and  falsework  erected  for  that 
purpose  across  the  river.  After  the  trusses  of  the  new  river 
span  and  the  floor  beam  connections  were  riveted  and  the  old 
center  and  south  trusses,  the  spacing  of  which  was  too  close 
to  permit  safe  operation  of  trains  without  the  stiffness  from 
the  old  north  truss,  were  braced  against  and  tied  to  the  new 
truss  span,  the  old  north  truss  and  bracing  between  it  and  the 
old  center  truss  were  then  removed,  section  after  section, 
placing  the  new  stringers  for  the  west-bound  track  as  fast  as. 
the  removal  of  sections  of  old  trusses  permitted.  During  this 
operation  the  north  half  of  the  through  plate  girder  span  over 


the  Western  New  York  &  Pennsylvania  R.  R.  was  also  re- 
placed, the  new  center  girder,  one  side  girder  and  the  floor 
system  being  placed  off  center  to  the  north,  to  clear  the  cen- 
ter girder  of  the  old  span. 

The  third  operation  provided  for  single-track  operation  on 
the  west-bound  track.  Under  this  the  old  center  plate  girders 
of  the  viaduct  were  shifted  southward  for  center  girders  of 
the  east-bound  track;  the  old  north  plate  girders,  which  were 
temporarily  removed,  were  erected  as  north  girders  for  the 
east-bound  track,  making,  with  the  old  south  girders,  three 
girders  for  this  track,  supplied  with  new  cross  frames  and 
lateral  bracing,  and  set  on  new  raising  blocks  resting  upon 
and  fastened  to  the  old  cross  girders  of  the  tower  bents. 
During  this  operation  also  the  remaining  two  old  trusses  of 
the  river  span  were  removed;  the  balance  of  the  lateral  and 
sway  bracing,  as  well  as  the  new  stringers  for  the  east-bound 
track,  were  placed  in  position  and  riveted,  and  the  south  half 
of  the  old  through  girders  span  at  the  west  end  was  moved 
and  the  new  south  girder  and  floor  system  for  this  span 
placed  into  position  and  riveted. 

After  the  ties  and  rails  for  the  east-bound  track  were 
placed,  double-track  operation  was  resumed,  completing  the 
work  of  reconstruction  of  the  bridge  except  for  the  painting 
of  steel  work,  which  was  done  during  the  summer  of  1918. 

The  total  weight  of  new  steel  used  in  the  structure  was 
over  3,000,000  lb.  Considering  the  shortage  of  labor  and  ex- 
traordinary war  conditions  under  which  the  work  was  done, 
better  progress  was  made  than  anticipated.  The  work  was 
commenced  on  May  1,  1917,  and  was  completed  Feb.  15,  1918, 
at  a  cost  of  $244,300. 

The  Bethlehem  Steel  Corporation  was  the  contractor  for 
the  superstructure.  The  structure  was  designed  by  the  Lehigh 
R.  R.,  George  T.  Hand,  chief  engineer;  P.  E.  SchoU,  bridge 
engineer.  The  latter  furnished  the  material  for  an  article  in 
Railway  Review  of  June  21,  1919,  of  which  this  is  an  abstract. 


Pan  Pacific  Engineering  Congress. — An  engineering  con- 
gress will  be  held  at  Weltevieden,  near  Batavia.  Java,  May 
8  to  15,  1920.  Follov^ing  the  congress  there  will  be  an  in- 
dustrial exhibition.  The  address  of  the  secretary  of  the  con- 
gress is  Molenvliet  East  3,  Weltevieden,  Java. 
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Standard    Recommended    Practice 
for  Portland  Cement  Stucco 

stucco  is  indeed  a  live  subject.  There  are  no  reasons  wliy 
Portland  cement  stucco  should  not  be  structurally  sound, 
durable,  and  capable  of  giving  satisfactory  service  with  little 
or  no  outlay  for  repairs  or  maintenance.  The  recommenda- 
tions by  the  Committee  on  Treatment  of  Concrete  Surfaces 
of  the  American  Concrete  Institute,  submitted  at  the  recent 
annual  convention  of  the  Institute,  are  printed  in  Vol.  XV, 
1919,  Proceedings  are  timely  and  it  will  pay  architects  and 
building  superintendents  and  especially  the  owners,  to  recog- 
nize them. 

The  committee  has  enumerated  the  recommendations  under 
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separate  headings,  design,  mft^qnry.walla,  .frame  Wi,ll«,  mal^^ 
rials,  preparation  of  mortar  and  mortar  et^^ts. 

Under  the  design,  stuccoed  . copings." corniceB,  aAd  other 
Horizontal  surfaces  are  nql  recommendetl.'  FlashingK  are  cov 
ered  very  thoroughly.  Under  frame  walls,  diagonal  Hlieath- 
ing  i.s  pointed  out, to  be  unecc^nomical  In  labor  and  material 
Metal  lath  needs  better  joining  and  fa.slening.  Not  enough 
test  data  are  available  to  entirely  eliminate  wood  lath.  No 
changes  to  speak  of  are  given  under  materials  or  prnpara- 
tion  of  mortar.  Stripped,  sand  floated,  sand-sprayed  rough- 
cast or  splatter  dash,  pebble  dash  and  e.xpoBed  aggregates 
.surfaces  are  described  in  detail. 

The  committee  recognizes  that  a  considerable  amount  of 
experimental  work  remains  to.be  doiie  before  the  best 
methods  of  producing  these  finishes  can  be  specified,  but 
hopes  that  by  hearty  co:operation  of  interested  agencies. 
this  experimental  work  may  soon  he  undertaken  and  carried 
to  a  successful   conclusion. 

Application  of  Stucco  in  Maconry  Walls.  As  the  commit 
tee  was  of  the  opinion  that  walls  of  hollow  tile,  brick,  con- 
crete block,  and  similar  materials  were  superior  to  frame 
construction  for  the  application' of  stucco,  a  change  in  the 
usual  order  of  the  paragraphs  under  "Structure"  was  recom- 
mended. The  committee  also  considered  it  advisable  to  in 
elude  somewhat  more  detail  in  the  paragraphs  relating  to 
masonry  surfaces.  The  following  revisions  in  the  latter 
group    were    accordingly    recommended:  " 

I.  Tile. — Tile  for  exterior  walls,  cojuninSj  etc.,  should  be  hard 
burned,  with  dovetail  ragged  scoring.'  Tile  should  be  set  in  oement 
mortar  composed  of  one  part  cement,  not  more  than  one-tlfth  pan 
hydrated  lime  and  three  parts  sand;  tjy  volume.  The  blocks  should 
vary  not  more  than  V4  in.  in  total  thloknesa  and  should  be  sot  witli 
exterior  faces  in  line.  .Joints  should  not  be  raked,  but  mortar  should 
be  cut  back  to  surface.  Neither  wire  mesh  or  waterproofing  of  any 
t.vpe  should  b<-  applied  to  tile  walls  before  plastering.  Tlio  surface 
of  the  iile  .■should  be  brushed  free  from  alt  din,  dust  and  loose 
particles,  and  should  be  wetted  to  such  a  degree  that  water  will  not 
be  rapidly  absorbed  from  the  plaster,  but  not  to  such  a.  defcrec  that 
water  will  remain  standing  on  the  surface  when  the  plaster  Ib 
applied. 

5.  Brick.— Surface  brick  should  be  rough,  hard  burned,  com- 
monly known  as  arch  brick.  Brick  should  be  set  in  cement  mortar 
with  joints  not  less  than  %  in.  thick,  and  the  mortar  should  be 
raked  out  for  at  least  hi  in.  from  the  face.  The  surface  of  the 
brick  should  be  brushed  free  from  all  dust,  dirt  and  loose  panlcleH. 
and  should  be  wetted  to  such -a  degree  that  water  will  not  be 
rai>idly  absorbed  from  the- plaster,,  but  not  to  such  a  degree  thai 
water  will  remain  standing  on  the  surface  when  the  plaster  Ik. 
applied. 

Old  brick  walls  which  are  to  be  overcoated  should  have  air  loose, 
friable,  or  soft  mortar  removed  from'  the  joints,  and  all  dirt  and 
foreign  matter  should  be  removed  b.v  hacking,  wire  brushing,  or 
other  effective  means.  Surfaces  that  have  been  painted  or  water- 
proofed should  be  lathed  with  metal  lath  before  overcoating. 

6.  Coacrete. — Monolithic  concrete  w^Us  should  preferably  bt 
rough  and  of  coarse  texture,  rather  than  smooth  and  dense,  for  the 
application  of  stucco.  Walls  of  this  type  should  be  cleaned  and 
roughened,  if  necessary,  by  hacking,  wire  brushing,  or  other 
effective  means.  The  surface  of  the  concrete  should  bo  brushed 
free  from  all  dust,  dirt  and  loose  particles,  and  should,  be  wetted 
to  such  a  degree  that  water  will  not  be  rapidly  absorbed  from  the 
plaster,  but  not  to  such  a  degree  that  water  will  remain  standing 
on  the  surface  when  the  plaster  is  applied. 

7.  Concrete  Block. — Concrete  block  for  stucco  walls  should  bo 
rough  and  of  coarse  texture,  but  not  weak  or  friable.  Block  should 
be  set  with  cement  mortar  joints,  whlchshould  be  raked  out  or  cm 
back  even  with  surface.  Before  applying  the  stucco  the  surface 
should  be  brushed  free  from  all  dust,  dirt  and  loose  particles,  and 
.-ihould  he  wetted  to  such  a  degree  that  water  will  not  be  rapidly 
absorbed  from  the  plaster,  but  not  to  such  a  degree  that  water  will 
remain  standing  on  the  surface  when  the  plaster  is  applied. 

In  the  foregoing  paragraphs  attention  is  called  to  the  de- 
gree of  wetting  of  the  surface,  which  is  Important  it  best 
results  are  to  be  obtained.  Too  dry  a  surface  will  absorb 
the  water  from  the  plaster  coat  before  the  latter  has  had 
time  to  obtain  its  set,  whereas  a  surface  which  is  completely 
saturated  is  likely  to  be  covered  with  a  thin  film  of  water, 
w^hich  will  prevent  proper  bond  of  the  plaster  coat. 

Stucco  on  Frame  Walls. — The  committee  report  contains 
the  following  remarks  relating  to  the  frame  structure:  The 
genera!  paragraph  on  framing  needs  no  revision  except  in 
regard  to  spacing  of  studs.  The  specified  12-in.  spacing  is 
perhaps  desirable  in  some  cases,  as,  for  example,  when  wire 
or  other  type  of  non-reinforced  lath  is  to  be  back  plastered, 
but  in  general  such  close  spacing  is  not  required. 

Good    bracing    i'     'l^"    frvim<"    i-^    iniinirtMiif    tr.    secure    the 
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necessary  rigidity.  Bridging  between  the  studs  at  least  once 
in  each  story  height  is  recommended  whether  the  frame  is 
to  be  sheathed  or  not.  In  tlie  former  case  the  bridging 
serves  as  a  fire  stop,*  even  if  not  necessary  as  bracing,  and 
should  be  of  the  same  size  as  the  studs  (usually  2x4-in.). 
In  the  back-plastered  type  of  construction  where  sheathing 
is  not  used,  bridging  is  required  for  stiffening  the  frame,  and 
should  be  1  in.  less  than  the  studs  in  depth.  It  should  be 
placed  horizontally,  and  1  in.  back  of  the  face  of  the  studs, 
in  order  that  the  back-plaster  coat  may  be  carried  past  the 
bridging  without  break  at  this  point.  Diagonal  bracing  at 
the  corners  of  each  wall  is  recommended,  especially  when 
sheathing  is  omitted.  Such  bracing  may  be  of  lx6-in.  boards, 
6  or  8  ft.  long,  let  into  the  studs  on  their  inner  side  in  order 
not  to  interfere  with  the  back  i)lastering  or  the  interior  plas- 
tering. The  length  of  the  corner  bracing  will,  of  course,  de- 
pend to  some  extent  on  the  location  of  window  or  other 
openings. 

WTien  sheathing  is  used,  it  should  be  laid  horizontally  and 
not  diagonally  across  the  studs.  The  stucco  test  panels 
erected  at  the  Bureau  of  Standards  in  191.5  and  1916  have 
demonstrated  conclusively  that  diagonal  sheathing  tends  to 
crack  the  overlying  stucco  by  setting  up  strains  in  the  sup- 
porting frame.  This  result  is  undoubtedly  due  to  the  shrink- 
age of  the  sheathing,  and  whatever  benefit  might  be  antici- 
pated from  the  more  effective  bracing  provided  by  diagonal 
sheathing  appears  to  be  more  than  offset  by  the  shrinkage 
effect.  Diagonal  sheathing  is  also  less  economical  than  hori- 
zontal sheathing,  botb  in  material  and  labor. 

Waterproofing  of  the  faces  of  the  studs  in  back-plastered 
construction  seems  to  be  ineffective  and  unnecessary,  and  its 
elimination  is  recommended. 

The  proper  type  and  depth  of  furring  is  a  question  on 
which  information  is  desired.  If  metal  lath  is  applied  over 
sheathing  and  the  commonly  recommended  practice  of  filling 
with  mortar  the  space  between  lath  and  sheathing  is  to  be 
followed,  there  seems  to  be  no  good  reason  for  using  furring 
deeper  than  \  in.  On  the  other  hand  lx2-in.  wood  furring 
is  widely  used  for  both  metal  and  wood  lath,  and  there  are 
good  arguments  both  for  and  against  this  type  of  furring. 
The  question  of  the  pioper  length  and  gage  of  staples  for 
metal  lath  is  involved  with  that  of  furring.  The  entire  sub- 
ject needs  investigation.  At  the  present  time  the  committee 
is  not  sufficiently  well  informed  to  recommend  a  change  in 
the  existing  paragraphs  of  the  specification,  aside  from  re- 
ducing the  depth  of  furring  from   %   to   %   in. 

.Metal  lath  should  be  specified  by  weight  rather  than  by 
gage,  and  should  be  always  galvanized  or  painted.  Gal- 
vanized lath  is  a  good  investment  in  most  cases,  and  is  to 
be  recommended  in  preference  to  painted  lath,  unless  the 
method  of  applying  the  stucco  is  such  as  to  insure  complete 
embedment  of  the  metal,  as,  for  example,  in  the  back-plas- 
tered type  of  construction. 

The  results  of  tests  and  field  observations  indicate  that 
more  attention  should  be  given  to  the  application  of  lath  to 
exterior  surfaces.  Cracks  frequently  develop  in  stucco  over 
laps  or  at  junctions  of  metal  and  wire  lath,  indicating  a 
weakness  at  these  points.  This  may  be  due  in  part  to  re- 
duced thickness  of  the  stucco  where  the  lath  is  lapped,  or 
to  insuflicient  tying  and  fastening  at  the  joints.  The  ideal 
job  of  lathing  would  obviously  be  that  in  which  the  latb 
forms  a  uniform  fabric  over  the  structure,  without  seams 
or  lines  of  weakness,  and  with  equal  reinforcing  value  in  all 
directions.  This  ideal  condition  cannot  be  realized,  but  evi- 
dence is  at  baud  to  indicate  that  butted  and  laced,  or  well- 
tied  horizontal  joints  are  better  than  lapped  joints,  and  in 
the  case  of  ribbed  lath,  that  carefully  locked  joints  are  bet- 
ter than  lapped  joints.  Vertical  joints  must  almost  of  neces- 
sity be  lapped,  but  the  joints  may  be  made  secure  if  they 
occur  over  supports  and  are  well  stapled  at  frequent  inter- 
vals. 

The  use  of  wood  lath  as  a  base  for  cement  stucco  finds 
many  advocates  and  many  opponents,  and  more  field  and 
test  data  should  be  available  before  the  evidence  for  and 
against  wood  lath  can  be  carefully  wei^ied.  Further  infor- 
mation is  desired  in  regard  to  the  type  of  wood  lath  best 
suited  for  cement  stucco.  In  some  of  the  most  satisfactory 
work  reported  by  the  committee,  the  lath  -were  of  white  pine 


1  in.  wide  and  Vi  iu.  thick.  Both  material  and  size  were 
here  unusual,  but  the  committee  is  of  tbe  opinion  that  this 
type  of  narrow  lath  is  worthy  of  consideration.  For  want  of 
information  as  to  the  practicability  of  specifying  any  par- 
ticular kind  of  wood  and  unusual  dimensions,  no  change  is 
suggested  at  the  present  time.  It  may  be  stated,  however, 
that  nearly  all  of  the  test  panels  of  wood  lath  erected  at  the 
Bureau  of  Standards  developed  large  cracks,  in  sucb  manner 
as  to  suggest  that  narrower  lath  (those  used  were  1%  in. 
wide)  with  wider  keys  and  heavier  nailing  would  have  given 
better  results.  The  tests  also  indicate  that  counter  lathing 
in  which  the  latb  are  applied  lattice  fashion  produces  no 
more  satisfactory  results  than  plain  lathing.  In  view  of  the 
much  greater  cost  of  counter  lathing  the  committee  recom- 
mends that  reference  to  this  type  of  application  be  omitted 
from  specifications. 

More  information  is  needed  on  the  subject  of  insulation,  par- 
ticularly in  connection  witb  the  back-plastered  type  of  con- 
struction. At  the  present  time,  the  warmth  of  the  back- 
plastered  stucco  house  in  comparison  with  that  of  the 
sheathed  house  is  questioned  by  some,  but  the  available  evi- 
dence seems  to  indicate  tbat  where  insulation  has  been  pro- 
vided as  specified,  generally  satisfactory  results  have  been 
obtained. 


Method    of   Determining    Moisture    Con- 
tent of  Wood 

The  Forest  Products  Laboratory,  Madison,  Wis.,  gives  the 
following  directions  for  determining  tbe  moisture  content  of 
wood: 

1.  Select  a   representative   sample  or  disc  of  the   material. 

2.  Immediately  after  sawing,  remove  all  loose  splinters 
and  weigh  the  sample. 

:!.  Put  sample  in  a  drying  oven  at  212  F.  (100'  V.)  and 
dry  until  constant   weight  is  attained. 

4.  Re-weigh  the  sample  to  obtain  the  oven  dry  weight. 

5.  Express  the  loss  in  weight  as  a  percentage  of  the  dry 
weight,    thus: 

('    original  —  oven-dry  \ 
weight           weight    \ 
— . I  100 
oven-dry  weight    / 
Short  pieces  of  wood  dry  out  much  more  rapidly  than  long 
ones.    In  order  to  reduce  the  time  required  for  drying;   there- 
fore, the  length  of  the  sample  in  the  direction  of  the  grain 
should  usually  be  about  1  in.,  or  not  more   than  to  give  the 
sample  a  volume  of  from  2  to  24  cu.  in. 

It  is  important  that  the  weight  be  taken  immediately  after 
the  sample  is  cut,  for  the  material  is  subject  to  moisture 
changes  on  exposure  to  tbe  air.  The  degree  and  rapidity 
of  change  are  dependent  on  the  moisture  content  of  the  piece 
and   the  air  conditions  to  which  it  is  exposed. 

In  order  to  insure  good  results,  the  weights  should  be  cor- 
rect to  within  at  least  %  of  1  per  cent. 

When  placed  in  the  oven  for  drying,  the  samples  should 
be  open-piled  to  allow  free  access  of  air  to  each  piece. 


•The  committt-e  take.-*  this  opportunity  of  recommending  fire 
stoppin,?  of  frame  structures  as  (iescrilied  in  the  Xational  Board  of 
kire   Uiiderwritcns'   booU   entitled    ■'IKvellinK  Houses." 


Fire  Proof  Briclc  and  Tile  Made  from 
Sawdust 

The  editor  recently  examined  some  bricks  and  roofing  tiles 
made  from  sawdust.  One  of  the  bricks  had  been  exposed  to 
the  flame  of  an  acetylene  torch  for  several  minutes,  and  was 
only  slightly  charred  on  the  surface.  Another  had  been 
alternately  heated  and  frozen  without  injury.  The  bricks 
weigh  only  62  lb.  per  cubic  foot  and  have  a  crushing  strength 
of  2..500  lb.  per  square  inch. 

In  the  manufacture  of  this  new  building  material,  sawdust 
is  ground  to  a  pulp,  mixed  with  a  special  cement,  pressed  in 
a  mold  and  allow  to  set  for  8  hours,  when  it  is  ready  for  use. 
It  is  stated  that  the  market  price  will  be  comparatively  low. 
The  material  can  be  molded  in  any  desired  form,  such  as  hol- 
low tile,  roofing  file,  etc.  It  makes  an  excellent  heat  insulator 
for  steam  pipes,  for  refrigerators,  etc.  As  a  substitute  for 
ordinary  shingles  it  appears  to  have  an  especially  good  field, 
since  it  is  almost  as  light  as  wood,  yet  is  fireproof. 

This  new  building  material  is  manufactured  by  The  Rolmer 
Co..  1424  Ewing  street,  Seattle,  Wash. 
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Calculation  of  Wind  Pressure  on 
Arched  Roofs 

The  reinforced  concrete  arch  is  an  economical  roof  lor 
large  spans,  over  ■;2.S  ft.  (l(i  meters).  But  to  be  economical, 
the  reinforced  concrete  arch  must  be  thin,  both  to  economize 
in  material  and  to  avoid  the  use  of  heavy  walls  and  columns 
lor  its  support.  In  addition  it  should  be  remembered  that 
the  forces  produced  in  a  parabolic  arch  by  the  contraction  of 
the  concrete  or  by  differences  in  temperature  have  the  value 


Fig.    1. 

4.'iaEl  -If-;  that  is  to  say.  are  proportional  to  the  moment  of 
inertia  1  and  that  the  bending  moments  at  different  points  are 
filso  proportional  to  I  or  in  other  words,  to  the  thickness  of 
the  arch.  To  determine  the  minimum  thickness  naturally 
reauires  careful  and  exact  preliminary  calculations.  The  fol- 
lowing method  of  determining  the  forces  and  moments  pro- 
duced in  parabolic  fixed  arches,  is  translated  from  an  article 
by  F.  Grau  in  Le  (lenie  Civil  of  May  :U: 

1st  Case.  Parabolic  Arch  Sub- 
jected to  Two  Forces  F  and  F' 
Equal,  but  with  Opposite  Sign  Ap- 
plied at  the  Two  Points  P  and  P' 
with  the  Same  Ordinate  P.  (Fig. 
1.) — The  force  F  applied  at  P  gives 
to  the  support  A  and  B  two  vertical  reactions  which 
are  equal  and  opposite.  The  force  F'  applied  at  P' 
gives  to  A  and  B  two  equal  reactions  opposed  to  thos-i 
of  P.  These  reactions  therefore  balance  each  other.  If  Q  is 
the  horizontal  force.  M„  the  bending  moment  for  conditions 
of  equilibrium  at  A. 

For  any  point  N  between  A  and  P  the  moment  is: 

M  =  M„  —  Qy 
For  any  point   X  between  P  and  P': 

M  =  M„  — Qy  +  F(y  — P) 
For  any   point  N  between  P'  and  B,  the  action  of  the  two 
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Fig.    3. 

forces   F  and    F'.   equal   but    with  opposite   sign,   cancel   each 
other,  and: 

M  =  M,  —  Qy 
Replacing  M  by  these  values  in  the  general  equations  for 
an  encastres  arch: 


Mdx  =  0     .  . 


and      I     Mydx  =  0 
we  have 


[li 
•[21 

.[31 
[4] 


M„J^  d^^'pfp    (y-pJ  ^x-qJ^  ydx  =  0     

Mcf'ydx  +  F  fp    y{y-p)<ix-Q J    y*<lx-0    

Integrating,  placing  PP'  equal  to  a  and  remembering  that 
the  equation  of  a  parabola  is: 

y  =  4f /1=  X  (1  —  X)    [5] 

we  have 


fj^^^ 


Ip    (>■  — PI  ax  =  parabolic  anli  s.iim   l'cF'  = 


2alf— p) 


2ri 

ydx  =  parabolic  arch  sector  ACH  = 

3 


16f=x"(l  — x-)dx/P 


/r 


-laf'/x'     2ix'     IV  \ 


15 

•pi 


y(y  -  P)dx  -Jp    (y  -  P)Mx  ^-  P  fp    (y  -  P).lx. 


and  applying  the  preceding  formulae 


/. 


P'    ,         ,,      8({-P)'a    „2(f-P)a 
y(y-p)dx-       .,        +P- 


15  "         3 

2a({-P)(4f  +  P) 
15 


Substituting    these   expressions    In    equations    [S]    and    [i], 
we  have: 

.\U  +  2/3  Fa(f  —  p)  —  Q  X  2,'3fl  =  " 
M„  X  2n/3  +  2a(t  — p)    (4f -^  p)/15  F-  iiVl/l'i,  1.1  =  0 
Eliminating  M„  from  the  two  equations  we  find: 

Q  =  a(f—  P)    I2f -I- :!P).  2ri   ■   F     [6] 

2d  Case.  The  Parabolic  Arch  Is  Subjected  to  a  single  Hori- 
zontal  Force   Applied  at   One  Point  P.   (Fig.  2.) — l^et  q    and  <l» 
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be  the  horizontal  forces  produced  at  A  and  B  by  this  force. 
The   equation    of    (projections)    gives: 

q,  +  q.  =  F 
If  we  imagine  a  force  P,  equal  and  opposite  to  the  first,  ap- 
plied at  the  point  P',  located  systematically  with  P.  this  new 
force  will  produce  at  A,  a  horizontal  force  9,  and  at  B  a  hori- 
zontal force  q,. 

The  total  force  at  A  will  therefore  be: 

q,  —  q:  =  Q 
From  these  two  equations,  we  obtain: 

q,  =  P-f  Q/2  =  P  2f=l +  a(f— p)    (2f  +  3p)/4r-l     [7] 

q..  =  F  —  Q/2  =  F  2f-l  — aif  -  p)    (2f  +  3p)/4Pl   ]8] 

3d    Case.     The    Parabolic    Arch    Is    Subjected    to   a    Uniform 
Horizontal  Pressure  Acting  Against  Half  of  the  Arch  (Wlnd>. 
-Let  m   be  the  unit   pressure      On  a  very  small  element  of 
the  arch,  of  ordinate  p,  the  pressure  will  be: 

dF  =  Di  dp 
giving  at  A  a  force: 

dq,  =  m  dp  X  2f-l  +  a(f  —  p)  (2f  -f  3p)/4n   [9] 

From  equation  [5]  of  the  parabola,  we  obtain: 

P  =  4f/1=  X  1  — a/2  X  l+a/2  =  f(l'  — a')/I' 
dp  =  2af/l=  da 
Substituting  these  values  for  P  and  dP  In  equation  [9]  and 
integrating,  we  find: 

q,  =  11/14  mf 
q:  =  .Vl»  mf 
Vertical  pressure  and  bending  moment   -M,  at  A  and   M,  at 
B,  for  all  points  of  the  left  half  of  the  arch: 

.\I  =  M,   (1  —  x)/l  +  M,x/1  —  q,y  X  myV2  +  Vx 
For  bU  points  of  the  right  half  of  the  arch: 

(f  — yl  = 

M  =  .M,  I  1  —  x)/l  -4-  .M-x/1  —  q,y  -r  my=/2  —  m rVx 

2 
Substituting  in  the  equations: 

r  Mdx^Oandf  Mxdx-0 

and  integrating,  we  obtain: 

:'0(M,  XM-  +  Vn  — 40fq, +  13mf-  =  0    [10] 

40M,  -4-  80M: •+  80VI  —  80fq,  X  21mP=  0     [11] 

If  the  forces  on  the  right  are  used  instead  of  those  on  the 
left,  the  moment  of  any  point  in  the  right  half  of  the  arch  Is: 
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M  =  Ml  —  x/l  +  M,  x/1  +  q,y  —  Vx 
and  for  the -left  half  of  the  arch: 

M  =  M,  1  —  x/l  +  M,x,/1  +  q,y  —  Vx  +  m/2  (t  - 
Substituting  these  values  for  M  In  the  equation: 


■  y)-' 


/: 


Mdx-0 


and  integrating,  we  oMaiu 

:^0(M,  +  M,  —  VI )  +  4(itq,  +  3nif-  =  0    [12] 

Replacing  qi  and  q,  by  their  values  llmt/14  and  ::!mt/14,  the 
three  equations  [10],  [11]  and  [12]  become: 

M,=  — 19Pf72S0.    M.,  =  51mfV2S0,   V  =  mf721 
Moment  at  any  point  with  co-ordinates  x  and  y.    The  mo- 
ment of  a  point  in  the  left  half  of  the  arch  is: 

M  =:  M,  I  —  x/l  +  M,  x/I  +  Vx  —  9,y  +  myV2 
and  for  the  right  half  of  the  arch.: 

M  ---=  M,l  — x/l-f  M,x/I  +  Vx  — 9,y  +  myV2  —  m(f  — y)V2 
Substituting  for  M,.  M„  V  aud  y^  their  values  as  found  above 
we  obtain  for  the  left  halt  of  the  arch: 

M  =.  pf7280i'   (2240X'  — 44801x"  —  31201x- —  SlOl'  X  oil*.) 
and  for  the  right  half  of  the  arch: 

'2801*  (—  240x^  +  :n nix  — SOP) 

Arches  Subjected  to  a  Sin- 
gle Horizontal  Force. — This 
ease  is  found  in  certain  forms 
which  consist  of  a  principal 
arch  with  a  more  elevated 
part  for  illumination,  etc. 
(Figs.  ?,  and  4.)  This  higher  part  produces  a  horizontal 
force  which  acts  at  one  point  on  the  lower  arch. 

The  forces  9,  9.  being  given  by  equations  [7]  and  [SJ,  the 
moments. at  the  supports  and  the  vertical  loads  on  the  sup- 
ports--m4y  be  coniputed,  as  is  done  above,  by  the  equations:  , 

%■  f\  /'I 

I     Mdx  =  Oand  |     Mxdx  =  0 

These  quantities  being  known,  the  moment  at  any  point 
is  determined  as  before. 

In  particular  if  the  load  F  is  applied  at  the  middle  (Fig.  .51 
of  the  arch,  we  have: 

q,  —  q,F/2,  M,  =  Ff /S,  M;  =  Ff/8,  V  =  Ff /I 
The  moment  at  any  point  with 
the' left  half  of  the' arch:  '    '    '     ' 

M  =  M,  1  —  x/l  +  M..  x/r-f  Vx  —  Qy  =  Ft/8I=  d' - 
lGx=) 
and  for  the  right  half  Of  the'  arch: '  ' 
,         •  ■  U-^  Ff/Sl=  t— '71"  X  221x  —  16x-')  ■ 


Fig.    5. 
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Securing     Smooth   and   Uniform    Surface 
Finish  for  Concrete  Bridges 

One  of  the  special  features  of  the  recently  com- 
pleted Bellevue  Park  Bridge  at  St.  Louis  is  the  excellent  ap- 
pearance of  the  concrete  surface.  This  finish  was  secured  in 
the  following  mannVr:  As  soon  as  the  forms  were  removed 
such  portions  of  the  concrete  surface  as  appeared  to  be  porous 
were  covered  with  a  thin  coating  of  mortar,  consisting  of  1 
part  Portland  cement  and  2  parts  Pacific  white  sand,  applied 
with  a  brush  and  thoroughly  rubbed  in  with  carborundum 
blocks  and  allowed  to  stand  for  two  days.  The  entire  surface 
of  the  concrete  was  then  wetted  and  rubbed  with  caroborun- 
dum  blocks  until  all'  form  niaVks  werfe  removed.'  A  coat  of 
mortar  mixed  as  above  noted  was  then  applied  over  the  en- 
tire surface,  rubbed  in  thoroughly  with  the  carborundum 
blocks  brushed  off  smooth  and  allowed  to  harden  for  two 
days  Finally  the  entire  surface  was  again  wetted  and  rubbed 
and  then  washed  with  clear  water.  The  white  sand  was  a 
very  fine  silica  sand  that  acted  well  in  grinding  the  surface 
and  seemed  to  enter  into  and  fill  up  the  pores  in  the  concrete. 
There  was  a  total  of  20,500  sq;  ft.  of  surface  finish  work  on 
the  bridge.  This  was  paid  for  at  a  unit  price  of  3%  ct.  per 
square  foot. 

A  A  E  to  Move  ItG  Head  Offices.— The  American  Associa- 
tion of 'Engineers  has  grown  so  fast  during  the  last  six  months 
that  the  national  headquarters  of  the  association  m  Chicago 
has  outgrown  its  quarters.  Within  the  next  two  or  three 
weeks  these  headquarters  will  be  moved  from  the  present 
location  at  29  South  La  Salle  street  to  the  Nepeenauk  Build- 
ing at  63  East  Adams  street,  where  a  lease  has  been  taken 
on  6  000  square  feet  of  office  space.  The  Chicago  Chapter, 
which  has  over  1,100  members,  will  take  over  the  space  va- 
cated by  the  national  headquarters  of  the  association. 


Design  and  Construction  Features 
of  Concrete  Fuel  Oil  Tanks* 

By  H.  B.  ANDREWS, 
Consviltinf?   Engineer,    Springfield,   Mass. 

The  reservoir  should  be  located  a  safe  distance  frp'tn  in- 
flammable structures  as  far  as  possible  consistent  with  pump- 
ing requirements.  If  near  .  buildings  it  should  be  covered 
with  at  least  18  in.  of  earth,  to  decrease  fire  hazards  and  als6' 
to  minimize  oil  evaporation.  If  distant  frorii  buildings,  it 
should  be  at  least  half  underground,  and,  if  possible,  the  ex- 
cavated material  should  be  used  in  banking  up  around  it. 

The  reservoir  should  be  limited  in  size  for  two  reasons: 
First,  the  necessity  for  not  exceeding  a  (Jay's  working  limit 
in  operation  of  pouring  concrete  so  that  joints  between  oper- 
ations may  be  eliminated,  and  second,  so  that  in  case  of  an 
accident  or  fire  in  any  reservoir  too  much  oil  in  storage  will 
not  be  involved.  This  size  limit  should  not  be  over  300,000 
gal.  under  most  conditions. 

Reservoirs  should  he  circular  in  shape,  the  better  and  more  _ 
directly  to  take  care  of  involved  stresses  and  to  avert  danger 
of  tensile  or  temperature  cracks.  They  should  be  so  propor- 
tioned and  designed  as  to  limit  the  number  of  pouring  oper- 
ations of- concrete,  in  order  to  avoid  joints  between'-fhese  op- 
erations. 

Care  should  be  taken  to  provide  for  all  exterior  stresses, 
such  as  hydrostatic  pressure  from  groundwater,  earth  pres- . 
sure  on  walls,  and  roof  if  reservoir  is  buried,  and  also  to 
avoid  as  far  as  possible  concentration  of,  loads  on  walls  or 
footings.  Where  joints  are  absolutely  necessary  they  should 
be  so  protected  that  there  will  be  no  leakage  through  them. 
Regarding  hydrostatic  pressure,  while  engineers  have  found 
from  tests  that  this  pressure  in  soils  is  only  about  50  per  cent 
of  the.  full  head  of  water,  it  is  not  safe  to  design  for  stresses 
less  than  the  full  head,  as  any  deflection  in  the  concrete  ad- 
mitting a  film  of  water  betwen  the  earth  and  the  concrete  will 
produce  the  full  hydrostatic  pressure. 

Concrete  surfaces  must  be  temporarily  or  permanently  pro- 
teced  so  that  oil  will  not  come  in  immediate  contact  with 
them  if  the  concrete  is  less  than  six  weeks  old. 

Falsework  must  be  designed  to  hold  concrete  temporarily 
in  place  so  that  it  will'  not  fail  or  be  disttJrted  \vhile  placing 
concrete.  It  is  especially  necessary  to  provide  for  the  firm 
holding  of  wall  forms,  as  the  pressure  of  several  feet  of  con- 
crete poured  quickly  as  a  monolith  is  intense,  and  any  "give" 
of  the  forms  after  the  concrete  has  obtained  its  initial  set 
breaks  up  the  crystals  already  formed  and  allows  expansion 
of  the  concrete  mass,  with  resultant  porosity  and  loss  of 
strength. 

Concrete  must  be  so  designed  that  it  will  resist  all  exterior 
stresses  to  which  it  is  subjected  and  so  that  it  will  be  oil- 
proof.  One  of  the  principal  features  of  this  design  is  to  make 
the  walls  of  circular  reservoirs  in  tension  sufficiently  thick  so 
that  the  ultimate  strength  of  the  concrete  in  tension  will  not 
be  exceeded.  It  is  not  meant  to  leave  out  the  steel  rein- 
forcement so  that  the  stress  will  theoreticaly  be  borne  by  the 
concrete,  but  nevertheless  it  will  be  borne  by  it  unless  some 
unforeseen  weakening  of  the  concrete  should  throw  it  upon 
the  steel. 

An  extended  investigation,  by  the  writer,  on  high  circular 
concrete  standpipes  for  water  showed  that  if  the  concrete  in 
the  wall  was  stressed  beyond  its  elastic  limit,  or  ultimate 
strength,  vertical  hair  cracks  will  appear  of  sufficient  width 
to  admit  water  into  the  body  of  the  concrete.  This  ultimate 
tensile  strength  in  a  1:1%:  3  concrete  from  tests  made  for 
the  writer  at  the  Watertown  Arsenal  was  203  lb.  per  square 
inch.  Where  the  concrete  is  in  large  sectional  areas,  and  re- 
inforced, this  tensile  strength  will  probably  be  somewhat 
higher.  If  a  stress  not  exceeding  150  lb.  per  square  inch  is 
allowed  in  tension  there  will  be  no  danger  of  these  vertical 
cracks  appearing. 

Reinforcement  must  be  so  designed  that  it  will  take  care 
of  all  interior  and  exterior  stresses,  and  with  fittings  to  hold 
it  rigidly  in  place  while  the  concrete  is  being  poured.     Steel 

•Prom  a  paper  presented  at  the  annual  convention  of  the  Ameri- 
can Concrete  Institute.  .Tune.  1»19 
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in  tension  in  walls  should  not  be  stressed  over  10,000  lb.  per 
sqiiare  inch  to  conform  with  insurance  company  require- 
ments. The  writer  does  not  think  that  it  is  necessary  to 
figure  the  stress  as  low  as  this,  under  usual  conditions,  as  he 
has  satisfactorily  constructed  many  reservoirs  using  a  stress 
of  14.000  lb.  But  the  lower  stress  is  an  additional  safeguard 
against  inferior  workmanship  by  ine.xperienced  contractors 
and  against  any  decrease  in  bond  strength  due  to  oil  pene- 
tration of  concrete.  It  is  probably  unwise  to  depart  radically 
from  insurance  company  recommendations.  All  reinforcing 
rods  in  concrete  exposed  to  oil  should  be  of  a  deformed  sec- 
tion, for  better  bonding  value. 

For  other  parts  of  the  reservoir  the  recommendations  of 
the  Joint  Committee  on  Concrete  and  Reinforced  Concrete 
should  be  followed. 

The  concrete  should  be  no  leaner  than  a  mix  composed  of 
one  part  of  cement,  1%  parts  of  sand  and  3  parts  broken 
stone  or  gravel.  To  this  mix  should  be  added  a  "densifler." 
Hydrated  lime  has  been  found  economical  and  satisfactory 
for  this  purpose,  using  10  lb.  of  dry  lime  to  each  bag  of 
cement.  The  stone  must  be  hard  and  clean,  the  best  material 
being  traprock,  granite  or  gravel.  The  sand  must  be  free 
from  any  deleterious  matter,  and  should  be  well  graded. 
Cement  should  be  of  an  established  quality. 

The  concrete  should  be  deposited  continuously  in  concen- 
trie  layers  not  over  12  in.  deep  in  any  one  place.  No  break 
in  time  over  30  minutes  is  permissible  in  depositing  concrete 
during  any  one  operation,  and  if  any  delay  occurs  amounting 
to  30  minutes  or  more  the  previous  surface  must  be  thor- 
oughly chopped  up  with  spades  before  the  next  layer  of  con- 
crete is  deposited. 

The  different  operations  in  pouring  are:  (1)  The  Pouring 
of  the  floor  and  footings;  (2)  the  pouring  of  the  entire  wall; 
(3)  the  pouring  of  the  roof.  In  small  reservoirs  the  wall 
forms  may  be  supported  so  that  the  footings,  floor  and  wall 
may  be  poured  in  one  continuous  operation.  An  approved 
Joint  or  dam  must  be  made  between  the  floor  and  the  wall. 

Concrete  should  be  mixed  by  a  mixing  plant  of  sufficient 
size  and  power  to  carry  out  each  separate  prearranged  oper- 
ation without  danger  of  delay  during  the  process.  The  mate- 
rials should  be  mixed  at  least  2  minutes  in  the  mixer,  using 
just  enough  water  to  obtain  a  plastic  mix  without  excess 
water  coming  to  the  surface  after  the  concrete  is  deposited, 
and  a  measuring  tank  should  be  used  so  that  the  amount  of 
water  may  be  kept  uniform. 

The  concrete  when  deposited  in  forms  should  be  well 
spaded  by  at  least  four  competent  laborers  who  are  not  afraid 
to  use  their  muscle  in  compacting  the  concrete  thoroughly  and 
working  out  the  trapped  air  bubbles. 

Reinforcement  should  be  of  round  deformed  medium  steel 
bars.  These  bars  should  be  bent  or  curved  true  to  templets 
carefully  placed  in  their  predesigned  location,  and  rigidly 
maintained  there  by  mechanical  means.  No  laps  should  be 
less  than  40  diameters  and  no  two  laps  of  adjacent  rods 
should  be  directly  opposite  each  other. 

The  forms  should  be  of  a  good  material,  strongly  made  and 
so  braced,  or  held  in  place  by  circumferential  bands,  that  no 
distortion  allowing  displacement  of  concrete  during  its  initial 
set  is  possible. 

The  surface  of  the  floor  should  be  troweled  smooth  as 
soon  as  it  can  be  properly  done. 

Concrete  designed  and  placed  as  recommended  herein  is 
practically  oil-tight,  but  as  oils  are  somewhat  detrimental  to 
fresh  concrete  it  is  advisable  to  put  on  an  interior  wash  or 
coating  to  protect  the  fresh  concrete  from  the  action  of  the 
oil,  for  such  a  time  as  may  be  necessary  for  it  to  cure  and 
harden  sufficiently.  Silicate  of  soda,  while  not  a  permanent 
coating,  has  been  used  satisfactorily  for  this  purpose  accord- 
ing to  the  following  specification   for  oil-proofing: 

The  surface  of  the  floor  and  the  interior  surface  of  the 
wall  are  to  be  coated  with  silicate  of  soda  of  a  consistency 
of  40°  B.,  and  applied  as  follows: 

First  Coat— One  part  of  silicate  of  soda  and  three  parts 
water,  applied  with  brush,  and  all  excess  liquid  wiped  off  with 
cloth  before  drying. 

Second  Coat— One  part  of  silicate  of  soda  and  two  parts 
water  applied  as  above. 

Third  Coat— One  part  silicate  of  soda  and  one  part  water, 
applied  with  brush  and  allowed  to  dry. 

Fourth  Coat— Applied  same  as  third. 
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Strength  and  Other  Properties  of 
Wire  Rope 

There  have  been  lew  syelematlc  researches  conducted  by 
engineering    laboratories    to    determine    the    physical    prop- 
erties of  wire   ropes.     The   tests   which   have  been   made   by 
manufacturers  are,  as  a  rule,  not  available  for  critical  com- 
parative study  by  engineers.     The  investigations  which  buve 
been  made  abroad,  notably  those  by  Tetmajer  and  the  South 
African   Commission,   have   covered    particular   types   of   con- 
structions, such  as  cables  for  tramway  and  mine  hoists.    The 
results  cannot  be  strictly  applied  to  American  practice.     The 
reason    that    systematic    experimentation    In    this    field    has 
been  somewhat   limited   may   be  attributed   to  the   fact   thai 
it  is  difficult  to  obtain  a  large  number  of  specimens  for  test 
purposes  which  have  been  selected  under  uniform  specifica- 
tions.    The   relative    cost   of   preparing   specimens   is,    more- 
over, as  a  rule,  quite  out  of  proportion  to  the  yield  of  test 
data.    In  Technologic  Paper  No.  121  issued  last  month  by  the 
U.  S.  Bureau  of  Standards  results  of  tests  made  by  the  Bureau 
upon   275   wire   rope   specimens  are  given.     The   specimens. 
selected  under  the  specifications  of  the  Isthmian  Canal  Com 
mission,  and  ranged   in  diameter  from   %   in.  to  3V4   in.  and 
comprised  five  of  the  more  common  classes  used  in  engineer- 
ing practice.    The  laws  of  construction  of  the  specimens  were 
determined   and   were   used  as   the   basis   of  the  analysis  of 
their   physical   behaviors   under   stress.     Numerous  compara- 
tive physical  and  chemical  tests  were  presented  of  the  wires. 
fibers  and  lubricants  used   in  wire  rope  construction.     Over 
half  the  specimens  were  plow  and  crucible-cast  steel  hoisting 
rope  of  C  and   8  strands  of  19   wires  each.     The  remainder 
were  guy  and  tiller  ropes  of  6  strands  of  7  wires  and  6  strands 
of  42  wires  each. 
The  conclusions,  as  given  in  the  paper,  are  as  follows: 
Recapitulation   of  Structural    Data.— The  linear  dimensions 
of  the  wires,  strands,  and  rope  cores  were  found  from  meas- 
urements to  be  proportional  to  the  diameters  of  the  cables. 
The  diameters  of  strands  and  rope  cores  were  generally  one- 
third   the   diameters   of  the   cable,   the  cores  of  the  8  by   19 
plow-steel  rope  being  slightly  larger.    The  mean  pitch  or  lay 
of   a   strand    was   approximately   7%    times   the   diameter  of 
the   cable.     The  mean   lay   of   the   wires   was   approximately 
2%   times  the  diameter  of  the  cable.     The   mean  diameters 
of  the  wires  are  given  approximately  by  the  equation 
d  =3  diameter  of  wires;  D  =  diameter  of  cable; 
N=:  number  of  wires  in  outer  ring  of  strand. 
D 

d  =  K : 

N  +  3  f  1.0  for  hoisting  and  guy  rope. 

K  =  -j     .8  for  flexible  hoisting  rope. 
[   .33  for  tiller  rope. 
The  mean  aggregate  sectional  area  of  the  wires  in  a  cable 
in    terms    of    its    diameter    is    given    approximately    by    the 

1  ormula : 

I  0.41  for  6  by  19  plow-steel  rope. 
I    .38  for  6  by  19  crucible-cast  steel  rope. 
A  =  C  D=;  C=   •{    .38  for  6  by  7  guy  rope. 

I    .35  for  8  by  19  plow-steel  rope. 
[    .26  for  6  by  42  iron  tiller  rope. 
The  sectional  area  of  the  steel  in  a  .cable  in  terms  of  the 
mean  area  of  its  wires  is  given  by  the  formula: 
I  A  =^  area  of  steel. 
J  S  =  number  of  strands. 
A  =  SL3n(n       1)  +  Ija:    ^  ^  —number  of  concentric  rings. 
I  a  ^  mean  area  of  a  wire. 
Recapitulation   of   the    Results  of  Test:;   of  Cables.— It  was 
found    when   the   observed    maximum   loads   were   platted    as 
functions  of  the  diameters  of  the  cables  of  each  class  that 
the  lower  boundary  of  the  field  comprising  these  observations 
could  be  expressed  within  fairly  close  limits  by  the  formula: 
Load  =  C  75000  0= 
''■'   D  =  diampter  of  cable, 
mean  about  l.p,  —     .Plow  steel  6  by  19  cables. 


f=0.9tol.l; 


=  .8  to  1.00;  mean  about    .851- 


C-! 
I 


z=  .3  to    .45;  mean  about    .35,; 


5  Plow  steel  8  by  Ifl. 
"  /  Craeible-cast  steel  e  by  19. 

•  J  Tiller  rope  6  by  42 
".^{Oiry  rope  6  by  7. 


The  specificati'ons'.and  the  standard  strengths  of  the  man- 
ufacturers' were  found  in  genera;i  to  agree  quite  closely  with 
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the  loads  defined  by  these  lower  boundaries.  The  arithmeti- 
cal means  of  tlie  observed  maximum  loads  from  the  tests 
were  usually  about  5  to  12  per  cent  higher  than  the  minimum 
values  recorded,  depending  upon  the  particular  grade  of  steel 
used  by  the  manufacturer  in  meeting  the  requirements  of 
the  specifications. 

The  mean  values  of  the  observed  maximum  stresses  found 
tor  the  different  classes  of  cables  when  platted  in  curves 
showed  a  general  correspondence  with  similar  curves  platted 
from  stresses  fig.ured  from  the  maximum  loads  given  by  the 
specifications  and  the  standard  strengths  of  the  manufac- 
turers. The  smooth  curves  following  the  general  trend  of 
the  platted  observations  were  of  the  type  found  in  tests  of 
wires  of  different  diameters.  The  relatively  higti  maximum 
stresses  found  for  small  cables  were  attributed  to  the  greater 
strengths  of  the  wires  as  a  result  of  wire  drawing. 

The  observed  unit  elongations  under  cumulative  stresses 
showed  some  irregularities  for  different  cables  of  the  same 
class  and  diameter.  The  elongations  were  nearly  propor- 
tional to  the  stresses  in  a  particular  cable.  The  calculated 
moduli  of  the  cables  varied  from  3  by  10"  to  9  by  10"  lb.  per 
square  incti  of  cable  section.  While  this  is  increased  by 
service,  it  is  believed  the  limit  of  12.000,000  lb.  per  square 
inch  used  in  the  calculation  of  bending  stresses  is  ample. 

Recapitulation  of  Results  of  Tests  for  Quality  of  Material. 
■ — The  tensile  strengths  of  wires  in  a  strand  were  quite 
uniform.  The  maximum  elongations  were  relatively  high, 
considering  the  strength  of  the  wires.  The  strengths  of 
wires  in  cables  of  the  same  class  and  diameter  were  quite 
uniform  when  the  steel  was  of  the  same  grade.  The  rela- 
tively large  departures  from  the  mean  in  a  group  of  cables 
of  the  same  class  may  be  attributed  to  the  fact  that  the 
chemical  constituents  are  not  identical  in  all  cases,  but 
depend  upon  the  particular  type  of  steel  submitted  by  the 
manufacturers  in  meeting  the  provisions  of  the  specifications. 
Tfie  variations  in  the  strengths  of  the  cables  were  larger 
than  would  have  occurred  if  all  specimens  of  a  class  had 
been  selected  from  the  same  manufacturer  and  had  they 
been  constructed  of  the  same  grade  of  steel. 

The  fiber  used  for  rope  cores  in  the  hoisting  cable  of  1% 
and  IV2  ill-  diameter  was  estimated  to  be  manila,  jute,  or 
istle.  In  some  cases  mauritius  had  been  mixed  with  the  istle. 
Manila  fiber  is  considered  to  be  most  efficient  for  power 
transmission  and  hoisting  cables,  on  account  of  its  greater 
strength  and  ability  to  resist  alternate  bending.  It  is  prob- 
ably more  efficient  for  ship  rigging  and  like  purposes,  where 
the  cables  are  exposed  to  sea  water. 

The  preservative  and  lubricants  used  were  wood  or  vege- 
table tar  combined  with  petroleum  oil  or  other  petroleum 
products.  Experience,  from  tests  of  cable  used  in  practice 
shows  that  the  cables  when  bent  over  sheaves  should  be 
lubricated  at  frequent  intervals  to  prevent  corrosion  of  the 
wires  and  rigidity  and  drying  out  of  the  core,  and  to  insure 
more  freedom  of  action  of  the  strands  and  wires  in  adjust- 
ing themselves  in  resisting  direct  and  bending  stresses. 
Otherwise  the  strength  is  impaired  by  corrosion  and  denting 
of  the  wires  from  irregular  stress  distributions. 

The  efficiency  of  a  cable  in  developing  the  strength  of  the 
wir»s  depends  theoretically  upon  the  construction  and  lays 
of  the  strands  and  wires.  The  effective  component  along 
the  cable  axis  was  found  to  be  about  89  per  cent  of  the  work- 
ing stress  in  the  wires  for  6  by  19  plow-steel  cables.  The 
mean  component  developed  at  rupture  was  found  to  be  about 
8  per  cent  less  than  the  theoretical  value  computed  on  the 
basis  of  an  elastic  behavior  of  the  material.  This  was  at- 
tributed to  different  degrees  of  ductility  possessed  by  the 
wires  and  some  variation  in  their  strengths.  It  is  the  opin- 
ion that  the  efficiency  of  different  constructions  will  be  in 
closer  agreement  with  the  computed  efficiency  when  working 
stresses  are  not  exceeded. 


Heavy  Girder  Spans  for  Railway  Bridges. — Long  heavy 
through  girder  spans  were  used  in  the  reconstruction  of  the 
Big  Four  Ry.  bridges  over  the  Scioto  River  and  Olentangy 
Creek  near  Columbus,  O.  The  Scioto  River  bridge  has  one 
span  of  106  ft.  3  in.,  and  three  of  95  ft.  9  in.  The  other  bridge 
has  three  109  ft.  3  in.  spans.  The  bridges  were  designed  for 
E-70  loading.  New  York  Central  Lines  specifications.  Thus, 
with  a  double  track,  through-girder  span,  106  ft.  long,  the  con- 
struction became  very  heavy,  as  will  be  seen  from  the  fact 
that  the  steel  in  the  one  span  weighed  250  tons. 


The  Contractor's  Salary  as  an 
Overhead  Charge* 

By  J.  F.  LIDRAL, 
(Jf  Arveson  &   I^idra],  General  Contractors.   Seattle.  Wash. 

There  are  many  among  you  who  have  been  brought  up  on 
construction  work  since  boyhood.  There  are  others  atnong 
you  who  have  perhaps  gone  to  school  to  more  scientifically 
equip  yourselves  for  your  life's  work.  In  either  case  you  have 
devoted  long  years  of  experience  and  hard  work  to  place 
yourselves  in  a  position  to  be  able  to  accomplish  something 
which  the  ordinary  individual  cannot  do.  You  have  all  the 
marks  of  a  profession  if  you  will  demand  from  the  world  that 
you  are  professional  men. 

When  a  calling  is  placed  in  the  rank  of  a  profession,  the 
world  recognizes  that  the  individual  engaged  therein  has  been 
qualified  by  virtue  of  long  study  and  experience  and  classes 
him  as  an  expert  who  is  capable  of  understanding  and  under- 
taking difficult  problems.  With  this  recognition  comes  also 
the  inclination  to  be  willing  to  compensate  him  in  direct  pro- 
portion and  to  the  extent  that  he  is  able  to  save  time  and 
money  for  the  man  who  engages  him. 

You  have  endeavored  to  build  up  your  organization  and 
working  force.  You  have  saved  your  money  and  paid  your 
bills  in  an  attempt  to  Imild  up  your  credit  standing.  Why? 
So  that  you  are  able  to  perform  work  better  and  quicker  and 
buy  material  cheaper  than  the  outsider  or  the  ordinary  lay- 
man. 

Now,  laying  aside  for  the  moment  the  fact  that  you  risk 
your  money  and  reputation  in  your  business,  how  much  in  the 
nature  of  a  salary  are  you  worth  to  your  firm?  Are  you 
working  simply  for  the  love  of  work  or  are  you  worth  a  sal- 
ary of  $100,  $200  or  $1,000?  You  hire  a  foreman  and  you  pay 
him  perhaps  $10  a  day  or  approximately  $250  a  month.  This 
foreman  is  working  for  you  because  he  lacks  something  you 
possess.  Either  he  does  not  possess  the  necessary  knowl- 
edge to  run  his  own  business  or  his  credit  is  gone  or  he  pos- 
sesses too  much  knowledge,  knowing  that  he  would  be  minus 
his  $250  if  he  figured  his  worth  as  do  some  contractors.  The 
foreman  works  his  8  hours  pei*  day  and  his  troubles  end. 

There  are  very  few  of  you  who  limit  our  week's  work  to  a 
miniirum  of  40  hours  for  your  profession.  It  is  more  likely 
that  you  are  on  the  job  at  7:30  and  spend  the  time  until  4:3<i 
racing  like  mad  to  keep  it  going.  Then  you  go  to  the  office 
until  6  trying  to  catch  up  with  what  you  missed  during  the 
day.  In  the  evening  you  have  an  engagement,  here,  for  ex- 
ample, if  you  wish,  or  some  party  wishes  a  little  free  in- 
formation about  a  building  they  never  intend  to  erect,  or 
your  car  needs  adjusting  after  a  hard  day's  abuse  hauling 
nails  and  wheelbarrows  or  you  may  go  back  to  the  office  to 
work  on  the  books  to  worry  about  how  you  are  coming  out 
on  that  job  you  took  too  low.  Even  Saturdays  and  Sundays 
are  not  exempt  for  most  of  you,  and  I'll  wager  that  the  ma- 
jority of  you  neglect  your  families  almost  entirely.  It  is  safe 
to  assume  that  you  put  in  more  than  double  the  time  your 
foreman  does.  Is  it  not  logical  that  each  and  every  one  of 
you  is  worth  at  least  $500  to  your  firm?  This  item  is  just 
as  much  an  overhead  as  is  your  office  rent,  interest  on  the 
m.oney  invested  and  other  items.  In  other  words  to  the  over- 
head of  every  firm  should  be  added  a  salary  for  each  indi- 
vidual engaged  therein. 

Some  of  you  may  not  agree  with  me  perhaps  and  will  make 
the  declaration  that  a  man's  compensation  should  come  out 
of  the  profit.  The  definition  of  business  is  an  undertaking  to 
which  risk  is  attached  and  which  is  attempted  in  order  to  re- 
sult in  a  profit.  Your  overhead  does  not  and  cannot  include 
a  probable  loss  on  any  job.  You  lose  money  as  all  of  you 
have  done  at  different  times.  Your  profit  then  is  solely  the 
necessary  compensation  over  and  above  everything  else  to 
warrant  your  assuming  the  risk  involved.  In  other  words  it 
is  a  bonus  over  and  above  your  overhead  and  labor  which 
is  rightfully  yours  for  the  assumption  of  the  undertaking. 

It  may  be  well  at  this  point  to  make  comment  on  some  of 
the  work  going  on  this  spring.  There  is  at  present  a  notice- 
able shortage  of  carpenters  and  bricklayers.  All  are  em- 
ployed, indicating  that  there  is  considerable  work  underway. 
Go  along  any  street  of  this  city  and  you  will  see  evidence  of 
considerable  building  activity.  How  many  of  you  contractors 
have  a  job  at  present  that  you  are  satisfied  is  bringing  you 
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all  the  returns  to  which  you  are  entitled.  There  seems  to 
be  plenty,  and  still  most  of  you  are  marking  time  waiting  for 
more  work  to  turn  up  at  better  prices. 

We  will  take  a  concrete  example:  The  1-story  mill  type 
garages,  so  many  of  which  are  under  construction  at  the 
present  time,  with  brick  walls,  concrete  floor,  tar  and  gravel 
roof  on  trusses  and  cold  water  paint  on  the  interior.  This  is 
the  simplest  sort  of  a  job  to  figure  and  yet  our  figures  vary 
100  per  cent.  Why?  There  are  no  slave  drivers  among 
us  nowadays.  The  workmen  will  give  just  about  the  same 
amount  of  work  to  all  of  us.  Your  credit,  let  us  assume 
is  equally  good  or  at  most  we  cannot  underbuy  each  other 
more  than  10  per  cent.  There  are  two  reasons.  First,  you 
are  afraid  that  the  other  fellow  is  going  to  grab  it  and  you 
cannot  get  over  the  idea  that  you  may  make  a  little  spend- 
ing money  if  all  goes  well  and  you  are  lucky.  Second,  you 
have  been  influenced  by  owners  and  real  estate  operators 
who  convince  you  that  such  buildings  have  always  been  and 
are  now  being  built  for  f>%  cts.  a  cubic  toot.  It  can't  be  done. 
You  can't  put  in  brickwork  for  much  less  than  $40  and  Sin. 
concrete,  including  form  work,  much  under  $18.  so  what  is 
the  use  and  why  worry  about  the  cheap  owners  and  archi- 
tects who  convince  some  uninformed  mortal  to  pack  their 
troubles.  I  plead  with  you  that  in  these  days  of  plenty  for 
all  of  us  that  you  figure  to  come  out  on  top.  allowing  for 
your  overhead,  a  salary  for  yourself  and  a  fair  profit. 

In  closing.  I  would  like  to  ask  each  one  of  you  this  ques- 
tion: What  do  you  consider  you  are  worth  to  the  business 
and  professional  world  standing  apart  as  one  who  is  an  ex- 
pert? Not  until  you  take  enough  personal  pride  in  yourself 
and  place  a  fair  price  on  your  labor  will  the  world  w-ake  up 
to  the  fact  that  you  deserve  recognition  as  an  expert  and 
are  entitled  to  a  fair  compensation  for  the  time,  money,  ex- 
perience, and  energy  which  you  have  devoted  to  your  life's 
work. 


Waterproof  Glues  in  Automobile 
Manufacture 

Some  of  the  new  waterproof  glues  developed  primarily 
tor  aircraft  purposes  during  the  war  offer  the  possibility  of 
overcoming  a  difficulty  that  has  proved  very  annoying,  both 
to  the  automobile  owner  and  to  the  manufacturer,  wherever 
linoleum  is  used  on  the  running  boards  or  as  a  covering  for 
the  floor  of  the  car.  Ordinary  glues  which  are  soluble  in 
water  are  not  very  effective  in  cementing  linoleum,  and  most 
automobile  owners  have  soon  discovered  that  the  glue  dis- 
integrates and  the  linoleum  comes  loose  after  the  car  has 
been  washed  a  few  times.  Casein  glues  are  admirably 
adapted  to  this  purpose,  and  if  the  quality  is  right  and  they 
are  properly  applied  the  linoleum  should  give  no  trouble 
during  the  life  of  the  car.  Casein  glues  are  exceedingly  re- 
sistant to  the  action  of  water  and  retain  a  very  high  per- 
centage of  their  original  strength,  even  after  long  immer- 
sion under  water  They  are  comparatively  inexpensive,  and 
the  materials  from  which  they  are  made  are  readily  avail- 
able in  the  market.  They  are  applied  cold  and  will  set 
without    the   application    of   heat. 

Civil  Service  Examination  for  Bridge  Engineer. — The  I'.  S. 
Civil  Service  Commission  will  hold  an  open  competitive  ex- 
amination to;  junior  highway  bridge  engineer  on  Sept.  17. 
V'acancies  in  the  Office  of  Public  Roads  and  Rural  Engineer- 
ing. Department  of  Agriculture,  at  $1,200  to  $1,600  a  year, 
and  in  positions  requiring  similar  qualifications,  at  these  or 
higher  or  lower  salaries,  will  be  filled  from  this  examination. 
In  addition  to  the  entrance  salary,  appointees  whose  services 
are  satisfactory  may  be  allowed  the  temporary  increase 
granted  by  Congress  of  $240  a  year.  The  duties  of  appointees 
will  consist  ot  making  survevs  of  bridge  sites,  the  design  and 
preparation  of  plans  for  highway  bridges,  the  superintendence 
of  their  construction,  and  their  inspection. 


Standardization  of  Structural  Steel  in  Australia.— A  confer- 
ence which  had  tor  its  object  the  standardization  in  Australia 
of  struct;;ral  steel  sections  has  just  concluded  its  work  at 
.Melbourne.  The  object  of  the  conference  was  to  bring  abour 
changes  in  the  sections  to  meet  the  conditions  of  manufac- 
ture in  Australia,  and  also  to  endeavor  to  agree  upon  a  reduc 
tion  in  the  number  of  steel  parts  that  users  in  Australia  would 
demand  from  makers  and  thereby  reduce  the  cost  by  elimi- 
nating those  for   which   there  is  little  demand.     It  is  .stated 


that  as  a  result  of  the  conference  u  strles  of  Ktructural  nliupeK 
has  been  defined  which  will  enable  Australian  manufactur- 
ers to  meet  practically  the  whole  re<iulrenients  of  the  com- 
monwealth.  A  certain  number  of  sections  Is  to  be  allocated 
to  each  steel  rolling  mill,  which  It  will  manufacture-  exclu- 
sively, and  thus  be  insured  a  quick  turnover  on  lt«  outlay, 
and.  on  the  other  hand,  users  will  have  at  their  dIspoKal  a 
constant  supply  of  standard  sections. 

Co-operation   Between    Engineers 
Architects  and  Construction  Men 

Closer  co-operation  between  architects,  engineers  and  con- 
tractors was  waged  in  the  report  of  the  Post-War  Committee 
on  Architectural  Practice,  submitted  at  the  recent  annual 
convention  of  the  American  Institute  of  .\rchitect8.  The 
fol'owing  is  extracted  from  the  report: 

Should  there  not  be  a  closer  co-operation  between  i-ngi- 
neers.  architects,  and  construction  men?  Should  not  all 
these  qualities  be  integrated  within  the  architect's  organiza- 
tion? Should  not  all  be  present  at  each  stage  of  the  pro- 
cedure? Does  this  point  toward  larger  organizations  In 
which  men  of  varying  (lualifications  co-operate  figuratively 
as  equals  rather  than  the  present  plan  whereby  one  man — 
the  architect  employs  others  to  work  under  his  direction? 
Does  it  not  suggest  the  organization  of  the  architect's  own 
oflice  on  lines  which  would  insure  the  interest  of  every  as- 
sistant as  a  creator  rather  than  as  a  wage-earner. 

Great  changes  have  taken  place,  in  recent  years,  in  the 
status  of  the  contractor  in  relation  to  building  enterprises. 
In  important  work  the  contractor  now.  generally,  sells  his 
services  on  a  professional  basis.  His  remuneration  is  under- 
stood to  be  for  the  use  of  his  organization  and  its  knowledge 
of  the  building  business.  In  such  cases  this  changes  the  re- 
lation of  the  architect  to  the  whole   building  procedure. 

Many  contractors  have  been  quick  to  realize  changed  con- 
ditions and  the  apparent  desire  of  modern  business  to  deal 
with  one  organization  equipped  to  handle  all  phases  of  a 
building  problem.  There  are.  to  be  sure,  some  so-called 
■general  contractors"  who  do  nothing  but  trade  on  a  name, 
have  no  technical  knowledge  of  building,  and  live  on  the 
skill  and  credit  of  their  subcontractors.  But  there  are  also 
general  contractors  and  construction  companies  composed  of 
able  men.  which  employ  able  designers  and  do  all  work  from 
the  making  of  drawings  and  specifications  to  the  financing, 
building  and  furnishing  of  the  structure  As  against  such 
a  system,  the  average  architectural  organization  dwindles  In 
impressiveness.  The  services  of  an  architect,  where  a 
really  competent  contractor  is  selected  on  the  basis  of  "con- 
fidence." is  not  required  in  the  same  degree  as  in  the  older 
method,  to  watch  the  performance  of  the  contractor  or  to 
safeguard  the  expenditures  of  the  owner.  Nor  is  he  so  fre- 
quently called  upon  to  adjudicate  disputes  that  may  arise 
between  the  owner  and  the  contractor  over  interpretations 
of  the  contract  obligations.  On  the  other  hand,  where  the 
old  form  of  lump  sum  contract  is  carried  out  with  Incompe- 
tent so-called  general  contractors  who  sub-let  everything  and 
know  nothing  of  building,  the  work  and  responsibility  of  the 
architect  is  greatly  increased.  On  the  whole  contractors 
are  more  and  more  unwilling  to  guarantee  costs  as  the  com- 
plexities and  uncertainties  of  building  increase  and  there 
appears  to  be  a  shifting  relationship  in  the  professional  re- 
sponsibilities of  architect  and  builder. 

In  view  of  these  tendencies  shall  we  not  have  to  revise  the 
established  relations  of  architect  and  contractor?  Do  these 
not  also  suggest  a  vital  reason  for  establishing  a  closer  co- 
operation and  understanding  between  architects,  consulting 
specialists,  and  contractors,  and  indicate  a  community  of 
interest  that  his  hitherto  been  unapparent?  Must  not  the 
architect  encourage  and  utilize  every  available  outside  aid 
to  efficiency  and  yet  clarify  his  own  function  as  an  element 
in  building  production?  Can  the  man  who  creates  the  design 
also  be  the  director  or  manager  of  the  whole  procedure  ot 
building  or  shall  he  be  primarily  the  designer?  Should  not 
the  architect  by  his  experience  and  training  be  the  best 
fitted  to  co-ordinate  all  branches  of  the  work  and  success- 
fully administer  the  enterprise?  If  not.  does  it  not  suggest 
a  serious  defect  in  his  training?  Would  not  the  contractors 
welcome  such  administration  if  applied  in  a  business-like 
way  by  the  logical  interpreter  of  the  design?  Have  not  build- 
ing and  architecture  (which  once  were  the  same  art)  drifted 
too  far  apart? 
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High   Prices  of  Building   Construction  to 

■\  ■■'■,.  ■■^    ;■••;■;■  ;,;':  Continue-  '       " 

The  Committee  0{i  Housing  of  the  Mercjiants'  Association 
ot  New  York  in  a  report  made  public  recently  states  that 
construction  of  houses  is  being  delayed  by  two  things: 

1.  Lack  ot  money  for  ,buLlding  operations  caused  by,  (a) 
insufficient  return  en  mortgages  due  to  federal  taxes;  (b)  in- 
sufficient return  on  operation  ot  building  and  the  apparent 
hostility  of  the  ipubljc  to  the  collection  by  the  owner  of  a 
sufficient  return,' 

2.  Doubt  as  to  the  continuance  of  the  prevailing  high  prices 
of  building  construction  and  reluctance  to  build  now  while 
they  still  prevail. 

The  rapidity  with  which  the  situation  improves  will  depend 
directly  upon  the  extent  to  which  these  two  adverse  factors 
are  eliminated.  It  has  appeared  to  the  committee  that  the 
lack  of  money  for  building  operations  is  by  far  the  most  seri- 
ous hindrance  to  construction.  Real  profiteering  should  be 
stopped  if  possible,  but  the  menace  of  preventing  profiteering 
by  public  investigation  accompanied  by  publicity  brings  the 
honest  landlord  into  disrepute.-  Many  may  be  deterred  from 
constructing  houses  and  financing  the  equity  by  fear  that  pub- 
lic opinion  will  not  allow  the  landlord  a  fair  and  reasonable 
return  on  his  invested  capital. 

Next  to  the  scarcity  of  money  available  for  building  con- 
struction, the  committee  believes  that  doubt  as  to  tlie  con- 
tinuance of  the  prevailing  prices  of  building  construction  is 
the  chief  detriment  to  immediate  activity  in  building.  It  is 
the  unanimous  opinion  of  the  committee  that  building  con- 
struction prices  will  not  decrease  to  any  material  extent  for 
an  intermediate  period  of  years.  Inasmuch  as  the  increase  of 
price*;  and  monetary  inflation  has  taken  place  in  practically 
every  civilized  part  of  the  world,  tliere  is  no  reason  why  the 
adjustment  of  prices  should  be  one  toward  the  prices  exist- 
ing in,  1914.  On  the  contrary,  this  adjustment  will  be  a 
process  of  rearranging  prices  on  the  basis  of  the  new  price 
level. 

■  A  study  of  price  conditions  in  other  important  countries 
shows  that  the  increase  of  prices  in  this  country  has  been 
less  than  in  most  countries.  Therefore,  prices  here  are 
doubtless  nearer  the  new  general  price  level  than  is  the  case 
elsewhere.  A  great  deal  has  been  said  about  price  conditions 
in  the  period  immediately  following  the  close  of  the  Civil 
War.  The  situation  then  and  now  are  not  directly  compara- 
ble, and  that  therefore  while  the  Civil  War  experience  is 
probably  indicative  of  \he  immediate  future,  it  is  not  neces- 
sarily so.  The  effects  ot  the  Civil  War  were  confined  largely 
to  North  America,  rather  than  to  the  entire  world.  The  de- 
struction and  hence  reconstruction  was  confined  to  compara 
tively  small  agricultural  areas  instead  ot  to  large  industrial 
sections  and  entire  countries. 


Shrinkage  in  So-Called    "Compression 
Wood" 

"Compression  wood"  is  a  term  applied  to  wood  of  an  ab- 
normal growth,  which  is  considerably  heavier  than  normal 
wood  and  is  usually  further  distinguished  by  very  wide  an- 
nua! growth  rings,  a  lack  of  contrast  between  the  spring  and 
summer  wood,  and  a  relatively  dark  color.  How  this  ab- 
normal growth  is  caused-  is  not  definitely  known,  although 
the  theory  has  been  advanced  that  excessive  leaning  of  the 
tree  during  growth  produces  it,  the  "compression  wood"  be- 
ing formed  on  the  lower  or  leaning  side. 

A  structural  timber  containing  "compression  wood"  -was 
recently  received  for  examination  at  the  Forest  Products 
Laboratory,  Madison,  Wis.  The  timber  had  failed  in  tension 
in  the  "compression  wood."  Large  cross  breaks  had  opened 
up  across  the  grain,  and  rendered  this  portion  of  the  tim- 
ber useless  in  withstanding  further  stresses.  The  "com- 
pression wood"'  was  very  brash  and  exhibited  low  strength  in 
mechanical  tests,  except  in  compression  parallel  to  the  grain, 
in  which  it  was  about  equal  to  the  normal  wood.  Its  specific 
gravity  was  considerably  greater  than  that  of  the  normal 
material. 

The  chief  difference  between  the  normal  and  abnormal 
wood,  however,  was  in  the  matter  of  shrinkage.  The  "com- 
pression wood"  was  found  to  have  a  longitudinal  or  end 
shrinkage    six    times    as    large,    and    radial      and      tangential 


shrinkages   less   than  half  as   large  as   those  of  the  adjacent 
normal  wood. 

In  the  beam  examined,  the  tendency  of  the  ''compression 
wood"  toward  excessive  shrinkage  had  been  resisted  by  the 
normal  wood,  with  the  result  that  the  "compression  wood" 
was  actually  pulled  in  two. 


Hand    Grip    for   Pneumatic    Riveting 
Hammers 

A  new  device  for  pneumatic  riveting  hammers  designed 
to  give  the  riveter  a  firm  full  hand  control  of  the  hammer 
without  grasping  the  heating  cylinder  is  illustrated  below. 
It  is  claimed  for  this  device  that  it  combines  an  ideal  hammer 
grip  and  an  absolutely  safe  set  retainer;  that  it  allows  the 
riveter   to   get   back   of  the   hammer  with   the   full   weight   ot 


The    Boyergrip. 

the  body,  without  having  to  "strong  arm"  the  work;  that  it 
insures  perfect  control  of  the  hammer  and  an  unobstructed 
view  of  the  work  at  all  working  angles:  and  that  it  allows 
the  workman  to  work  over  hot  rivets  without  burning  his 
hands  and  eliminates  the  possibility  of  jammed  or  squeezed 
fingers.  This  device  Is  known  as  the  Boyergrip.  It  is  manu- 
factured by  the  Chicago  Pneumatic  Tool  Co.,  Chicago. 


Long  Span  Concrete  Roof  Arches 

Several  examples  of  long  span  concrete  construction  are 
noted  in  a  recent  issue  of  Concrete  in  Architecture  and  Engi- 
nering.  These  indue  a  50  ft.  roof  arch  used  in  the 
Anderson  Garage  at  Salt  Lake  City  and  a  70  ft.  arch  span  in 
the  foundry  building  of  the  Garfield  Smelting  Co.  at  Garfield, 
Utah.  The  root  supports  of  the  garage  were  designed  as 
rigid  frames.  Advantage  is  thus  taken  ot  the  greatly  reduced 
moment  at  the  center  of  the  span  by  virtue  of  the  fixity'  of 
the  arched  girders  at  the  column  tops.  This,  ot  course,  in- 
troduces bending  moments  not  only  in  the  girders  but  in  the 
columns  as  well.  The  same  general  type  of  roof  construction 
was  used  for  the  foundry  building,  excepting  that  in  the  latter 
there  are  two  columns  instead  of  three  as  in  the  garage. 

In  constructing  the  bents  of  the  foundry  building,  the  forms 
for  both  the  legs  and  arched  girders  were  assembled  on  the 
grmmd  and  hoisted  into  place  with  a  stiff-leg  derrick,  the 
reinforcing  being  all  in  place  before  hoisting.  The  same 
forms  were  used  eight  times,  thus  obtaining  low  cost  and  en- 
abling the  worK  to  proceed  without  interruption  or  obstruc- 
tion of  the  work  rising  from  assembling  forms  in  place. 
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Resolutions  of  United  Engineering  Society 
on  Death  of  Andrew  Carnegie 

Andrew  Carnegie's  death,  Aug.  11,  1919,  at  Lenox,  Mass., 
brought  to  its  close  a  career  which  greatly  advanced  all  the 
engineering  arts  and  sciences.  By  the  introduction  into  the 
United  States  of  the  Bessemer  process  for  the  production  of 
steel  and  by  the  establishment  and  development  of  steel 
plants,  which  became  the  greatest  in  the  world,  he  made  avail- 
able for  engineers  the  most  useful  modern  material  for  engi- 
neering construction.  In  the  successful  conduct  of  many  in- 
dustrial enterprises,  he  amassed  great  wealth,  the  possession 
of  which  he  came  to  regard  with  deep  seriousness  as  a  public 
trusteeship.  He  devoted  himself  to  the  distribution  of  large 
portions  of  his  fortune  to  projects  for  the  benefit  of  mankind. 
He  distributed  his  wealth  not  only  in  many  directions,  but 
also  with  the  exercise  of  great  wisdom  based  on  careful  in- 
vestigation. His  munificence  provided  large  funds  for  the 
building  of  a  home  for  the  great  national  engineering  socie- 
ties and  many  associate  societies.  He  was  an  honorary  mem- 
ber of  the  American  Institute  of  Mining  and  Jletallurgical  En- 
gineers and  American  Society  of  Mechanical  Engineers.  He 
was  personally  known  and  loved  by  many  engineers.  In  view 
of  these  facts,  be  it 

Resolved,  That  the  American  Societies  of  Civil,  Mining, 
Metallurgical.  Mechanical  and  Electrical  Engineers,  the 
United  Engineering  Society  and  the  Engineers'  Club,  herein 
express  to  the  family  of  Mr.  Carnegie  and  record  their  sin- 
cere appreciation  of  the  great  contributions  of  Andrew  Car- 
negie to  the  advancement  of  engineering,  and  of  his  friendly 
assistance  in  making  possible  beautiful  homes  for  the  Engi- 
neering Societies  and  the  Engineers'  Club,  thus  fostering  the 
spirit  of  unity  in  the  profession. 


Effect  of  Age  on  Casein  Glues 

That  casein  glues  can  be  successfully  used  any  time  after 
mixing  up  to  the  time  they  become  unworkable  is  the  con- 
clusion drawn  from  a  number  of  tests  at  the  Forest  Products 
Laboratory.  Ordinarily,  casein  glues  exhibit  a  life  of  from  3 
to  5  hours,  though  there  are  some  which  remain  useable  over 
a  much  longer  period.  The  laboratory  has  from  time  to  time 
received  inquiries  as  to  whether  or  not  these  glues  could  be 
relied  upon  to  give  as  satisfactory  strength  and  water  resist- 
ance after  three  or  more  hours  as  they  do  immediately  after 
mixing. 

To  study  this  question,  shear  blocks  and  plywood  panels 
were  made  up  hourly  starting  at  the  time  the  glue  was  mixed 
and  continuing  until  the  glue  became  so  thick  that  it  was 
unworkable.  The  blocks  were  allowed  to  season  for  7  days 
and  were  then  tested  in  shear  in  the  usual  manner;  the  panels 
were  given  shear  tests,  8-hour  boiling  tests,  and  lO-day  soak- 
ing tests.  Results  of  the  tests  on  one  commercial  glue  are 
shown  in  Tables  I  and  II.  These  are  typical  of  the  results 
obtained  with  other  glues. 

TABLE  I— RESULTS   OF  JOINT   STRENGTH   TESTS. 

Average    rhearing 
Age   of    glue  strength  in  Percentage  of  wood 

in  hours.  lbs.  sq.    in.  surface  in  failure. 

y-  2,170  24 

1%  2.137 

21/.  2.276 

3Vfc    ■  2.45.3 

5  "  2.098 

TABLE     II— RESULTS     OF     PLYWOOD     WATER     RESISTANCE 
AND   STRENGTH   TESTS. 

Condition  Condition  after      Average  shear- 

Age  of  after  boiliifg  soaking'  ing  strength  m 

glue  in  hours.  S   hours.  10  days. 

%  0.  K.  O.  K. 

1%  O.  K.  O.  K. 

2V-  O.  K.  O.  K. 

SJt  O.  K.  O.  K. 


51 
5S 

:s 
23 


O.  K. 


O.  K. 


Ibs./sq.  in. 
261 
••89 
.■549 
294 
257 


Housing   Contract   In   France   Let  to  American   Contractors. 

— MacArthur  Brothers  Co..  Engineers  and  Contractors,  New 
York  and  Chicago,  have  just  been  advised  from  their  Paris 
office  that  they  have  closed  a  contract  with  the  French  Gov- 
ernment for  the  construction  of  2,000  houses.  This  is  the 
beginning  of  a  large  housing  development  for  the  French 
Government,  much  along  the  same  lines  as  the  housing  de- 
velopment undertaken  by  the  United  States  Government 
during  the  war.  MacArthur  Brothers  Co.,  in  addition  to  their 
other  large  Government  contracts,  have  built  approximately 
1,000  houses  for  the  United  States  Shipping  Board  at  Ches- 
ter, Pa.,  and  Gloucester,  N.  J. 


Reinforced  Gypsum  Beams 

A  tentative  report  on  the  deaign  of-  reinforced  gyp.^uui 
beams  was  presented  at  the  22nd  Annual  Meeting  of  the 
American  Society  tor  Testing  Materials.  June  24-27,  191a. 
As  engineers  and  architects  are  becoming  more  and  mure  ac- 
quainted with  the  structural  value  of  gypsum  and  especially 
with  the  reinforced  gypsum,  and  Inasmuch  as  the  latter  has 
peculiarities  that  makes  necessary  special  conBlderations  in 
the  design,  the  proposed  articles  for  specifications  are  indeed 
timely  and  necessary. 

Although,  as  stated,  reinforced  gypsum  has  peculiarities, 
yet  on  the  whole  the  methods  of  design  of  reinforced  gypsum 
follow  those  for  the  design  of  reinforced  concrete.  The  au- 
thors are  to  be  complimented  on  their  using  the  same  nota- 
tion as  is  used  for  concrete.  One  of  the  peculiarities  of  gyp- 
sum is  its  low  bond  stress,  and  mechanical  anchorage  at  the 
ends  of  all  enforcing  bars  is  recommended.  The  authors 
state  that  it  may  be  assumed  as  a  basis  for  design  that  when 
effective  mechanical  anchorage  is  furnished,  the  bond  stresi 
actually  developed  at  any  point  along  the  bar  Is  one-half  of 
that  coir.puted  on  the  basis  of  pure  beam  action,  and  that 
the  remainder  of  the  resistance  is  furnished  by  the  truss 
action  developed  by  anchoring  the  bars. 

Test  results  indicate  that  the  proportionate  part  of  the  ten- 
sion developed  by  bond  varies  with  the  amount  of  load  and 
that  one-half  is  the  approximate  ratio  at  the  maximum  load. 

Test  results  indicate  that  truss  action  in  the  beam  due  to 
anchorage  of  the  bars  comes  into  existence  early  in  the  test. 
They  indicate  also  that  there  is  little  difference  in  the  effec- 
tiveness per  square  inch  of  the  bearing  area  of  the  anchorage 
whether  the  anchorage  be  furnished  in  the  form  of  U-hooks 
at  the  ends  of  bars  or  in  the  form  of  bearing  plates  rigidly 
attached  at  their  centers  to  the  reinforcing  bars.  Assuming 
that  the  effectiveness  is  the  same  for  the  two  cases  the  aver- 
age bearing  unit  pressure  may  be  considered  a  measure  of 
the  value  of  the  anchorage. 

Allowed  stresses  for  compression,  shear,  bond  and  bearing 
are  expressed  in  terms  of  percentage  of  the  ultimate  strength 
values  of  wet  and  dry  specimens. 


Superintendents  Wanted  for  Government  Ordnance  Plant. 
— The  new  naval  ordnance  plant  at  South  Charleston.  \V. 
Va.,  is  about  to  begin  the  manufacture  of  armor  plate,  and 
forgings  for  guns  of  large  caliber,  entirely  new  lines  of  work 
for  Government  plants.  The  South  Charleston  plant  Is  a 
$19,000,000  enterprise  occupying  more  than  200  acres  of  land. 
The  new  plant  is  equipped  with  every  modern  appliance  for 
the  manufacture  of  its  specialties,  and  will  turn  out  annually 
50,000  tons  of  armor  plate,  guns,  projectiles,  and  miscel- 
laneous ordnance  forgings.  The  U.  S.  Civil  Service  Com- 
mission has  announced  for  this  plant  the  need  of  a  superin- 
tendent of  melting  shops  at  $5,000  a  year,  a  superintendent 
of  forge  shoos  at  |5,000  a  year,  foremen  of  heat  treatment 
of  armor  plate  at  from  $10  to  $14.40  a  day,  foremen  of  heat 
treatment  of  large  guns  at  from  $8  to  $12.5«  a  day,  foremen 
of  14,000-ton  presses  for  armor  and  large  caliber  guns,  at 
from  $11.84  to  $13.28  a  day,  foremen  of  small  guns  at  $8  A 
day,  and  foremen  of  heat  treatment  of  projectiles  at  $8  a 
day.' Applicants  tor  these  positions  will  not  be  given  scholastic 
tests  in  an  examination  room,  but  will  be  rated  on  their 
trainins;  and  experience,  weighted  at  90  per  cent,  and  their 
physical  ability,  weighted  at  10  per  cent.  Detailed  informa- 
tion and  application  blanks  may  be  obtained  from  the  U.  S. 
Civil  Service  Commission,  Washington.  D.  C.  or  from  the 
secretary  of  the  local  board  of  civil  service  examiners  at  iha 
post  office  or  customhouse  in  any  of  3.000  cities. 


Use  of  Bulk  Cement  for  Railway  Bridge.— Bulk  cement  de- 
livered in  open  top  cars  wds  used  in  the  construction  of  a 
reinforced  concrete  bridge  on  the  Zionsville  improvement  by 
the  Bi-  Four  Ry.  The  open  top  cars  were  covered  with  tar- 
paulin=  They  were  unloaded  with  a  clam  shell  into  a  sto- 
rage shed  having  a  capacity  for  12  cars.  The  filling  and 
emptying  of  the  shed  by  the  clam  shell  was  facilitated  by  hav- 
ing the  roof  make  with  removable  sections.  The  hndKe  con- 
tains 6,200  cu.  yd.  of  concrete. 
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Time-saving  Method  of  Finding  Right  Column  in  Large 
Tables. — Finding  tlie  right  columns  on  tables  containing  com- 
puted weights,  measures,  and  costs  of  material  in  a  manufac- 
turing plant  required  nearly  as  much  time  as  would  be  con- 
sumed in  figuring  the  extensions  that  were  being  sought,  an 
auditor  discovered.  The  tables  were  so  large  that  rulers  had 
to  be  used  to  find  both  the  horizontal  and  vertical  columns. 
A  50  per  cent  reduction  in  time  has  been  afforded,  writes  A. 
H.  Dusser  in  System,  by  pasting  the  tables  on  large  cylindri- 
cal rollers  fastened  in  a  box,  or  holder,  with  convenient 
cranks  for  revolving  them.  The  first  column  of  figures  at 
the  left  and  the  first  line  across  the  top  represent,  for  in- 
stance, inches.  To  get  the  number  of  square  inches  in  a 
sheet  of  metal  19  by  23  in.,  the  computer  turns  the  cylinder  to 
the  figure  19  and  the  required  number  of  square  feet  is  founa 
immediately  over  the  figure  23  on  a  strip  of  blue  print  paper 
containing  the  same  figures  as  the  top  row,  which  is  pastea 
under  the  glass  top  parallel  with  the  cylinder. 


Concrete  Building  Blocks  Faced  with  Marble. — The  U.  S. 
Bureau  of  Standards  during  the  past  month  has  been  making 
tests  of  concrete  building  blocks  faced  with  marble,  to  deter- 
mine thf  strength,  security  of  bond,  and  resistance  to  the 
action  of  frost.  The  results  of  this  work  showed  that  blocks 
of  this  character  are  suitable  for  use  in  construction.  They 
are  of  some  importance  in  that  they  will  permit  of  the  utili- 
zation of  waste  marble,  at  the  same  time  affording  a  very 
attractive  facing  material. 


Personals 

Blair  Boyle,  county  engineer  of  Geaiy  County.  Kansas,  lias  re- 
sisrned  to  accept  appointment  as  eounty  engineer  of  Bourbon 
County,  Kansas. 

The  Condron  Co..  engineers.  specializinB  in  the  design  and 
supervision  of  construction  of  industrial  buildings,  1433  Monadnock 
nidg..  Chicago,  has  opened  a  branch  office  at  632  Central  Saving's 
&  Trust  Blrtg.'..  Akron,  O.,  in  charge  of  Mr.  C.  L.  Post,  vice- 
president. 

Arthur  H.  Blanchard  has  been  appointed  professor  of  highway 
engineciing  at  the  University  of  Michigan  to  occupy  the  chair  re- 
cently established  bv  the  Board  of  Regents.  He  will  retain  his 
con.sulling  office  at  Broadway  and  117th  St.,  New  York  City,  until 
Sept.  loth,  after  which  he  will  be  located  in  Ann  Arbor,  Mich. 

Charles  W.  McKay  has  taken  charge  of  the  appraisal  division 
of  L.  V.  Estes,  Inc..  industrial  engineers.  202  S.  State  St.,  Chi- 
cago. The  division  specializes  in  the  appraisement  of  industrial 
properties  for  Federal  income  tax  purposes  and  in  the  appraise- 
ment of  puljlic  utility  properties  in  connection  with  rate  cases. 

Carl  F.  Meyer  resigned  as  chief  engineer  for  the  Morgan  Park 
Co..  at  Duiuth.  Minn.,  on  Aug.  1.  He  has  been  connected  witli  this 
housing  project  for  the  last  six  years,  being  for  five  years  in 
charge  of  its  design  and  construction  as  chief  engineer  to  Morell 
&  Nichols  of  Minneapolis  and  for  the  last  year  in  charge  of  the 
engineering  and  maintenance  work  for  the  owning  company. 

Arthur  F.  Tasgart  and  R.  B.  Yei-xa  have  formed  a  partnership 
under  the  name  of  Taggart  &  Terxa  and  have  opened  a  testing 
and  analytical  laboratory  at  165  Division  St.,  New  Haven,  Conn., 
where  1he>'  will  act  as  consultants  on  the  operation  or  design  of 
plants  for  the  treatment  of  ores  and  metal  plant  wastes  and  for 
crushing  and  handling  rock. 

T.  Dantzig,  G.  A.  Pfeiffe'r  and  J.  F.  Ritt  have  formed  the  firm 
of  Dantzig,  Pfeiffer  &  Ritt  and  have  opened  offices  at  500  W. 
llKth  St..  New  Yorli  City,  where  they  will  carry  on  a  practice  as 
consulting  mathematicians,  undertaking'  the  handling  of  all  problems 
arising  in  industry  for  the  solution  of  which  the  knowledge  of  a 
mathematical  specialist  may  be  necessary.  Kach  of  the  members 
of  the  tirm  has  been  privately  engaged  for  some  time  in  work  of 
this  nature,  in  addition  to  his  other  professional  activities,  and  it 
was  -it  the  suggestion  of  clients  that  the  decision  was  made  to 
set  up  a  consulting  sem^ice  which  would  extend  to  the  industiial 
world  the  resources  of  modern  pure  and  applied  mathematics.  Dr. 
Dantzig  is  a  graduate  of  the  University  of  Paris  and  of  the  Ecole 
Superieure  d'A^ronautique  et  de  Construction  M^canique.  He  has 
taught  at  Indiana  University  and  at  Columbia.  During  the  war  he 
wa.s  in  charge  of  the  mathematical  work  of  the  instrument  section 
of  the  U.  S.  Ordnance.  Dr.  PTeiffer  received  the  degree  of 
Mechanical  Engineer  froin  the  Stevens  Institute  of  Technologr\" 
and  the  degree  of  Doctor  of  Philosophy  from  Columbia  University. 
He  has  taught  mathematics  at  Harvard,  Princeton  and  Columbia. 
He  is  an  associate  editor  of  the  Annals  of  Mathematics.  Dr.  Ritt 
took  the  degree  of  Ph.  D.  at  Columbia  University.  He  was  for 
tlnce  years  at  the  Naval  Observatory  and  has  since  taug'ht 
tnathematics  at  Columbia.  During  the  war  he  was  one  of  the  chief 
bail'sticians  in  the  U.  S.  Ordnance. 


Industrial  Notes 


The  Duff  Mfg.  Co.,  manufacturers  of  lifting"  jacks,  is  construct- 
ing an  addition,  160  by  80  ft.,  to  its  works  at  Pittsburgh.  The  new 
building  is  designed  to  accommodate  the  forge  shop  and  heat 
treating  department. 

The  Berow  Machinery  Co.,  Inc.,  is  now  located  at  220  "W.  42nd 
St.,  New  York  City,  and  will  handle  contractors'  machinery  and 
equipment.  The  company  has  its  own  motor  trucks,  and  with  a 
wareiiouse  within  thirty  miles  of  New  Y'ork,  is  prepared  to  give 
quic]<  service 

The  Chicago  Pneumatic  Tool  Company  announces  the  removal 
of  its  Cincinnati  office  from  the  Mercantile  Library  Building  to  the 
"Walsh  Btiilding.  Pearl  and  Vine  St.,  where  a  service  station  with 
a  complete  stock  of  pneumatic  tools,  electric  tools,  air  depressors, 
oil  engines,  rock  drills  and  repair  parts  will  be  maintained. 

The  promotion  and  inspection  bm-eaus  of  the  Universal  Portland 
Cement  Co.  have  been  combined  under  the  napie  of  "Service 
Bureau."  J.  H.  Libberton,  formerly  "Engineer  Promotion  Bureau" 
and    "Inspecting   Engineer,"    located    in    the    general    offices   of    the 


company  at  Chicago,  becomes  ma.nager  of  the  Service  Bureau: 
G.  E.  Warren,  assistant  manager;  J.  W.  Lowell,  eastern  managrer, 
Pittsburgh;  J.  H.  Chubb,  nortltwestern  manager,  Minneapolis:  and 
O.  L.  Moore,  chief  cement  inspectoi-,  Chicago.  The  two  bureau." 
which  were  combined  formerly  had  separate  and  distinct  duties, 
the  Promotion  Bureau  handling  special  service  and  furnishing  of 
information  to  cement  users  and  the  Inspection  Bureau  having 
charge  of  the  physical  testing  at  the  mills. 

The  Oshkosh  Manufacturing  Co..  Oshkosh,  Wis.,  has  just  com- 
pleted the  establishment  of  a  chain  of  service  stations  throughout 
the  United  States  for  the  benefit  of  its  patrons.  These  service 
stations  cai-ry  a  complete  line  of  repaii-  parts  for  all  Oshkosh  ma- 
chines and  maintain  fully  equipped  shops  for  either  repairing  or 
completely  rebuilding  Oshkosh  machinery.  An  engine  and  ma- 
chinery  expert    is    in    charge    of   each    repair    shop.      Besides   these 


J.   W.   Wooley,  General  Sales   Manager,  Oshkosh   Manufacturing  Co., 
the    Man   Who   Conceived   the  Oshkosh   Service   Plan. 

fully  equipped  .service  stations  a  large  number  of  sub-stations 
have  been  established.  Not  all  of  the  sub-stations  carry  a  com- 
plete line  of  parts  or  maintain  repair  shops,  but  if  they  do  not 
they  can  get  this  service  within  a  very  short  time.  By  this  service 
plan.  :t  is  stated  that  a  needed  repair  can  he  obtained  by  the 
machine  owner  within  a   few   liours — 24  at   the  longest. 

The  members  of  the  Associated  Metal  Lath  Manufacturers"  have 
united  on  a  co-operative  campai^-n  to  promote  a  more  extensive 
use  of  metal  lath  for  tire  resistance  construction.  The  climax  of 
this  campaigrn  will  be  metal  lath  week,  Cct.  6  to  11,  1S19.  which  i.s 
co-incident  with  Fire  Prevention  Week  held  under  the  auspices  of 
the  National  Fire  Protection  Association.  V.  S.  Department  of 
Commerce,  Boards  of  Fire  Underwriters  and  other  national  or- 
tjanizations  interested  in  Are  prevention.  During  this  week  all  of  the 
member  companies  of  the  Associated  Metal  Lath  Manufacturers  will 
instruct  their  entire  sales  force  and  all  agents  to  concentrate  on 
metal  lath  as  a  fire  resistive  material.  Special  efforts  will  b<- 
made  to  hnk  up  metal  lath  with  fire  prevention  in  the  minds  of 
architects,  contractors,  dealers  and  the  general  public.  Individual 
brand  names  will  be  avoided  and  all  will  work  for  a  more  general 
recognition  of  the  fire  resistive  qualities  of  metal  lath.  The  As- 
sociation has  arranged  with  the  .Society  for  Fire  Resistive  BYame 
Construction  to  distribute  a  design  for  a  test  house  which  is  pub- 
lished ijv  that  society.  Efforts  will  be  made  to  have  this  house 
reproduced  in  as  many  localities  as  possible  and  set  fire  to  it  on 
Fire  Prevention  Day,  Oct.  9.  This  test  house  is  designed  so  that 
one-half  is  built  with  the  usual  wood  construction  and  the  other 
half  of  fire  resistive  frame  construction  using  metal  lath  on  the 
inside  ami  metal  lath  and  stucco  with  a  fire  resisting  roof  outside. 


Trade  Publications 


The  following  trade  publications  have  been  issued  recently: 

Standard  Buildings— The  Austin  Co.,  Cleveland,  O.  Catalog 
containing  drawing*,  illustrations  and  specifications  of  each  of  the 
ten  standard  types  of  Austin  buildings,  together  with  information 
concerning  the  scope  of  Austin  building  service. 

Fire  Door  and  Shutters — Merchant  &  Evans  Co.,  Philadelphia. 
Pa.  Catalog  of  Evans  "Almetal  Fire  Doors  and  Shutters  and  Star 
Ventilators":  21  pages.  Contains  general  description  of  the  products, 
together  with  illustrations  and  erection  plans. 

Jacks  and  Column  Clamps— Paul  W.  Koch  &  Co.,  19  S.  Wells 
St.,  Chicago.  Circular,  6  pages.  Illustrates  and  describes  various 
types  of  jacks  and  column  clamps  for  building  construction;  also 
gives  costs  on  concrete  work  with  adjustable  jacks  and  column 
clamps. 

Steel  Window  Handbook — Truscon  Steel  Co.,  Y'oungstown.  O. 
The  book  is  divided  into  three  parts,  the  first  section  dealin.g  with 
pivoted  windows,  the  second  with  continuous  steel  sash  and  Truscon 
operator,  and  the  third  with  counterbalanced  types  of  Truscon 
steel  windows.     Details,  tables,   diagrams,   etc.,  are  included. 

Factory  Made  Reinforced  Concrete  Products — Massey  Concrete 
Products  Coriioration.  Peoples  Gas  Bldg..  Chicago.  A  24  pag-e 
catalog  illustrating  and  describing  in  a  general  way  the  reinforced 
concrete  products  made  by  the  firm..  These  include  portable  con- 
crete hou.ses.  hollow  reinforced  concrete  poles,  bridge  slabs  and 
piling",    etc. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)   Street  Cleaning 

(d>   Municipal    Miscellanies 


Waterworks  and   Hydraulics — 2nd  Wednesday 


(a)   Waterworks 
(b>  Sewers   and    Sanl' 
tatlon 

(e)    Management   and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power    and    Pumping 


Railways   and   Excavation — 3rd  Wednesday 

(a)  Excavation    and  (c)   Quarries  and   Pits 

Dredging  (d)   Railways,   Steam   and 

(b)  Rivera   and  Canals  Electric 

(e)   Management  and  Office 
System 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 


(c)  Harbor    Structures 

(d)  Miscellaneous  Structurfta 


(e)   Properties  of  Materials 
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A  $17,000,000,000    Road    Im- 
provement Program 

The  Highway  Industries  Association,  in  its  weekly  bulletin 
of  Aug.  23,  estimates  that  it  will  be  necessary  to  expend 
$17,000,000,000  in  the  next  10  to  1.5  years  for  road  construc- 
tion if  this  country  is  to  be  properly  developed  and  its  trans- 
portation needs  served.  This  expenditure,  it  is  figured,  would 
provide  for  the  construction  by  the  Government  of  a 
national  highway  system  of  approximately  60,000  miles,  cost- 
ing $2,000,000,000;  the  improvement  by  the  states  of  250,- 
000  mile.'i  of  state  systems  at  a  cost  of  $i;.000.000.000;  and 
the  improvement  of  .300.000  miles  of  country  and  township 
i-oads  at  a  cost  of  $9,000,000,000.  of  which  two-thirds  would 
be  used  for  county  systems  and  the  remainder  for  earth  and 
lop  soil  roads.  Even  with  this  great  amount  of  construction 
there  would  remain  unimproved  about  1.800.000  miles  of 
earth  roads. 

A  program  such  as 
outlined  would  require 
many  more  highway 
engineers  than  are  af 
present  available. 
Where  would  these  en- 
gineers come  from  ? 
Many,  of  course,  might 
come  from  other 
branches  of  engineer- 
ing; but  it  should  be 
borne  in  mind  that 
other  lines  of  construe 
tion,  n  o  w  dormant, 
will  in  the  near  future 
start  up  again.  The 
tremendous  amount  of 
work  that  must  be 
done  in  the  next  few- 
years — in  railway  im- 
provements,   in     public 


works,  and  in  the  building  field,  for  instance,  will  furnish  em- 
ployment for  all  engineers  who  have  heretofore  followed 
these  lines  of  endeavor. 

A  study  made  this  year  by  the  United  States  lUireau  or 
Public  Roads  showed  that  approximately  10.500  engineers. 
draftsmen,  etc..  were  required  for  the  Federal  and  state  high- 
way work  being  carried  out  at  present.  This  total  does  not 
include  the  engineers  employed  by  cities,  counties  and  town- 
ships. The  figures  of  the  Bureau  showed  that  there  were  re- 
quired 122  chief  executives  and  administrators.  360  division 
engineers  of  the  Federal  Government,  division  chiefs  of  bu- 
reaus, division  "hiefs  of  highway  departments,  district  en- 
gineers of  highway  departments,  etc.:  3.630  supervising  engi- 
iifers  and  chiefs  of  party;  and  6.350  junior  engineers,  rod- 
men,  ohainmen.  draftsmen  and  other  employes  of  similar  cal- 
iber. 

It   i.-;  understood  that  .^^ecretary 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest— easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  m 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


I>ane  of  the  Department  of 
the  Interior  will  short- 
ly issue  a  call  tor  a  na- 
tional conference  to 
consider  various  phases 
of  courses  in  highway 
<'onstruction  in  the  col- 
leges and  universities. 
A  recent  investigation 
indicated  that  only  25 
of  the  !t3  colleges  inTes- 
tigated  give  a  satfs- 
I'actorj-  fundamental 
training  in  highway  en- 
gineering as  a  part  of 
their  civil  engineering 
courses.  In  view  of  this 
it  is  apparent  that  such 
a  conference  is  needed, 
and  it  is  to  be  hoped 
that  much  goad  will 
come  from  it. 
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Should   "The  Absolute  Ton-Mile" 
Be  Discarded  for  "The  Commer- 
cial Ton-Mile"? 

"The  Commercial  \ehicle"  is  advocating  a  new  unit  in 
terms  of  which  the  cost  of  motor-trucking  should  be  ex- 
pressed. It  calls  this  new  unit  the  "commercial  ton-mile," 
which  is  defined  as  "being  the  total  tons  carried  per  trip 
multiplied  by  the  total  distance  of  the  trip."  The  "commer- 
cial ton-mileage"  of  a  trip  would  exactly  equal  the  "absolute 
ton-mileage"  were  the  truck  to  travel  with  a  constant  load 
exactly  half  the  round  distance  of  the  trip  and  return  empty. 

We  fail  to  see  any  economic  advantage  in  the  use  of  this 
new  unit,  other  than  a  slight  saving  in  time  involved  in  re- 
cording the  weight:-  and  distances  hauled,  and  in  comput- 
ing the  "ab.solute  ton-miles."  The  "Commercial  Vehicle"  gives 
the  following  illustration  of  the  work  involved  in  calculating 
the  number  of  "absolute  ton-miles"  on  a  trip  where  the  load 
on  the  truck  varies  at  short  intervals; 
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Speaking  of  this  Ccilculation.  "The  Commercial  Vehicle" 
Bays: 

"Determination  of  the  ton-mile  in  this  case  by  the  use 
of  the  absolute  formula  requires  10  separate  multiplications, 
one  for  each  stop  at  which  a  portion  of  the  load  is  delivered. 
If  there  had  been  20  stops  instead  of  10,  20  multiplications 
would  have  been  necessary;  it  30  stops,  30  multiplications, 
and  so  on.  provided  the  absolute  unit  were  used. 

"Furthermore,  in  order  to  determine  the  absolute  ton- 
miles  in  the  case  just  cited,  an  observer  would  have  been 
necessary  on  the  truck  to  weigh  the  portion  of  the  load  de- 
"livered  at  each  stop  and  note  the  distance  covered  between 
each  successive  stop  The  driver  could  not  do  the  work 
and  drive  the  truck  at  the  same  time,  for  it  he  did,  he  would 
in  all  probability  do  very  little  driving.  The  employment 
of  an  observer  on  each  truck  to  determine  the  number  of 
ton-miles  accomplished  on  each  trip  is  out  of  the  question.'' 

The  editor  ol  "The  Commercial  Vehicle"  seems  to  have 
lost  sight  of  the  fact  that  where  frequent  changes  in  the 
loading  of  a  truck  occur,  there  is  usually  a  record  kept  of 
the  weight  of  the  consignment  and  the  distance  hauled,  for 
the  charges  made  to  jjatrons  for  trucking  are  ustially  based 
on  the  absolute  ton-mileage.  Where  delivery  trucks  are 
used  by  merchants,  it  is  doubtful  whether  there  is  an  eco- 
nomic advantage  in  keeping  daily  records  of  tonnage  hauled. 
In  such  cases  the  best  unit  of  trucking  costs  is  the  truck- 
mile,   and   not   the   ton-mile. 

Wherever  unit  charges  are  made  for  service,  whether  the 
unit  is  the  ton  mile,  the  kilowatt-hour,  or  what  not,  it  is  al- 
ways desirable  to  calculate  operating  costs  in  terms  of  the 
Slime  unit.  But  it  does  not  follow  that  operating  costs 
should  not  be  as  reduced  to  other  units.  In  fact  high  op- 
erating efficiency  is  rarely  securable  unless  several  different 
units  of  cost  are  used.  In  operating  a  steam  railway,  the 
train-mile  is  a  unit  commonly  used.  Electric  railways  use 
the  car-mile.  In  addition  they  have  other  cost  units,  such 
as  the  track-mile,  the  kilowatt-hour,  etc.  One  of  the  great- 
est economic  mistakes  made  by  all  railways  is  the  failure 
to  use  a  great  many  more  cost  units.  For  example,  electric 
railway  companies  seldom  record  both  construction  and  main- 
tenance costs  of  pole  lines  per  pole  and  per  mile  of  wire 
of  given  classes  and  sizes.  In  consequence  of  such  failure, 
both  construction  and  maintenance  costs  are  higher  than 
they  need   be. 

"The  Commercial  Vehicle"  in  seeking  to  eliminate  the 
absolute  ton-mile  unit,  is  making  an  error  of  a  sort  that  is 
not  uncommon.  Simplicity  and  efficiency  are  not  synony- 
mous. Low  clerical  expense  does  not  usually  result  in  low 
operating  expense,  but  the  reverse. 


Who  Should  Pay  for  Our  Highways 
and  How? 

Should  the  owners  of  vehicles  pay  for  the  use  of  the  high- 
ways? If  .=!0.  how  and  to  what  extent?  The  earliest  im- 
proved roads  in  America  were  mostly  private  toll  roads, 
which  never  were  popular.  The  theory  became  prevalent 
that  highways  should  be  "free,"  and  toll  roads  wei'e  accord- 
ingly purchased  and  made  "free"  by  the  states.  While  toll 
roads  thus  became  "free,"  some  one  still  had  to  pay  for  their 
upkeep  as  well  as  the  interest  on  the  investment.  That 
"some  one"  has  been  the  taxpayer.  But  why  should  a  tax- 
payer be  required  to  pay  for  a  service  without  regard  to  the 
value  of  the  service  to  him?  This  is  a  question  that  has 
never  been  answered  satisfactorily. 

If  roads  should  be  "free,"  why  not  have  "free  street''  rail- 
wa.\s  and  "free"  steam  railways?  In  fact  it  is  being  seriously 
urged  right  now  that  Uncle  Sam  should  continue  indefinitely 
to  meet  the  present  railway  deficit  by  taxation,  and  that 
cities  should  pay  by  taxation  the  deficits  of  the  street  rail- 
ways. Only  a  few  more  steps  need  be  taken  to  reach  com- 
plete "freedom"  of  use  of  all  kinds  of  railways. 

Obviously  the  term  "free  highways"  is  a  delusive  term,  for 
some  one  must  pay  for  them.  There  are  no  truly  free  high- 
ways save  those  that  nature  has  provided  for  water  and  air 
ships.  The  problem  therefore  simmers  down  to  this;  What 
is  the  most  economic  way  to  secure  adequate  highway  trans- 
portation at  the  least  cost  to  the  community  as  a  whole? 

Where  real  estate  taxpayers  are  required  to  pay  the  en- 
tire cost  of  roads  and  streets,  there  is  invariably  strong  re- 
sistance to  highway  improvement,  for  many  a  taxpayer  feels 
that  the  improvement  is  not  worth  its  cost  to  him.  No 
reasonable  man  rebels  at  paying  for  an  improvement  or  a 
service  all  that  it  is  worth  to  him.  But  nearly  all  men  ob- 
ject to  paying  for  improvements  or  services  from  which 
others  derive  greater  benefit  at  less  cost.  In  short,  there  is 
invariably  great  opposition  to  charges  that  are  not  propor- 
tionate lo  benefits  enjoyed.  It  is  this  opposition  that  has 
checked  the  development  of  our  city  and  country  highways. 

Illinois  voted  for  a  $60,000,000  bond  issue  tor  roads  when 
a  law  was  drawn  that  made  the  owners  of  motor  vehicles 
foot  the  entire  bill.  Motor  car  licenses  are  to  pay  the  bond 
interest  and  sinking  fund  annunities.  While  this  is  a  step 
in  the  right  direction,  it  is  not  only  an  inadequate  step  but 
it  is  not  entirely  equitable.  Each  motor  vehicle,  under  this 
Illinois  law  does  not  pay  for  the  use  of  state  roads  in  pro- 
portion to  its  individual  use.  For  example  a  vehicle  that 
travels  30.000  miles  a  year  pays  no  more  than  one  that 
travels  3,000  miles  a  year. 

An  ideal  method  of  charging  for  the  use  of  a  road  would 
be  one  that  involves  a  fixed  annual  charge  per  vehicle  plus 
a  mileage  charge.  Thus  for  a  passenger  vehicle  weighing 
one  ton  the  fixed  annual  charge  might  be  $10  plus  one-quar- 
ter cent  per  mile  traveled.  It  is  not  practicable  to  secure 
the  annual  mileage  of  each  vehicle,  but  it  is  practicable  to 
tax  gasoline  and  thus  secure  a  payment  approximately  pro- 
portionate to  the  mileage  and  weight  of  each  vehicle.  A  15 
per  cent  tax  on  the  retail  price  of  gasoline  would  yield 
about  a  quarter  of  a  cent  per  ton-mile  of  dead  weight  of 
vehicle. 

In  our  last  Road  and  Street  issue  C.  A.  Mullen,  director 
ot  the  paving  department  of  the  Milton  Hersey  Co.,  of  Mon- 
treal, suggested  a  tax  on  gasoline,  tor  the  purpose  above 
outlined.  In  England  prior  to  the  war  there  was  a  4  ct. 
per  gallon  tax  on  gasoline,  which  motorists  did  not  oppose. 
Mr.  Mullen  points  out  that  there  would  be  some  difficulties 
in  applying  such  a  tax,  but  none  that  is  insuperable.  For 
example,  gasoline  used  for  motor  vehicles  would  have  to 
be   segregated  from  gasoline  used  for  other  purposes. 

Civil  engineers  should  study  this  economic  problem  care- 
fully. Having  reached  a  definite  conclusion  they  should  en- 
deavor to  secure  changes  in  laws  relating  to  assessments 
for  roads  and  streets.  All  existing  laws  are  ecomically  de- 
fective, because  they  were  devised  by  men  that  were  not 
trained  economists.  Laws  of  this  character  are  really  eco- 
nomic instruments,  quite  as  much  so  as  an  engineer's  speci- 
fications for  a  structure.  An  economic  instrument  should 
be  designed  by  an  economist. 
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What  Can  Be  Done  to  Accelerate 
Municipal  Improvements? 

According  to  the  Haily  Bond  Buyer  of  New  York  municipal 
bonds  totaling  $37s, 124,000  were  sold  during  the  tirst  seven 
months  of  1919,  as  compared  with  1152,694,000  for  the  cor- 
responding period  of  191S.  and  $349,082,000  in  1914.  On  its 
lace  this  would  seem  to  indicate  that  expenditures  for  city 
improvements  are  back  to  normal,  but  It  should  be  remem- 
bered that  construction  costs  are  about  80  per  cent  higher 
than  they  were  in  1914.  Hence  bond  sales  for  the  first  seven 
months  of  this  year  should  have  been  about  $630,000,000  to 
equal  in  purchasing  power  the  $349,082,000  sold  in  1914. 

Municipal  improvements  will  not  reach  the  prewar  level 
very  soon  unless  one  of  two  things  is  quickly  done:  (1)  De- 
flate the  currency  and  bank  deposits  so  as  to  increase  the 
buying  power  of  the  -.lollar;  or  (2)  increase  the  borrowing 
power  ot  municipalities.  The  latter  step  should  be  taken, 
even  if  the  first  is  also  taken,  for  city  improvement  should 
not  be  restricted  bv  antequated  charters. 

The  borrowing  power  ot  a  city  is  usually  limited  to  about 
2 ..■>  per  cent  of  the  assessed  valuation  of  tlie  real  estate  in 
■  t.  Real  estate  valuations  have  not  been  materially  raised 
in  the  last  five  years,  and  there  will  be  vigorous  opposition 
to  any  attempt  at  increasing  assessed  values.  Hence  the 
niost  practical  move  will  probably  be  to  secure  an  increase 
in  the  allowed  percentage  of  debt  limit.  Not  only  in  the 
interest  of  the  public  but  of  the  thousands  of  engineers  in 
the  employ  of  cities,  should  engineering  societies  take  the 
lead  in  securing  changes  in  city  charters  that  will  enable 
cities  to  go  ahead  with  municipal  improvement  at  a  satis- 
factory rate. 

One  of  the  many  reasons  why  governments  are  less  pro- 
gressive than  private  companies  and  individuals  is  the  diffi- 
culty of  securing  adequate  capital.  Only  under  the  stress 
of  war  is  it  usually  easy  for  a  democratic  governtnent  to 
secure  all  the  needed  capital  without  interminable  delays. 
Civil  engineers  experienced  in  public  works  know  how  fre- 
quently their  recommendations  for  construction  expendi- 
tures are  either  ignored  or  pigeon-holed.  Even  when  poli- 
ticians read  and  understand  the  reports  of  engineers — which 
is  seldom— there  is  apt  to  be  procrastination,  for  the  aver- 
age politician  waits  to  see  what  the  public  opinion  will  be. 
P^iblic  opinion  at  best  is  slow  in  forming,  and  at  worst  it 
lefuses  to  form.  Moreover  a  few  active  opponents  of  a  pro- 
posed improvement  can  often  block  it  for  years;  witness 
the  2.5  years  that  it  has  taken  to  overcome  the  opposition 
of  farmers  to  adequate  e.xpenditures  for  highways.  Simi- 
larly in  cities,  the  owners  of  buildings  that  are  leased  to 
tenants  have  usually  opposed  adequate  expenditures  for 
pavements.  The  tenants  are  only  mildly  interested  in  street 
improvement,  whereas  the  landlords  are  keenly  interested 
because  of  their  assessments  and  taxes.  The  consequence 
is  that  this  active  minority  has  been  so  effective  in  its  lob- 
bying that  not  halt  the  street  mileage  of  American  cities  is 
paved  at  all.  and  the  other  half  is  paved  inadequately,  tak- 
ing it  as  a  whole.  Against  these  militant  minorities  that 
oppose  public  improvements  so  effectually  there  has  seldom 
been  an  equally  militant  minority  organized  to  secure  ade- 
quate improvements.  Spasmodically  a  chamber  of  commerce 
may  undertake  to  arouse  public  opinion  in  behalf  of  some 
improvement.  OccasionaHy  some  public-spirited  individual 
or  newspaper  may  conduct  such  a  campaign.  As  a  rule, 
however,  public  works  improvements  lack  aggressive,  in- 
telligent support.  Engineers,  above  every  other  class,  are 
capable  of  judging  the  economic  merit  of  any  public  works 
improvement:  but  engineers  have  hitherto  been  content 
merely  to  report  on  projects.  They  have  given  no  aggressive 
support  to  their  own  plans  or  to  the  plans  ot  other  engi- 
neers. The  time  has  come  to  abandon  this  antequated  policy 
of  professional  dormancy. 


Increased  Revenue  for  Georgia  Highways.— The  House  of 
Representatives  of  the  Georgia  Legislature  has  amended  the 
State  Motor  Vehicle  Lav\  so  that  it  will  provide  $2,500,000 
annuallv  for  road  work.  Under  the  existing  law  the  state 
receives  between  $350,000  and  $400,000.  Under  the  law  the 
license  fees  for  trucks  ranges  from  $20  for  1-ton  to  $2fi0  for 
4  to  5  ton  trucks. 


Political  Economy  and  War 

To  the  Editor:  I  have  been  reading  several  of  your  articles 
on  "Political  Economy  as  a  Science"  and  I  was  particularly 
interested  by   the   letter  of   Mr.  Jakobsen   in   your  Issue  of 

Aug.  20,   1919. 

I  would  like  to  know  who  first  said  that  there  was  any 
such  science.  All  of  us  have  read  books  and  theses  on  va- 
rious subjects  which  Implied  that  such  a  science  existed 
somewhere  on  the  map.  While  in  Paris  watching  the  per 
formance  of  the  peace  delegates  I  noticed  a  number  of  emi- 
nent practitioners  of  the  aforesaid  science.  On  being  ques- 
tioned they  admitted  that  the  adjudication  of  a  just  peace- 
rested  alm(;st  exclusively  on  their  brawny  shoulders  and 
spectacles.  Like  Atlas  of  old  they  were  somewhat  bowed 
throi'gh  the  excessive  weight  of  their  responsibilitips.  The 
odd  part  of  the  matter  was  that  one  eminent  practitioner  who 
must  have  known  most  of  the  rules  of  the  game,  a  short  time 
before  August.  1914.  predicted  that  there  never  could  be 
another  general  war  in  Europe.  After  the  war  had  been  go- 
ing on  several  months  another  gentlsman  equally  wise  and 
learned  predicted  that  it  could  not  last  over  six  months. 
They  were  not  a  bit  discouraged  but  had  set  out  to  stop  it. 
After  it  was  stopped  by  military  force  temporarily  they  an- 
nounced that  ihey  had  been  successful  in  their  endeavors 
and  cited  the  Treaty  of  Versailles  to  prove  the  statement. 
Somehow  there  has  been  a  lack  of  co-operation  on  the  part 
of  the  war.  It  hasn't  stopped  as  yet  and  bids  fair  to  go  on 
for  a  generation.  Somebody  apparently  has  failed  to  observe 
the  rules  of  the  game  and  an  umpire  should  be  appointed  to 
make  the  players  conform  to  the  rules. 

Wars  are  won  and  lost  by  something  akin  to  the  doctrine 
of  stresses.  The  aljility  of  a  nation  to  carry  a  load  cannot 
be  judged  bv  the  size  of  the  load  altogether.  If  that  were 
true  a  general  in  the  field  would  spend  all  his  time  with  the 
Q  M  Corps,  the  Ordnance  Department,  etc.  While  they  are 
important  parts  of  the  machine  the  most  weight  must  be 
"iven  to  the  esprit  de  corps  of  the  actual  combatants.  As  an 
niustration  of  this  take  the  first  battle  of  the  Mame.  The 
Germans  had  200,000  more  men  than  the  French  and  every- 
thing in  the  wav  of  equipment  was  in  their  favor.  \et  Gen- 
eral (now  Marshal)  Foch,  in  command  of  the  army  of  the 
center  after  having  both  his  wings  driven  back,  advanced 
his  center,  broke  the  German  center  and  forced  the  retire- 
ment of  the  best  drilled  and  equipped  army  in  the  world. 
There  is  a  good  reason  why  this  always  will  occur,  but  is 
anything  on  the  subject  to  be  found  in  the  rules  of  political 
economV  Is  there  anything  to  show  that  the  nations  which 
so  ardentlv  desire  their  political  freedom  will  be  as  well  off 
from  an  economist's  point  of  view  as  they  were  under  the 

olct  regime? 

The  war  will  have  far  reaching  economic  effects,  but  were 
these  results  brought  out  by  anything  we  ordinarily  call  the 
rules  of  political  economy?  The  present  turmoil  in  certain 
parts  of  Europe  show  that  the  nation  apparently  the  poorest 
equipped  to  carry  on  a  war  will  prolong  it  after  the  well-to-do 
nations  are  satisfied  to  quit. 

This  «ouId  never  happen  in  a  book  on  the  science  of  po- 

litical  economy. 

Mr  .lakobsen's  letter  giving  the  instance  of  the  42  km 
puns  brought  this  all  to  mind  and  also  an  instance  of  what 
science  and  experiment  have  hitherto  demonstrated.  Accord- 
ing to  the  rules  of  exterior  ballastics  the  maximum  angle  of 
fire  is  45'=  for  the  greatest  range.  Everx'body  has  proved  it 
time  and  again.  Having  been  a  part  of  the  target  for  the 
Big  Bertha.  I  became  interested  in  its  performance.  The  in- 
formation I  received  was  that  its  angle  of  fire  was  about  60  . 
The  maximum  height  of  its-  trajectory  was  about  3.-,  km  B> 
reason  of  its  height  the  projectile  reached  a  stratum  of  rari- 
fled  air  which  offered  less  resistance  than  a  lower  one  at 
the  45°  and  the  range  was, much  longer  than  by  the  latter 

""when    old    and    apparently    well   established    rules   of   me- 
chanics are  upset   in  this  fashion   it  would   seem  that   some 
of  the  crudities  of  so-called  political  science,  which  are  based 
largelv  on  opinon.  might  be  revamped  with  profit  to  all  con- 
cerned PAUL  M.  La  BACH. 
Engr.  Water  Service.  Rock  Island  Lines. 
Chicago. 
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Standard    Details    of    Pennsylvania    State    Highway  Department  for 

Minor  Features  of  State  Roads 


PipeJoini-  h  be 
covered  wiih  2  Plu  Tar  Paper 
Top  of  Dram ---'"-^ 


Slope  1:10 

l"fo3''Shne^'\  _y 


Ear^h  Fill 


VHrified  Tile  Undenlniin 

Underdrains 


Top  of  Dram 

Slopelio    w'?-S^-'^-  |"to/5"5fcne 
Viirifjed  Tile  Foundafton  Underdrai 


Slope  I  10 


7//7 

Vifrified  Tile  Oufleh  for  Unaerdrams 


.Slope  1^:1 


Blocks 


Siones  from  6"k>8"in  Depth'    >, 

Crushed  Rock  Slag  or  - 
Gra[/el  Bed 


Plain  and  Grouted  Rubble  Gutter 


Vitrified  Brick  Gutter 

iz'foia'         J' 

BaHer.J'^JA',^ 


6"Concrefe  !-2-3>^-- 


-3"ff. 


-->w 


IBaffer. 


Piain  Cement  Concrete  Gutter 

Oalvonized  Sfeel  Bar 
2' of  IBMixfure 

lO'-O" 


V2:3  Concrefe 
Porhon  doHed  to  be  used  in  builf  up  secHons 
Portion,  solid  to  be  used  in  suburban  sections 

Combination  Cement  Concrete  Curbing  ond 
Gutter 


lO'-O" 


v^:m 


17"; 


Armored 


Concrete  1:2=4 ' 
Plain 


Concrete  Curbing 


-)«5 


,  Top  Surface  to  be  beveled i 
To  be  dressed  12' 


Hammer  Dressed  3' 


Joint  to  exceed ^ ': 


*■ 


'£ 


6'W- 
I 


Cross  Section  Five  Inch  Curbi 


I    l^..- Radius 

it'  iBatter 


Hammer  Dressed  12", 
Hammer  Dressed'3' 

\       a- 


*" 


mf 


1. 


m 


ing 


8"  Square 

I  ~   I     Pavement 


Stone  Curbing 
^..  Slope  if  to  I ' 


"3       pill 

i,       -11!= 

6"'  ;  IQn; 

Cross  Section   Cross  Section 
6"  Curbing        8"  Curbing    ^-j..^:^  concrete 

vJ-<-  See  Table  below 
13  6  Concrete 


l'-  l"x6"Copper  bolt  with  head  not 

^  lore  4h^n    lit; r.- i. 


less  than  if  in  diameter 
Concrete  1=2  Mixture 


— -i 


'utCi^ '  12"  Square 

Monument 


Vt'-  i"  Radius 


Heoder  Curbing 
Depffy  Pavement 


WTT^^mm 


2" 
k 

4 
f 


Bituminous  Pavements 
Bituminous  Pavements 
3"  Vitrified  Brick  Sc  Blocks 
3i"Wood  Block  Pave't  .  fPavet 
4"Vit'd.  Brick  &  Wood  Sk  Fbve't. 
5"Stone  Block  Pavement 
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Cost   of  Surveys  for  Federal  Aid 
Roads  Project  in  Kansas 

The  following  figures  relate  to  surveys  made  in  the  early 
liart  of  191S  for  a  Federal  Aid  road  project  in  Labette  county, 
Kansas.  The  work  covered  approximately  44  miles  of  high- 
way, divided  into  four  sections,  as  follows:  Section  A,  9,25 
miles;  B.  10.1  miles;  C,  10.S3  miles;  D,  13.91  miles. 

The  transitman  received  $100  per  month  until  May  1st,  ex- 
cepting two  days  due  to  a  change  of  transitmen.  From  ,Tune 
12th  to  June  27th.  the  transitman  received  $150  per  month. 
The  helpers  received  $2  per  day  until  March  1st,  when  they 
were  paid  $3  per  day.  The  time  was  derived  from  the  actual 
number  of  days  worked,  as  the  helpers  were  working  by  the 
(lay  and  the  transitman  worked  in  the  office  during  inclement 
w  eather. 

A  cheap  cloth  tape  which  had  been  removed  from  its  case 
and  the  free  end  allowed  to  drag  on  the  ground  was  used  in 
measuring,  it  being  impractical  to  be  continually  rolling  and 
unrolling  the  tape.  The  tape  was  much  easier  to  handle  in 
iliis  way  and  being  inexpensive  the  time  saved  more  than 
offset  the  additional  cost. 

Bench  levels  for  Section  A  were  started  on  Jan.  23  and 
completed  on  Feb.  5.  The  following  is  a  summary  of  the 
«ork  for  the  four  sections: 


A' 
■B '■ 


2S 

-  o 

ao 

.032 
.O.'SS 
026 
-047 


u  3 

P  %  i 

Ko£ 
.0060 
.0059 
.0059 
.0241 


_j.oc: 
l,HS 
1,532 
1,196 
1,677 


0)  7- 
Jl 

324 
513 
352 
331 


141  .0419 

.141 


5.51S     1,520 
Average   closure .030. 

4 

.0419 

4 

.Vvorage  distance  l)etween  bench  marks. 

1,520 


2.11 
2.66 
2.32 
2.20 

9  '*9 


1.85 
2.34 
2.32 

2.02 


8.53 


c  c- 

2.31 
2.S0 
2.17 
1.60 

8.9S 


.Vverage  error  of  closure  /  mile 


Average  length  of  shots. 


Av.-rage  miles 


3S0  ft. 


2.32. 


Average  miles  of  road  checked  /  day. 


S.53 


1.380  ft. 


2.15. 


The  result  of  inexperienced  help  is  clearly  shown  in  Section 
■  A"  under  miles  per  day.  The  effect  of  rough,  hilly  country 
is  also  shown  in  Section  "D"  under  miles  per  day,  and  error 
of  closure.  The  slower  progress  made  on  Section  "A"'  was 
due  in  part  to  disagreeable  weather.  Sections  "B"  and  "C," 
over  which  progress  was  more  rapid,  are  similar  in  topog- 
raphy to  "A."  Three  circuits  were  re-run.  and  two  additional 
circuits  have  poor  closures  but  were  not  rechecked,  owing 
to  the  limited  time  in  which  to  finish  the  survey,  this  being 
•another  cause  ol  the  poor  closures  in  Section  "D." 

Center  line  surveys  on  Section  A  were  started  on  Feb.  6 
and  completed  Feb.  1-5.  A  summary  of  this  work  for  the  four 
sections  follows: 


Section. 

•A"                                        

No.  of 

miles  /  day. 

1.16 

I^ength  of 
shots. 
1,815 

•B" 

1.44 

1,624 

■C" 

1.67 

1.518 

■n'                                         '/ 

1.46 

1.295 

5.73 

6,352 

Average  number  of  miles  /  day, . 

. 1.43. 

4 

ft. 

6.352 

length    of    shots 1.58S 

Section  "A"  shows  the  least  number  of  miles  per  day  as 
in  bench  levels  and  for  the  same  reasons  as  stated  before: 
the  rate  would  have  been  proportionately  smaller  had  it  not 
been  for  the  longer  shots.  In  the  same  manner  the  shorter 
,shots  in  Section  "D"  retarded  the  work. 

Cross  sectioning  was  started  on  Section  A  on  Feb.  11  and 
nnished  Feb.  2s  The  following  is  a  summary  for  all  the  sec- 
tions: 


1,1-iigth   of 

foresights 

SectioQ. 

Rrror  of 

rind  back- 

closure 

sights. 

"A" 

.033 

272 

••B" 

066 

327 

N'o.    of 

Xo.  of 

miles 

shots 

'   day. 

'  day. 

1.23 

570 

1.56 

732 

'.'S;; 027  302  J. 48  71S 

'  " 063  298  1.66  $3» 

.189  1.199  6,93  5.SB4 

,189 

.Vverage  closure .047. 

4 

1.199 

Average  lengtli  of  foresib'hls  and  backBig-hts. . . —  .tOo  fl 

4 
5,93 

.Werage  number  of  miles  /  dav. . . . 1.48. 

4 
2,654 

Average  number  of  shot!<  /  day — 064. 

4 
-■is  before,  Section  "A"'  indicates  a  slower  rate  ot  progress. 
while  Section  "D"  shows  the  best  progress,  which-  can  be 
partly  attributed  to  the  fact  that  less  shots  were  taken  per 
distance  traveled  than  upon  the  other  sections.  Rainy 
weather  retarded  progress  appreciably  on  Section  "C,"'  The 
closures  on  Sections  "A"  and  "C"  compare  very  well  with 
the  bench  level  closures  for  the  same  sections.  This  would 
seem  to  indicate  that  an  accurate  line  of  levels  can  be  run  in 
connection  with  the  cross  sectioning  by  using  the  necessary 
precautions  The  larger  errors  accumulated  in  Sections  "B" 
and  "D"  are  attributed  to  inaccuracies  resulting  from  too 
fast    work. 

The  labor  cost  of  the  surveys  was  as  follows: 

RENCH  LEVELS. 

Com 
pel' 
No.  of  No.  of  per 

Section  days.  men.  Rate  Total  milt. 

•A"    -.5  1  J3.85  $19.25 

1  2.00  10.00  $3.  If 

'B-    4Vs  1  3.85  16.68 

1  3.00  13.00  2.94 
"C"    4.66              1                 3.85                17.94 

2  I  2.00  4.00 

3.66  1  3.00  7.98                2.T6 

■'\y      2  1  3.85  7.70 

4,S7  1  4.81  23.42 

6.87  1  3.00  20.61                 3.00 

I'ENTERI.INE. 

Gobi 
per 
No.  of  No.  of  l>er 

Section.                     da.vs  men.  F!ate  Total  mill. 

••A"    S  1  J3.S5  J30.80 

2  2.00  32.00  »7  01 
■B"    7                      1                  3.S5                  26.95 

2  300  42.00                 6.8S 

••C"     6 v.                 1  3.85  25.03 

2  3.00  39.00                 5.91 

••D"     S"-                  I  4.81  45.70 

2  3.00-  .57.00                 7.JS 

Cr:OSS  SECTIONS. 

Cost 
per 

No.  of         No.  or  per 

Section.                     davs.             men.          Kali-  Total.             mil-; 

•A"    7^4                1               $3.85  $28.8^ 

2                2.00  30  00              »«.3T 

"B"                    6y.                1                 3.85  26.03 

2                3.00  39.00                6.34 

-O"                7%                 1                 3.00  34.00 

1                    1                 4.81  4.81 

6%                 1                 3.86  24.38                5.83 

■D"    7.79               1                 5.7T  44.93 

2                3.00  46.74                7.08 

An  automobile  was  used  on  the  survey  for  five  months. 
The  total  miles  traveled  in  the  survey  was  estimated  at  2,187. 
This  number  was  arrived  at  by  taking  the  distance  to  the 
center  of  the  road  and  multiplying  it  by  twice  the  number  of 
trips,  soue  days  there  being  two  trips  out  and  back  when  the 
party  came  in  at  noon. 

The  total  expense  of  running  the  car  for  the  five  monrtb.^ 
was  $133. S9,  less  one-eighth  the  amount  the  car  was  used  for 
other  purposes,  =  $133.89  — $16.74  =  $116.95.  Depreciation  = 
$385  (cost  price)— $200  (selling  price)  =  $185.  The  car  had 
been  out  nine  months  when  the  survey  began,  was  used  on 
the  survey  five  months  and  had  been  in  use  21  months  when 
sold.  The  amount  of  the  total  depreciation  charged  to  the 
use  of  the  car  during  the  survey  was  one-third,  or  $61.66. 
The  total  expense  of  car  was  $178.6]  for  2.187  miles  or  $0,082 
per  mile. 

The  instruments  and  materials  used  on  the  surveys  were 
as  follows: 

BENCH  LEVELS. 

Cost.        Depreciation    Amount 

Levi   and  rod    ,....$50.00  2^%  $1.25 

Field   books  and  pencils    ^■^° 

%  2.40 
CENTER  LINES. 

Cost.         Depreciation.  Amoimt. 

stake-^ $57.15  $57.« 

Transit V. 150.00  5%  7.o0 

VJ-e l-«0  50%  -^ 

Taoe 5.44  15%  .82 

2  5oth- "tapes' SO?  '^^  J-g 

Field  books  and  pencils 2.2j  . ....  -«» 

Flag  ix)les    6-0"  5%  .-b 
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Kiel   . 
Nails 


1.00 

.as 


l.dii 

.25 


CR(5SS  SECTIONS. 
Cost. 

Level  and  rotl  %  50.00 

Field  books  and  pencils    2.25 

4  cloth  tapes 4.0O 


l>epreciation. 
2V4% 


?70.97 

Amount. 

$  1.25 

2.25 

4.00 


$  7.50 

This  gives  a  total  of  $t;0.37  or  ;!.697  ct.  per  mile. 

Allowing  for  one-fourth  time   of  the   County  Engineer   for 

5  months  at  $166.66  per  month  gives  a  cost  of  $208.33  divided 

by  2,187  miles  or  9.5  ct.  per  mile.     Figuring  in  this  cost  the 

totals  for  the  surveys  were: 

Bench  Center  Cross 

levels.  lines.  sections. 

L-abor    $130.58  $300.48  $277.77 

Car     47.64  67.24  46.50 

Instruments  and  materials  2.40  70.97  7.50 

County  engineer    55.20  77.90  44.02 


Totals    $235.82  $518.59 

Cost  per  mile   ...$     5.35  $  11.72 

The  labor  cost  of  preparing  the  plans  follows: 

County  engineer,   14th  time  from  Feb.   1   to  Julv  1,  1918.  at 

$833.33   $ 

County  engineer.  1  /7th  time  from  Jan.  1  to  Julv  1,  1919 

County  engineer,  %  time  from  July  1  to  Aug.  15,  1919 

Assistant  engineer,  45^^  days,  at  $3.80  

Assistant  engineer.  2  months,  at  $125   

Assistant  engineer,  1  month,  at  $125  

Assistant,   7  weeks,   at   $150  per  month    

4  days,  at  $4.17    

6   days,   at    $3.70 

9  days,  at  $5   , 

3  months,  at  $150   .^  . 

1/4  th  time  for  3  months,  at   


$424.44 
$     9.84 


Assistant, 
Assistant 
Assistant 
Assistant 
Assistant, 


208.33 

142.SG 

125.00 

157.64 

250.00 

125.00 

258.61 

16.88 

33.50 

45.00 

450.00 

131.25 

55.22 

Total     $1,999.89 

As  the  surveys  covered  44.09  miles  of  highway,  the  labor 
cost  of  preparing  the  plans  was  $45.36  per  mile. 

The  cost  of  supplies  and  use  of  office  equipment  for  the 
plans  was  as  follows: 

Ink,   pencils,  erasers,   eto $  5.00 

Value    of    office    fixtures,    drawing-    instruments,    etc.,    $300.30; 

depreciation  p,t  4%,  or  12.01 


Miscellaneous  help 


Total    {17.07 

On  the  basis  of  44.09  miles  of  road  this  gives  a  cost  of  $0.39 
per  mile. 

The  cost  of  blue  print  paper  was  11  ct.  per  sheet:  the  cost 
of  printing,  trimming  and  binding  was  14  ct.,  making  the 
total  cost  per  sheet  25  ct.  Materials  as  follows  were  used 
in  preparing  the  plans  for  the  four  sections: 

216  sheets  blue  print  paper  at  25  ct $  .'vl.Oi; 

90  sq.  yd.  plain  profile  cloth  at  70  ct 63.00 

90  sq.  yd.  cross  section  paper  at  20  ct 18.00 

11.7  sq.  yd    tracing  cloth  at  37  ct 43  29 


Total.    11,09  miles  of  road  at  $4  05   $178.29 

This  gives  a  cost  of  $4.05  pei'  mile  of  road  for  the  blue 
prints. 

The  cost  of  the  plans  was  $48.22  per  mile,  and  the  cost  of 
tlie  .surveys  was  $26.69  per  mile,  giving  a  total  cost  of  $74.91 
per  mile.  We  are  indebted  to  E.  L.  Hageman,  resident  engi- 
neer, Section  A,  Federal  Aid  Project  No.  2,  Labette  county, 
Kan.,  for  the  above  data. 


$300,000,000  Expended  in  1918  on  Rural  Roads  and  Bridges. 
—Based  on  complete  reports  from  44  of  the  states,  cash  ex- 
penditures on  the  rural  roads  and  bridges  of  the  United 
States  for  the  calendar  year  1918  amounted  to  $286,098,193. 
To  this  should  be  added  the  value  of  statute  and  convict 
labor,  which  can  not  be  fixed  with  any  great  degree  of  ac- 
curacy but  probably  amounted  to  not  less  than  $14,000,000, 
thus  niakina  the  grand  total  expenditures  for  the  year  $300,- 
000,000.  This  total  is  made  up  of  the  actual  expenditures 
for  such  items  as  labor,  materials,  supervision  and  adminis- 
tration directly  connected  with  the  construction,  improve- 
ment, and  upkeep  of  public  roads  and  bridges  outside  the 
limits  of  incoi-porated  towns  and  cities,  and  does  not  in- 
clude any  item  for  sinking  fund  payments  or  redemption 
and  interest  on  road  and  bridge  bonds.  The  year  1918  of- 
fered and  unprecedented  condition  in  practically  all  lines 
of  highway  work.  There  was  not  only  a  tremendous  in- 
crease and  expansion  in  the  amount  of  heavy  truck  traffic 
on  public  roads  and  an  unprecedented  shortage  in  regard  to 
road  materials,  labor,  and  ready  funds,  but  also  a  decided 
increase  in  maintenance  work,  which  was,  however,  par- 
tially offset  by  a  decrease  in  the  amount  of  new  construction. 


Methods   of   Protecting    Concrete 

Pavements  Laid   in   Warm 

Weather 

Most  concrete  pavement  construction  is  carried  out  dur- 
ing the  hottest  part  of  the  year.  If  suitable  measures  are 
taken  to  protect  the  concrete  from  hot  sun  and  drying  wind, 
strength  and  wearing  qualities  of  the  pavement  will  be  con- 
siderably improved  due  to  the  fact  that  water  is  retained 
in  the  concrete  during  the  early  hardening  period.  Various 
methods  of  protecting  the  concrete  are  described  in  a  cir- 
cular issued  last  month  by  the  Portland  Cement  Association, 
to  which  we  are   indebted  for  the  matter  that  follows. 

As  the  hardening  of  concrete  is  not  a  drying  process,  the 
newly-laid  concrete  must  be  protected  against  evaporation 
of  necessary  moisture.  Concrete  hardens  best  and  most  uni- 
formly in  the  presence  of  moisture.  Water  introduced  in 
mixing  the  concrete  is  necessary  to  the  chemical  changes 
that  take  place  when  cement  and  water  are  combined.  Mix- 
tures  may   be   properly  proportioned,   concrete   mixed   to   the 


Suggested    Design    for    Light    Frame    to    Hold    Canvas    Over    Newly 
Placed    Concrete    Pavement. 


light  consistency  and  properly  placed,  yet  if  the  work  is 
exposed  to  hot  sun  and  drying  winds  its  final  strength  will 
fall  below  maximum.  Direct  heat  from  the  sun  and  hot, 
drying  winds  from  across  open  fields  in  open  country  must 
he  guarded  against  on  concrete  roads  under  construction. 
Residence  streets  are  often  partly  shaded  by  trees  and  be- 
cause of  this  are  subjected  to  uneven  drying  unless  the 
concrete  is  protected.  One  cause  of  rapid  evaporation  of 
water  from  newly-placed  concrete  on  street  and  alley  work 
is  heat  reflected  from  buildings  adjacent  to  the  work.  The 
walls  of  a  building  exposed  to  the  sun  will  continue  to  radi- 
ate heat  for  some  hours  after  direct  rays  of  the  sun  no 
longer  strike  the  building  surface.  This  situation  always 
demands  close  attention  and  extra  care  must  be  taken  to 
protect  new-  concrete  laid  in  such  locations 

Canvas  Covering. — Immediately  after  a  section  of  pave- 
ment has  been  finished  during  hot  or  windy  weather,  it 
should  be  covered  with  canvas.  Frames  are  set  up  to  hold 
the  canvas  away  from  the  surface,  thus  preventing  injury 
to  the  fresh  concrete.  Such  frames  are  usually  made  in  sec- 
tions that  may  readily  be  moved  forward  to  new  positions. 
The  canvas  covering  is  not  removed  until  the  concrete  has 
developed  initial  hardening.  Usually  this  takes  place  in  a 
few  hours.  The  concrete  is  then  given  a  thorough  sprinkling 
and  protected  by  pending  or  with  a  layer  of  earth  or  sand 
kept  moist  by  frequently  sprinkling.  This  protective  cover- 
ins  prevents  the  rapid  drying  out  of  the  concrete  and  per- 
mits the  hardening  process  to  proceed  at  a  rate  which  will 
produce  the  strongest  concrete. 

Curing  by  Ponding. — The  ponding  method  of  curing  is 
usually  preferred  on  level  stretches  of  pavement  or  sections 
where  the  gi-adient  does  not  exceed  2  per  cent.  After  the 
canvas  has  been  removed  and  the  surface  of  the  concrete 
sprinkled,  dikes  of  earth  are  built  along  the  sides  of  the 
pavement.  These  should  be  high  enough  to  maintain  con- 
stantly a  2-inch  depth  of  water  over  the  crown  of  the  pave- 
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ii'.ent.  To  prevent  too  great  a  loss  of  water  by  seepage,  a 
Sr^econdary  longitudinal  dam  is  sometinies  constructed  2  ft. 
or  so  in  from  the  edge  of  the  pavement.  This  helps  to  in- 
sure greater  depth  of  water  over  the  crown  of  the  pave- 
ment. 

Transverse  dikes  art-  luiilt  across  the  pavement  at  suit- 
able intervals.  On  grades  up  to  2  per  cent,  ponding  ma.v 
be  done  by  spacing  the  transverse  dikes  at  as  short  inter- 
vals as  necessary  to  secure  the  required  depth  of  water  over 
the  crown.  The  water  must  be  maintained  at  sutticient  depth 
to  cover  the  center  line  of  the  pavement  at  all  times,  but, 
as  flooding  must  l)e  timed  so  as  not  to  deprive  the  mixer 
of  the  necessary  water  supply,  the  ponds  are  usually  tilled 
at  the  noon  hour  and  in  the  evening  and  early  morning. 
Water  is  kept  on  the  pavement  in  this  manner  for  at  least 
10  days  and  often  for  two  weeks.  Wlien  curing  has  prog- 
ressed to  the  desired  stage,  the  water  is  allowed  to  run  off 
and  the  pavement  swept  and  cleaned.  At  the  end  of  10  days 
or  two  weeks,  hardening  has  so  far  advanced  that  weather 
conditions  are  not  likely  to  affect  the  strength  of  the  con- 
crete adversely. 

Traffic  most  be  kept   off  the  pavement,  however,  and   it  is 


Sprinkler  System   for  Curing    Concrete   Pavement. 

good  practice  to  keep  up  barricades  until  the  concrete  is 
30  days  old.  This  length  of  time  is  particularly  desirable  if 
heavy  truck   traflic   is   to  use   the   road. 

Curing  by  Earth  Covering. — An  earth  covering  is  often  used 
instead  of  the  ponding  method  of  curing.  This  produces  good 
results.  After  the  canvas  protection  has  been  removed  and 
the  concrete  has  been  sprinkled,  a  covering  of  earth,  sand 
nr  other  water  retaining  material  2  in.  or  more  thick,  is 
spread  evenly  over  the  pavement.  This  covering  is 
thoroughly  soaked  at  intervals  frequent  enough  to  prevent 
the  earth  from  drying  out.  Sprinkling  of  the  earth  covering 
usually  should  continue  throughout  a  period  of  two  weeks 
and  the  covering  be  allowed  to  remain  on  the  concrete  for 
a  week  longer.  The  pavement  is  then  cleaned  off.  the  earth 
being  used  to  even  up  the  shoulders.  Usually  barricades 
are  kept  up  another  week  before  traffic  is  permitted  to  use 
the  pavement.  In  cool  weather,  when  hardening  of  concrete 
proceeded  more  slowly,  the  period  of  excluding  traffic  from 
the  pavement  is  often  lengthened. 

Curing  by  Sprinkling. -On  city  street  paving  it  is  fre- 
quently inconvenient  or  impossible  to  protect  concrete  pave- 
ment during  the  curing  period  by  earth  covering  or  pond- 
ing. In  such  cases  it/is  often  possible  to  keep  the  con- 
crete wet  by  means  of  sprinkler  heads  arranged  at  suitable 
intervals  connected  by  hose  to  the  city  water  supply  system. 
Where  the  street  is  on  a  slight  gradient,  it  may  be  that  the 
line  of  sprinkler  heads  can  be  so  arranged  that  the  water 
flowing  down  the  gradient  will  cover  all  portions  of  the 
pavement  and  thus  reduce  the  number  of  outlets  which 
must  be  provided.  In  arranging  to  cure  the  concrete  by 
this  method  it  is  necessary  to  plan  the  work  so  that  the 
water  running  off  the  pavement  being  cured  will  not  flow 
over  newly  placed  concrete  or  onto  the  earth  subgrade  soon 
to  be  concreted. 

Conditions  Making  Protection  Unnecessary.— Generally 
speaking,  the  protective  measures  described  in  the  forego- 
ing are  omitted  when  the  temperature  is  near  50'  F.  Under 
such  conditions  concrete  does  not  harden  so  rapidly  and 
the  drying  out  action  is  not  so  likely  to  occur,  so  the  pre- 
cautions described   are  not   iit.cf's=ary. 


Progressive    iMethod    of  Road   im- 
provement for  Rural  Districts* 

By  GABRIKL  HENRY, 
Chief  KiiBiiu-er.  I)eparlnu-nt  of  Roads,  rrovuic-  of  yui-ln-i 
In  a  country  with  a  comparatively  sparse  popiihiiion 
grouped  in  centers  generally  remote  from  one  another,  the 
general  problem  of  road  improvement  is  solved  by  meunB 
of  two  methods  which  may  be  used  concurrently  accordinK 
to  the  amount  of  money  available.  On  the  one  hand  there 
is  the  method  generally  followed  for  niain  ooniniunicHlion 
highways  known  as  "trunk  roads."  This  method  is, the  nor 
mal  one  which  is  of  the  same  nature  as  that  followed  in 
'juilding  rail.vays.  with  the  same  complete  preliminary  studies 
and  a  similar  organization  for  carrying  out  the  work.  On  the 
other  hand,  there  is  what  is  called  the  "progressive  method." 
which  is  better  suited  for  rural  road  properly  so-called.  The 
object  of  this  paper  is  to  call  attention  to  this  second  method 
to   desciibe  it   properly  and   make   its  advantages   known. 

The  Need  for  Rural  Roads  in  Quebec. — The  population  of 
the  province-  of  (Juebec  is  scattered  over  a  very  large  area. 
generally  in  groups  and  living  i)n  long  ranges  sometimes  re- 
mote from  one  another,  from  railways  and  from  main  high- 
ways, at  distances  which,  in  a  densely  populated  country, 
would  be  c(>nHidered  very  great.  The  consequence  of  this  ib 
That  every  rural  municipality  has  a  very  considerable  length 
of  roads  under  its  charge.  The  average  length  of  roads  per 
rauniciiuUity  in  this  province  probably  exceeds  4u  miles. 
Some  townships  have  as  much  as  100.  l.'iO  and  even  200  miles 
of  roads  under  their  control. 

The  population  is  chiefly  an  agiMcultural  one  and  naturally 
has  not  sutlicient  capital  for  improving  such  a  long  stretch. 
al!  the  more  so  owing  to  the  fact  that,  outside  the  St.  Law- 
rence \'alUy,  the  country  is  generally  undulating  and  some- 
times broken:  on  the  other  hand,  agriculture  and  trade  have 
greatly  developed  within  the  past  four  years,  and  the  need 
of  connecting  rural  municipalities  with  one  another,  with 
railways  and  highways  is  becoming  more  and  more  felt.  The 
use  of  automobiles  is  increasing  even  in  the  most  remote  dis- 
tricts. Requests  for  roads,  on  which  at  least  automobiles 
can  run.  are  becoming  more  and  more  insistent  every  day 
and  the  problem  is  becoming  complicated  from  a  domestic 
standpoint.  How  can  all  these  requests  be  even  partly  satis- 
fied? Such  is  the  question  answered  by  the  second  method. 
Needless  work  must  be  avoided  and  as  little  as  possible 
of  work  offering  but  transitory  or  short-lasting  advantages 
should  be  done.  All  the  work  executed  should  be  with  a 
view  to  real,  progressive  definite  improvement,  and  prefer- 
ence should  be  given  to  the  work  urgently  needed.  Thus, 
the  works  on  rural  roads  may  naturally  be  classified  in  two 
principal  categories:  Works  of  a  permanent  nature,  and 
works  of  a  non-permanent  nature. 

This   distinction,   as   will   be   seen   further   on.   is   verj'   Im- 
portant  not    only   from   the   standpoint   of  the   capital   to  be 
spent   in   making  roads,   but  also  from  a  technical   point  of 
view.     It  also  naturally  applies  to  road-making  according  to  , 
the  first  method. 

Works  of  Permanent  Nature. — Permanent  works  comprise: 
Drainage,  undtrdniinage:  bridges  and  culverts;  earthworks; 
special  v.ork,  such  as  retaining  walls,  rip-rap.  random  rip- 
rap, etc.;  work  of  minor  importance,  such  as  cobble  gutters, 
small  dry  stone  walls,  earth  basins,  etc.;  lastly,  the  founda- 
tion, .vhich  is  one  of  the  most  important  of  permanent  works. 
All  these  works  are  called  "permanent"  because  their  dura- 
tion iTiUst  be  unlimited  and  because  the  capital  spent  on  them 
must  be  a  life-long  investment.  For  instance,  reducing  the 
slope  of  a  hill  from  15  per  cent  to  5  per  cent,  is  a  pennanent 
work.  Interest  on  the  capital  required  for  this  work  Is  and 
will  always  be  represented  by  a  lower  cost  per  ton-mile  as 
well  as  by  reduction  in  the  cost  of  maintaining  the  road,  and 
the  amount  of  interest  w'ill  be  all -the  greater  as  the  traffic 
on  the  road  increases. 

As  a  rule,  the  cuts  and  fills  for  improving  the  profile  of 
a  road  are  permanent  works.  Deviating  a  road  to  get  around 
a  low-lying  or  wet  spot,  when  drainage  and  under-drainage 
cannot  be  done  and  where  no  top  course  can  be  mainuined 
except  at  a  heavy  cost;  raising,  by  means  of  a  fill,  a  road 
running  through  a  low  place  in  order  to  protect  it  from  damp- 
ness and  from  flooding  along  a  stream,  are  permanent  works. 
All  these  works  must  be  so  arranged  for  that  the  capital  to 
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he  spent  on  them  will  permanently  yield  good  interest 
through  the  advantages  they  will  procure. 

The  straightening  of  a  road  in  order  to  decrease  its  length, 
is  also  a  permanent  work.  If,  for  instance,  one  reduces  by 
Vi  mile  the  length  of  a  road  4  miles  long  on  which  a  wear- 
ing course  has  to'  he  put  which  will  cost  $10,000  per  mile, 
the  total  cost  of  that  top  course  will  be  lowered  by  $5,000. 
Such  straightening  may  sometimes  be  effected  for  a  smaller 
sum,  including  the  purchase  of  the  land  required,  while  the 
expense  of  its  maintenance  will  be  reduced  by  one-eighth.  The 
more  expensive  top  courses  are,  the  greater  will  be  the  ad- 
vantage of  reducing  their  length  by  well-arranged  straight- 
ening. 

Concrete  bridges  and  culverts  to  replace  wooden  ones, 
may  last  indefinitely  if  they  are  solidly  and  carefully  built, 
and  the  interest  on  the  capital  spent  on  them  will  be  repre- 
sented by  a  decrease  in  the  cost  of  maintaining  the  road. 
Wooden  bridges  are  comparatively  costly  to  i;e3p  in  order 
and  require  to  be  rebuilt  from  time  to  time.  This  cost  of 
maintaining  and  remaking  bridges  is  heavier,  as  a  rule,  than 
the  interest  on  the  cost  of  properly  built  concrete  bridges. 

Economic  Features  of  Permanent  Work. — Generally  speak- 
ing, the  works  called  "permanent"  in  connection  with  road- 
making,  are  the  same  as  for  railways,  less  the  cost  of  pur- 
chasing, transportation  and  laying  ties  and  rails.  To  sum 
up,  theii  feature,  as  we  have  just  said,  is  the  effecting  of  a 
life-long  investment  and  they  must  always  be  understood  and 
executed  so  that  the  investment  may  be  an  advantage- 
ous one.  These  permanent  works  also  possess  the  follow- 
inc  important  characteristics: 

If  properly  understood  and  carried  out,  the  yearly  cost  of 
their  maintenance  will  be  greatly  decreased.  Such  cost  is 
practically  independent  of  the  volume  of  traflic.  It  is 
greater,  as  a  rule,  during  the  years  immediately  following 
their  execution  and  it  decreases  gradually,  as  the  years  go 
by,  to  a  c-jrtain  fixed  lower  limit  as  the  road  settles  down 
and  nature  establishes  a  new  equilibrium  in  the  place  of 
that  which  was  disturbed  by  the  execution  of  the  work.  In 
good  ground,  the  new  equilibrium  is  very  soon  attained  and 
the  cost  of  maintenance  rapidly  drops  to  a  triHe.  r>ut.  in  bad 
ground  the  cost,  which  may  have  been  ra.'lier  considerable 
at  the  outset  and  for  some  years,  always  ends  by  reaching 
its  fixed  limit. 

The  maintenance  expenses  of  these  permanent  works  con- 
sist chiefly  in  keeping  the  slopes  in  order,  clearing  the  drain- 
age system,  repairing  the  drystone  works  and  the  founda- 
tions, for  the  latter  often  sink  owing  to  uncontrollable 
changes  in  the  regimen  of  the  underground  waters. 

.Such  are  the  economic  features  of  permanent  works.  Com- 
parison with  non-permanent  works  will  bring  them  out  still 
more  clearly.  From  on  economic  standpoint,  non-permanent 
works  do  not  absolutely  constitute  a  permanent  investment, 
but  are  rather  a  yearly  expense.  In  industrial  accountancy, 
they  would  be-  considered  as  more  or  less  transitory  invest- 
ments and  be  classed  among  those  represented  by  cost  of 
equipment.  Expenditure  in  connection  with  them  would  be 
classed  partly  among  the  items  interest,  renewals,  deprecia- 
tion, and  in  the  list  of  fixed  charges,  and  partly  among  the 
items  of  labor,  supplies  and  repairs  in  the  operating  charges. 

Contrary  to  the  permanent  works,  the  maintenance  ex- 
penses in  connection  with  them  var.v  with  the  traffic  volume 
and  also  with  their  age.  They  are  almost  nothing  during 
the  first  years  after  being  done  and  progressively  increase 
during  a  certain  number  of  years,  determined  by  the  dura- 
tion of  their  useful  existence,  which  may,  however,  be 
lengthened  by  increasing  the  yearly  cost  of  repairs  and  main- 
lenance. 

The  non-permanent  parts  of  the  road  consist  almost  en- 
tirely of  what  may  be  called  "wearing-courses"  or  "top- 
courses"  and  correspond  to  the  whole  of  the  ties  and  rails 
in  the  case  of  railways. 

As  the  wearing  courses,  which  last  for  some  time,  are 
expensive  as  a  rule,  it  can  easily  he  seen  that  in  the  case 
of  nonpermanent  works,  the  items  of  interest,  renewals  and 
depreciation  in  the  fixed  charges  on  the  one  hand,  and  those 
of  labor,  repairs  and  supplies  in  the  operating  charges,  on 
the  other  hand,  are  comparatively  high,  and  that  conse- 
quently the  choice  of  top  courses  and  their  use  is  one  of 
the  most  important  problems  in  connection  with  road-mak- 
ing. 

Typical  Problem  and  Its  Solution, — When  we  consider  the 
general    problem    of   improving  the   highways   of   a    province 


or  of  a  state,  the  foregoing  remarks  lead  to  the  conclusion 
that  in  the  case  of  roads,  there  is  no  drawback  in  doing  per- 
manent work  progressively  from  year  to  year  on  roads,  pro- 
vided a  well-defined  plan  has  been  adopted  and  is  followed 
and  that  no  work,  or  as  little  as  possible  of  work,  of  a  more 
or  less  temporary  nature  is  done. 

The  following  example  will  make  this  better  understood; 
f.et  us  take  a  road  40  miles  long  which  connects  two  impor- 
tant rural  centers  or  makes  a  short  cut  between  two 
main  roads  and  runs,  for  instance,  through  five  villages 
and  a  district  exclusively  inhabited  by  farmers  and  by  set- 
tlers far  from  one  another;  a  road  which  the  population  is 
really  unable  to  maintain  properly  owing  to  difficulties  in 
connection  with  the  nature  of  the  land  and  lack  of  money: 
which  is  impassable  during  a  portion  of  the  year  and  on 
which  automobiles  can  hardly  venture.  Let  us  suppose  that 
It  present,  in  order  to  go  from  one  center  to  another,  one 
must  do  so  by  rail  or  by  a  long  round-about  way  and  the 
five  villages  between  the  two  centers  are  consequently  iso- 
lated; that  if  this  road  was  made  at  least  passable,  relations 
between  the  two  centers  and  the  villages  would  become 
more  active,  that  the  value  of  the  properties  along  it  and  in 
the  district  generally  would  increase;  and  lastly,  that  this 
would  greatly  accommodate  the  traveling  public  in  general, 
u'ould  pron>ote  the  development  of  motoring  as  well  as  re- 
lations with  the  interior  of  the  district  and  with  neighbor- 
ing districts. 

On  a  length  of  6  or  7  miles  this  road  is  encumbered  with 
large  boulders,  there  is  a  hill  with  a  20  per  cent  grade  and 
two  other  long  ones  with  a  15  per  cent  grade  all  three  be- 
ing actusilly  climbed  with  difficulty;  there  are  also  eight  low- 
lying  spots  impassable  in  rainy  weather.  The  bridges  and 
"ulverts,  mostly  wooden,  are  in  bad  condition  and  even  dan- 
gerous. In  many  places  there  are  dangerous  and  soft  springy 
spots  and  bad  holes.  The  remainder  of  the  road  is  nearly 
passable.  There  are  field  stones  in  the  adjacent  fields  and 
good  gravel  banks  here  and  there  in  Its  vicinity. 

The  chief  obstacles  to  the  opening  of  this  road  are  the 
three  hills,  the  rocks  in  the  road,  the  low-lying  spots  and  the 
soft  springy  spots.  If  only  these  defects  were  removed  the 
road  would  become  passable  and  automobiles  could  run 
over  it. 

The  pioblem  is  this:  Shall  the  road  be  built  immediately 
at  a  great  expense  according  to  the  normal  method  followed 
in  the  case  of  an  entirely  modern  road  with  an  improved 
wearing  course,  or  shall  capital  be  spent  progressively  and 
judiciously  on  the  works  of  a  permanent  nature  most  ur- 
gently needed  to  open  it  at  once  to  traffic? 

By  virtue  of  what  has  just  been  said,  there  is  certainly  no 
doubt  that  the  second  method  is  not  only  the  most  justifi- 
able, but  also  the  more  advantageous,  all  the  more  so  as 
there  are  many  similar  cases  in  the  country  to  be  consid- 
ered, the  carrying  out  of  which  according  to  the  first  method 
would  necessitate  the  immediate  investment  of  a  consider- 
able amount  of  capital. 

It  seems  reasonable,  therefore,  first  of  all  to  improve  the 
bills  and  to  fill  in  the  low-lying  spots  with  the  stones  to  be 
found  in  quantities  in  the  neighboring  fields.  This  filling 
can  be  done  at  first  on  a  sufficient  width  of  road  to  allow 
for  vehicles  passing  over  such  spots  without  danger  and 
the  road  may  afterwards  be  widened  as  funds  become  avail- 
able. The  boulders  should  be  removed  from  the  road  and 
the  soft  spots  permanently  cured. 

All  these  works  are  permanent  and  the  money  spent  on 
them  will  be  a  good  investment,  they  will  not  cost  much  and 
in  a  short  time  in  a  single  season  the  road  might  be  made 
passable  for  automobiles.  Improvements  may  be  made,  year 
by  year,  until  the  whole  permanent  portion  of  the  work  is 
finished,  including  even  the  foundation.  A  modern  top 
course  should  be  laid  as  soon  as  it  becomes  necessary,  be- 
ginning at  the  villages  where  traffic  concentrates,  in  the  vi- 
cinity of  the  churches  and  shops.  It  is  curious  to  note,  even 
with  a  small  investment  in  permanent  works  of  this  nature, 
roads  can  rapidly  be  made  passable  when  the  farmers  them- 
selves work  at  the  improvements  and  furnish  the  stone 
which  they  remove  from  their  fields. 

This  manner  of  proceeding  is  called  the  "progressive 
method."  It  progressively  increases  the  value  of  the  im- 
movenble  propert.v  of  the  country.  The  capital  so  spent  is. 
or  should  be.  as  has  been  said,  a  good  investment.  This 
method  must  not,  however,  be  followed  to  an  exaggerated 
extent,  for  when  a  trunk  road  has  to  be  built,  traffic  rapidly 
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becoraes  so  considerable  that  the  layin?  of  a  regular  wear- 
ing course  becomes  necessary  at  once  and,  in  such  cases. 
The  normal  method  is  the  only  justifiabie  and  recommended 
one. 

Under  Progressive  Plan  Details  Are  Studied  Only  as  Need 
Arises. — \^'hen  the  progressive  method  is  followed  in  im- 
proving a  rural  road,  a  complete  study  of  the  details  and  a 
general  detailed  plan  with  cross-section  of  all  the  road  arc 
uol  usually  made  beforehand.  The  details  are  studied  only 
as  need  arises.  Then  it  must  not  be  forgotten  that  works 
which  are  not  permanent  or  not  of  a  sufficiently  permanent 
nature  must  never  be  done  and  that  all  the  capital  spent  on 
improvements  must  constitute  a  life-long  and  paying  invest- 
ment: and  again  that,  in  doing  such  works,  they  should  be 
done  so  that  it  will  never  be  necessary,  when  completing 
improvement  work;  to  undo  and  do  differently  any  works 
already  done. 

As  rural  roads  are  sometimes  very  winding  and  of  irreg 
ular  width,  it  is  often  difficult  to  obtain  the  land  required 
for  straightening  them  and  equalizing  their  width.  Conse- 
quently, when  this  method  is  followed  in  winding  places  of 
regular  width,  the  axis  of  the  road  should  be  traced  and 
given  such  a  direction  that  it  may,  in  each  case,  be  prolonged 
in  a  straight  line  as  far  as  possible,  reserving  enough  land 
on  eithtr  side  between  the  ditches  for  the  roadway  proper 
?nd  for  suitable  shouldering.  The  inequalities  in  the  ditches 
and  in  the  width  of  the  shouldering  may  be  attended  to  later 
on,  but  the  roadway  itself  should  be  built  in  straight  sec- 
tions as  long  as  possible.  It  is  a  permanent  work  which 
should  not  have  to  be  begun  over  again  later  on.  The 
straight  sections  should  be  connected  by  curves  having  as 
large  a  radius  as  possible  This  radius  should  never  be  less 
than  300  ft.  With  such  curves  care  should  also  be  taken 
to  raise  the  outside  of  the  road  higher  than  the  inside  before 
laying  the  foundation. 

Earth  Work  Under  Progressive  Plan. — lu  this  method  as 
in  the  normal  method,  earth  work  is  divided  into  heavy  and 
light  work,  but  with  a  difference.  As  in  the  normal  method, 
heavy  earth  work  consists  of  large  fills  with  cuts  of  which 
a  special  and  complete  preliminary  survey,  with  plans  and 
■ross-sections  must  be  made.  Such  work  must  be  staked 
,uit  separately,  but  may  be  performed  in  sections  at  differ 
ent  times  as  funds  became  available.  In  this  method,  light 
earth  work  usually  comprises  light  grading,  cleaning  ditches. 
etc.,  outside  of  sections  staked  out  for  heavy  earthwork.  In 
these  sections  no  heavy  work  is  to  be  carried  on.  Such  sec- 
tions are  also  separately  staked  out.  Light  grading  may  be 
I'jirge.ly  performed  by  means  of  the  road  machine,  and  is  gen- 
erally carried  out  without  a  special  preliminary  and  complete 
survey,  but  under  the  superintendence  of  a  competent 
forenuin  accustomed  to  such  work.  In  this  method,  heavy 
parth  work  is  reckoned  by  the  cubic  yard,  light  work  by  the 
mile.  It  must  be  added  that  road  lengths  requiring  heavy 
errth  work  represent  as  a  rule  only  a  small  proportion  of 
the  total  length 

It  is  useless  to  reduce  gentle  slopes  but  it  should  not  be 
forgotten  that  a  road  with  a  very  wavy  longitudinal  profile 
is  most  disagreeable.  Hence  all  the  slight  undulations  in 
the  road  should  be  machine  levelled  so  that  the  slopes  may 
over>whc-.re  be  gentle  and  regular  and  their  length  nowhere 
he  less  than  from  1.50  to  200  ft. 

If  .'.  per  cent  be  the  maximum  limit  allowed  for  grades  of 
-teep  hills,  it  is  useless  to  reduce  slopes  of  less  than  .5  per 
-ent,  unless  they  are  too  close  and  form  narrow  ravines,  in 
which  case  it  is  better  to  reduce  to  3  or  4  per  cent,  and 
sometimes  Isss. 

In  the  method  of  progressive  improvement,  it  is  better 
v.here  there  is  no  heavy  earth  work  to  do,  and  whenever 
possible,  to  proceed  by  successive  thin  layers  which  are 
beaten  down  by  traffic  one  after  the  other  and  cause  less 
obstruction.  When  to  much  digging  is  done  at  the  same 
time  and  too  deep  layers  of  earth  are  spread  on  the  sur- 
face of  a  road,  the  latter  usually  becomes  impassable  in  rainy 
weather  and  dragging  is  more  costly. 

No  road  can  be  kept  in  good  order  if  its  substructure  is 
,iamp.  No  wearing  course,  however  costly  it  may  be,  can 
last  on  an  insufficiently  drained  substructure.  It  is  needless 
to  insist  on  this  universally  admitted  fact.  Drying  and  drain- 
ing the  road  are  difficult  uudertakings  and  call  for  much  ex- 
perience, judgment  and  time. 

Drainage  and  Underdrainage  Essential  Requisites  for  Start- 
ing   Ropd   Improvement.— To  dry  and  drain  a  road  there  are 


two  requisites:  First,  to  drain  off  rain  and  inelicd  ice  and 
snow  as  rapidly  and  completely  as  possible;  second,  to  dis- 
pose of  the  dampness  which  the  subsoil  always  contains. 

The  surface  waters  are  discharged;  subsoil  moisture  Is 
removed  by  underdrainage.  Drainage  and  underdrainage  are 
the  two  essential  requisites  for  starling  road  improvement 
They  must  be  undertaken  beforehand  because  a  real  and 
sufficient  solidifying  of  the  substructure  through  under 
drainage  often  cannot  be  obtained  in  our  climate  before  sev 
eral  months  and  sometimes  a  whole  year  and  even  more. 
Drainage  is  obtained  by  means  of  a  complete  system  of 
ditches,  gutters,  ctilverts  and  bridges. 

Ditches  should  not  be  dug  or  maintained  where  they  are 
not  absolutely  needed.  Of  the  permanent  road  works,  ditches 
are  the  most  expensive  to  maintain  and  their  length  should 
be  reduced  as  much  as  possible.  They  should  also  be  uiadi' 
as  shallow  as  possible.  Deep  ditches,  besides  being  ex 
pensive  to  keep  up,  are  very  dangerous.  Deep  ditches  are 
often  supposed  to  dry  the  body  of  a  road.  It  is  not  alwayi- 
the  case;  in  this  climate;  it  is  so  only  in  soils  which  easily 
part  with  their  moisture. 

Permanent  ditches  should  be  as  straight  as  possible. 
Winding  ditches  are  more  exposed  to  erosion  by  water  and 
consequently  cost  more  to  keep  up.  The  longitudinal  slope 
of  ditches  should  not  be  less  than  5  in.  per  100  ft.  when  it  Is 
possible  withotit  too  much  expense.  Nor  should  the  slope 
be  too  considerable,  on  account  of  erosion.  Naturally  In 
more  resistant  soil  it  may  be  more  pronounced.  They  should 
empty  rapidly  and  completely  after  rain  and  retain  no  stag- 
nant water  at  any  place.  Their  side  slopes  should  not  be 
over  i5\  When  the  latter  are  steep,  they  should  be 
strengthened  by  means  of  dry  stone  walls  or  rip-rap,  at  least 
up  to  a  certain  height.  Where  the  slope  is  pronounced  and 
the  land  non-resistant,  the  bed  should  be  paved  to  prevent 
erosion,  and  the  curves  reinforced  by  dry  stone  walls.  The 
gutters  should  be  the  continuation  of  the  shoulders  and  no 
stagnant  water  should  remain  in  them  anywhere  in  hollows. 
The  outlets  in  which  the  ditches  empty  should  be  put  in 
order  and  be  large  enough  easily  to  carry  off  all  the  water 
they  receive  under  the  heaviest  rains. 

To  sum  up,  the  ditches,  gutters,  culverts,  bridges  and  out- 
lets all  together  should  form  a  system  capable  of  draining 
completely  and  as  rapidly  as  possible  and  without  erosion 
anywhere,  the  water  from  the  heaviest  rains  and  spring 
thaws,  leaving  no   stagnant  water  in  hollows. 

In  the  subsoil  there  is  nearly  always  a  sheet  of  subter- 
ranean water  at  a  certain  depth.  The  depth  at  which  It  is 
met  with  varies  greatly  from  one  point  to  another.  It  varies 
also  with  the  seasons  and  diminishes  in  the  spring.  In 
many  places,  the  level  of  this  sheet  of  water  is  almost  flush 
withe  soil  and  when  the  spring  thaws  occur  it  rises  even 
above  the  soil.  On  the  other  hand,  there  are  soils  in  which 
the  water  easily  rises  by  capillarity,  and  also  soils  which 
hold  fast  water  absorbed  by  them.  When  the  .sheet  of  water 
is  at  a  small  depth  and  the  ground  covering  it  of  the  former 
nature,  the  water  mav  rise  by  capillarity  to  the  level  of  the 
soil.  The  air  circulating  at  the  surface  of  the  soil  evap- 
orates this  water  and  there  is  thus  established  a  kind  of  ver- 
tical current  between  the  sheet  of  water  and  the  surface. 
Though  the  surface  appears  dry,  the  subsoil  is  moist  and 
soft.  If  the  surface  is  covered  with  an  impervious  wearinp 
course,  the  action  of  the  air  is  no  longer  felt,  the  water  con 
tinues  to  rise  until  the  soil  is  saturated  and  the  earth  be 
comes  still  softer. 

In  cold  weather  all  these  moist  earths  easily  freeze  to  a 
great  depth  and  then  swell.  When  earth  freezes  water  is 
attracted,  as  it  were,  by  the  ice  crystals  forming  everywhere, 
especially  at  the  surface.  In  the  process  of  freezing  land 
can  absorb  much  more  water  near  the  surface  and  hold  1' 
in  the  shape  of  ice  than  it  could  absorb  and  hold  under  ordi- 
nary temperature  conditions.  Thawing  begins  at  the  sur- 
face. As  the  water  cannot  escape  through  the  subsoil  which 
is  still  frozen,  or  clayey,  stony  or  of  some  other  impervious 
substance,  it  gathers,  producing  "soft  spring  spots"  on 
a  foundation  of  ice,  clay,  rock  or  generally  impervious  sub- 
stance. 

These  spots,  called  by  the  farmers  "ventre  de  beoufs.  are 
truly  the  plague  of  roads  in  this  latitude.  They  are  to  be 
found  everywhere.  They  occur  every  year  at  the  same 
places,  making  roads  dangerous  until  the  end  of  June.  They 
oven  occur  on  improved  roads  at  places  where  they  did  not 
previouslv   exist.     All   earth   should,   therefore,   be   freed   as 
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completely  as  possible  from  subteri'itnean  moisture  before  a 
road  becomes  sufficiently  lesistant. 

V-Drains  and  Cobbled  Ditches. — Work,  whose  object  is  to 
Tree  the  soil  from  subterranean  water  and  drain  it,  is  called 
underdrainage.  This  underdrainage  is  done  by  means  either 
of  earthen  or  concrete  pipes  or  of  field  stones.  The  object 
is  to  prevent  water  from  rising  in  the  soil  by  capillarity  to 
less  than  18  in.  beneath  the  bottom  of  the  foundation. 

Drain  pipes  should  be  used  only  when  springs  are  met 
with  or  when  the  surface  of  the  subterannean  water  rises  at 
times  or  remains  continually  at  a  small  depth  beneath  the 
surface  of  the  soil.  This  is  ascertained  by  digging  small 
wells  to  a  depth  of  about  4  ft.  If  at  the  end  of  24  hours,  for 
instarce.  water  is  found  there,  the  surface  of  this  water 
marks  the  level  of  the  subterannean  sheet  of  water,  and 
pipes  should  then  be  used.  If  no  water  appears  and  the 
earth  is  still  moist  and  soft,  it  is  the  case  previously  men- 
tioned of  land  absorbing  and  holding  humidity.  In  such 
lands,  which  frequently  contain  soft,  springy  spots,  pipes 
have  little  or  no  effect.  Other  means  must  be  used.  Gen- 
erally, field  stones  are  disposed  in  thick  layers,  serving  at 
the  same  time  as  foundation,  made  in  the  shape  of  a  V  to 
pconomize  stone  and  to  drain  the  water,  or  else  trenches 
(ilied  with  cobble  stones  are  used.  V-drains  are  frequently 
expensive  on  account  of  the  large  quantity  of  stones  re- 
quired Drains  made  of  trenches  filled  with  cobble  stones, 
when  they  are  judiciously  used,  well  laid  and  proportioned, 
give  as  good  results  in  the  long  run  and  are  less  expensive. 
Obviously,  drying  and  underdraining  the  subsoil,  while  in- 
dispensable, are  not  always  an  easy  task,  and  it  may  be  said 
again  that  suitable  results  take  much  time  to  achieve  unless 
I  he  cost  is  incresed  in  order  to  obtain  a  quick  result.  How- 
ever, it  is  drainage  and  underdrainage  that  should  be  first 
carried  out  in  order  to  allow  the  soil  to  dry  and  settle  be- 
fore laying  the  wearing  courses.  The  modern  top  courses 
are  generally  expensive,  and  it  is  neither  recommended,  nor 
even  justiflalile,  to  risk  them  when  the  substructure  is  not 
sufficiently  dry  or  firm,  even  though  there  is  a  good  founda- 
tion. 

The  progressive  method  of  improving  roads  gives  all  the 
lime  necessary  for  a  proper  preparation  of  the  sub-struc- 
fures.  and  traffic  hardens  them.  When  the  time  comes  for 
laying  the  foundations  and  top  courses,  the  firmness  of  the 
soil  on  which  they  are  to  be  laid  is  accurately  known.  It 
must  always  be  borne  in  mind  that  undulations  in  the  wear- 
ing courses  which  appear  after  a  few  years,  are  nearly  al- 
ways due  to  lack  of  firmness  in  the  substructure,  whatever 
the  resistance  of  the  foundations  and  the  quality  of  the  ma- 
terials may  be.  Undulating  surfaces  with  many  depressions 
will  be  found  even  in  wooden  pavements  resting  on  concrete 
foundations,  due   to   the   above  cause. 

Foundation  One  of  the  Most  Important  Things  in  Road- 
Making. — Foundations  are  classed  among  the  permanent 
works  because  they  have  all  the  above-mentioned  character- 
istics of  such  works.  In  laying  foundations  it  must  always 
be  borne  in  mind  that  a  i)ermanent  work  is  being  done,  and 
care  should  be  taken  to  make  it  a  durable  one.  Vehicle 
wheels  must  never  reach  them,  and  they  must  be  thick  and 
solid  enough  to  prevent  their  being  broken  or  crushed  out 
of  shape  by  the  heaviest  vehicles.  This,  unfortunately,  has 
not  always  been  understood,  and  there  have  been  many  dis- 
appointments, especially  since  heavy  trucks  have  come  into 
iise.  At  present  this  is  better  known  and  receiving  more  at- 
tention. Without  entering  into  the  details  of  their  constru<'- 
ticn,  it  is  nevertheless  useful  to  call  attention  to  the  follow- 
ing points  of  importance:  Homogeneity  and  hygroscopicity. 
When  stones  of  difl'erent  sizes  are  used  in  making  the  foun- 
dations, the  different  sizes  must  be  laid  one  upon  the  other 
in  uniform  layers,  and  they  must  Tiot  be  made  throughout 
their  whole  thickness  of  stones  of  the  same  size  in  one  place 
md  of  another  size  in  an  adjacent  place.  Too  much  fjravel. 
dust  or  sand  must  not  be  used  at  one  place  to  fill  voids  and 
■»  smaller  quantity  in  another  location. 

The  best  foundations  are  those  made  of  uniform  size 
IhroiighoLit  all  their  thickness  and  laid  in  a  uniform  manner. 
AVhen  stones  from  4  to  6  in.  in  size  are  used,  they  must  be 
of  good  quality,  pressed  solidly  against  one  another  by  hard 
rolling  so  as  to  break  the  excessively  thin  corners  and  edges 
and  to  interlock  them  firmly.  If  the  stones  are  unstable,  too 
soft  or  alterable,  the  vibration  caused  by  passing  vehicles 
will  wear  them  out  at  the  points  of  contact,  and.  in  the  long 
lun.  the  foundation  will  sink  iriegufarly. 


The  stones  must  touch  each  other,  and  filling  the  voids 
with  too  much  dust,  sand  or  even  gravel  is  another  draw- 
back, as  the  stones  then  will  not  touch:  and  in  such  a  case 
the  firmer  particles  have  a  tendency  to  drop  and  the  larger 
pieces  of  stones  to  rise,  at  least  in  this  climate,  causing,  in 
the  long  run.  harmful  movements  and  some  kind  of  segre- 
gation in  the  foundation. 

Foundations  of  coarse  sand,  not  hygroscopic,  where  laid 
on  clay  soil,  give  good  results  under  water-bound  macadam, 
and  are  economical  in  places  where  stone  is  dear.  Well- 
made   telford   foundations  are   excellent,   but  very  expensive. 

The  concrete  foundations  are  the  best,  but  their  cost  is 
generally  considered  too  high  in  the  case  of  rural  roads. 
They  are  subject  to  cracks  in  soil  not  dry  or  firm  enough, 
especially  on  account  of  frost,  and  it  frequently  happens 
that  the  cracks  rise  to  the  top  course. 

In  calculating  the  thickness  of  foundations,  it  is  absolutely 
necessary  to  take  the  heavy  weight  of  modern  motor  trucks 
into  acccunt 

Temporary  Top  Courses. — The  temporary  use  of  founda- 
tions covered  with  gravel  as  a  wearing  course  allows  of  reg- 
ular compacting  by  the  traffic  and  of  correcting  their  defects 
whenever  they  appear.  When  the  regular  wearing  course  is 
laid,  their  solidity  and  resistance  are  exactly  known.  The 
soft  places  have  become  hardened,  and  there  is  less  likeli- 
hood of  the  defects  which  occur  in  wearing  courses  laid  on 
an  insufficiently   finn  foundation. 

I  may  add  also  that,  in  this  province,  the  rural  roads  are 
covered  with  snow  during  a  portion  of  the  year,  and,  conse- 
quently, the  wearing  of  the  top  courses  of  the  rural  roads 
by  tralfic  is  much  less  than  in  countries  where  there  is  traffic 
throughout  the  year,  and  this  may  have  much  influence  on 
their  choice. 

It  would  be  advisable  also  to  consider  substituting  one 
kind  of  top  course  for  another,  taking  existing  conditions  in 
this  province  into  account :  also  to  consider  what  precautions 
should  be  adopted  when  laying  cheap  temporary  top  courses 
for  avoiding  certain  expenses  which  otherwise  would  be  in- 
curred when  i*  becomes  necessary,  owing  to  increase  of 
Iraffic,  to  use  them  later  on  as  foundations  and  to  cover 
them  by  in-.proved  top  courses. 


Method  of  Converting  Old  Railroad]  Grade 
into  a  Highway 

There  are  many  miles  of  abandoned  iail\\a>  grades  that 
could  easily  be  made  into  highways.  In  Minnesota  several 
joljs  of  this  kind  are  now  under  way.  The  illustration,  re- 
produced from  Successful  Methods,  shows  the  methods 
used  by  S.  .1.  Groves  &  Sons.  Contractors.  ^Minneapolis,  in 
converting  an  aiiandoned  railway  grade  near  AJexandria, 
Minn.,  into  a  highway. 

The  cross  section  required  by  the  Minnesota  State  High- 
way  Commission   called   for  24   ft.   width  of  roadway  in  cuts 

Grade  finished  level  and  02  ft  cui 
ai  shoulders  lo  make  crown 
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Method  of  Making  a  Highway  From  Abandoned  Railway  Grade, 
and  ditches  as  the  figure  shows.  The  fills  were  to  be  24  ft. 
wide  on  top.  The  method  of  widening  cuts  by  filling  and 
of  widening  fills  by  cutting  is  clearly  shown.  A  steam  shovel 
was  used  and  was  operated  in  the  ditch  in  widening  cuts 
and  in  the  center  of  the  fill  in  lowering  fills. 

The  fill  required  in  cuts  varied  from  0  to  5  ft.  The  cut 
required  on  fills  varied  from  0  to  4  ft.  A  maximum  grade 
of  2  per  cent  was  secured.  The  completed  road  will  have 
a  good  location  and  a  well  drained  roadway  obtained  at  a 
minimum  cost. 
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Instructions  of  Arizona  State  High- 
way Department  for  Guidance 
of  Its  Engineers 

Introduction.  -Wliile  in  ilie  employ  iii'  tlie  highway  ilcpan- 
ment  you  are  expected  in  the  Hist  place  to  devote  your  entire 
time  to  the  service  of  the  state. 

You  are  not  only  to  prosecute  your  work  with  energy  and 
intelligecce.  but  also  to  win  for  this  department  the  good 
will  and  co-operation  of  the  people  in  any  community  in 
which  you  may  be  stationed.  You  should,  therefore,  see  to 
it  that  public  opinion  is  favorable  insofar  as  strict  attention 
to  your  work  and  a  business-like  and  courteous  manner  on 
your  part  can  form  such  an  impression. 

You  are  particiilary  cautioned  against  becomms  a  iiarly  iti 
any  local  or  political  controversy. 

The  plans  for  any  piece  of  work  as  submitted  to  you  from 
the  office  of  the  state  engineer  should  not  be  changed  by  you 
in  the  field  without  authority  from  this  office.  You  should, 
moreover,  request  written  instructions  in.  case  any  such 
rhange  is  ordered  in  plans,  specifications  or  contract. 

Avoid  making  estimates  in  the  field  for  the  benefit  or  in- 
formation of  anyone  outside  of  this  office.  Furnish  all  data 
of  interest  and  information  to  this  office  alone.  The  state 
engineer  reserves  the  right  for  himself  to  give  publicity  to 
any  information  deemed  advisable. 

All  surveys,  methods  ol  procedure,  reports,  notes,  plans, 
etc..  should  invariably  be  made  in  accordance  with  the  stand- 
ards and  instructions  of  this  office. 

Instructions  to  Engineers  on  Reconnaissance  Surveys. — Be- 
fore going  into  the  Held,  engineers  undertaking  a  reconnois- 
sance  survey  should  obtain  all  camps  available  covering  the 
region  to  be  traversed  and  in  particular  any  topographical 
sheets  available  of  the   United   States  Geological   Survey. 

When  such  maps  are  available  a  paper  location  of  the  pro- 
posed route  may  be  made  theieon  prior  to  going  into  the 
field. 

It  is  advantageous  to  provide  township  plats  in  surveyed 
land  with  the  field  notes  accompanying  the  same  to  assist  the 
engineer  in  identifying  the  section  corners  on  the  ground. 

The  eQUipment  provided  should  include  an  aneroid  barome- 
ter, a  hand  level,  a  pair  of  binoculars,  a  Brunton  pocket 
transit,  a  pedometer,  and  a  sketching  tablet. 

It  is  not  practicable  to  give  detailed  instructions  that  will 
completely  govern  the  selection  of  routes  for  highways.  The 
following  instructions  must  be  regarded  as  incomplete  and 
the  locating  engineer  must  often  violate  or  disregard  them. 
In  such  cases,  the  reason  for  any  such  disregard  shall  be 
definitely  stated  in  the  report  submitted  at  the  completion  of 
the  reconnaissance. 

Make  the  total  length  of  road  l)elween  controlling  points  as 
short  as  possible 

Use  gradients  not  greater  than  'i  per  cent  nor  less  than  n.2 
per  cent. 

Avoid  crossing  drainage  lines  where  practicable.  Follow 
along  tops  of  ridges  as  much  as  possible. 

Locate  road  in  good  road  building  material  where  prac- 
ticable. 

Avoid  sharp  and  excessive  curvature.  Sacrifice  standard 
grade  maximum  for  short  distances  where  it  is  necessary  to 
do  so  in  order  to  preserve  satisfactory  alignment. 

Provide  for  traffic  a  safe  length  of  sight  ahead  along  road- 
way on  all   curves. 

.\void   grade  crossin/s  of  railroads. 

A\'hen  practicable,  without  sacrificing  more  important  consid- 
eiations.  follow    along  section  lines. 

Consider  the  interests  of  the  local  traffic  and  local  property 
holders  wherever  it  is  practicable  to  do  so. 

Locate  all  gravel  beds,  sand  pits  and  other  road  building 
material  contiguous  to  the  work. 

Engineers  on  reconnaissance  should  at  the  completion  O' 
their  work  on  any  section  transmit  to  this  office  a  detailed 
report  with  hard  copy  sketch  of  the  route  selected,  with  all 
information  obtained  in  relation  to  the  saiiie  shown  thereon. 
Instructions  to  Engineers  in  Charge  of  Location  Surveys. — 
Engineers  undertalung  location  surveys  should  provide  them- 
selves with  complete  camp  equipment  and  line  wagon  or  light 
truck. 

This  equipment  should  include  a  transit,  a  level,  two  or 
Jiiore  steel  chain  tapes  100  ft.  long,  two  sighting  poles,  four 
pluml)obs.   etc  .   to   level   rods,   three   .5o-ft.   metallic  tapes,  six 


axes,  black  Kraphite  marking  ciayun.  iieiicils.  note  books 
standard  forms,  etc. 

All  useful  data  ot  |)revious  surveys  in  tht-  vicinity  nball 
l>e  ohtamed.  These  shall  include  bench  mark  elevations 
transit  point  lies,  and  the  bearings  of  any  tanBents  of  adjoin- 
ing surveys  to  which  the  work  may  be  tied. 

Prefeiahlv  the  party  should  consist  of 
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The  puriiose  of  the  survey   is: 

To  select  the  mo=!t  advantageous  alignment  of  the  pro- 
posed highway  and  to  determine  a  proposed  grade  lin.- 
thereon.' 

To  furnish  all  information  necessar\  concerning  existing 
objects  and  conditions  which  will  be  needed  by  the  olllci- 
enginoer  in  preparing  plans  and  estimates  for  the  proper  con- 
stiuction  of  a  highway  and  the  necessary  bridges  and  cul- 
verts along  the   surveyed   line. 

To  furnish  all  information  necessary  in  regard  to  property 
lines  and  property  holders  along  the  proposed  highway. 

To  furnish  cross  section  data  sufficient  to  serve  as  the 
basis  of  accurate  earthwork  computations. 

To  so  monument  the  line  and  !o  iirovlde  such  reference 
points  and  bench  marks  that  the  constructing  engineer  may 
proceed   without   trouble  or   inconvenience. 

In  making  the  location  survey  the  engineer  is  expected  to 
be  guided  by  the  reconnaissance.  In  the  event  that  an  engi- 
neer finds  good  reason  for  departing  substantially  from  the 
route  determined  ujion  in  the  reconnaissance  survey  he  shall 
report  his  findings  to  the  state  engineer  and  await  bis  in- 
structions. 

In  making  the  location  survey  the  same  idea  should  govern 
as  in  the  reconnaissance  survey.  In  addition  thereto  the  'ol- 
lowing  instructions  will  apply: 

Hegin  the  survey  at  its  westerly  or  southerly  end  so  that 
when  plotted  from  left  to  right  the  arrow  will  point  to  the 
top  of  the  sheet  or  toward  the  right. 

The  survey  will  consist  of  a  series  of  langents  and  circular 
curves  tangent  thereto,  except  when  the  angle  of  deflection  is 
2"  or  less  the  circular  curve  may  be  omitted. 

Consider  400  ft.  as  minimum  radius  in  fairly  open  rolling 
country.  Use  no  radius  less  than  2iiii  fl.  in  length,  except  In 
heavy  mountain  country. 

Provide  for  traflic  a  clear  sight  ahead  of  at  least  MO  ft.. 
grading  high  points  back  where  'necessary  to  secure  the 
same.  In  case  this  is  impossible  in  heavy  mountainous  work 
piovide  for  widening  the  roadway  at  such  curves.  Provide 
also  for  danger  signs. 

Set  a  stake  at  each  100  ft.  station  on  center  line  of  survey 
properly  marked  with  its  serial  number,  beginning  with  0.00 
at  the  initial  point  of  survey.  This  slake  may  be  of  lath 
except  at  transit  points  and  terminal  points.  A  hub  at 
least  two  inches  square  driven  flush  with  the  grround  with 
tack  on  line  shall  be  placed  at  each  transit  point  and  the  Iwn 
terminal  points  of  survey.  Such  hubs  shall  have  utatiiui 
number  on  a  guard  stake  driven  about  10  in.  from  center  line. 
Reference  points  shall  be  established  about  40  ft.  from  the 
center  line  at  initial  and  terminal  points  of  survey  and  at 
many  P.  C.  and  P.  T.  points.  The  distance  and  position  of 
such  reference  hubs  shall  be  shown  in  the  notes  and  such 
distance  also  marked  on  the  guard  stake  driven  beside  the 
R.  P.  hub. 

Tie  the  initial  point  of  survey  to  the  nearest  section  corner 
of  public  land  sun-cy  where  practicable. 

When  the  survey  starts  from  a  point  on  a  road  already  sur- 
veyed re-establish  the  tangent  on  such  former  survey,  which 
passes  through  the  Sta.  0.00  of  the  new  line  to  be  surveyed 
and  measure  the  deflection  angle  between  such  old  tangent 
and  the  new  line  tangent.  Show  the  equation  of  station  num- 
bers and  of  bearings  at  such  common  point. 

When  it  is  practicable  neither  to  tie  to  public  land  survey 
noi  to  any  previous  survey,  the  position  of  the  initial  point 
should  be  described  as  accurately  as  possible  with  reference 
to  a  town  or  railroad  survey  station  nearby  or  a  numbered 
pole  of  ;i  power  or  telephone  line  or  some  well  known  and 
prominent  natural  object. 
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Note  all  Intersections  of  center  line  with  section  lines  and 
property  lines.  Show  the  station  numbers  of  same  and  angle 
of  intersection,  and  the  distance  to  the  nearest  corner  along 
such  section  line. 

At  the  commencement  of  the  survey  take  an  observation  on 
Polaris  or  on  the  sun  and  determine  the  true  meridian  at 
Sta.  0.00.  Adjust  the  variation  plate  in  the  compass  box  so 
that  transit  needle  will  read  all  bearings  referred  to  the  true 
north.  If  line  runs  easterly  or  westerly  it  will  be  found  that 
observations  will  show  a  convergence  of  about  40  seconds 
for  a  distance  of  one  mile  in  longitude.  The  original  merid- 
ian shall  he  used  throughout  the  survey  or  equation  of  bear- 
ings recorded.  The  notes  must  show  details  of  observation 
and  asnount  of  variation  turned  off  on  plate. 

The  circular  curves  shall  be  designated  by  the  length  of 
their  radius.  Their  length  shall  be  computed  as  the  true 
length  of  the  arc.  This  length  may  be  obtained  by  multiply- 
ing the  length  of  the  corresponding  arc  of  radius  unity  by  the 
length  of  the  given  radius. 

The  bearing  of  each  tangent  shall  be  computed  by  means 
of  the  deflection  angle  from  the  previous  tangent  and  the 
needle  reading  shall  also  be  observed  as  a  check  on  the  com- 
puted bearing.  Both  shall  be  recorded  and  the  deflection 
angle  shall  be  doubled.  Both  single  and  double  angle  shall ' 
be  recorded. 

Immediately  after  the  setting  of  each  line  needle  and  be- 
fore the  tape  is  removed  from  the  ground  additional  points 
shall  be  marked  with  plus  stakes  where  the  level  party  is 
expected  to  take  extra  cross  sections  and  the  nearby  topog- 
raphy shall  be  sketched  by  station  numbers  and  offset.  In 
case  a  culvert  is  desired  at  any  station,  a  stake  shall  be  set 
marked  "Culvert." 

The  topography  should  show  buildings,  fences,  brush,  trees, 
pole  lines,  streams,  railroads,  etc. 

Uupon  reaching  the  foresight  with  the  stationing  and 
taping,  its  exact  location  shall  be  established  and  hub  set  and 
referenced.  Where  tangents  are  short  in  length  at  least  one 
hub  shall  be  referenced  in  each  one  thousand  feet. 

Detailed  information  shall  be  obtained  at  each  stream 
crossing  and  large  scale  sketches  prepared  showing  the 
topography  at  the  proposed  bridge  site.  The  location  of  suit- 
able sand,  gravel,  and  water,  shall  be  reported.  Detailed 
cross  sections  of  stream  bed  shall  be  taken  on  center  line  of 
survey  and  at  each  ten  feet  interval  for  thirty  feet  on  both 
sides  of  the  center  line.  Each  reading  should  show  the  char- 
acter of  the  material  on  which  rod  is  held,  whether  rock, 
sand  or  clay.  The  highwater  marks  shall  be  accurately  de- 
termined and  show  on  each  section.  If  the  highwater  marks 
cannot  be  determined  it  may  be  necessary  to  run  out  drainage 
areas.  Test  pits  shall  be  dug  and  the  results  reported. 
Recommendations  shall  be  made  in  regard  to  the  depth  of 
foundations  and  the  size  of  openings  required. 

The  level  party  shall  first  establish  permanent  benches 
trom  ten  to  twenty  stations  apart  along  the  center  line  and 
about  forty  feet  therefrom. 

Determine  elevation  of  bench  mark  near  0  +  00  referred  to 
mean  tidewater  datum  either  by  connection  with  a  govern- 
ment or  railroad  bench  or  by  aneroid  barometer. 

Rim  a  line  of  check  levels  over  the  line  of  benches  estab- 
lished, reading  rod  to  one  hundredth  of  a  foot. 

Run  a  combined  line  of  profile  levels  along  center  line  of 
survey  and  cross  sections  at  right  angles  to  the  same.  These 
cross  section  levels  consist  of  readings  referred  to  the  same 
datum  as  profile  levels  and  taken  at  every  break  in  the  cross 
section  profile.  These  cross  sections  shall  show  elevations 
.^0  to  40  ft.  each  way  from  center  line. 

These  sections  shall  be  taken  on  every  100  ft.  station  stake, 
at  all  transit  points  and  all  breaks  in  the  profile  on  center 
line,  arid  on  every  proposed  culvert  location. 

Take  profile  center  line  readings  at  stations  100  ft..  200  ft.. 
•and  300  ft.  back  from  station  0  +  00.  and  ahead  beyond  the 
end  of  the  line.  In  solid  rock  cuts  not  less  than  four  cross 
.sections  should  be  taken  on  every  100  ft.  of  center  line.  On 
existing  bridges  and  culverts  four  or  five  sections  shall  be 
taken,  these  should  be  at  the  top  and  bottom  of  slope  on  both 
sides  of  stream. 

Show  on  each  cross  section  the  taped  distance  from  center 
line  to  edge  of  beaten  track  of  any  existing  road,  edge  of 
stream  or  distance  to  fence  line,  pole  line,  tree  line,  railway 
line,  or  rock  outcrop.  Show  top  and  bottom  of  any  existing 
Abridge  or  culvert  openings  and  elevations  of  any  bridge  seat. 
Read   all  ground   surface  shots  to  the  nearest  tenth  of  a 


foot.  Read  all  turns  to  the  nearest  hundredth  of  a  foot.  Do 
not  allow  an  error  of  more  than  three  hundredths  of  a  foot 
lietween  benches. 

In  taking  cross  section,  to  avoid  confusion  a  regular  routine 
sliouUI  lje  followed.  The  rodman  and  tapemen  should  first 
stand  togther  at  stake  on  center  line;  the  instrumentman 
should  call  the  reading  to  the  note  keeper:  the  rodman 
should  then  proceed  to  the  left  carrying  the  end  of  the  tape 
and  rod,  the  tapeman  holding  tape  on  center  line;  the  rod- 
man  selects  the  point  and  holds  the  rod;  the  instrumentman 
calls  the  rod  reading  and  the  tapeman  calls  the  distance  out 
and  description  of  point  wherever  edge  of  road  or  solid  rock 
or  other  description  is  needed. 

The  engineer  in  the  field  will  prepare  a  map  of  center  line 
on  detail  paper  to  a  scale  of  100  ft.  1  in.,  showing  topography 
and  any  notes  and  information  desirable.  This  map  should 
be  in  the  rough  only,  with  notes  and  lettering  written  in  with 
no  attempt  at  lettering  but  merely  as  a  check  on  the  notes 
submitted.  He  shall  also  prepare  a  profile  of  the  ground  sur- 
face on  center  line  to  a  horizontal  scale  of  100  ft.  to  1  in., 
and  a  vertical  scale  line  of  10  ft.  to  1  in.  This  profile  should 
be  plotted  up  each  night  for  the  information  and  guidance  of 
tht  locating  engineer.  He  shall  show  on  the  .same  a  recom- 
mended grade  line  and  should  note  any  portion  of  same  not 
admitting  of  revision  with  the  reasons  therefor. 

At  the  completion  of  the  survey  all  notebooks  and  maps 
should  be  submitted  to  the  general  office  in  Phoenix,  Ariz.. 
where  the  plans,  estimates,  and  specifications  will  be  pre- 
pared. 

Field  Notes  and  Notebook. — Engineers  in  chai-ge  of  loca- 
ti(ni  surveys  and  their  assistants  shall  furnish  the  general 
office  with  complete  and  comprehensive  notes  showing  all 
details  of  the  survey  made. 

The  first  page  of  each  notebook  shall  show  the  name  of  the 
route  surveyed  and  the  name  of  the  engineer  In  charge  of  the 
work. 

The  second  page  shall  show  a  complete  table  of  contents. 
At  the  beginning  of  each  day's  notes  the  date,  the  names  of 
the  members  of  the  party,  and  the  duties  perfomed  by  each, 
and  the  weather  conditions  must  be  recorded. 

The  level  books  may  be  submitted  to  the  general  office  he- 
lore  the  surface  elevations  are  computed  from  the  rod  read- 
ings shown  but  if  computed  must  show  by  whom.  The  level 
notes  must  show,  however,  complete  computation  of  the  ele- 
vation of  the  bench  marks,  and  table  of  same  with  descrip- 
tion. 

Office  Work. — All  tracings,  cross  section  estimates,  and 
specifications  shall  be  made  in  conformity  with  the  require- 
ments of  the  U.  S.  Bureau  of  Public  Roads. 

Construction. — Engineers  in  charge  of  construction  will  be 
iPi-ponsible  for  all  purchases,  expenditures  for  all  pay  rolls 
and  for  all  engineering  features  of  the  work. 

Standard  forms  will  be  provided  for  submitting  weekly  re- 
i)orts  of  the  progress  of  the  work  and  monthly  estimates  of 
the  work  done. 

Engineers  in  charge  of  construction  will  make  no  changes 
in  the  plans  or  specifications  except  as  authorized  by  the 
state  engineer. 

Their  first  duty  on  arrival  on  the  work  is  to  check  the 
elevation  of  all  bench  marks  and  to  retrace  and  check  the 
alignment. 

Folowing  the  completion  of  these  checks  on  the  work  of 
the  preliminary  survey,  construction  engineers  must  make  a 
roniplete  detailed  location  survey  with  permanent  stakes  so 
that  this  survey  shall  serve  also  as  a  staking  out  for  con- 
strucLion  in  conformity  with  the  plans  and  specifications  fur- 
nished by  the  State  'Engineer.  The  notes  shall  show  com- 
pletely all  the  details  of  such  location  in  a  manner  similar 
to  that  used  on  location  survey  notes. 

The  stakes  used  on  this  staking  out  may  consist  of  12d 
npils  A^ith  red  cloth  on  the  head  driven  on  center  line  and 
heavy  stakes  offset  about  30  ft.  from  center  line.  These 
heavy  stakes  may  be  cut  wedge  shaped  about  30  in.  long 
i'ud  must  be  driven  to  a  firm  bearing.  Such  heavy  stakes 
must  be  set  at  all  even  stations,  also  at  the  beginning,  end 
and  each  50  ft.  station  additional  around  curves. 

In  making  this  location  survey  and  construction  layout  an 
equation  in  the  station  numbers  shall  be  introduced  about 
every  one  thousand  feet  in  order  to  make  such  station  num- 
bers conform  to  those  of  the  location  survey. 

Cross  sections  shall  be  taken  with  one  sight  read  to  hun- 
dredths of  a  foot  taken  on  the  top  of  offset  at  every  stake 
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and  station.  These  cross  sections  sliall  be  plotted  5  it.  to  the 
inch  both  horizontal  and  vertical. 

A  revised  profile  shall  be  laid  and  template  showing  pro- 
posed work  shall  be  plotted  on  cross  sections.  The  area  of 
cut  and  fill  shall  then  he  determined  by  the  use  of  the 
planimeter. 

Each  offset  staUe  shall  be  marked  with  its  station  number, 
its  offset  distance  to  nearest  tenth  and  the  amount  its  top  is 
above  or  below  finished  grade. 

All  transit  points  must  be  tlioroti.i^hly  referenced  before 
construction  begins. 

The  construction  engineer  shall  be  re.sponsible  for  all 
work  done,  for  all  directions  given  by  the  foreman  on  the 
work,  for  the  purchase  of  all  supplies,  and  for  the  good  treat- 
ment and  payment  of  all  labor  employed. 


Simple   Method  of    Computing    Overliaul 

An  unusually  simple  method  of  computing  overhaul  is  em- 
ployed by  the  Minnesota  State  Highway  Commission  for  its 
road  work.  The  accompanying  illustration  and  infonuation 
from  Successful  Methods  will  make  clear  the  method. 

The  dotted  lines  show  the  disposition  to  be  made  of  the 
earth.  Vertically,  each  of  the  larger  squares  represents  100 
cu.  yd.  Horizontaly,  each  square  measures  hi)  ft.  of  haul. 
The  diagram  was  drawn  by  adding  the  fills  and  subtracting 
the  cuts  between,  successive  stations  and  plotting  the  alge- 
braic sum  obtained  at  each  station.  This  makes  a  diagram 
which  slopes  downward  for  cuts  and  upward  for  fills. 

For  example,  at  Station  21   there  were  .'iTO  cu.  yd.  cut.     Ai 
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Quantities    Are    Computed    Separately    for    Each    Section    of    Equal 
Excavation    and    Embankment. 

Station  22  there  were  100  cu.  yd.  cut.  The  difference  be- 
tween these  two  quantities  Is  470,  therefore  the  point  is  plot- 
ted to  indicate  470  cu.  yd.  difference.  Lines  are  drawn  con- 
necting all  points. 

Since  it  is  necessary  to  have  more  cut  than  fill  to  allow 
for  shrinkage,  the  cut  end  is  higher  than  the  fill  end  of  the 
diagram.  A  line  is  now-  drawn  connecting  the  high  points 
of  the  curve.  If  this  line  is  level  the  cut  and  fill  balr.nce,  but 
no  allowance   is  made  for  shrinkage  of  fill. 

If  the  free  haul  is  500  ft.,  another  line  showing  •Free  Haul" 
is  drawn  parallel  to  the  line  above  at  such  a  point  that  it  will 
intersect  the  curve  and  scale  just  .500  ft.  in  length.  The  per- 
pendicular distance  between  these  two  lines  will  scale  the 
amount  of  overhaul. 

The  free  haul  and  the  maximum  haul  are  added  and  di- 
vided by  2.  Subtract  t}je  free  haul  from  this  result  and  the 
overhaul  distance  is  obtained 

Then,  for  example: 

Overhaul         Overhaul  Overhaul  Amount 

distance  yardage  price  due 

(40  ft.)        X        (100)        X        (2  ct.)      ~      (.$0.80) 

This  diagram  besides  showing  the  amount  of  overhaul,  is 
very  valuable  in  showing  the  contractor  where  to  place  the 
dirt  in  iriaking  cuts  and  fills. 


Road  Building  In  Full  Swing,— Since  early  in  1919  there 
has  been  a  steady  increase  each  month  in  the  Federal-aid 
business  in  the  Bureau  of  Public  Roads  of  the  United  States 
Department  of  Agriculture.  States  in  all  sections  of  the 
country  are  filling  their  projects  and  receiving  allotments. 
The  road-building  era  is  in  full  swing,  and  it  would  seem 
that  the  end  is  not  yet.  All  indications  point  to  greater 
records  in  the  months  immediately  to  come. 


The  Duties  of   the   County  Hij5h- 
way  Engineer-Manaj^er* 

By  E.  E.  SOURS, 
<'<)unty    KnK'ini-er,    Mi>coKt.-i    County,    Mlchtfcun. 

Many  of  the  larger  counties  of  the  state  have  realized  the 
value  of  a  county  highway  engineer  In  the  directing  of  their 
road  building.  Gradually  some  of  the  less  wealthy  countloR. 
through  the  example  set  by  the  more  populous  counties,  and 
throu.gh  other  influences,  have  hired  highway  engineorK. 

Xow  the  law  defining  the  status  of  future  road  comniie' 
sioners  has  brought  into  being  the  superintendent'of  county 
loads.  Who  is  better  fitted  to  fill  this  position  than  a  prop 
erly  trained  engineer?  True,  we  may  find  competent  engi 
neers  with  very  little  executive  ability,  but  a  mind  cupabh 
iif  an  engineer's  training  will  in  the  majority  of  caseR  havi- 
ihe  other  qualifications  which  go  to  make  a  leader. 

.-Vt  present  there  are  ,"51  counties  in  Michigan  employing 
county  engineers  on  a  salary.  In  general  as  the  engineerR 
have  inspired  confidence  in  the  commissions  of  their  ability 
to  manage  affairs,  this  work  and  authority  have  been  grad- 
ually delegated  to  them. 

The  duties  of  an  engineer,  and  we  refer  to  those  engineers 
who  are  acting  more  or  less  in  the  capacity  of  a  county  man- 
ager, might  lie  grouped  under  four  heads,  loyalty  to  the  pro- 
fession, duty  to  his  employer,  his  attitude  toward  the  state. 
and  his  attitude  toward  local  road  builders. 

Honesty,  ability  and  industry,  there  are  other  requisites 
lor  a  county  engineer,  but  unless  he  brings  these  with  him 
to  his  work  every  day  he  is  not  loyal  to  his  profeaalon,  to 
his  employer,  or  to  himself. 

The  road  funds  of  the  county  are  spent'  on  the  reconi- 
.liendation  of  the  county  engineer.  It  is  a  common  criticism 
that  public  money  is  not  spent  wisely.  In  other  words  it  is 
charged  and  too  often  justly,  that  those  entrusted  with  the 
expenditure  of  public  money  do  not  get  as  great  results  dol- 
lar for  dollar,  as  does  private  enterprises  under  the  same 
conditions.  If  the  county  engineer  cannot  do  better  work 
at  less  cost  than  the  untrained  man,  the  position  of  county 
engineer  cannot  be  justified.  It  is  up  to  the  road  engineer 
to  produce  results. 

Essential  Points  for  Securing  Greatest  Efficiency. — Tech- 
nically the  work  of  the  road  engineer  is  the  construction  and 
maintenance  of  the  county  roads.  How  this  can  best  be  ac- 
complished must  be  decided  by  the  organization  In  each 
county.  It  might  be  well  to  mention  in  general  some  of  the 
essential  points  which  must  be  observed.  If  the  greatest  ef- 
ficiency is  to  be  secured. 

To  begin  with  there  must  be  entire  harmony  between  the 
engineer  and  his  commission.  To  often  the  engineer  makes 
the  mistake  oi'  assuming  a  professional  superiority  over  his 
associates,  looking  at  all  problems  from  a  technical  stand- 
point. The  other  fellow's  viewpoint  is  always  worth  consid- 
eration, even  if  it  is  not  based  on  mathematical  hypothesis 
or  engineering  principles.  There  is  al'ways  something  to  be 
learned:  when  an  engineer  ceases  to  be  a  student  he  Is  retro- 
gressing Use  tact  with  your  commission,  use  tact  with 
your  foreman,  use  tact  with  the  public.  The  best  engineer 
ing  education  will  avail  one  little  if  he  lacks  tact  and  good 
judgment. 

Some  definite  system  must  be  followed.  The  ■work  must 
be  planned  so  that  there  are  few  mistakes  and  little  lost  mo- 
tion. 

Good  judgment  must  be  used  in  selecting  subordinates.  Xo 
.natter  how  well  plans  are  laid,  if  the  ones  to  whom  Is  en- 
I  rusted  the  carrying  out  of  those  plans.  Is  lazy,  careless,  or 
incapable,  the  efficiency  of  the  system  is  impaired.  Everj- 
principal  is  responsible  for  the  actions  of  his  agents.  Man- 
agers and  engineers  cannot  shift  their  responsibilities.  It 
is  therefore  up  to  the  engineer  to  select  the  best  material 
available  for  helpers.  Thousands  oT  dollars  have  been  squan- 
dered in  this  state  on  roads  by  incompetent  foremen,  be- 
cause they  could  be  hired,  cheaply.  Money  is  well  invested 
in  a  good  foreman,  while  a  poor  foreman  is  expensive  at  any 
price. 

County  Engineer  and  Township  Roads. — One  may  say  that 
a  county  engineer's  responsibility  ends  at  the  boundary  of 
the  county.  But  does  it?  The  wideawake  loyal  engineer  I.s 
larger  than  the  county.    That  time  is  past  when  a  local  com- 


•'Abstract   of  .a  paper  prp.sented   at  the  last  annual  meeting  of 
the  :Mirhi,E-an  Engineerincr  Society. 


(69) 


274 


tJiifliiict'riufi  (111(1  ('(intiuctl)ig  fur  Srptctnhcv  H.  IHU). 


uiunity  is  sufficieut  uuto  itself.  The  trunk  line  roads  of  the 
state  are  the  main  arteries  of  traffic  and  are  fed  by  the 
county  system  and  these  again  by  the  feeders  in  the  town- 
ship so  that  the  whole  is  a  comprehensive  system  of  high- 
way serving  every  community  in  the  state.  Yet  while  the 
nounties  and  townships  both  are  working  on  the  same  sys- 
tem, they  often  work  at  cross  purposes  instead  of  working 
hand  in  hand  with  one  another,  and  with  the  state  to  com- 
plete this  system,  l.ocal  jealousies  often  defeat  the  interest 
of  a  community  at  large.  The  county  and  township  organiza- 
tions are  often  widely  separated  and  fail  to  co-operate,  often 
when  it  would  be  a  mutual  benefit.  Probably  due  to  the 
old  method  of  building  township  roads,  the  township  organ- 
izations sometimes  are  inclined  to  resent  what  they  choose 
to  term  "interference  in  their  local  affairs  by  state  and  county 
officials."  To  the  wide-awake  engineer  the  law  providing 
tor  the  survev  by  county  engineer  of  township  roads  may  be 
made  a  means  of  making  a  closer  relation  between  township, 
county  and  state.  The  county  engineer  is  one  of  the  impor- 
tant connecting  links  between  the  township  and  the  state. 
A  township  commissioner  is  not  unmindful  of  a  little  assist- 
ance from  the  engineer,  and  competent  advice,  tactfully 
given,  will  reap  a  harvest  of  better  roads  and  better  bridges. 
Mecosta  County  Plan  of  Co-operative  Road  Building.— In 
this  connection  may  be  mentioned  a  co-operative  plan  which 
has  been  adopted  by  Mecosta  County.  As  it  is  a  pioneer 
move  along  this  line  it  is  worthy  of  consideration.  It  is  not 
to  be  presumed  that  the  authors  anticipated  all  of  its  effects, 
its   primary   object  being   set   forth   in   the   preamble   which 

Whereas,  the  early  completion  of  the  system  of  county 
trunk  line  roads  which  has  heretofore  been  adopted  by  this 
hoard,  would  be'  of  benefit  and  advantage  to  the  people  of 
this  county,  and 

Whereas,  it  is  represented  to  this  board,  first  that  the 
adoption  of  a  fair  and  equitable  plan  which  shall  extend  to 
each  township  substantial  and  reasonable  aid  toward  the 
construction  of  roads,  which  are  to  constitute  a  part  of  the 
said  county  system  of  roads,  and  second,  that  the  building 
of  such  roads,  by  the  township  or  responsible  individuals, 
at  favorable  times,  and  under  favorable  conditions,  and 
through  the  help  received  from  local  subscriptions,  can  be 
done  at  less  cost  than  if  built  by  the  board  of  county  road 
commissioners  by  contract  or  days  work. 

Briefly  the  plan  is  as  follows: 

1.  Any  township,  city,  village  or  individual  desiring  to 
build  9  section  of  road  on  the  county  system,  makes  applica- 
tion to  the  county  road  commissioner.s  for  a  survey  and  esti- 
mate of  cost   of   construction  of  said   parcel   of  road. 

2.  The  county  engineer  makes  the  survey  and  estimate 
and   submits   the   same   to   the   applicant. 

?,.  Such  rauuicipality  or  individual  electing  to  construct 
such  road  may  do  so  under  the  following  conditions;  From 
Uie  engineer's  estimate  of  cost,  the  estimated  state  reward 
is  deducted.  The  township  is  paid  50  per  cent  of  the  bal- 
ance and  the  state  reward. 

The  first  payment  is  tO  per  cent  of  the  engineer's  estimated 
cost  of  building  grade,  which  includes  the  culverts,  and  is 
l.aid  when  the  grade  is  coiupleted  and  accepted  by  the  engi- 
neer. 

The  second  payment  is  40  per  cent  of  the  engineer's  esti- 
mated cost  of  placing  the  first  coat  of  gravel,  and  is  paid 
upon  the  acceptance  by  the  engineer  of  the  first  coat  of 
gravel. 

Final  payment  is  made  of  the  balance  due  on  the  road  to- 
gether with  the  state  reward  when  the  road  has  been  ac- 
cepted by  the  state  highway  department. 

If  the  one  proposing  to  build  the  road  is  satisfied  with  the 
estimate  he  files  a  request  with  the  board  to  that  effect.  A 
contract  is  then  entered  into  between  the  contractor  and 
the  board  of  county  road  commission.  So  far  this  plan  is  a 
-.ource  of  satisfaction  to  its  promoters.  There  has  been  ap- 
plication for  survey  and  estimate  of  nearly  every  mile  of 
unimproved  road  on  the  county  road  system.  Approximately 
14  miles  have  been  completed  or  are  under  construction. 
The  prospects  for  next  year  are  very  promising. 

This  plan,  while  its  main  ob.iect  is  the  early  completion  of 
the  county  road  system,  without  the  necessity  of  a  bond 
issue,  at  a  minimum  cost  to  the  public,  yet  it  has  more  far 
reaching  effects,   from   the   standpoint   of  the   engineer. 

It   brings  the  townships  and   county   road   organizations   in 


closer  touch  with  one  another,  it  admits  of  a  closer  super- 
vision of  the  township  roads  by  the  county  engineer,  and 
tends  to  laise  the  standard  of  efficiency  of  the  township  com- 
missioners. 

Assuming  that  all  of  the  townships  accept  the  co-operative 
plan  of  building  county  roads,  the  township  commissioners 
practically  become  county  employes  under  the  direct  super- 
vision of  the  county  engineer.  The  commissioners  will  come 
to  depend  on  the  assistance  of  the  engineer,  thereby  extending 
the  engineer's  influence  over  the  construction  of  township 
roads.  The  benefit  of  this  influence  can  be  no  better  illus- 
trated than  in  the  case  of  bridges  and  culverts. 

The  commissioner  builds  the  culverts  on  the  county  road, 
necessarily  under  contract  according  to  standard  culvert 
plans  of  the  state  highway  department.  The  wide-awake 
commissioner  appreciates  the  better  results  secured  under 
the  instruction  of  the  county  engineer  and  uses  his  educa- 
tion to  advantage  in  his  later  work  in  the  townships.  The 
county  engineer  has  an  opportunity  through  these  commis- 
sioners to  carry  on  a  campaign  against  poor  concrete  and 
drainage  work.  This  practice  of  building  poor  culverts,  often 
with  insufficient  capacity  to  accommodate  the  drainage  areas, 
necessitates  their  rebuilding  within  a  very  few  years.  It  is 
not  only  a  detriment  to  the  roads,  but  is  an  unnecessary  bill 
of  expense,  thousands  of  dollars  being  expended  each  year 
in  repairing  washouts  and  rebuilding  culverts. 

While  the  engineer  may  not  have  enough  time  at  his  dis- 
posal to  closely  supervise  the  building  of  culverts  in  the 
township,  the  tact  that  he  can  refer  the  township  authori- 
ties to  standard  plans,  and  can  give  the  workmen  some  in- 
struction in  the  building  of  foundations  and  the  handling 
of  concrete,  is  bound  to  produce  better  results,  especially  if 
he  has  improved  every  opportunity  to  inspire  in  township 
officials  a  confidence  in  his  ability  and  to  create  a  demand 
lor  his  service  through  a  desire  to  be  helpful  to  the  local 
road  builders. 

Ordinarily  one  township  <-oinmissiont  r  is  not  interested 
in  what  the  commissioners  in  the  neighboring  townships 
are  doing.  Under  the  co-operative  plan  ill  commissioners 
beinp^  employes  of  the  county  and  working  to  an  estimate, 
are  continually  measuring  their  efficiency  by  the  work  of 
their  fellow  commissioners.  And  farther,  interested  individ- 
uals in  a  township  are  comparing  the  work  of  their  com- 
missioners with  the  work  of  the  commissioners  of  neighbor- 
ing  townships. 

The  effect  of  these  comparisons  will  tend  to  make  the 
qualification  of  a  road  builder  the  controlling  factor  in  the 
selection  of  the  next  cotnmissioner  which  has  not  always 
been  true  in  the  past. 

Not  the  least  of  a  county  engineer's  duties,  speaking  in  a 
broad  sense,  is  the  education  of  the  road  men  of  his  county. 
The  engineer  may  ask  the  old  question.  "Am  I  my  brother's 
keeper?"  Is  the  County  Engineer  interested  in  the  town- 
ship roads  more  than  to  comply  with  the  letter  of  the  law 
which  provides  for  the  survey  of  township  roads  by  the 
county  pugineer.  If  he  is  all  that  the  name  implies,  county 
higliway  engineer-manager,  he  has  an  interest  in  all  roads 
in  his  county  whether  county  or  township  roads.  To  get 
good  roads  you  must  have  good  road  builders.  It  is  true  the 
State  Highway  Department  and  the  University  of  Michigan 
are  carrying  on  a  campaign  of  education  in  road  building, 
but  it  does  not  reach  the  majority  of  local  road  builders, 
nor  does  it  go  into  details  which  is  necessary  to  the  foreman 
who  is  in  direct  charge  of  the  work.  The  ordinary  township 
commissioner  as  a  rule  has  had  very  little,  or  no  experience 
and  instruction,  in  handling  men  to  get  the  maximum  results, 
oi-  in  laying  out  his  work.  He  is  handed  a  blueprint  profile 
which  Is  Greek  to  him  and  told  to  build  a  road.  He  has  no 
instruction  in  its  use  except  what  he  can  glean  in  a  few  min- 
utes conversation  with  a  district  engineer  once  in  three  or 
four  months,  or  from  some  associate  who  has  possibly  had 
some  experience  along  this  line. 


Largest  County  Road  Bond  Issue. — St.  Louis  County.  Min- 
nesota, by  a  vote  of  about  9  to  1.  carried  on  July  1  a  propo- 
sition for  the  issuance  of  road  bonds  to  the  amount  of  $7,500  - 
000.  This  is  the  largest  sum  ever  voted  or  set  aside  for  road 
building  by  any  county  in  the  United  States.  The  second 
largest  was  that  of  Dallas  County.  Texas,  voted  a  few  weeks 
ago.  of  .|(!.500.000. 
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Methods  of  Resurfacing  Old  Mac- 
adam* 

By  WILLIAM  N.  BOSLER, 
iMvision    Enffinecr.    Department    of    Public    Roads.    Fiaiikloit.    Ky 

ppihaiis  the  most  general  and  perplexing  problem  met  with 
'.oday  by  highway  engineers  in  Central  Kentucky,  is  the  re- 
surfacing, economically,  of  an  existing  waterbound  macadam 
load  that  is  hlled  with  ruts  and  holes.  The  condition  most 
irequently  met  in  practice  is  the  road  surface  filled  with 
ruts  and  pot  holes,  or  the  surface  entirely  worn  off.  which 
has  been  caused  through  internal  wear,  lack  of  sub-drain- 
age, ditching  or  inferior  grade  of  stone. 

In  Central  Kpntucky  two  types  of  macadam  roads  are  met 
with--the    old    telford    road    and   the    waterbound    macadam 

load. 

Resurfacing  Old  Telford  Macadam.— Years  ago.  when  ma- 
lerials  and  lal)or  were  cheap,  slaves  were  used  in  laying  this 
teltord  type  of  constri'-Ction.  Today  we  find  the  cross  sec- 
tion of  this  same  telford  road  distorted  almost  beyond  recog- 
nition and  with  practically  no  metal  covering  remaining.  The 
road  in  question  may  be  dished  in  the  middle,  concave  in 
sections,  the  edges  of  the  telford  being  as  much  as  6  or  S 
in.  higher  than  at  the  center.  Again  we  find  the  teltord  wholly 
.-xposed  with  practically  a  flat  or  very  little  slope  to  the 
cross  section  remaining.  This  undoubtedly  is  due  to  inade- 
'luate  sub-drainage  or  improper  foundation  and  not  to  original 
design. 

Being  confronted  with  these  conditions,  and  a  limited  roaa 
fund  at  hand,  the  road  engineer  is  up  against  a  tough  propo- 
sition. In  some  rare  instances  it  might  pay  for  him  to  sal- 
vage the  remaining  telford,  crush  it  with  his  portable  crush- 
ing outfit,  and  use  the  stone  thus  derived  in  constructing  a 
new  waterbound  macadam  road.  However,  it  is  generally 
conceded  that  such  a  road  would  not  be  the  equal  of  a  re- 
surfaced macadam  on  this  existing  teltord  foundation.  Ow- 
iuE  to  the  present  cost  of  labor  it  would  be  prohibitive,  in 
price,  to  attempt  to  re-lay  the  existing  telford  to  its  original 
cross  section  and  then  resurface  as  waterbound  macadam.  As 
■I  solution  to  this  problem,  it  is  the  writer's  opinion,  that  the 
old  telford  foundation  should  be  left  undisturbed  except 
where  it  is  above  the  new  established  grade  and  cross  sec- 
tion md  a  tilling  of  creek  gravel  should  be  properly  placed 
and  spread  on  the  old  distorted  teltord.  The  builder  should 
add  enough  grave!  to  produce  a  trae  cross  section  to  the  sub- 
base  course,  then  it  should  be  properly  spread  and  rolled 
with  a  10-ton  roller,  allowance  being  made  for  sub-soil  and 
blind  drainage  where  necessary.  Most  localities  have  an 
••ibundanee  of  good  grade  creek  gravel,  consisting  of  sand 
and  gravel,  which  could  be  secured  within  reasonable  haul- 
ing distance  and  thus  reduce  the  cost  of  preparing  the  sub- 
base. 

The  next  operation  consists  in  spreading  and  rolling,  on 
the  sub-base  .lust  nrepared.  crushed  stone  not  to  exceed  5 
in  compacted  measurement.  After  this  screenings  are 
spread  and  rolled,  watered  and  re-rolled  until  the  surface 
is  properly  bound  as  a  waterlxiund  macadam  road  surface. 

The  spreading  and  rolling  and  watering  of  crushed  stone 
and  screenings  on  this  type  of  resurface  work  is  just  as  im- 
portant and  should  be  done  in  the  same  way  as  in  construct- 
ing an  original  waterbound  macadam  road.  In  some  excep- 
tional cases  a  small  amount  of  surfacing  metal  is  still  re- 
maining as  a  covering  on  the  telford  foundation.  However,  it 
is  too  thin  to  bear  consideration  and  if  the  teltord  is  true 
or  nearly  true  to  cross  section  our  best  plan  is  not  to  dis- 
turb the  existing  metal  or  telford,  hut  simply  to  add  crushed 
stone  not  to  exceed  .5  in.,  compacted  measurement,  spread 
properly,  rolled  thoroughly,  apply  screenings,  water  and  bonrt 
as  a  waterbound  macadam  road. 

Resurfacing  Waterbound  Macadam.-Our  first  duty  is  to 
ascertain  what  the  existing  maeadani  road  consists  of:  how 
much  metal  remains  and  in  what  condition  it  is.  This  intoi- 
mation  cannot  be  obtained  entirely  by  a  mere  surface  in- 
spection, but  requires  digging  into  the  old  road  metal.  It  is 
true  we  can  see  at  a  glance  where  the  grade  has  been  dis- 
turbed, where  the  cross  section  has  been  destroyed,  but  to 
arrive  pt  the  amount  of  metal  remaining  in  the  road  it  is 
absolutely  necessary  to  make  test  holes  or  test  trenches 
Either  method  will  procure  information 


method;  that  is,  digging  a  trench,  say,  Vl  in,  wide  to  the  full 
depth  of  metal,  across  the  entire  road,  at  right  anKleii  with 
the  center  line  of  the  road,  gives  the  best  resullH,  TheBe 
test  trenches  should  b<-  taken  every  lOU  ft,  or  ho.  dependlni? 
upon  the  general  condition  of  the  road.  This  will  enable 
one  to  see  just  where  the  road  has  worn  and  how  much. 

Having  arrived  at  the  conclusion  of  how  much  metal  re- 
mains and  in  what  condition  it  is,  the  next  duty  Is  lo  entab- 
lish  an  economic  grade  line.  Hearing  in  mind  that  most  any 
practical  road  builder  can  construct  a  road  with  12  In,  or 
more  of  stone,  it  is  the  road  engineer's  job  to  determine  what 
will  be  a  sufficient  amount  of  metal  to  -idd,  and  no  more,  to 
insure  thorough  bonding  with  the  existing  metal  and  pro- 
duce a  good  road  surface.  Most  authorities  agree  that  7  In. 
of  compacted  crushed  stone  is  ample  for  any  waterbound 
macadam  road.  In  other  words,  there  is  a  limit  beyond  which 
depth  of  stone  in  resurfacing  work  is  too  expensive  for  re- 
pults  obtained,  and  beyond  that  limit  it  is  better  and  cheaper 
to  surface  or  otherwise  resurface  the  road  in  question. 

Now  having  determined  the  amount  and  condition  of  ex- 
isting road  metal  and  having  established  an  economic  grade 
line,  it  is  our  duty  lo  salvage  or  prepare  existing  road  metal 
for  the  new  stone.  As  an  illustration,  say,  the  road  in  ques- 
tion has  3  in.  or  less  of  compacted  metal  remaining  and  is 
tilled  with  ruts  and  holes.  In  that  event  it  is  practically  use- 
less to  scarify  it.  as  scarifying  would  tend  to  destroy  the 
bonded  metal  already  in  place  and  would  not  help  our  cause 
any.  Oftentimes  scarifying  is  misused,  and  a.s  a  result  you 
disturb  what  structure  you  had  to  start  with,  and  in  the  end 
you  are  endeavoring  lo  bond  by  rolling  in  one  operation,  a 
greater  depth  of  metal  than  can  be  properly  handled.  The 
better  plan  would  be  carefully  to  till  all  ruts  and  pot  holes 
with  clean  stone  well  graded  and  thoroughly  roll  it.  Add 
sufficient  metal  to  insure  7  in.  of  compacted  stone,  sprea<l 
to  true  cross  section,  rolling  it  thoroughly  with  10-ton  roller. 
Add  screenings,  roll,  dry.  then  wet  and  re-roll  until  the  whole 
is  thoroughly  bonded  and  presents  a  smooth  surface. 

For  next  consideration,  take  a  macadam  road  filled  with 
ruts  and  holes  that  has  4  in.  or  more  of  compacted  metal. 
the  road  being  distorted  as  to  cross  section.  Our  first  opera- 
tion is  to  till  the  holes  and  ruts  in  question  with  new  metal, 
then  spike  and  scarify  the  road.  After  which  harrow  and 
grade  the  existing  metal  to  the  true  cross  section  and  'oIl 
thoroughly  with  10-ton  roller.  Now  add  sufficient  new  stone 
to  insure  7  in.  of  compacted  metal,  considering  the  amount 
of  stone  already  in  the  road.  Spread  and  roll  with  lii-ton 
roller,  add  sufficient  screenings,  roll  it  dry,  then  wet  and  re- 
roll  until  the  whole  is  completely  bonded  and  presents  a 
smooth  surface. 

In  some  cases  one  might  find  a  macadam  road  of  7  in.,  or 
more,  compacted  metal  that  is  filled  with  holes  and  ruts,  but 
has  retained  its  cross  section  approximately  and  is  true  to 
line  and  grade.  In  that  event  it  is  the  writer's  opinion  that 
it  is  useless  and  expensive  to  add  an  arbitrary  amount  of  new 
stone.  The  proper  course  to  pursue  would  be  to  fill  the  holes 
and  ruts  ".ith  well-graded  crushed  stone.  Spike,  scarify,  and 
harrow  them,  adding  just  sufficient  new  metal  to  bring  the 
road  to  its  proper  cross  section  after  shaping.  Roll 
thoroughly  with  10-ton  roller,  applying  sufficient  screenings 
which  when  properly  wet  and  rolled  will  bond  thoroughly 
and  produce  a  smooth  surface. 

In  this  day  of  inadequate  road  funds  a  road  engineer  that 
can  work  existing  macadam  road  that  is  filled  with  ruts  and 
holes,  utilizing  every  ton  of  stone  remaining  In  it,  and  add- 
ing just  as  little  new  stone  as  is  absolutely  necessary  to  pro- 
du^ce  a  well-bonded  road  of  smooth  surface,  has  indeed  ac- 
complished something  that  is  a  credit  to  himself  and  his 
county. 

Resurfacing  or  reconstruction  of  waterbound  macadam 
roads,  under  present  day  traffic  conditions,  presents  problems 
worthy  of  the  attention  of- highway-engineers.  These  prob- 
lems are  of  vast  importance,  and  should  be  given  more  ear- 
nest consideration  than  they  have  received  in  the  past  if 
we  wish  to  make  our  road  funds  cover  a  greater  mileage. 


However  the  trench 


■^^om  a  paper  presented  at  the  1919  Road  Builders'  Week  of  the 
fniversity  of  Kentucky. 


Street  Flusher  Has  Speaking  Tube.— The  motor  street 
flushers  of  the  city  of  San  Francisco  are  equipped  with  a 
speaking  tube  bv  means  of  which  the  operator  at  the  rear  of 
the  truck  communicates  with  the  driver.  The  operator's 
seat  also  is  surrounded  by  a  heavy  iron  fender  which  protects 
him  from  being  bumped  by  other  vehicles. 
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Land  Platting  in  Michigan 

In  a  paper  presented  at  the  last  annual  meeting  of  the 
Michigan  Engineering  Society,  Mr.  Harry  L.  Brightman  gave 
a  concise  statement  of  the  general  requirements  for  record- 
ing plats  according  to  the  laws  of  Michigan,  together  with 
observations  fi-om  the  standpoint  of  the  owner,  the  engineer 
and  the  ofticials  who  handle  assessments.  An  abstract  ot 
the  paper  follows. 

The  reason  for  having  a  platting  law  is,  of  course,  to  make 
the  transfer  and  recording  of  property  easier,  the  assess- 
ment and  collection  of  taxes  more  simple,  than  would  other- 
wise be  the  case.  In  the  early  days  of  platting  in  Michigan, 
the  requirements  were  few  and  simple,  for  the  placing  of  a 
plat  or  sub-division  on  record.  Of  late  years  there  have  been 
numerous  laws  enacted  for  raising  the  requirements,  and  for 
the  purpose  of  eliminating  some  of  the  defects  that  hereto- 
fore existed.  At  present  the  requirements  of  our  State  law 
for  recording  a  plat  or  sub-division  is  as  follows: 

In  making  the  survey  it  is  required  that  permanent  monu- 
ments shall  be  located  in  the  ground  at  all  angles  in  the  boun- 
daries of  the  land  platted  and  at  all  the  intersections  of 
streets  or  streets  and  alleys  as  shown  on  the  map  or  plat, 
and  when  there  are  permanent  objects  in  the  vicinity  of  such 
monuments  the  bearings  and  distances  of  such  objects 
shall  be  noted.  The  character  and  dimensions  of  the  monu- 
ments and  the  bearings  and  distances  of  such  witness  points 
or  objects  shall  be  distinctly  given  in  the  most  convenient 
manner  on  the  plat.  The  exact  position  of  the  monuments 
should  be  indicated  on  the  plat  by  a  small  circle  "O"  or  cross 
"X"  and  such  monuments  must  be  of  metal  not  less  than 
Vo  inch  in  diameter  and  15  in.  in  length. 

If  the  plat  be  of  a  town,  city  or  village,  the  full  name  of 
such  (own.  city  or  village  must  appear  as  the  title  or  name  of 
the  plat;  or  the  land  platted,  be  an  addition  to  or  a  sub- 
division of  a  town,  city  or  village  already  platted,  then  let 
the  title  of  the  plat  include,  with  the  name  ot  such  addition 
or  sub-division,  the  name  of  the  town,  city  or  village,  as  the 
case  may  be,  of  which  such  platted  land  is  a  subdivision, 
or  to  which  it  is  an  addition.  The  name  of  the  county  in 
which  the  plan  platted  is  situated  should  appear  under  the 
title. 

The  plat  must  be  on  a  scale  showing  not  more  than  200 
ft.  to  an  inch,  and  on  good  muslin-backed  paper.  18x24  in. 
in  size;  all  certificates  must  be  written  or  printed  on  the 
paper  on  which  the  plat  is  made,  and  on  the  same  side  of 
the  sheet. 

The  sections  and  parts  of  sections  platted  must  be  desig- 
nated by  lines  with  appropriate  letters  and  figures.  In  case 
ot  a  subdivision  of  lots  or  blocks  of  a  previous  survey,  the 
outlines  of  the  original  or  previous  lots  or  blocks  so  sub- 
divided must  be  designated  by  lines,  which  must  be  marked 
with  appropriate  letters  and  figures.  This  must  be  done  in 
such  a  manner  as  to  show,  without  reference  to  the  written 
description  the  starting  point  and  the  course  and  length  of 
each  of  the  outlines.  Where  any  of  the  outlines  are  iden- 
tical and  coterminous  with  the  lines  of  a  previous  survey 
or  plat,  it  will  be  sufficient  to  give  the  designation  of  such 
outlines  as  given  in  such  previous  survey  or  plat. 

The  land  platted  is  to  be  fully  described  in  writing  or  print- 
ing upon  the  paper  on  which  the  plat  is  drawn.  This  descrip- 
tion must  be  so  complete  that  from  it.  without  reference  to 
(he  plat,  the  starting  point  can  be  determined  and  the  out- 
lines run.  In  connection  with  the  description  should  be  a 
short  and  simple  form  of  dedication,  which  must  be  signed 
by  the  proprietors  and  their  wives,  whose  signatures  must 
be  witnessed,  and  whose  execution  of  the  dedication  must  be 
acknow'edgod  as  deeds  conveying  land  are  required  (o  be  wi( 
nessed  and  acknowledged. 

There  must  be  drawn  upon  the  plat  a  plain  designation  of 
the  cardinal  points  and  a  correct  scale. 

Where  all  the  lots  in  any  block  have  the  same  dimensions, 
it  shall  be  sufficient  to  mark  the  precise  length  and  width 
upon  one  tier  thereof,  but  all  gores,  triangles,  or  other  lots, 
which  are  not  either  squares  or  parallelograms,  shall  have 
(he  length  of  (heir  sides  defined  by  figures. 

The  s(ree(s  must  be  named  or  numbered  and  their  course 
and  width  designated.  All  public  grounds  and  alleys  must  be 
properly  designated. 

The  surveyor  must  certify  that  the  plat  is  a  correct  one 
and  that  the  monuraen(s  described  in  i(  have  been  p!a((ed 
as    (herein  described. 


De(ached  parcels  cannot  be  included  iu  one  plat,  nor  caa 
u^.ore  than  one  plat  be  made  on  one  shtet.  Contiguous  paj- 
cels  owned  by  dif('eren(  parties  may  be  embraced  in  one  plat, 
all  joining  in  the  execution  and  acknowledgment;  it  is  not 
necessary  to  specify  the  particular  parcels  belonging  to  each. 

Before  a  plat  shall  be  forwarded  for  approval,  and  before 
any  copies  are  made  therefrom  there  must  be  attached  to  or 
inscribed  upon  the  original  the  County  Treasurer's  tax  cer- 
tificate required  by  law.  Also  a  cerdflcate  of  approval  of 
the  city  or  village  council,  or  township  board,  as  the  location 
of  land  platted  may  require  and  the  certificate  of  approval 
of  a  majority  of  (he  coun(y  board,  consisting  of  the  Judge  of 
Probate.  County  Clerk  and  County  Treasurer,  or  by  a  ma- 
joiity  of  the  County  Board  of  Auditors  in  counties  having 
such  boards. 

For  the  purpose  of  approval  and  recording,  an  exact  copy 
is  to  be  made  from  the  original,  after  certificates  above  re- 
ferred to  are  inscribed  thereon,  and  said  original  and  copy 
forwarded  to  the  Auditor  General  of  State  for  approval  and 
record,  together  with  .$4.00  fee  required  by  the  statute.  When 
the  original  plat  has  been  approved  by  the  Auditor  General 
the  same  will  be  forwarded  from  the  Auditor  General's  De- 
partment to  (he  Register  of  Deeds  of  the  county  in  which 
the  plat  is  located,  for  recording,  together  with  fee  required 
!iy  statute,  while  a  copy  will  be  filed  in  the  office  of  the  Au- 
ditor General.  Should  proprietor  wish  to  retain  a  copy,  two 
copies  of  the  original  should  be  forwarded  at  the  time  of  for- 
warding the  original  plat,  one  copy  of  which  may  be  made  on 
rraciiig  linen,  if  so  desired,  which  second  copy  will  be  re- 
turned  to  proprietor  with  proper  certificate   thereon. 

.Almost  all  large  cities  now  require  streets  to  be  graded 
liefore  a  plat  is  accepted  or  approved  and  it  is  becoming  the 
rule  of  the  townships  as  well,  to  require  more  or  less  grad- 
ing of  streets  before  the  Township  Board  accepts  the  plat, 
and  the  maintenance  of  the  streets  contained  therein.  This 
requirement  has  developed  a  situation  where  proprietors 
«  ish  (o  avoid  the  expense  of  grading  streets,  refuse  to  place 
their  plats  on  record,  selling  the  lots  off  by  metes  and  bounds, 
and  merely  allowing  their  streets  to  become  public  high- 
v/ays  by  user.  This  often  works  a  hardship  on  uninformed 
I'.ersons  purchasing  lots  in  such  a  subdivision,  when,  after  a 
few  :eais,  a  number  of  houses  are  built  along  certain  streets, 
the  people  therein  apply  for  water  mains  and  sewers,  and 
nt'(en  for  special  drainage  relief.  Proprietors  who  take  this 
method  of  selling  their  land  are  usually  uninformed  as  to 
common  requirements  for  drainage,  etc.  and  very  often 
break  every  law  of  good  land  platting.  Their  main  idea 
lieing  to  get  as  many  lots  as  possible,  to  make  all  streets 
narrow,  and  to  put  in  very  few  cross  streets. 

When  a  plat  is  presented  to  a  Township  Board,  there  are 
sometimes  instances  where  the  township  officials  wish  to 
h&ve  street  locations  changed  or  further  grading  work  car- 
1  ied  on,  and  being  unable  to  agree  with  (he  proprietor,  have 
not  approved  of  a  proposed  plat.  In  one  instance  a  plat  was 
not  approved  by  a  Township  Board  for  (he  reason  that  the 
proprietors  would  not  obtain  an  under  crossing  from  a  rail- 
road (o  allow  storm  water  to  flow  away.  The  proprietors  to 
get  around  this,  undertook  to  dispose  of  their  plat  in  the  fol- 
lowing manner;  They  dedicated  the  street  to  the  State  of 
Michigan  and  sold  a  total  of  220  lots  off  by  metes  and  bounds. 
without  going  into  the  question  as  to  whether  the  street  was 
uroperly  located,  or  as  to  whedier  the  drainage  should  have 
lieen  taken  care  of  at  (hat  time,  it  would  seem  to  me  that 
there  should  be  a  remedy,  and,  while  I  am  not  thoroughly 
informed  as  to  this  procedure  as  worked  out  in  one  or  two 
instances  in  Europe.  I  believe  such  a  sysieni  has  been  worked 

(Ult. 

In  seeking  a  remedy  for  the  present  hit  or  miss  system  of 
making  additions  to  our  cities  and  villages,  and  to  overcome 
somewhat  the  illogical  layouts  with  regard  to  direction  of 
travel,  storm  water  drainage,  sewerage  systems,  etc.,  we  find 
ourselves  lined  up  with  a  score  of  other  large  questions,  or 
propositions  which  are  not  being  properly  met  under  exist- 
ing conditions  by  our  own  cities.  Our  Common  Council  and 
Commission  forms  of  government  are  good,  but  do  not  go 
tar  enough.  They  change  too  often,  and,  even  with  the  help 
of  a  City  Manager,  are  unable  to  meet  and  plan  for  work 
that  requires  a  number  of  years  for  its  completion. 

It  is  my  opinion  (hat  all  cities  and  growing  villages  should 
have  a  "Ci(y  Planning  Body."  or  conimi((ee  of  a  permanent 
na(ure.  with  executive  authority,  to  make  plans  for  the  city 
(hat    will    ultimately    merge    into    a    complete    whole.      Their 
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duiies  would  cover  acquirement  and  operation  of  parks,  a 
general  paving,  sewer,  water  supply  and  sewage  disposal  pro- 
gram, street  widening,  elimination  of  railroad  crossings,  new 
additions,  boulevards,  and  many  other  things  that  require  a 
term  of  years  for  their  accomplishment.  At  present  our 
Council  or  Commission  elected  for  a  term  of  two  years  hard- 
Ij  get  into  harness  before  they  are  replaced,  and  if  an  at- 
tempt is  made  to  start  anything  that  requires  more  than 
one  year  to  complete,  the  chances  are  that  the  next  Commis- 
sion or  Council  turns  the  program  upside  down.  As  a  con- 
sequence our  public  building  and  street  plans  are  built  piece- 
meal and  usually  without  regard  to  future  connections  and 
requirements. 

(io  into  any  City  Engineer's  office  and  you  will  find  plans 
of  prospective  work  outlined  far  in  advance  of  what  he  ex- 
pects his  governing  body  to  approve.  If  once  in  a  while  the 
Council  does  approve,  work  started  and  plans  made  to  con- 
tinue the  same,  the  next  Council,  elected  on  a  reform  or 
'n  oney  saving  platform,  stops  the  work. 

Land  plats  properly  come  under  the  head  of  City  Planning 

ar.d  a  city  planning  body  of  a  permanent  nature  should  be 

.a  part  of  each  city's  organization,  and  in  the  case  of  populous 

'icQunties  a  similar  body  -should  have  control  of  all  public  plans 

iind  work. 


QPail  Test  for  Voids  in  Gravel;   and  Sacks 
of  Cement  in  Concrete 


16? 


The  following  simple  test  for  determining  the 
percentage  of  voids  in  ground  or  broken  stone  has 
been  used  to  a  considerable  extent  in  the  South- 
west: Take  an  empty  pail,  lard  can  or  other 
container,  with  vertical  sides,  and  measure  its 
inside   depth    (D).     Fill   about  half  full  of  water 

and   measure    the    water    depth    (W).      Fill    with    '**-* 

gravel  until  the  pail  is  just  even  full  of  water  ana  measure 
the  depth  of  the  water   fWi   above  the  .travel:   D  —  W^-^G. 

W,  —  W., 

Then    for   gravel   or  crushed  rock:     'S'oids  = 

G 

The    following   tabulation    shows   the    number  of   sacks   cl 
cement  per  cubic  yard  of  concrete: 


3ILx 

1:4:8    . 

1:S:6    .. 

1:2%:5 

1:2:4    .. 

1:2:3    . 

1:11^:3 
1:2    ., 
1:1    .. 


c  per  cent 

40 

per  cent 

30  per  cenl 

or  less. 

or  less. 

or  less. 

3.4 

3.2 

3.0 

4  4 

4.2 

3.8 

5.2 

5.0 

4.5 

fi.3 

6.0 

55 

7.0 

6.5 

X.ll 

7.6 

6.S 

11.11 

10.5 

9.7 

M.n 

13.6 

12.8 

The  number   of   sacks     of     cement     required   for   various 
lengths  of  concrete  pavement  can  be  assertained  as  follows: 
Width  of  pavement  =  W. 
Length    of    section  =  L. 
Center  thickness     =  C. 
Thickness  of    edges  =rE. 

2C  +  E 
Average   thickness,   for  curved   crowning. ^T 


Cubic  yards  per  section  : 


W  L  T 


27 


WLT 
Sacks  per  section  := X  sacks  in  table  given  above. 

y: 

Example:    Section  18  ft.  x  40  ft..  7  in.  and  5  in.  thick.  1.2.3 
mix  with  40  per  cent  gravel, 

IS  ft.  X  40  ft.  X  .527  ft.  -  7.0 

=  98  sacks. 

27 
The  above   information   is  taken  from  a  sheet  of  the  Ok- 
lahoma   County    Highway   Engineers'   Pocket    Book.     It    was 
compiled  by  H.  V.  Hinckley,  consulting  civil  engineer.  Okla- 
homa City,  Okla. 


State  Road  Maintenance  In  Maine. — During  191S  the  Maine 
State  Highway  Commission  had  4,250  miles  of  road  under 
constant  daily  patrol  from  April  to  November,  480  natrol- 
inen  being  employed  for  this  work.  The  total  expenditure 
was  about  $600,000,  of  which  the  cities  and  towns  paid  $200.- 
000.  the  state  paying  the  balance. 


How  the  Local  Engineering  Society 
Can  Be  of  Service  to  the  Public* 

By   WILLIAM   S.   WOLL.NEU. 

When  the  employes  pt  a  public  utility  go  on  strike  the  de- 
cision as  to  whether  their  demands  should  be  allowed  docH 
not  rest  with  the  utility  nor  with  the  strlk.  rs,  but  with  ib<- 
public.  This  is  well  understood  by  students  of  industrial 
economics  who  have  watched  the  public  utility  pass  from  Its 
role  of  a  privilege-granted  corporation,  doing  business  pri 
marily  for  the  profit  of  its  stockholders,  into  a  franchist- 
governed  industry  doing  business  as  a  public  service  utility. 
service  being  the  primary  object  of  the  utility;  a  fair" profit 
to  the  owners  being  requisite  in  order  to  obtain  the  necessary 
capital,  the  rate  of  profit  being  in  ratio  to  the  need  and  qual 
ity  of  the  service, 

U  a  utility  is  giving  reasonable  service  with  a  reasonable 
profit  to  its  owners  its  public  obligation  may  be  said  to  be 
"balanced."  But  if  it  decreases  its  service  and  earns  an  un- 
due profit,  or  if  it  increases  its  service  and  decreases  its 
profit  its  public  obligation  immediately  becomes  "unbal- 
anced." Service  as  used  in  this  connection,  must  be  meas- 
ured by  its  cost  as  well  as  by  its  actual  standard  of  excel- 
lence. Assuming  the  service  rendered  by  a  public  utility  of 
any  kind  and  its  return  to  its  owners  as  being  balanced  at 
the  time  when  its  employes  strike  for  increased  compensa- 
tion or  decreased  hours  of  service,  any  or  all  three  things 
may  result  from  compliance  with  the  strikers'  demands: 
either  service  to  the  public  will  be  decreased,  rates  to  the 
public  will  increase,  or  returns  to  the  owners  will  decrease. 
It  is  therefore  wise  that  the  final  decision  as  to  whether  the 
demands  of  the  strikers  shall  be  granted  shall  depend  upon 
public   sentiment. 

Sontiment  may  be  the  result  of  sympathy  with  the  strikers 
living  or  working  conditions;  it  may  be  influenced  by  excel 
lent  service  or  lack  of  service  by  the  utility,  or  by  any  one 
of  a  dozen  other  things.  Sentiment  engendered  by  sym- 
pathies of  this  kind  undoubtedly  influences  the  settlement  of 
strikes  but  this  cannot  always  be  justified  by  economic  consid- 
erations; and  it  is  economic  consideration,  or  the  balance 
of  public  obligation,  that  should  be  the  ruling  consideration 
in  the  settlement  of  issues  raised  by  strikes  of  employes  of 
public  utilities  Unfortunately,  the  public  does  not  usually 
take  the  economic  phase  of  the  matter  into  consideration  al 
all  and  swings  its  influence  in  accordance  with  its  sympathies 
with  or  against  the  employes  or  the  utility. 

It  is  here  that  the  engineer  may  step  in  and  by  giving  the 
benefit  of  his  trained  ability  to  the  public  cause,  assist  in 
making  the  judgment  of  the  public  conform  to  the  facts  of 
the  case.  It  is  obviously  impossible  for  a  single  engineer  to 
undertake  a  task  of  this  kind  but  it  is  not  at  all  unreasonable 
to  assume  that  the  American  Association  of  Engineers, 
through  its  chapters,  may  interest  itself  in  work  of  this  na- 
ture and  through  its  position  influence  the  public  toward  so- 
ber judgment  based  on  economic  truths.  With  engineers  in  its 
membership  trained  in  all  branches  of  public  utility  service, 
and  with  valuation  experts  and  engineering  accountants 
there  is  no  problem  of  this  nature  that  could  not  be  ac- 
curately solved  by  the  American  Association  of  Engineers, 
and  it  is  certain  that  in  no  other  way  could  the  associatloit 
better  fulfill  its  public  function. 

As  an  example  of  how  the  American  Association  of  Engi- 
neers might  function  in  a  case  of  this  kind  we  will  take  the 
case  of  the  employes  of  a  telephone  company  who  recently 
struck  for  increases  of  pay  for  operators  and  mechanics 
The  territory  served  by  this  utility  covers  several  states  and 
the  strike  of  its  employes  entirely  demoralized  sen'lce  in 
some  places,  greatly  reducing  service  where  it  was  not  en- 
tirely demoralized. 

Public  sympathy  immediately  swung  to  the  side  of  the  op- 
erators and  was  principally  evidenced  by  action  upon  the 
part  of  social  service  workers  who  rallied  to  the  aid  of  their 
striking  sisters  and  through  publicity  and  other  means  en- 
deavored to  influence  the  telephone  company's  management 
to  grant  the  girls'  demands.  The  establishment  of  canteens 
for  feeding  the  strikers  was  another  evidence  of  the  trend  of 
public  sympathy,  as  was  the  demand  for  immediate  resump- 
tion of  service.  It  is  undoubtedly  true  that  the  living  con- 
ditions  made  necessary  by  the  wages  paid   operators  fully 
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warranted  this  action,  hut  the  point  that  appeals  to  the  prac- 
tical engineer  is  that  there  was  absolutely  no  consideration 
given  to  the  necessity  or  othei-wise  of  increasing  rates,  de- 
creasing service,  or  decreasing  return  to  owners  if  the  de- 
mands of  the  employes  were  granted. 

In  order  to  give  the  public  the  facts  to  which  they  were 
entitled  so  that  they  might  determine  whether  it  was  or 
was  not  necessary  to  provide  additional  revenue  or  to  de- 
crease service  in  order  to  comply  with  the  public  obligation 
to  the  corporation,  an  engineering  investigation  should  have 
included:  (a)  a  financial  history  of  the  company  and  its 
present  ownership,  (b)  a  study  of  operating  conditions,  (c)  a 
financial  study.  It  is  assumed  that  the  utility  corporation 
wishing  to  secure  its  portion  of  public  sympathy,  and  to 
obtain  the  necessary  increase  in  rates  if  this  increase  was 
needed  to  meet  the  strikers'  demands,  would  fully  co-operate 
with  the  investigators.  Failure  to  co-operate,  if  given  the 
publicity  it  would  deserve,  would  certainly  indicate  to  the 
public  that  it  was  necessary  for  the  corporation  to  conceal 
facts  that  it  should  have  in  order  to  pass  unbiased  judg- 
ment upon  the  company's  ability  to  meet  the  demands.  Fail- 
ing to  receive  assistance  from  the  corporation,  the  investi- 
gators would  still  have  the  records  of  the  public  utility 
commissions  and  other  public  bodies  to  which  to  go  and 
which  should  in  any  case  be  used  to  the  greatest  extent  pos- 
sible. 

The  manner  in  which  the  investigation  should  be  conducted 
and  the  facts  that  should  be  produced  would  quite  naturally 
be  decided  upon  by  the  committee  making  the  investigation, 
but  in  general  the  following  outline  would  govern  in  a  case 
such  as  the  one  under  consideration.  The  ownership  study 
should  disclose  whether  the  profit  or  loss  resulting  from  the 
operation  of  the  utility  is  spread  over  a  large  or  small  terri- 
tory, both  as  to  geographic  consideration  and  number  of 
persons.  If  possible  it  should  be  determined  whether  the 
piofit  or  loss  is  shouldered  by  persons  or  corporations  who 
are  well  able  to  absorb  a  decrease  or  increase  in  them,  or 
whether  the  stock  ownership  rests  largely  in  the  hands  of 
investors  and  others  who  must  depend  upon  the  return  they 
receive  for  their  actual  livelihood.  It  should  not  be  over- 
looked, however,  that  in  any  case  it  is  unfair  to  expect  cap- 
ital to  finance  utilities  from  which  they  do  not  receive  an 
adequate  financial  return. 

The  service  studj  should  deal  largely  with  its  sufficiency 
or  insufficiency  prior  to  the  strike.  This  study  should  take 
into  consideration  ihe  various  classes  of  service  and  it  will 
urobably  be  found  that  some  classes  have  been-  overserved 
while  there  is  room  for  improvement  in  the  service  given 
other  classes.  In  any  case  the  report  of  the  investigators 
should  clearly  set  forth  recommendations  for  improvement 
or  reduction  in  service.  The  financial  investigation  should 
show  the  operating  results  with  reference  to  both  invested 
capital  and  physical  valuation  of  the  property. 

Upon  completing  its  report  the  committee  should  present 
it  to  a  meeting  of  the  chapter,  specially  called  to  consider 
it,  and  the  entire  contents  should  be  made  the  subject  ot 
discussion  and  mature  consideration.  When  the  chapter  is 
satisfied  that  the  report  is  in  final  shape  tor  submission  it 
should  be  given  the  widest  possible  publicity.  The  public 
would  thus  be  placed  in  possession  ot  the  tacts  that  should 
enable  it  to  determine  whether  the  economic  conditions  under 
which  the  company  is  working  warrant  an  increase  in  wages 
without  a  corresponding  increase  in  rates.  It  would  then 
remain  only  tor  the  public  to  determine  whether  it  was  will- 
ing to  meet  this  increased  cost,  whether  it  preferred  to  accept 
decreased  service,  or  whether  it  preferred  to  leave  wages  as 
they  were. 


Government  Commission  Investigating  Rates  of  Pay  of 
Municipal  Employes. — The  Joint  Commission  on  Reclassifica- 
tion ot  Salaries,  created  by  the  6.5th  Congress  is  instructed 
to  investigate  the  rates  of  compensation  paid  to  civilian  em- 
ployes by  the  municipal  government  and  other  government 
establishments  in  the  District  of  Columbia,  and  is  now  en- 
gaged in  making  a  preliminary  classification.  The  Washing- 
ton Chapter  of  the  American  Association  of  Engineers  js 
securing  information  relative  to  the  salaries  ot  technical  men 
included  within  the  scope  ot  the  investigation  the  commission 
is  authorized  to  make,  and  making  recommendations  as  to 
the  revisions  which  should  be  tnade.  The  actual  preparation 
of  the  commission's  report  is  being  made  Ijy  Arthur  Young 
&   Co..   F;fficiency  Engineers. 


Practical  Method  of   Constructing  Super- 
elevated    Curves  on  Concrete  Roads 

An  efficient  way  ot  getting  the  supeielevation  on  curves  is 
described  in  the  August  Concrete  Highway  Magazine  by 
.lohn  W.  Graham. 

An  'A"  frame  strikeboard  was  used  and  the  desired  crown 
was  obtained  by  adjusting  a  nut  on  the  upper  end  of  a  %  in. 
bolt,  whicli  e.\tended  from  the  apex  of  the  strikeboard  frame 
down  to  the  face  of  the  board.  Only  .5  or  6  lineal  feet  of  the 
concrete  were  struck  at  a  time,  after  which  the  nut  was 
tightened  or  loosened  slightly  before  the  board  was  advanced 
a  similar  distance. 

The  strikeboard  was  built  nf  three  straight   :;  by  6  in.  yel- 


Adjustable    Template    Especially    Adapted    to    Striking    Off    the 
Concrete  in  the  Warped  Sections. 

low  pine  plank,  bolted  together,  and  an  A  frame  of  double 
lines  of  2  by  «  in.  plank,  securely  anchored  at  the  ends  of  the 
lioard  and  rising  about  three  feet  at  the  center.  This  con- 
struction was  rigid  enough  to  produce  a  striking  edge  ot  suf- 
ficient strength  and  heavy  enough  to  hold  itself  on  the  side^ 
forms.  A  graceful  crown  and  easy  riding  surface  were  ob- 
tained by  simply  adjusting  the  elevation  of  the  striking  edge 
as  just  described. 


Highway   Engineering  Courses  at  Univer- 
sity of  Michigan 

The  lioard  nf  Regents  of  the  l'ui\  eri-ity  of  Michigan  has 
freated  a  professorship  of  highway  engineering.  Professor 
Arthur  H.  Blanchard.  late  of  Columbia  University,  has  been 
ippointed  to  this  position.  Funds  were  also  provided  for 
the  appointment  of  an  assistant  professor  of  highway  engi- 
iieei'ing  who  will  have  charge  ot  the  highway  laboratory  and 
courses  in  design,  laboratory  and  field  work.  This  position 
will  he  filled  by  the  appointment  of  .John  H.  Bateman.  B.C.E.. 
a  graduate  of  the  University  of  Michigan  and  for  the  past 
four  years  assistant  engineer  and  engineer  of  the  Michigan 
State  Highway  Commission.  The  regents  have  made  liberal 
appropriations  for  equipment,  current  expense  and  for  the 
salary  of  clerical  and  laboratory  assistants.  The  University 
of  .Michigan  four  years  ago  commenced  to  develop  work  in 
highway  engineering  and  the  work  in  the  university  labora- 
tories has  been  built  up  to  a  good  state  ot  efficiency  under 
Professoi  John  J.  Cox,  who  recently  resigned  to  devote  his 
whole  time  to  construction  work.  A  large  program  of  work 
under  Professor  Blanchard  will  include  the  continuation  of 
nil  work  formerly  given  undergraduate  students  in  highway 
engineering  together  with  one  or  two  new  courses,  the  addi- 
tion of  courses  in  highway  transport  and  highway  economics, 
the  development  of  graduate  work  during  the  regular  col- 
legiate year  and  the  continuation  of  the  highway  short  course 
which  has  been  given  at  Michigan  University  for  the  past 
five  years.  In  addition  to  this  work  special  courses  for  grad- 
uate practicing  engineers  leading  to  the  master  ot  science  in 
engineering  degree  will  be  given  during  the  winter  months. 
These  courses  will  be  given  intensively  so  that  engineers  who 
can  only  take  a  few  months  away  from  their  practice  may 
take  the  work  and  secure  credit  towards  the  degree. 


Classification  of  Engineering  Posi- 
tions in  State,  County  and 
City  Service 

The  '-tate  and  municipal  section  of  iiiigineering  Council's 
committee  en  the  classification  and  compensation  of  engi- 
. leers  his  sent  a  questionnaire  lo  all  -^tate  engineers  and  to 
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all  city  engineers  in  cities  of  100,000  population  and  over. 
asking  information  as  to  the  compensation  paid  July  1.  1915, 
and  July  1,  1919,  and  the  compensation  recommended.  Ac- 
companying the  questionnaire  is  the  tentative  classification 
of  pueineering  positions  reprinted  below.  This  classification 
1  -LASSIFICATIUX  OF  KXtilNEERIXC  I'OSITIONS 
(Jeneral  Ut-scriptioi. 
Title.  of    Pos't.on. 

Cunsultins        Kn-        On    special    duty    uf 
;ineer.  responsible      charactt  r 

requiring-  special  Mual- 
ifications  ard  Init'ar- 
ive. 


tollows  the  general  iilan  adopieil  by  ihe  full  committt  ti  to 
Uicilitale  comparison  of  engineering  HerviceK,  and  was  worked 
out  in  di  tail  by  the  section  committee  in  co-operailon  with  a 
special  committee  of  the  Municipal  Kngini-erH*  Society  of 
New  York  City. 

l.V    STATK.     COI'NTV    AMi    .M  INK  "ITA  I,   SIOKVIi'K. 


Chief  F-ngineer. 
State  Engineer,  Citv 
Kng-ineer,  Deputy 
Chief  Engineer. 
Deputy  State  En- 
g^ineer,  Deputy  City 
Kngineer. 


lOufiineer. 


Senior 
Engippe* 


Assistant 


\.'^sistant  Engineer 


Junior  Assistant 
Engineer. 


Senior    Draftsman. 


Draftsman 


Junior  Praftsmar. 


^liief   Inst  rum  ent- 
man. 


Instrumentman. 


Chief  ad'ninistratu  o 
officer  h  a  ^"  i  n  g  full 
charge  of  or-^anizatioTi 
including"  determina- 
tion of  polioy. 


Chief  of  major  sub- 
division in  1  esponsible 
charge  of  large  unit. 


Chief  of  interrne 
iate  subdivision  in  : 
sponsible    chirge. 


Chief  of   minor  subdi- 
vision. 


On  general  'luty  under 
direction,  but  requir- 
ing special  education 
and  traininv  and  the 
use  of  initiative  and 
originality. 


On  general  duty  under 
direction  but  requir- 
ing special  education 
and  training  and  the 
use  of  initiative  and 
originality. 

Dn  subordinate  duty 
requiring  spe-cial  edu- 
cation or  trr.inin&'  but 
not  requiring  speeip.l 
originality. 
/ 


On  subordinate  duty 
not  requiring  special 
education,  training  or 
originality. 

On  general  duty  under 
direction  but  requiring 
special  education  and 
training  and  the  use  of 
initiative  and  original- 
ity. 

On  subordinate  duty 
requiring  special  edu- 
cation or  training  but 
not  requirirg  special 
originality. 

On  subordirate  duty 
not  reuuirine  special 
education.  t"aining  or 
originality. 


Duties. 
Giving  expert  advice  on  en- 
gineering work  of  the  most  im- 
portant character.  involving 
critical  examination  and  report 
on  questions  of  cost,  design, 
specifications.  cons  truction. 
maintenance,  operation  or  en- 
gineering- policy. 


Assuming  entire  resi>onsibility 
as  the  engineering  executive  for 
reports,  estimates  of  cost,  de- 
sign, specifications,  construc- 
tion, maintenance  or  operation 
of  engineering  works  or  project.^ 
either  that  are  to  btr  constructed 
or  are  to  be  operated. 


Supervising  work  requiring  ex- 
ecutive ability.  Furnishing  ex- 
pert or  critical  engineering'  ad- 
vice of  a  high  order  for  ex- 
ecutive action 


Exercising  independent  «.ii- 
g'neering  judgment  and  assum- 
ing responsibility  in  studies  and 
computations  necessary  to  prep- 
aration of  plans,  designs,  re- 
ports, etc.  Supervising  work  of 
small  units  in  engineering  or- 
ganization. 

Taking  charge  of  design,  sur- 
veys, or  construction  work  in- 
volving considerable  responsi- 
bility on  small  engineering  pro- 
jects or  minor  work  on  large 
projects. 


Using  surveying,  mea.suring  and 
drafting  instruments,  engineer- 
ing tables  and  diagrams.  Com- 
puting and  compiling  data  for 
desigiis,  reports  and  records.  In- 
specting or  investigating  minor 
details  of  engineering  work  and 
materials.  Keeping  notes  of 
field   work. 


Directing'  work  of  a  drafting 
?quad.  Supervising  preparat  ion 
of  maps,    plans,   etc. 


Preparing  general  working 
drawings  where  design  is  fur- 
nished. Plotting  of  notes  and 
preparation  of  maps.  Design  of 
simple  structures.  Making  com- 
putations and  compiling  data 
for  reports,  records,  etc.  Check- 
ing plans,  sur\'eys.  etc. 

Tracing  and  lettering  maps  and 
plans.  Making  simple  drawings 
from  sketches  and  data.  Making 
minor  calculations. 

Directing  work  of  field  party  on 
suireys  or  construction.  Keep- 
ing notes,  record  of  work,  etc. 
Supervising  construction  or  re- 
pair work.  Directing  and  lead- 
ing in  the  work  of  computing 
surveys,    estimates,    etc. 

Running  surveying  instruments 
and  adjusting  and  caring  fcr 
same.  Computing  surveys,  esti- 
mates, etc.  Inspecting  incident- 
ally construction  or  repair  work. 

Running  tape  or  leveling  rod. 
Performing  oth'^r  miscellaneous 
subordinate  duties  in  survey 
party  in  field  or  office,  as  di- 
rected. 


gualltttaliuii. 

Such  trainin-.;  in  civil,  mechanical,  •tccirical.  Hitini.ij  ^ 
or  other  engineering  brancheK  »s  In  ••\  idem  •  d  by  ;t  •  i 
fessional  degree  granted  on  the  rompb-tion  of  a  -■    r 
ard   cours«'  of   instruction   in   an   enKlneerinu    >    i  ■ 
recognized   standing,   with  «-.\perii'nr.-   of   n-  ■ 
four  years  in  the  duties  of  Kngiiie.r  and  br 
ence  in  the  branch  of  «'ngine«ring  involved  i: 
concerned.       If    :i    professional    degree     hah     nyi 
granted  by  an  engineering  K<hool  uf  r>ci»gniz«»l   >■ 
ing,  an  iaigineering  experience  of  noi  Wm*  ib-m   : 
years   may   be   considered    to  qualify   fur   ttr 
provided  that  the  reconi  of  wcjrk  pt-rfoMiie.! 
stantial    evidence    of    an    enKliieerlng    kno\s_    _^       _    _ 
ability  of  the  highest  order. 

Such  training  in  civil,  mechanical,  electrical,  nanltary 
or  other  engineering  branches  as  is  evidenced  by  a  pc- 
fessional  degree  granted  on  the  completion  of  li  ff.twi 
ard  course  of   instruclion   in   an   engineering  Hch""I    ■■ 
recognized  standing,   with   exiM-rieiic-   of  not  |es>   '(    . 
four  years  in  the  duties  of  P^ngineer  and  broad  .  x; 
ence  in  the  branch  of  engineering*  involved  in  thi-  \•.'■•- 
concerned.      If    a    professional    degree    h;u*    not    U-eii 
granted  by  an  engineering  school  of  recognized  stand- 
ing, an  engineering  exiM?rience  of  not  less  Than  Tlfr. .  n 
years  may   be  considered   to  qualify   for  tin 
provided  that  the  record  of  work  perfonm-d 
stantial    evidence    of    an    englneerint;    kno\\ 
ability  (tf  the  hig'hest  order. 

Such  training  in  civil,  mechanical,  electrical,  eanitury 
or  other  engineering  branche.s  as  Is  evidenced  by  a  pre- 
fessional  degree  granted  on  the  completion  of**  stand- 
ard coun^e  of  instruction  in  an  engineering-  school  of 
recognized  standing,  with  experienee  of  not  less  th.iii 
three  years  in  the  duties  of  Senior  Assistant  Entiu.  .  r 
Tiiere  may  be  substituted  for  a  professional  di-^T.- 
such  training  in  engineering  as  would  qualify  the  in- 
rumlient  to  properly  perform  the  duties  of  this  position. 

Such  training  in  civil,  mechanical,  electrical,  sanitar> 
or  other  engineering  branches  as  is  evidenced  by  a  pro- 
fessional degree  granted  on  the  completion  of  a  stand- 
ard course  of  instruction  in  an  engineering  seho«i|  ,.f 
recognized  standing,  with  experience  of  not  les^  t> 
two  years  in  the  duties  of  Assistant  Engineer.  Tt  ■  • 
may  be  substituted  for  a  professional  degree  .-u  ^ 
training  in  engineering  as  would  qualify  the  Incumbeiit 
to  properly  perform  the  duties  of  this  position. 

Such  training  in  civil,  mechanical,  electrical,  sarin. «i 
or  other  engineering  branches  as  is  evidenced  by  ,i  i-r-' 
fessional  degree  granted  on  the  completion  of  a  >i.irui 
ard  course  of  instruction   in  an   engineering  scliuoi    .,• 
recognized   standing',   with  experience  of  not   less    th..i. 
one  year  in   the  duties  of  Junior  Assistant    Engin. .  : 
There    may    Ix'    substituted    for    a    professional    dft;Tee 
such   training-  in  enginetTing  as  would  qualify   the   in 
cumlK-nt  to  properly  j>erform  the  duties  of  this  position. 

Such  training  in  civil,  mechanical,  electrical,  sanitary. 
or  other  engineering'  branches  as  Is  evidenced  by  ;4 
l)rofessional  degree  granted  on  the  completion  of  ;< 
standard  course  of  instruction  in  an  engineering  schor»l 
of  recognized  standing,  but  not  nece.ssarlly  anv  t*xi*.'ri- 

ence    in    the  practice   of   engineering,    other    " 

which  is  incident  to  the  attaining  of  sucb 
tions.  There  may  be  substituted  for  a  !■: 
degree  .such  training  In  enMncering  as  wouin  .(-".inv 
the  incumbent  to  properly  perform  the  dvities  of  thi.* 
position  and  would  be  a  suitable  foundation  for  th« 
advancement  of  the  incumbent  to  higher  positions  hi 
the  professional  engineering  service  with  further  train- 
ing in   tnigineerlng. 
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Maintenance  of  Macadam  and 
Gravel  Roads* 

By  R.  C.  HEATH, 

Uotid  Engineer.  Kentucky  State  Department  ol    Public  Roads. 

The  building  of  surfaced  roads  has  been  carried  on  in 
Kentucky  for  nearly  100  years.  The  important  main  high- 
ways were  practically  all  built  either  by  the  state  or  by  the 
toll  companies.  The  bulk  of  the  road  building  within  re- 
cent years  has  consisted  of  rebuilding  and  relocating  these 
old  highways  to  accommodate  modern  travel.  It  was,  to  say 
the  least,  unfortunate  for  the  counties  that  the  toll  roads 
were  freed  and  the  automobile  was  made  serviceable  at  about 
the  same  time  And,  by  the  same  token,  it  was  certainly 
a  bit  of  luck  for  the  companies. 

It  is  not  out  of  place  to  bring  out  right  here  the  point  that 
the  county  officials  are  not  to  be  too  harshly  blamed  for  the 
failure  to  maintain  the  highways.  Practically  all  the  heaviest 
traveled  highways  were  tool  roads  and  the  counties,  there- 
fore, had  no  need  of  spending  much  money  or  maintaining 
an  organization  for  maintenance  of  the  relatively  lightly 
traveled  roads  which  were  under  their  care.  When  the  roads 
were  freed,  new  responsibilities  were  thrown  upon  the  offi- 
cials. A  new  vehicle  terribly  destructive  to  road  surfaces 
was  coming  into  use  and  no  increased  funds  were  given  them 
10  care  for  the  roads;  in  fact,  in  most  counties,  the  road  fund 
has  not  been  increased  up  to  this  day.  The  result  of  this 
situation  is  that  Kentucky,  one  of  the  pioneers  in  good  road 
building  in  the  whole  country,  instead  of  reaping  the  benefits 
of  the  enlightened  progressive  policy  of  the  past  is  actually 
handicapped  to  a  greater  extent  than  the  states  which  are 
just  commencing  to  build  roads. 

Many  of  the  roads^  were  poorly  located  when  built,  but  the 
country  has  developed  so  much  that  any  relocation  is  out 
of  the  question  oti  account  of  expense  and  damage  to  private 
property.  I  arge  areas  which  were  formerly  heavily  forested 
are  now  cleared  and  under  cultivation.  This  condition  makes 
necessary  many  additional  drainage  structures  as  well  as 
increases  in  the  size  of  old  ones.  Ttie  steep  grades  have  be- 
come more  objectionable  because  of  increased  damage  by 
water.  All  these  thinss  heavily  increase  the  costs  of  main- 
tenance. 

The  problem  of  maintenance  in  Kentucky  today  is  to  keep 
I  he  roads  in  a  passable,  usable  condition  until  the  people 
realize  the  true  situation  and  will  give  their  officials  the 
money  to  put  the  roads  in  first-class  shape.  It  is  impossible, 
with  the  present  funds  available,  to  attempt  to  install  an 
efficient,  scientific  maintenance  organization,  such  as  is  oper- 
ated in  New  York,  Pennsylvania  or  Ma'ssachusetts.  The 
average  man  has  no  idea  of  what  it  cosis  to  keep  the  high- 
ways of  the  states  mentioned  above  in  good  condition.  I  be- 
lieve that  the  present  system  may  be  saved  from  serious 
damage  for  a  time  witb  the  present  funds,  but  the  roads  will 
not  withstand  the  present  traffic  very  long  and  will  deterio- 
rate rapidly  as  traffic  increases.  This  discussion  is  intended 
to  suggest  methods  by  which  the  present  funds  may  be  ex- 
pended to  save  the  roads  so  that  when  money  is  available 
there  will  be  something  left  upon  which  to  build. 

Water  is  the  worst  enemy  of  the  highway  In  this  state: 
even  the  automobile  yields  in  destructiveness  to  the  sudden 
heavy  rains  which  often  last  for  several  days  with  no  letup. 
The  most  important  maintenance  work  is  the  opening  of 
ditches  to  prevent  water  from  crossing  or  running  lengthwise 
of  the  road  surface.  In  many  cases,  it  would  be  economy  to 
construct  ditches  just  back  of  the  tops  of  slopes  in  cuts  to 
prevent  filling  of  the  roadside  ditches.  The  excess  material 
removed  from  the  ditches  should  always  be  hauled  away  and 
not  cast  out  on  the  slopes.  This  increases  the  cost,  but  is 
well  worth  the   money. 

Every  road  should  be  ditched  twice  a  year;  late  in  the  fall 
and  early  in  the  spring.  It  is  essential  that  the  ditches  be 
straight  and  of  uniform  grade.  Wherever  possible,  water- 
ways should  be  cut  to  turn  the  water  from  the  ditch.  Cul- 
verts should  be  kept  clean  and  the  inlet  and  outlet  ditches 
should  be  free  from  obstructions  at  all  times.  Very  few 
highways  have  a  sufficient  number  of  culverts.  Strictly 
speaking,  building  culverts  is  not  maintenance,  but  the  con- 
struction of  a  needed  culvert  frequently  prevents  serious 
damage   to   the  road   surface.     Improving   drainage  is   abso- 


*FVom  a.  paper  presented  at  the   1919   "Road  Builders'  Week"   of 
tin-  University  of  Kentucky. 


lutely  the  first  step  in  maintaining  the  highways  and  must 
take  precedence  over  any  other  work. 

Gravel  roads  in  Kentucky  have  been  built  in  almost  every 
( onceivable  way.  with  and  without  specifications,  rolled  and 
travel-compacted,  thin  and  thick.  naiTow  and  wide,  and  all 
lands  of  materials  have  been  used — bank  gravel,  creek  gravel 
of  every  variety,  river  gravel  and  some  material  called  gravel 
by  courtesy  only.  The  real  secret  of  success  with  any  gravel 
road  is  the  ability  to  keep  just  enough  moisture  in  the  road. 
Too  much  water  is  no  worse  than  too  little.  The  surfaces  of 
gravel  roads  can  be  kept  in  first-class  condition  under  reas- 
onable traffic  by  dragging.  Dragging  is  an  art  in  itself  and 
requires  excellent  judgment.  The  road  man  must  know  from 
experience  when  the  surface  is  in  the  right  condition  to 
drag,  how  much  crown  is  best  for  the  surfacing  material,  and 
above  all  must  be  willing  to  make  several  trips  over  the  road 
rather  than  to  try  to  get  the  result  all  at  once.  Slipshod 
or  unskilled  men  mean  wasted  money  and  no  results.  More 
depends  upon  the  execution  of  the  work  and  the  experience 
ol   the  men  than  upon  the  methods  used. 

The  roadway  should  be  kept  uniform  in  cross-section  from 
ditch  to  ditch  not  only  to  prevent  water  damage,  but  also  to 
distribute  the  travel  so  as  to  eliminate  ruts.  Concentrated 
travel  on  one  section  of  the  surface  will  soon  wear  out  a 
gravel  road.  If  gravel  roads  are  well  cared  for  they  will 
withstand  a  great  deal  of  steel-tired  traffic.  Automobile 
travel  during  the  dry  summer  months  when  dragging  is  use- 
less, and  in  fact  harmful,  will  soon  tear  a  gravel  road  to 
pieces.  Many  roads  built  of  gravel  are  now  being  subjected 
10  fairly  heavy  automobile  traffic.  It  is  out  of  the  question 
to  resurface  with  a  higher  type  of  road,  because  of  the  cost. 

Most  of  these  roads  are  built  where  good  stone  is  not  lo- 
cally available  and  in  fact  where  gravel  is  almost  the  only 
material  at  hand.  These  roads,  therefore,  must  continue  as 
gravel  roads  for  many  years  to  come  and  must  be  subjected 
to  an  increa'^ing  automobile  traffic.  The  problem  is,  then: 
How  are  they  to  be  maintained  until  a  more  suitable  road  can 
be  built?  The  only  answer  is  "surface  treatment."  The 
kind  of  material  to  be  used  depends  upon  the  character  of 
the  gravel,  the  local  conditions  and  the  fund.s  available. 
Every  road  is  a  distinct  problem  In  itself  and  no  general 
recoimmendations  should  be  made  to  cover  all  road  condi- 
tions. The  tact  is  evident,  however,  that  the  surface  must 
be  held  together  by  some  kind  of  surface  treatment.  To 
save  :he  gravel  roads  already  built  requires  constant  patrol 
by  skilled  men,  study  and  experiment  with  different  kinds  .of 
materials,  and  protection  of  the  surface  with  the  proper 
kinds  of  binders,  when  subjected  to  automobile  travel. 

The  macadam  roads  in  this  state,  like  the  gravel  roads, 
have  been  built  in  many  different  ways  and  of  varying  grades 
of  stone.  The  only  road  building  rock  in  Kentucky  is  lime- 
stone, most  of  which  is  rather  soft  but  possessed  of  high  ce- 
menting value.  This  stone  wears  out  quickly,  hut  rarely 
does  one  see  a  road  ravel.  The  water-bound  macadam  on 
roads  in  this  state  has  withstood  the  automobile  traffic  won- 
derfully— if  a  hard  stone  had  been  used,  the  roads  would 
have  disintegrated  very  rapidly  under  such  traffic.  The  ce- 
menting value  of  the  stone  is  of  great  advantage  in  main- 
tenance and  this  quality  means  a  great  saving  on  such  work. 

As  a  general  proposition,  there  is  plenty  of  material  still 
in  place  on  the  old  macadam  pikes.  Many  of  these  roads 
were  built  with  Telford  foundations  and  investigation  will 
show  that  those  without  this  foundation  have  from  5  to  15 
in.  of  metal  in  the  roadbed.  It  is  very  seldom  that  one  sees 
a  pike  where  the  surface  has  broken  through  the  metal  into 
the  subgrade.  The  principal  trouble  with  these  roads  is  the 
poor  cros.?-section  and' the  rough,  uneven  surface  with  many 
pot-holes.  By  the  use  of  a  comparatively  small  amount  of 
new  metal  for  patching  ruts  and  holes,  and  by  surface  treat- 
ment, these  pikes  can  be  made  satisfactory  for  several  years 
to  come  at  much  less  than  the  cost  of  resurfacing.  Great 
care  must  be  exercised  in  selecting  the  material  to  he  used 
on  the  surface  and  study  must  be  made  of  the  present  traf- 
fic and  its  probable  rate  of  increase. 

The  day  is  undoubtedly  coming  when  higher  types  of  roads 
must  be  built,  but  what  Kentuckv  needs  now  is  a  larger  mile- 
age of  surfaced  roads  rather  than  a  smaller  mileage  of  per- 
fect highways.  Unfortunately,  there  is  not  enough  money 
available  to  rebuild  all  the  old  roads  at  once,  and  we  must 
save  these  old  pikes  until  we  have  the  price  of  new  ones. 
By  means  of  careful  patch-work,  constant  patrolling  of  the 
roads   and   surface  treatment,   it   is  possible  and  tiof   too  ex- 
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pen.-ive  lo  ^avf'  the  old  roads.  As  money  becomes  available, 
resmfaciiig  can  be  carried  on  and  eventually  everyone  wili 
have  a  good  road  right  at  his  front  door. 

Maintenance  is  a  new  proposition  in  Kentucky  and  if  it  is 
to  be  a  success,  it  must  be  handled  right.  The  people  will 
never  allow  the  old  pikes  to  disappear  !or  lack  of  care  and 
neither  will  they  pay  for  resurfacing  the  same  old  road  evrry 
three  years.  If  the  road  oflicials  \vill  maintain  the  old  roads 
and  gradually  extend  the  higher  type  of  mileage  as  money 
becomes  available,  the  people  \vill  become  educated  to  the 
necessity  of  high  cost  roads,  but  it  requires  more  than  the 
mere  sayso  ot  a  road  engineer  to  convince  the  average  tax- 
payer that  he  should  vote  for  roads  that  cost  $20,000  a  mile. 
The  best  way  to  gain  the  confidence  of  the  average  citizen 
is  to  care  for  the  old  roads  so  well  and  so  cheaply  that  he 
cannot  help  noticing  it.  Good  maintenance  is  its  own  be?t 
advertisement.  If  given  half  a  chance,  the  old  roads  can 
carry  for  some  time  to  come  many  a  wagon  and  many  a 
truck  or  automobile. 


Cost   of   Digging   Road   Ditches 

A  considerable  portion  of  the  road  work  in  New  Trier 
Township,  111.,  in  191S  consisted  in  the  digging  of  new  road 
ditches  and  the  cleaning  out  of  old  ditches.  For  this  work  a 
special  gang  was  employed  under  a  foreman  selected  because 
of  his  ability  to  handle  men  and  to  do  the  engineering  inci- 
dent to  drainage  work  This  foreman  was  paid  $100  per 
month.  During  the  month  of  July,  1918,  the  gang  completed 
18,621  lin.  ft.  of  ditching,  at  an  average  cost  of  6.74  ct.  per 
lineal  foot.  The  work  required  the  moving  of  3,121%  cu.  yd. 
of  dirt,  the  average  cost  per  cubic  yard  being  40.-47  ct. 
The  following  table  from  the  report  of  H.  H.  Sherer,  Town- 
ship Highway  Commissioner,  .gives  the  detailed  cost  of  the 
work  for  the  above  month: 


Council  of  National  Defense  Report 
on  High  Cost  of  Livinj^ 

The    United    States    Council   of   National    Defei.  \\ 

Secretary  Baker  as  chairman  of  the  council,  hu  ■  il 

to  the  President  and  members  of  CongresH  a  full  ri-porl  on 
the  concomitants  ot  the  high  cost  of  living  as  Kurve.ved  by 
its  Reconstruction  Research  nivlsion— this  in  order  that 
various  agencies  charged  with  consideration  of  this  problem 
may  take  concerted  remedial  action. 

The  findings  of  the  council  indicate  that  the  high  coot  of 
living  is  primarily  due  to  curtailment  in  the  production  of 
nearly  all  commodities  except  raw  food  products,  to  hoarding 
of  storage  food  products,  to  profiteering,  conscious  and  un- 
conscious, and  to  infiation  of  circulating  credit;  and  that  the 
situation  may  be  most  advantageously  met  by  stimulated  pro- 
duction: the  repression  of  hoarding  and  profiteering:  the  Im- 
provement and  standardization  of  methods  and  facilities  for 
distributing  and  marketing  goods,  and  the  perfecting  of 
means  of  keeping  the  nation  informed  regarding  probable  na- 
tional requirements  and  current  production  and  stocks. 

The  findings  particularly  emphasize  the  fact  that  high 
.-■tandards  of  living  cannot  be  maintained  upon  any  baais  ot 
reduced  production. 

The  report  says,  in  part: 

The  problem  of  the  high  cost  of  living  is  so  interrelated 
with  other  reconstruction  problems  that  the  opening  of  this 
liroblem  is  tantamount  to  opening  up  the  question  of  recon- 
struction practically  in  its  entirety. 

An  analysis  of  the  high  cost  of  living  problem  brings  out 
the  following  facts  and  principles  as  constituting  the  essence 
of  the  situation: 

The  only  complaints  of  the  high  cost  of  living  which  have 
justification  are  those  which  are  based  upon  inability  of  pres- 
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l»nm  and  clay  soil.    Part  clt-aniiiB.  average  of  5  In.  dlK. 

Part  cleaning",  mostly  new  ditchlni;'.    Loam  soli. 

.\lniost  nev/  ditchinir.  dt-pth  2  ft.    (.May  soil. 

.\Imost  n<*w  (iit<;hiiij?.  depth  2  ft.    Clay  soil. 

Pare  cleaniniT.  depth   1  ft.     Fairly  oa->    iliu-. 

"ir-jininff,    t   ft.  di!,t;inK.     .Straighteni!  'h. 

I'leanir.g,   1   (t.   dif.^rins.     StraiKhterr  ■  h. 

.Slight  ciiVHiiing.  loam  .'■oil.    New  diti  i 

.\lmost  new  ditihing,  depth  2'4  ft.    .Sticky  tlay. 

About  'A  new  ditching,  depth  l',-4-2  ft.     I.oam  «oll. 

.Vbout  'A  new  ditehin;,',  depth  l"^  ft.    Put  in  3  culvcna 

542  ft.  partlv  new  ditch.    75  ft.  new  ditch.  Placed  3  cul. 

.N'cw  digging,  depth  3  ft.    Clay  soil. 

.Mostly  new  digging,  depth  2'-i-2^4   fl.  Clay  and  lonrn. 

Half  new  ditching.    Cleaning.    Placed  1  culvert. 

Clay  material,  wet  and  sticky.    DiKSing  H4  ft. 

.Mostly  a  good  cleaning,  digging  about  1  ft. 

.SI lightening.     Digging  6  m.  x  6  ft     Cutting  weeds 

Straiahtcning.    trigging  6  in.  x  fi  ft.    Cutting  weeds. 

.Shaping  and  cleaning.    Easy  digging,  depth  1  ft.    l>oam 

Shaping  and  cleaning.    tCasy  digging,  depth  1  ft.    iMhrr. 

Extra  care  taken  because  of  slight  fall.    Cleaning. 

Hxtra  care  taken.     Hard  sticky  digging. 

InteTTupteil  bv  rain.    Sticky,  clay  soil. 

Depth  2  fr.     Clay  .soil.     Removed  brush. 

Hard,  sticky  digging. 

Cleaning  and  shaping,    ('lay  and  loam   foil. 

Practicallv  new  ilitching'.    Hard  loam  soil. 

.N\\v  ditching.     Hard,  clay  soil.     Depth  3  ft. 


Finding  Trucks'  Effect  on  Roads. — To  determine  the  de- 
structive effect  of  heavily  loaded  auto  trucks  on  highways 
and  streets,  and  to  meet  the  demand  for  data  on  the  design 
of  road  surfaces  and  ft/undations  to  withstand  such  heavy 
traffic,  a  series  of  experiments  is  being  conducted  by  the 
Bureau  of  Public  Roads,  United  States  Department  of  Ag- 
riculture, at  the  Arlington  Experimental  Farm  to  determine 
the  impact  of  auto  trucks  on  roads.  The  most  striking  sin- 
gle developipent  in  the  highway  field  in  1918  was  the  tre- 
mendous increase  in  motor  truck  traffic.  Five  years  ago 
heavy  motor  trucks  were  few  in  number  and  limited  prac- 
tically entirely  to  the  paved  streets  of  larger  cities.  These 
vehicles  now-  comprise  prohably  4  to  .5  per  cent  of  the  grand 
total  of  all  motor  vehicles  and  are  to  be  found  wherever 
traffic  conditions  permit  profitable  use.  But  very  few  roads 
were  designed  to  carry  any  large  volume  of  this  class  of 
traffic.  Consequently,  the  cost  of  adequate  maintenance  was 
increased  greatly  during  the  year.  In  many  places  the  dam- 
age due  to  the  incessant  pounding  of  these  fast  and  heavy 
vehicles  was  so  great  as  to  require  complete  reconstruction. 


ent  income  to  maintain  previous  or  reasonable  standards  of 

living  at  present  prices. 

America's  industrial  and  economic  achievements  during 
the  war,  notwithstanding  depleted  man  power  and  diversion 
■if  productive  effort  to  war  purposes,  demonstrate  the  ample 
ability  of  the  nation  to  sustain  its  population  according  to  a 
standard  ot  living  equal  to  or  above  standards  of  living  which 
i>btained  previous  to  or  during  the  war. 

The  fundamental  basis  for  the  maintenance  of  national 
standards  of  living  is  adequate  production,  economical  dis- 
tribution and  fair  apportionment  among  the  various  economic 
groups  which  constitute  our  society.  With  the  exception  of 
agricultural  activity,  production  since  the  armistice  has 
shown  evidence  of  curtailment,  and  has  in  general  been  be- 
normally  low.  Normal  consumption  cannot  continue  unless 
an  adequate  rate  of  production  is  maintained. 

Food  production  and  the  facilities  for  food  production  were 
improved  rather  than  injure-'  during  the  war.  Moreover,  the 
program  with  respect  to  foe:'  jiroducion  since  the  signing  of 
the  armistice  has  been  one  of  v'-  -rous  expansion  ot  the 
means  of  providing  raw  food  product;. 
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The  number  of  cattle  slaughtered  in  the  period.  January  to 
May.  1919.  was  3.803,(i00.  a.s  against  4,204,000  for  the  corre- 
sponding period  of  1918,  though  the  national  reserve  of  cattle 
on  farms  had  increased  during  the  war.  The  situation  in  re- 
gard to  swine  is  similar. 

The  production  of  civilian  cloths  and  clothing  has  suffered 
heavy  curtailment  for  many  months  since  the  signing  of  the 
armistice. 

Boot  and  shoe  production  tor  civilian  use  has  likewise  un- 
dergone extreme  curtailment  since  the  signing  of  the  armis- 
tice. 

Housing  facilties.  due  to  curtailment,  for  many  months  fol- 
lowing the  armistice,  of  the  production  of  building  material 
and  of  building  construction,  is  still  far  below  normal.  Rents 
continue  to  rise. 

The  first  half  of  1919  shows  diminished  production  of  raw 
materials  and  subnormal  construction  of  new  capital,  and 
I  his  indicates  failure  to  utilize  an  adequate  proportion  of  our 
productive  forces  in  the  preliminary  processes  of  provision 
to  meet  future  requirements.  In  fact,  due  to  busines  uncer- 
tainty and  hesitation  and  tendencies  to  disagreement  be- 
tween productive  groups,  there  ensued  after  the  armistice  a 
disuse  of  a  large  proportion  of  America's  productive  capacity. 
Unless  this  slump  in  production  is  atoned  for  by  consistent 
future  activity,  and  unless  production  is  constantly  main- 
tained on  an  adequate  scale,  reduced  standards  of  living  will 
iiecome  inescapable,  regardless  of  prices. 

The  very  fact  that  price.s  ot  finished  eomniodities,  consump- 
tion goods  so-called,  have  risen  to  an  extent  out  of  proportion 
to  the  rise  in  prices  of  raw  materials  and  perhaps  out  of  pro- 
portion to  the  rise  in  general  wages,  indicates  that  produc- 
tion carried  on  under  these  conditions  is.  in  general,  yielding 
profits  abnormally  high. 

The  Deficiency  of  Commodities.  The  report  emphasizes 
Uh  fact  that  the  deficiency  of  commodities,  as  compared  with 
the  volume  of  circulating  credit  and  also  as  compared  with 
living  requirements,  has  survived  the  duration  of  the  war. 
and  the  only  safe  and  practicable  method  of  effecting  a  read- 
iustment  now-  is  by  the  practice  of  genuine  economy,  by  in- 
creased production  of  the  things  society  needs,  and  by  cur- 
tailment in  the  consumption  of  those  luxuries  which  larger 
money  incomes  have  falsely  led  us  to  believe  that  we  could 
afford. 

It  does  seem  not  safe  or  ijracticable  to  initiate  readlust- 
ment  ot  prices  by  a  premature  reduction  of  credit  for  essen- 
tial purposes,  inasmuch  as  the  first  effect  of  contraction  of 
such  credit  would  be  reduced  production — the  intensification 
of  the  fundamental  cause  from  which  the  country  now  suf- 
fers. On  the  other  hand,  it  is  quite  possible  by  increased 
production  to  create  such  a  volume  of  commodities  and 
wealth  that  the  balance  between  physical  goods  and  cir- 
<ulating  medium  will  be  normal. 

It  will  not  be  overlooked,  of  course,  that  any  movement  to 
I  educe  prices  otherwise  than  by  the  elimination  of  waste, 
the  repression  of  profiteering  and  fhe  stimulation  of  produc- 
tion may  tend  to  bring  on,  as  an  indirect  consequence,  an 
increase  of  reduced  production. 

Adequacy  of  Supply. — When  a  people  finds  itself  compelled 
to  reduce  its  standards  of  living  because  ot  inability  to  se- 
cure adequate  quantities  ot  the  means  of  life,  the  first  mat- 
ter to  be  investigated  is  the  question  of  the  adequacy  of  the 
general  supply,  and  the  second  question  should  be  addressed 
to  the  matter  of  the  apportionment  of  the  supply  among  the 
various  members,  groups  and  classes  of  society.  It  is  ob- 
vious that  means  of  life  cannot  be  plentiful  unless  produc- 
tion is  adequate  and  there  is  therefore  a  plentiful  supply 
available  for  such  distribution. 

While  the  close  of  the  w^ar  found  America  tending  to  run 
short  of  clothing  and  housing,  and  behind  in  its  program  of 
highways  and  transportation  facilities,  it  is  a  remarkable 
truth  that  we  passed  through  the  war  period  with  a  general 
tendency  toward  considerable  Increase  in  our  production  of 
foods.  It  is  also  true  that  we  were  under  the  necessity  of 
supplying  large  quantities  of  food  to  our  Allies:  but  we  nev- 
ertheless, thanks  to  a  magnificent  agricultural  program,  came 
out  of  the  war  without  serious  shortage  of  food  supply. 

The  wheat  crop  for  191S  amounted  to  917.000.000  bus.,  as 
compared  to  an  average  for  1910-14  of  72S.000.000;  and  the 
probable  harvest  in  1919  is  1.236.000,000  bus  Our  supply  of 
wheat  in  elevators  and  mills  on  May  9,  1919,  was  9fi,000,000 
bus.,  as  against  34,000,000  bus.  the  year  before.  Notwith- 
standing  large    exports,    our  wheat    and    flour    supply   is   ob- 


viously adequate,  while  the  situation  with  respect  to  the 
other  cereals  is  generally  very  good. 

Though  tiie  sugar  stocks  are  somewhat  low  in  the  United 
i^tates.  the  future  is  normally  provided  for. 

America  emerged  from  the  war  producing  meat  at  a  rate 
far  above  pre-war  figures,  and  yet  possesses  in  reserve  a 
larger  number  of  animals  on  the  famis  than  we  had  before 
the  heavy  war  drafts  upon  our  supplies  began. 

The  report  of  goods  in  cold  storage  shows  an  increase  in 
the  quantity  held  on  July  1,  1919,  as  against  the  same  date 
a  year  ago.  Taken  in  connection  with  the  evidence  of  rela- 
tively abundant  reserves  of  live  animals  and  large  crops  for 
the  current  year,  it  would  seem  that  some  relief  from  high 
prices  of  food  should  be  possible. 

Present  food  prices  are  not  to  be  accounted  for  largely  on 
the  basis  of  heavy  exports.  Exports  of  pork  and  beef, 
canned,  fresh  and  pickled,  for  example,  have  been  less  for 
1919  than  in  the  previous  year,  the  total  amounting  to  1.090.- 
000.0(10  lb.  in  1919  as  against  1.122.000.1100  !b.  for  the  corre- 
sponding period  of  1918 — less  than  the  amount  of  all  meats 
in   cold  storage  on  July  1,  1919,  which  was  l,33fi,000,000. 

It  is  true  that  food  is.  by  comparison,  plentiful.  But  it  is 
also  true  that  money  or  other  circulating  medium  is  unprece- 
dentedly  plentiful 

The  Wool  Situation. — The  most  obvious  explanation  of  the 
high  prices  of  woolens  is  the  glaring  fact  of  the  extreme  re- 
duction in  output  which  ensued  after  the  signing  of  the 
armistice  and  the  completion  of  army  orders,  which  prac- 
tically ended  in   January,  1919. 

The  war  came  to  an  end  with  the  supply  of  civilian  wool- 
ens unprecedentedlv  low.  The  total  quantity  of  wool  avail- 
able for  civilian  fabrics  ijetween  April  and  November,  1918. 
"A'stp  probably  somewhere  in  the  neighborhood  of  7.5,000,000 
lb. — an  amount  p.^rhaps  a  little  more  than  sufficient  to  meet 
the  demands  of  normal  manufacture  for  civilian  consumption 
for  11-2  months.  Yet.  notwithstanding  the  fact  of  the  general 
shortage  of  goods,  the  total  consumption  of  wool  in  manufac- 
ture during  the  first  .i  months  qf  the  present  year  amounted 
to  but  little  more  than  one-half  the  amount  consumed  during 
the  corresponding  months  of  the  previous  year. 

Cotton  Situation.  -When  the  w'ar  ended  the  world's  cotton 
supply  was  below  normal.  The  •  supplies  of  cotton  goods 
were  also  low.  The  acreage  planted  to  cotton  was  this  year 
approximately  9  per  cent  less  than  for  1918.  The  present 
prositects  aie  that  the  cotton  crop  will  be  small.  Notwith- 
standing the  release  of  labor,  it  it  were  needed,  by  de- 
mobilization, and  notwithstanding  adequate  supplies  of  raw 
cotton  to  meet  the  season's  requirements  and  the  lack  of  any 
important  difficulties  in  the  w-ay  of  reconversion  to  peace- 
rime  products,  and  with  low  supplies  of  finished  goods  in 
itock.  the  cotton  industry  kept  more  spindles  idle  during  the 
first  five  months  of  1919  than  were  idle  during  the  corre- 
sponding period  for  191S. 

The  Boot  and  Shoe  Industry. — The  production  of  boots  and 
.-ihoes  f'lr  the  first  ipiarter  of  1919  was  reported  as  about  HO 
per  cent  below  the  production  for  the  last  quarter  of  191S. 
Plants  were  practically  closed  and  in  some  cases  it  is  re- 
ported that  machinery  was  returned  to  the  shoe  machinery 
company  In  all.  there  were  75,000.000  less  pairs  of  shoes 
produced  in  the  first  quarter  of  1919  rhan  in  the  last  quarter 
of  1918.  A  reduction  in  the  output  of  military  shoes  was.  of 
course,  to  be  expected,  but  in  spite  of  the  tact  that  soldiers 
would  be  expected  to  turn  to  civilian  footwear,  the  census 
report  shows  a  reduction  of  more  than  2.5  per  cent  in  the  out- 
put of  civilian  men's  shoes  in  the  quarter  ending  March.  1918. 
as  compared  with  the  production  in  the  quarter  ending  De- 
cember. 1918.  A  reduction  of  between  25  and  30  per  cent 
was  also  apparent  in  the  output  of  women's  shoes.  The  re- 
duction in  the  output  of  shoes  for  youths,  boys  and  misses 
was  even   more  marked. 

Housing  and  Rents. — It  has  been  estimated  that  the  United 
States  was  short  1.000.000  homes  at  the  end  of  the  war.  A 
campaign  to  stimulate  and  encourage  increased  building  was 
begun  soon  after  the  end  of  the  war  and  carried  on  during 
the  first  half  of  the  present  year,  and  the  national  need  of 
increased  building  became  thoroughly  advertised.  In  the 
meantime,  however,  those  industries  whose  activity  is  a 
prerequisite  to  building,  such,  for  example,  as  brick  making, 
lime,  cement  and  lumber  production,  remained  relatively 
stagnant  or  tied  up  with  price  and  labor  disputes  until  late 
in  the  spring.  The  production  of  raw  materials  necessary  in 
building  construction  was  far  below  normal  throughout  the 
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armistice  period.  Many  plants  were  operating  on  part  lime 
and  some  were  closed  down  entirely.  Glass  production  was 
reported  to  be  ou  a  50  per  cent  basis  as  late  as  May.  In  re- 
sponse to  the  building  campaign  and  the  recognition  of  the 
general  need,  and  also,  no  doubt,  in  anticipation  of  handsome 
prices  rendered  obtainable  by  the  acute  shortage  of  housing, 
a  fairly  large  building  program  was  eventually  gotten  under 
way,  and  it  is  now  experiencing  handicap  by  reason  of  the 
shortage  of  building  material  which  throughout  the  winter 
was  obviously  impending.  The  period  of  high  and  increasing 
rents  and  of  high  and  ascending  prices  of  houses  appears, 
therefore,  to  be  fairly  certain  of  continuing  for  some  time  to 
come. 

Railroad  Construction,  Traffic  and  Rates. — As  stated  above, 
the  high  cost  of  living  really  means  shortage  of  the  things 
we  live  upon.  A  comparison  of  railroad  fright  revenues 
seems  to  indicate  that  we  are  subsisting  with  a  reduced  use 
of  freight  service — and  since  we  are  not  likely,  upon  investi- 
gation, to  find  ourselves  growing  more  self-sufficing  since  the 
war,  it  seems  that  in  receiving  and  sending  less  freight  we 
merely  find  ourselves  confronted  with  another  evidence  of 
the  fact  that  we  are  in  general  consuming  and  producing  less 
goods. 

The  Coal  Situation. — The  example  of  coal  production  fur- 
nishes another  instance  of  the  fact  that  America  was  able 
with  depleted  manpower  and  in  the  face  of  other  handicaps 
during  the  war  to  set  herself  an  example  of  increasing  output 
such  as  she  has  not  demonstrated  the  aljility  or  disposition 
to  parallel  in  the  returning  times  of  peace.  The  total  amount 
of  coal  produced  up  to  .July  ,5,  1919,  was  261.000.000  tons,  as 
compared  with  .'!64.000.000  long  tons  for  the  corresponding 
period  of  191S. 

Iron  and  Steel. — The  record  of  our  after-war  steel  and  iron 
output  furnishes  us  with  another  warning  that  we  have  been 
neglecting  to  keep  pace  with  the  established  American  rate 
of  industrial  improvement  and  expansion  and  foresighted 
preparation    for  future  requirements   and   progress. 

The  iron  and  steel  business  was  considerably  stimulated 
by  war-time  requirements.  There  was  a  governmental 
agency  whose  business  it  was  to  foresee  the  war  needs,  and 
to  place  orders  so  that  those  productive  forces  which  are 
wrapped  up  in  the  steel  industry  might  be  utilized  to  ca- 
pacity. For  want  of  some  industrial  administrative  in- 
sight which  might  utilize  our  maximum  productive  power  the 
steel  industry's  activity  has  since  the  armistice  greatly  de- 
clined. 

A  survey  points  to  evidence  of  a  national  loss  of  many 
billions  of  dollars  worth  of  wealth,  resulting  from  reduced 
production  during  a  few  months  of  the  present  year.  Con- 
sider, for  example,  the  forfeit  implied  in  the  failure  to  pro- 
duce 7.5.0110,000  pairs  of  footwear  which  could  have  been  pro- 
duced during  the  first  three  months  of  1919.  Calculate  the 
significance  of  the  reduction  of  over  100,000.000  long  tons  in 
the  production  of  coal  up  to  July,  1919. 

Lack  of  Co-ordination. — When  one  contemplates  the  bil- 
lions which  have  thus  been  lost  through  lack  of  co-oidination 
of  our  productive  powers,  one  is  moved  to  appreciate  the 
urgent  need  of  some  local  agency  through  which  might  be 
promptly  and  regularly  secured  and  disseminated  a  knowl- 
edge of  all  of  the  important  facts  of  our  economic  life  and 
progress  —requirements,  rates  of  production,  stocks  on  hand 
and  prices — in  manner  similar,  for  example,  to  the  official  col- 
lection and  announcement  of  information  which  is  now  being 
effected  with  regard  to  tlie  slaughter  of  animals,  the  tanning 
of  hides  and  skins,  and  the  amounts  in  stock  and  in  transit. 
It  is  beyond  question  that  lack  of  real  information  gives  rise 
to  the  majoi-  portion  of  the  unnumbered  industrial  uncer- 
tainties, hesitations,  misunderstandings  and  conflicts  which 
constitute  the  chief  interference  with  the  realization  of  the 
highest   potential  economic  welfare  of  the  American  people. 


State  Highway  Construction  in  Maine.— During  the  period 
1M4-19.  the  .Maine  State  Highway  Commission  built  390.8 
miles  of  state  highway  at  a  total  cost  of  |3,231,563.  From 
1908  to  1919  1,393%  miles  of  state  aid  road  were  built  at  a  cost 
to  towns  and  state  of  $i;,ii63,123.  The  present  mileage  of  state 
aid  road  is  approximately  3.000.  and  the  mileage  of  state 
highways  is  1.400.  The  total  road  mileage  of  the  state  is 
:;.j..530. 


Contracts— A  Comparison  of  "Cost 
Plus"  with  Other  Forms* 

Hy  EKNEST  WILOKK  CLAUKK 

The  use  during  the  past  two  years  of  the  "cosl  plan" 
lorm  of  contract  on  very  largo  and  i-unipllcated  construe 
tion  work  seems  to  the  writer  to  render  the  time  opportune 
tor  a  general  discussion  o(  the  advantagr-h  and  dlBadvan- 
lages  of  this  type  of  contract. 

In  order  to  bring  the  matter  before  the  .society,  the  fol- 
loning  r(5siim(''  of  some  of  the  more  or  less  self-evident  faullF 
and  virtues  of  the  usual  contract  forms  are  preuent-ed.  not 
with  the  idea  of  informing  the  members  of  the  society,  but 
to  establish  a  basis  for  discussion. 

The  usual  methods  of  paying  for  vork  are  by  lump-HUm, 
by  item  charges,  and  by  cost  plus  a  percentage.  Under  the 
first  two  methods,  the  contractor  takes  the  engineers'  or 
architects'  specifications  and  estimates  of  the  quantitieN, 
possibly  checks  the  latter  by  his  own  computation,  guessea 
at  the  interpretation  which  will  be  placed  by  the  owner's 
representatives  on  the  terms  of  the  specifications  and,  trnm 
his  knowledge  of  cost  of  materials  and  cost  of  labor,  makes 
up  a  bid. 

in  a  lump-sum  contract  the  preliminai\  estimate  of  quan- 
tities i-!  linal.  as  are  also  the  original  plans  ot  foundations, 
details,  etc  Any  changes  must  be  a  matter  of  settlement 
between  the  owner  and  the  contractor.  The  latter  takes  all 
the  gamble,  and  if  conditions  or  quantities  turn  out  more 
favorably  than  was  anticipated,  he  wins;  otherwise,  lie  loses, 
or  is  tempted  to  decrease  the  cost  to  himselt  by  somn  method 
which  generally  means  a  poorer  grade  of  work  than  that 
contemplated  n  the  specifications.  If  conditions  turn  out 
much  worse  than  anticipated  by  the  contractor,  he  may  for- 
feit whatever  bond  he  put  up  and  leave  the  owner  and  bonds- 
man to  settle.  The  owner  very  often  desires  to  change  the 
plans  as  the  work  progresses,  either  to  cheapen  the  job  or 
to  add  new  features  or  improvements,  and  as  there  Is  no 
basis  in  the  contract  for  payment  to  the  contractor  for  such 
changes,  a  new  bargain  must  be  made.  Generally,  it  is  al- 
m(;st  impossible  to  let  additional  work  to  a  new  contractor, 
so  the  owner  is  at  the  mercy  of  the  original  one  and  must 
submit  to  whatever  terms  he  offers  or  forego  the  changes. 
The  lump-sum  contract  has  all  the  seeds  of  misunderstand- 
ings, disputes,  lawsuits,  and  poor  work:  and  not  even  the 
benefit  of  a  pre-knowledge  of  ultimate  cost,  as  there  is  al- 
inost  invariably  a  long  list  of  "extras." 

In  "item'  contracts,  the  award  is  nuule  on  the  sum  of 
the  products  of  the  units  in  each  item  multiplied  by  the  bid 
per  unit.  In  most  engineering  work,  the  preliminary  esti- 
mate of  unit  quantities  is  necessarily  approximate  often 
the  owner  is  unwilling  on  acco>int  of  cost  or  unable  for  va- 
lipus  reasons  to  make  the  investigations  which  would  afford 
a  basis  for  an  exact  determination.  This  is  especially  true 
of  sub-surface  structures,  but  quantities  even  in  superstruc- 
tures cannot  always  be  accurately  computed  in  advance.  This 
i;;  one  of  the  great  sources  of  disappointment  to  the  owner 
in  the  ultimate  cost  of  work  let  under  this  form  of  contract 
— of  gambling  on  the  part  of  the  contractor  and  of  loss  or 
unfair  cost  to  both. 

The  contractor  and  the  owner  may  disagree  on  the  inter- 
pretation of  the  data  for  the  estimate — the  contractor  hacks 
his  judgment  by  bidding  low  on  items  which  he  thinks  are 
over-estimated  and  high  on  those  which  are  under-  esti- 
mated. His  total  bid  is  lower  than  he  would  ■  be  will- 
hig  to  take  the  work  for  if  the  preliminary  estimate  of  quan- 
tities was  known  to  show  also  the  final  estimate,  but  allows 
a  fair  or  better  profit  if  the  final  estimate  approximates  that 
made  by  himself.  In  other  words,  the  owner  thinks  he  is 
letting  the  work  to  cost  one  sum,  and  the  contractor  expects 
to  receive  another  and  larger  sum.  Badly  unbalanced  bids 
are  often  thrown  out.  but  a  skillful  bidder  does  not  make  his 
unbalancing  so  raw  as  to  justify  this  action.  This  kind  of 
bidding  is  not.  per  se.  unfair  or  dishonest,  and  the  ability 
thus  to  bid  safely  may  be  truly  a  part  of  the  contractor's 
equipment,  but  it  results  in  disappointment  to  the  owner  when 
he  finds  his  final  estimate  largely  in  excess  of  that  antici- 
pated. It.  on  the  other  hand,  such  bidding  is  merely  a  wild 
guess  or  due  to  optimism  on  the  part  of  the  contractor,  it  is  a 
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samble  pure  and  simple  which,  it  unsuccessful,  results  in  loss 
to  himself  and  often  to  the  owner. 

Item  bids  require  as  a  basis  a  set  of  definitions.  Some 
items  are  so  self-evident  that  no  contusion  can  possibly  arise 
ar  to  the  meaning  of  the  definition:  others  shade  into  other 
items,  and  it  is  hard  to  define  the  line  of  demarcation.  Other 
items  are  described  as  containing  certain  materials  in  cer- 
tain proportions,  and  any  variation  from  these  proportions 
constitutes  a  new  item,  more  or  less  expensive.  Another 
item  is  described  as  being  a  certain  stoclv  material  or  ma- 
thine,  and  any  variation  ordered  or  permitted  raises  the 
question  of  cost  to  tlie  contractor.  Tlie  possibility  and  even 
jirobability  of  argument  and  variation  m  cost,  due  to  varied 
rt<ading  of  definitions  or  changes  in  details  of  items,  could  be 
elaborated  almost  indefinitely,  but  enough  has  been  said  to 
illustrate  how  fruitful  of  bills  for  extra  cost  this  part  of  the 
specification  can  be. 

The  "item"  contract  is  better  than  the  lump-sum  in  that 
changes  in  plan,  due  to  the  development  of  the  work  or  the 
meeting  of  unforeseen  conditions  and  variations  in  unit  quan- 
tities, can  be  adjusted  under  the  terms  of  the  original  con- 
tract, if  the  items  included  in  tliat  contract  can  be  reason- 
ably construed  to  apply  to  the  new  conditions;  but  it  is  still 
limited  by  the  items  which  can  be  so  construed  and  wliich 
both  the  contractor  and  owner  are  willing  to  admit  are  fair 
as  to  cost  under  these  new  conditions. 

Applying  to  both  these  forms  ai'e  several  factors  which  are 
taken  into  account  in  their  bids  by  all  successful  contractors 
and  for  which  all  owners  pay  indirectly.  Some  of  these  are 
the  clauses  removing'  responsibility  from  the  owner  for  the 
accuracy  of  the  preliminary  data;  for  errors  in  laying  out 
NVork:  for  refusing  to  accept  the  action  of  the  owners'  in- 
spectors at  the  time  of  actual  construction  and  retaining  the 
right  of  rejection  to  the  final  inspection ;  making  the  owner's 
engineer  the  final  interpreter  of  his  ov/n  specification  and 
allowing  him  to  supplement  his  drawings  and  specification 
in  any  way,  in  order  to  make  the  meaning  conform  to  this 
interpretation.  The  contractor  has  to  take  the  gamble  that 
the  original  data  are  reasonably  accurate,  that  the  work  of 
laying  out  will  be  carefully  done,  or  else  maintain  an  engi- 
neering organization  to  check  the  work — for  which  duplicate 
organization  the  owner  will  pay — that  the  engineers  will  be 
.iust,  and  that  the  original  engineer  will  remain  in  charge 
throughout  the  life  of  the  work. 

Many  specifications  require  tests  of  material  which,  if 
rigidly  enforced,  would  often  cause  great  delay  and  expense 
to  the  contractor  or  the  carrying  of  a  large  stock,  entailing 
interest  charges,  storage  space,  rehandling.  and  other  ex- 
penses. The  contractor  usually  expects  that  the  purchase  of 
material  from  well-known  manufacturers  or  certificates  from 
them  will  avoid  the  enforcement  of  these  clauses,  but  if  he 
is  wise,  he  considers  the  possiliility  that  they  may  be  in- 
sisted on,  and  bids  accordingly. 

In  short,  the  tendency  of  the  entire  specifications  is  to  re- 
move responsibility  from  the  owner  and  his  representatives 
and  place  it  on  the  contractor;  also,  all  the  gamble  on  weath- 
er, foundations,  changes  in  labor  and  material  market,  and 
every  other  unknown  or  unknowable  factor  is  carefully  un- 
loaded on  him. 

The  contractor  accepts  all  this,  but  the  owner  pays.  The 
individual  owner  may  save  money,  because  the  gamble  went 
against  the  contractor  on  his  job,  but  his  neighbor  loses, 
because  in  the  long  run  the  contractor  must  make  money  to 
live.  The  owner  may  lose  by  a  contractor  being  too  optimis- 
tic, getting  a  job  partly  done  and  then  liein.g  unable  to  finish 
on  account  of  high  costs;  re-advertising,  re-letting,  and  de- 
lays follow,  or  else  the  bondsmen  finish  the  work  at  a  loss 
to  themselves,  which  loss  is  passed  on  to  other  owners. 

If  a  contractor  makes  an  unexpectedly  large  profit,  how- 
ever, on  Job  A,  he  does  not  reduce  his  bid  en  ,Tob  B,  in  con- 
sequence, so  that  it  is  only  the  losses  that  are  passed  on  to 
other  owners  and  never  the  gains. 

In  "cost  plus"  contracts,  the  owner  accepts  all  rislcs,  all 
costs,  and  receives  the  benefit  of  all  favorable  conditions; 
each  job  carries  its  own  load  only,  without  the  addition  of 
losses  on  other  jobs  and  without  the  percentage  added  by 
the  contractor  to  offset  possibly  unfavorable  conditions,  am- 
biguous specifications,  or  captious  owners. 

The  specifications  and  plans  may  be  as  general  or  as  spe- 
cific as  the  owner  desires;  changes  can  be  made,  dififtculties 
met,  and  advantage  taken  by  the  owner  of  special  machines, 
material  and  methods. 


The  contractor  furnishes  the  plant,  organization,  and  ex- 
pert knowledge  of  construction  and  buying;  the  owner  su- 
pervises the  work  and  pays  the  bills. 

In  the  case  of  "cost  plus"  contracts,  the  contract  and  not 
the  specifications  is  the  crux  of  the  matter  from  both  the 
cwner's  and  contractor's  viewpoint,  but  the  writing  of  the 
contract  is  more  simple  than  the  writing  of  the  speciflca 
tions.  It  is  necessary  first  to  define  what  expenses  are  to  be 
borne  b\  the  contractor,  as  not  part  of  any  one  job.  These 
may  he  head  office  expenses,  salaries  of  chief  officers  whose 
time  is  si)ent  only  in  part  on  the  job,  traveling  expenses,  ex 
cept  as  agreed  on,  the  contractor's  auditor's,  timekeepers,  or 
material  checkers.  Second,  to  define  what  expenses  are  to  be 
borne  by  the  owner  and  are  to  form  the  basis  tor  the  fee. 
Such  expenses  would  include  the  cost  of  materials  purchased 
through  the  contractor,  the  cost  of  labor  of  all  grades,  and  the 
cost  of  rental  of  plant.  Third,  to  define  what  expenses  are 
to  be  borne  by  the  owner,  but  which  are  not  to  be  included  in 
calculating  the  fee  to  the  contractor.  These  might  be  engi- 
neering services,  inspection,  owner's  timekeepers  and  audi- 
tors, and  the  cost  of  specified  material  which  the  owner  elects 
to  purchase  and  deliver  to  the  contractor. 

The  approval  of  the  owner  would  be  required  for  all  pur- 
chases of  material  both  as  to  the  necessity  for  the  purchase 
and  the  i)rice  paid  The  owner  may  reserve  the  right  to  en- 
ter the  market  with  the  contractor,  purchase  any  material  he 
can  buy  cheaper  than  the  contractor,  and  deduct  such  cost 
from  the  total  cost  of  the  work  for  fee  calculation.  The 
owner  would  have  control  of  the  number,  grade  and  wages  of 
all  classes  of  labor,  and.  of  course,  would  pay  all  insurance 
charges. 

The  sliding  percentage  with  maximum  fee,  as  used  on  gov- 
ernment work,  could  he  applied,  to  any  contract,  large  or 
small. 

Contracts  could  be  let  on  the  basis  of  fee  demanded,  both 
percentage  and  maximum,  on  the  size,  adaptability  and  con 
dition  of  the  plant  controlled  by  the  bidder,  and  on  his  ex 
perience.  reputation  and  the  size  and  character  of  his  organi- 
yalion. 

It  is  true  that  the  interest  of  the  owner  to  keep  down  the 
cost,  and  that  of  the  contractor  to  receive  a  large  fee.  would 
cla.sh,  but  that  is  controlled  by  the  sliding  percentage  which 
can  be  arranged  to  give  an  actually  larger  fee  for  smaller 
total  cost,  and  by  the  maximum  fee  which  is  based  on  the 
owner's  estimate  of  total  cost. 

Capable,  honest,  efficient  contractors  would  fare  well  un- 
der this  form  of  contract;  the  opposite  kind  would  soon  find 
it  impossible  to  secure  work.  Engineers  of  the  two  classes 
would  meet  the  same  fate  as  the  corresponding  contractors. 
The  engineer  would  no  longer  be  supposed  to  act  as  an  ar- 
biter when  he  is  paid  by  one  of  the  parties  to  the  contract 
to  supervise  the  work  of  the  other  and  to  secure  work  con- 
forming to  specifications  and  plans  which  he  himself  has 
drawn.  The  engineer  is  always  biased,  and  no  matter  how 
hard  he  tries  to  be  fair  or  how  cordial  the  relation  between 
himself  and  the  contractor,  in  case  of  argument,  the  latter 
bears  the  burden  of  the  proof.  For  this  state  of  affairs  the 
owner  pays,  and  the  successful  contractor  is  one  who  has 
added  enough  to  his  bid,  in  one  way  or  another,  to  make  up 
for  the  losses  he  suffers  due,  not  to  the  work  itself,  but  to  the 
■specifications.  The  writer  believes  that,  given  the  same  men 
as  owner,  engineer  and  contractor,  a  cheaper  and  better  job 
can  be  secured  by  the  owner,  and,  in  the  long  run,  more 
profitable  business  to  the  contractor  by  the  "cost  plus"  con- 
tract than  by  either  the  lump-sum  or  item  bids.  The  owner 
will  not  be  confronted  by  bills  for  extras,  vexatious  claims 
for  adjustment  due  tio  different  interpretation  of  the  specifi- 
cations, lawsuits  with  their  attendant  cost,  and  the  perpetual 
chance  that,  in  spite  of  inspection,  poor  work  will  be  done 
by  the  contractor  in  order  to  secure  a  profit  on  an  underbid 
item.  The  contractor  will  be  sure  of  a  reasonable  return  on 
his  investment  in  plant,  he  will  not  have  to  pay  tor  special 
plant  of  use  to  him  only  on  that  one  job,  or  to  carry  the  bur- 
den of  the  gamble  on  unknown  or  unknowable  factors. 

The  gamble  belongs  to  the  owner  who  gains  or  loses  by 
the  location  of  the  site,  the  season  of  the  year  in  which  the 
work  is  done,  the  state  of  the  market  for  men,  materials  and 
money  and  circumstances  other  than  strictly  construction 
work,  which  affect  the  cost  of  the  structure;  and  when  con- 
tractors are  relieved  of  this  gamble,  they  can  bid  closer,  they 
can  put  their  energy  and  knowledge  into  efforts  to  turu  out 
good  work,  and   not  be  constantly  on  the  watch  to  cheapen 
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the  work  for  their  own  benefit — maybe  salvation — and  the 
owner's  harm. 

It  will  be  for  the  owner  and  his  engineer  to  say  where  to 
cheapen,  when  to  spend,  to  pay  extra  prices,  if  they  wish,  to 
speed  up  work,  or  secure  quick  delivery.  The  job  is  the  own- 
er's; he  should  handle  it  and  take  the  profits  and  the  losses. 

There  can  be,  of  course,  great  dishonesty  under  "cost  plus" 
contracts,  but,  if  this  occurs,  it  is  the  owner's  fault  in  lax 
supervision  of  his  own  forces  or  from  incompetent  or  dis- 
honest engineers. 

It  is  hoped  by  this  paper  to  obtain  an  expression  of  opinion 
as  to  the  wisdom  of  substituting  "cost  plus"  contracts  for  the 
ether  forms.  At  the  present  time,  municipal  work  is  usually 
required  by  law  to  be  let  to  the  lowest  bidder,  and  any  viola- 
tion of  the  custom,  even  when  the  law  permits,  affords  a  basis 
for  accusations  of  graft  on  the  part  of  the  officials  respon- 
sible, no  matter  how  self-evident  the  lack  of  ability  of  the 
low  bidder  may  be. 

If  "cost  plus"  contracts  can  wisely  be  substituted  for  the 
other  forms,  the  writer  conceives  it  to  be  a  timely  occasion 
to  endeavor  to  have  the  laws  amended  so  that  municipalities 
as  well  as  individuals  can  take  advantage  of  it,  and  also  to 
draft  a  standard  form  of  contract  sufficiently  elastic  to  be 
adaptable  to  all  usual  work,  so  that  the  possible  disadvantage 
may  be  reduced  to  a  minimum  and  that  dishonest  officials  may 
be  prevented  from  discrediting  a  method  which,  in  the  hands 
of  honest  men.  can  certainly  produce  economical,  rapid  and 
good  construction 


Wire   Cable   Guard  Rail 

On  certain  sections  of  its  highways  the  Pennsylvania  State 
Highway  Department  is  employing  wire  cable  guard  rail  of 
the  design  shown  in  the  accompanying  illustration.  The 
cable  is  made  of  standard  galvanized  steel  or  iron  wire  and 
is  at  least  %  in.  in  diameter.  The  anchors  for  the  end  posts 
consist  of  a  deadman  having  a  minimum  diameter  of  6  in. 
and  a  face  area  of  not  less  than  4  sq.  ft.,  and  a  A  ft.  eyebolt. 
The  end  post  is  secured  to  the  anchor  by   not  less  than  12 
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standard    Wire    Cable    Railing    of    Pennsylvania    State    Highway 
Department. 

Strands  of  No.  S  galvanized  wire.  On  sections  of  railing  more 
than  200  ft.  in  length  1  in.  x  2  ft.  eyebolts,  threaded  IS  in.,  are 
used.  On  sections  200  ft.  or  less  in  length  1  in.  x  12  in.  eye- 
bolts,  threaded  6  in.,  are  used  on  one  end  and  bolts  S  in.  long, 
threaded  3  in.,  are  used  on  the  other  end.  The  posts  are  not 
less  than  6  in.  round  or  6  in.  square,  and  are  heavy  brush 
coated  with  creosote  paint  on  bottom  and  on  sides  up  at  least 
4%  ft.  The  posts  are  spaced  10  ft.  c.  to  c.  After  erection 
the  posts  and  parts  not  galvanized  are  painted  with  two  coats 
of  white  lead  and  linseed  oil  paint. 


Depreciation  Charges  on  Road  Building  Equipment.  -The 
regnlations  governing  work  of  the  Stat^-  Highway  Depart- 
ment of  Arizona  provide  that  upon  completion  of  a  prciect 
depreciation  shall  be  charged  to  the  project,  the  oq.iipment 
being  rated  on  the  following  basis: 


Engines,  gas  and  steam. 

Fresnos    

Graders    

Mixers,  concrete   

Mules 

Pile  drivers   • . 

Plows    

Rock  crushers 


Per  cent 
per  year. 

20 
..    100 

20 
.        20 

10 

20 
.       20 

20 

10 


Steam  sliovels  -^5 


20 
50 


Municipal  (ieneral   Plant  Cuts  Street 
Maintenance  Costs 

Gravel  for  the  upkeep  of  the  graveled  und  'inlmprovwl 
streets  uf  Indianapolis,  Ind..  is  now  being  obtained  from  a 
municipal  plant.  The  city  has  about  230  nilleH  of  ihoite 
streets  and  has  mapped  out  a  3-year  program  for  their  Im- 
I-rovement.  This  city  gravel  plant  is  located  on  the  \Vlill<- 
River  near  Kentucky  avenue,  and  has  u  capacity  of  ISO  cu. 


Tents 

Wagor.s 

Wlieelbarrows   and   concrete    carts. 

Trucks  on  daily  rate  on  basis  of  life  of  three  years. 

small  equipment  such  as  picks,  axes,  shovels,  etc.,  on  value  at 

time  of  transfer  to  new  project. 


All 


Municipal   Gravel    Plant   of   Indianapolis. 

yd.  of  material  in  S  hours.  The  plant  is  equipped  with  a  % 
cu.  yd.  Sauerman  cableway  excavator,  operated  by  a  50  hp. 
eectric  2-speed  Thomas  hoist.  The  plant  cost  about  $5,000. 
The  operating  cost  is  as  follows: 

Operator  '  '  ■■  >*'-'''' 

1  laborer   -       '''li^^'.K 

Klectric  power  and  oil "•  '  '  I"  r  monin 

The  gravel  is  chuted  from  the  bin  Into  motor  trucks  having 

ciump   bed   attachment.     The   city   has   four  of  these   trucks 

and   the   Street   Commissioner.   A.   O.   Meloy.  estimates   that 

each  one  does  the  work  of  8  teams.     He  figures  the  operating 

cost  of  a  truck- at  $6.20  per  day.  of  which  J3.50  is  the  wage 

of  the  driver.  $2..")0  is  for  gasoline  at  20  ct.  lor  oil.     The  cost 

tor  a  team  is  $5.fi0  per  day.     The  street  department  also  hai< 

five   tractors   which   it   uses   for  pulling   scraper-graders   and 

3-\vay  drags  in  im.iroving  its  graveled  and  dirt  streets. 

Concrete   Watering  Trough 

The  1910  standards  of  the  Pennsylvania  State  Highway  De- 
partment include  the  concrete  watering  trough  Illustrated 
below.  The  trough  is  supported  on  a  rubble,  brick  or  con- 
crete base.  If  constructed  as  a  sei)arale  unit  the  trough 
is  set  \ipon  the  base  in  a  mortar  bed  composed  of  1  part 
cement  and  1  part  fine  aggregate.  As  an  al'emate  it  may  he 
» —  r-o- _  ,. 
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standard   concrete    W.iter   Trough   of   Pennsylvania   State    Highway 
Department. 

constructed  directly  on  the  base,  the  top  which  is  flushed 
with  1:1  mortar  before  the  concrete  is  placed.  A  l:I'^-i 
concrete  is  used  for  the  trough,  and  all  exposed  surfaces  are 
given  a  rubbed  finish.  The  inlet  and  overflow  pipes  are 
aalvanized  steel. 
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Table  of   Actual  Lengths  of   Culvert  Pipe 
for  Various  Heights  of   Fill  and  Skew 

The  new  standards  of  the  Pennsyl- 
vania State  Highway  Department,  ap- 
proved last  May.  contain  the  follow- 
ing useful  table  showing  the  actual 
length  of  culvert  pipe  for  a  2G-ft.  road- 
way, and  the  length  lor  slope  culverts 
for  nil  of  from  1  ft.  to  Id  ft.  for  any 
skew  up  to  40  ft.     In  the  diagram  X  is 

determined  by  measurement  Z^2S  ft.  or  2(i  ft.  +  three  times 
average  height  from  shoulder  to  end  of  pipe  when  slope  cul- 
vert is  to  be  used. 


brakes.  While  even  the  most  careless  driver  knows  that 
cut.  Every  time  a  cut  in  the  tire  comes  in  contact  with  the 
road,  a  spreading  and  tearing  action  occurs  and  this  soon, 
causes  an  extension  of  the  cut  down  to  the  base  and  also  to 
the  tire.  One  of  the  best  methods  of  repairing  a  cut  in  a 
solid  tire  as  to  trim  out  the  rubber  on  both  sides  of  the  cut 
until  the  cut  itself  has  been  entirely  removed.  Practice  has 
shown  that  when  an  attempt  is  made  to  vulcanize  the  two 
sides  of  the  cut  together,  that  portion  of  the  tire  around  the 
cut  becomes  weakened  and  under  action  of  heavy  loads  soon 
lireaks  away,  weakening  the  tire  almost  as  much  as  if  the 
cut  were  neglected.  The  safest  remedy  is  to  trim  out  the 
cut  as  explained. 

Another  cause  for  rapid  tire  wear  is  improperly  adjusted 


TABI.E  SHOWING 

ACTUAL 

LENOTH 

OF  PIPE  FOR  26 

FT. 

ROADWAY 

ALSO 

FOR  SLOPE  CULVERT  FOR  FILL 

OF  FROM  1 

FT. 

TO 

in 

5-T.    FOR   ANY    SKF,W 

UP  TO 

40 

FT. 

X 

•, 

■1 

6 

S 

10 

12 

14 

16 

18 

20 

9  9 

24 

26 

2S 

30 

32 

34 

36 

38 

40 

For  no  fill 

2R 

rx 

2il 

29 

30 

31 

31 

32 

33 

Z3 

36 

37 

3S 

40 

41 

43 

44 

46 

47 

4!l 

For  fill  of  1  ft 

V 

::i 

31 

32 

32 

33 

33 

34 

35 

36 

37 

38 

39 

41 

42 

43 

45 

46 

4S 

49 

bl 

For  till  of  2  ft 

V 

:m 

34 

S.S 

35 

36 

36 

37 

38 

39 

40 

41 

42 

43 

44 

46 

47 

48 

50 

51 

.S3 

For  fill  of  3  ft 

37 

XF. 

38 

38 

39 

40 

41 

41 

-12 

43 

44 

46 

47 

48 

49 

50 

52 

53 

55 

For  fill  of  4  ft 

y 

III 

40 

41 

41 

42 

42 

43 

43 

44 

15 

46 

47 

48 

49 

50 

52 

53 

54 

r.5 

57 

For  fill  of  5  ft 

i:{ 

43 

44 

44 

44 

45 

46 

46 

47 

48 

40 

50 

bl 

52 

53 

54 

55 

56 

.i8 

59 

For  fill  of  6  ft 

4B 

46 

47 

47 

48 

48 

48 

49 

50 

51 

52 

52 

.S3 

54 

55 

56 

58 

59 

60 

61 

For  fill  of  7  ft 

y 

4!l 

49 

50 

50 

511 

51 

51 

52 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

6i 

For  fill  of  8  ft 

32 

r.2 

r.3 

53 

53 

54 

54 

55 

56 

56 

Ol 

.■)S 

59 

60 

61 

62 

63 

64 

65 

66 

For  fill  of  9  ft 

.^.5 

55 

SB 

56 

56 

57 

57 

58 

58 

59 

60 

60 

61 

62 

63 

64 

65 

66 

67 

68 

For  fill  of  10  ft 

y 

5S 

5S 

39 

59 

59 

60 

60 

61 

61 

62 

63 

63 

64 

65 

66 

67 

68 

69 

70 
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When  to  Remove  Solid  Tires  From 
Motor  Trucks 

The  Heavy  Haulage  Co.,  New  York  City,  according  to  the 
Commercial  Vehicle,  has  found  it  best  to  remove  tlie  tires 
from  the  wheels  when  the  rubber  is  worn  down  to  such  a 
point  that  the  wheel  begins  to  pound,  even  though  there  is  a 
certain  amount  of  soft  rubber  remaining  on  the  wheel. 
George  H.  Pride.  President  of  the  company,  has  found,  how- 
evei',  that  in  most  instances  a  tire  has  outlived  its  useful- 
ness when  the  rubber  is  worn  down  to  a  point  about  1  in. 
above  the  edge  of  the  steel  base  and  that  this  maximum 
amount  of  wear  is  very  clearly  indicated  by  the  flattening  of 
the  tire  in  different  places  on  the  circumference,  which  pro- 
duces the  same  effects  on  the  truck  as  is  caused  on  a  freight 
car  when  it  has  a  flat  wheel.  Mr.  Pride  has  found  that  it 
pays  to  remove  tires  while  they  still  have  about  1  in.  of 
rubber,  above  the  edge  of  the  tire  base.  Nine  years  ago, 
when  he  got  his  first  experience  in  motor  truck  operation, 
he  used  to  keep  the  tires  on  the  wheels  until  the  base  sep- 
aration occurred  or  the  soft  rubber  was  worn  off.  He  found 
ihat  this  was  a  most  expensive  economy,  as  the  increased 
vibration  produced  broken  front  axles  and  steering  knuckles. 
The  cost  of  making  such  repairs  was  far  in  excess  of  the  sum 
saved  by  running  the  tires  a  few  hundred  miles  more. 

Tires  which  wear  flat  on  the  surface  and  which  separate 
from  the  base  have  given  the  Heavy  Haulage  Co.  the  most 
trouble  in  such  few  cases  as  have  called  for  adjustments 
because  the  guaranteed  mileage  was  not  reached.  Flat  tires 
may  be  caused  by  imperfections  in  the  tires  themselves  or 
by  impropei  care  on  the  part  of  the  truck  driver.  In  the 
latter  instance,  a  too  sudden  application  of  the  brakes  most 
often  produces  flats  i^ince  the  rear  wheels  become  locked  and 
slide  along  the  surface  of  the  pavement  without  revolving  in 
the  ordinary  manner.  This  causes  an  t-xcessive  friction  at 
the  point  of  the  tiif  in  contact  with  the  ground,  with  the  re- 
si.lt  that  the  tire  at  that  point  is  worn  slightly  out  of  round. 

Base  separation,  when  the  tire  is  not  defective,  may  be 
caused  by  changing  the  direction  of  the  truck  motion  too  sud- 
denly while  it  is  traveling  at  a  good  rate  of  speed.  Turn- 
ing the  front  wheels  to  a  cramped  position  to  get  away  from 
the  curb  while  the  truck  is  standing  still  also  produces  an 
excessive  side  thrust  that  tends  to  tear  the  soft  tread  rubber 
away  from  the  hard  rubber  base. 

Other  pointers  which  the  fleet  owner  can  follow  with  good 
results  in  order  to  obtain  greater  tire  mileage  include  a  strict 
inspection  of  the  truck  loading  and  a  close  supervision  of  the 
drivers  to  prevent  overspeeding.  Overloading  and  over- 
speeding  are  two  of  the  most  important  causes  for  rapid  tire 
wear.  Both  should  be  avoided  to  the  greatest  possible  extent 
and  when  this  is  done  it  will  be  found  that  the  great  ma- 
jority of  any  of  the  reputable  makes  of  tires  will  give  at  least 
the  guaranteed  mileage  and  in  some  cases  many  more  miles 
than  set  down  in  the  guaranty. 

[n  most  cases,  it  has  been  found  impracticable  to  fix  solid 
rubber  tires  by  vulcanizing  when  the  tire  tread  has  become 


locking  the  brakes  or  skidding  produces  excessive  tire  wear, 
he  does  not  realize  that  skidding  often  results  from  improp- 
erly adjusted  brakes  as  well  as  applying  the  brakes  too 
quickly.  Often  skidding  results  from  brakes  which  are  im- 
properly adjusted  and  when  one  of  the  brakes  locks  or  binds 
at  regular  intervals  in  the  regular  revolution  of  the  wheel, 
even  when  the  full  braking  pressure  on  the  pedal  is  not  ex- 
erted. 

Running  trucks  in  car  tracks  Is  another  source  of  rapid 
tire  wear,  especially  where  the  edges  of  the  tracks  are 
sharp.  While  in  some  cases  running  a  truck  on  the  car 
tracks  results  in  less  damage  to  the  tires  than  attempting  to 
run  it  over  an  adjacent  road  full  of  ruts  and  holes,  the  wheels 
should  always  be  turned  out  of  the  tracks  at  switches  or 
frog  points,  since  the  sharp  switch  and  frog  points  tend  to 
cut  the  tread  in  much  the  same  manner  as  a  sharp  knife. 


Industrial  Notes 

\V.  I.  Ailing-  has  bt-en  appointed  tield  sales  manager  of  the 
Oshkosh  Manufacturing-  Co.  Mr.  Aliing's  duties  will  consist,-  not 
only  in  nianaginsr  the  field  sales  of  the  Oshkosh  Manufacturing 
Co.,  but  he  will  also  have  direct  charge  of  the  field  service'  of 
this  firm. 

The  Driver-Harris  Co..  Harrison,  N.  J.,  is  now  selling  its  wire 
rope  products  direct  to  the  trade  instead  of  through  its  former 
belling  agenvs.  These  products  include  sash  cord  and  tiller  rope  in 
plain  iron,  g'alvanized  iron,  phosphor  bronze,  special  bronze,  monel 
metal  and  all  special  grades.  In  addition  to  this,  the  company 
has  increased  its  facilities  to  include  all  grades  of  rope  in  6x7. 
Gxl2  and  6x19  construction,  such  as  drilling  cable,  elevator  rope, 
haulage  rope,  sand  lines,  etc.,  in  all  sizes  up  to  %  in. 

Li.  K.  Strothnian,  who  for  several  years  has  been  manager  of  the 
steam  turbine  and  pumping  engine  departments  of  the  AJlis-Chal- 
■ners  Manufacturing  Co..  left  that  firm  on  Aug'.  15  to  become  vice- 
president  and  general  manager  of  the  Richardson-I*henix  Co.,  lu- 
brication engineers  and  manufacturers,  in  which  firm  he  has  ac- 
quired a  financial  interest.  In  inaking  the  change  J.  Wm.  Peterson 
became  president  and  treasurer  of  the  Richardson-Phenix  Co. 


Trade  Publications 


The  following  trade  publications  of  interest  to  engineers  and 
lontractors  have  been  issued  recently: 

Street  Sweeper — Austin  Manufacturing  Co.,  Chicago,  111.,  12  page 
catalog  illustrating  and  describing  new  motor  sweeper,  which 
sprinkles,  sweej^s  and  collects  street  dirt  in  one  operation. 

Crushers — Smith  Kng-lneering  Works,  Milwaukee,  Wis..  16  pagf 
bulletin  devoted  to  Telsmith  .Taw-Crushers;  contains  data  on 
f-:kid  outfits,  mounted  machines  and  portable  bins.  Same  com- 
pany also  has  issued  16-page  bulletin  illustrating  and  describlng 
the  Telsmith  primary  breakers  and  Telsmith  reduction  crushers: 
contains  tables  of  sizes,  capacities,  weights,  etc. 

Asphalt  Paving  Tools — Barber  Asphalt  Paving  Co.,  Philadelphia. 
I'a..  S  page  liuHetin  illustrating  and  describing  various  classes  of 
lools  u.sed  in  asphalt  pavement  construction  and  inaintenar'^e. 

Trailers — Troy  AVagon  Works  Co.,  Troy,  O.,  6  page  circular  con- 
taining illustrations  and  specifications  of  Troy  Trailers. 

Bonus  Systems  for  Users  of  Trucks  and  Trailers — Troy  Wagor. 
Work.^  (^o,.  Troy,  <>..  5S  i)age  book  containing  a  collection  of  ex- 
cellent articles  on  various  profit  sharing  and  bonus  systems  as 
applied  to  trucks,  tractors,  taxi  and  bus  lines.  The  titles  of  some 
of  the  articles  follow:  "Installing  a  Bonus  System."  "Possibilities 
of  Truck  EiTiciency."  "Increasing  Production  by  Paying  Premiums," 
"Selecting.  Training  and  Holding  Drivers,"  "A  Trailer  Bonus  Plan." 
"Methods  of  Reducing  Maintenance  Costs,"  "How  a  Bonus  System 
Kfdu'^es  Overhead  Expenses,"  "The  A  B  C  of  Truck  Costs." 

Highway  Construction — Thew  Automatic  Shovel  Co..  Lorain,  O 
A  20-page,  two-color  bulletin  illustrating  and  describing  the  use 
of  the  Thew  shovel  in  grading  for  hig'liways  and  street  improve- 
ments. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street  Cleaning 

(b)  Streets  (d>    Municipal    Miscellanies 

Waterworks  and   Hydraulics — 2nd  Wednesday 

(a)   Waterworks  (cl    Irrigation    and   Drainage 

(b>   Sewers    and    Sanl-       (d)    Power    and    Pumping 
latlon 

le)    Management    and    Office 
System 


Railways   and   Excavation — 3rd   Wednesday 

la)   Excavation    and  (c)   Quarries  and   Pits 

Dredging  (d)    Railways,    Steam   and 

(b>    Rivers   and   Canals  Klectric 

(e)   Management  and  Office 
System 

Buildings  and  Structures— 4th  Wednesday 

(a)  Buildings  Ici    Harbor    Structures 

(b)  Bridges  <d)    Miscellaneous  Structures 

(e)    Properties  of   Materials 
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The  Need  of  an  Organized  Defense 
of  the  Capitalistic  System 

The  'eapitalistic  system"  needs  organized  defense  if  it  is 
to  survive.  A  well  organized,  aggressive  campaign  against 
■■capitali,sm"  has  been  conducted  by  the  Socialists  for  many 
years.  The  growing  power  of  the  Socialists  in  Germany  may 
have  been  the  chief  cause  of  the  world  war.  It  is  probable 
that  the  kaiser  hoped  to  crush  socialism  by  proving  to  the 
German  people  thai:  militarism  could  be  made  highly  profita- 
l)le  to  them  The  failure  of  his  attempt  enabled  the  Social- 
ists to  secure  control  of  the  German  government.  But  it 
should  not  be  overlooked  that  the  Socialists  were  able  to 
take  control  because  they  were  more  numerous  than  any 
other  paity.  How  did  they  become  a  majority?  By  organ- 
ized, continuous  effort  to  persuade  people  that  socialism 
is  preferable  to  capitalism.  On  the  other  hand,  no  similar 
effort  was  m.ide  in  be- 
half of  capitalism. 

As  yet  the  majority  of 
.Americans  do  not  be- 
lieve in  socialism,  but 
at  heart  most  labor 
unionists  are  opposed 
to  capitalism  and  they 
are  growing  rapidly  in 
number,  .-^n  opponent 
of  capitalism  usually 
evolves  into  an  out  and 
nut  Socialist.  So  even 
in  America  the  trend  is 
decidedly  toward  so- 
cialism. 

The  Soci;ilistic  pro- 
gram undoubtedly  has 
certain  merits.  Were 
this  not  so  it  would 
not  win  so  many  fol- 
lowers     Its  chief  merit 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


consists  in  a  plan  for  a  more  equitable  distribution  of  in- 
come. .Moreover,  Socialists  make  a  strong  argument  when 
thoy  point  out  the  costliness  of  excessive  cnmpetiiioii 
under  the  present  capitalistic  system.  The  average  man 
is  not  a  good  enough  logician  to  see  for  himself  thai 
a  system  of  production  and  distribution  may  be  economically 
sound  in  its  major  parts  although  economically  weak  in  some 
of  its  minor  parts.  To  the  average  mind  the  proof  of  any 
considerable  economic  weakness  in  a  system  is  proof  of  its 
utter  worthlessness.  And  the  average  man  can  be  restrained 
from  making  this  error  only  by  pointing  it  out  to  him  clearly. 
repeatedly  and  convincingly.  i3ut  what  political  party  or 
organization  is  conducting  an  educational  campaign  to  show 
the  average  man  that  capitalism,  in  spite  of  its  defects,  has 
superlative  economic  merits?  What  organized  effort  is  be- 
ing made  to  present  to  the  public  facts  that  show  that  social- 
ism   has    greater    economic    defects    than    capilalisin?      Who 

is  spreading  broadcast 
statistic  evidence  of  th'- 
failure  of  Socialistic 
.Australia  to  give  to  her 
citizens  a  greater  gen- 
eral measure  of  happi- 
ness than  capitalistic 
.■\merica  is  giving  ti> 
hers?  Who  is  gather- 
ing and  widely  dissein- 
jnating  data  to  show 
how  uneconomic  arf 
the  government-owned 
telephone  and  telegraph 
lines  ol  Great  Britain, 
the  governniehnB-owned 
railways  of  France  and 
Italy,   and   the   like? 

The  fact  is  that,  ex- 
( ept  for  sporadic  edi- 
torials and  articles,  the 
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without  defense  against  the  continuous  and  extensive  attacljs 
of  the  Socialists.  Yet  the  means  of  defense  are  not  lacking. 
What  is  lacking  is  an  organization  to  defend  capitalism,  not 
in  its  entirety  but  as  to  its  fundamental  principles. 

The  private  ownership  of  capital  involves  the  payment 
of  interest  and  the  earning  of  profits.  Socialists  urge  war 
against  both  interest  and  profit.  They  go  back  to  the  an- 
cient theory  that  interest  is  usury  which  no  man  should 
exact  of  another.  But  all  their  argument  against  it  is  de- 
ductive and  based  on  assumed  hypotheses.  They  do  not 
apply  the  scientific  method  of  comparing  results  attained 
where  interest  and  profit  exist  with  results  where  they  do 
not  exist.  They  do  not  show  that  better  managers  are  found 
in  cliarge  of  our  postofiices,  for  example,  than  in  charge  of 
drygoods  and  grocery  stores.  They  do  not  show  that  govern- 
ment-owned railways  are  more  progressive  and  more  eco- 
nomic than  privately  owned  railways.  In  short,  they  rarely 
apijeal  to  economic  data,  but  constantly  talk  a  non-quantita- 
tive language.  Yet  no  economic  problem  can  ever  be  solved 
save  by  use  of  quantitative  facts.  If  quantitative  facts  are 
not  available  in  sufficient  abundance,  then  by  all  means  let 
us  make  measurements,  let  us  make  experiments  from 
which  measured  data  can  be  derived,  let  us  be  scientific. 

An  organized  defense  of  capitalism  should  not  consist 
solely  of  arguments,  but  mainly  of  data.  The  defense  should 
also  involve  an  attack,  and  the  attack  should  be  against 
all  attempts  to  establish  the  worth  of  socialism  by  mere  argu- 
ment without  data.  If  a  given  method  of  performing  a  given 
kind  of  work  is  to  be  proved  more  economic  than  another 
method,  it  is  futile  merely  to  describe  the  advantages  of 
the  given  method  in  words.  Cost  data  must  be  produced 
tor  both  methods  before  a  reliable  conclusion  can  be  reached. 
Precisely  the  same  sort  of  data  must  be  produced  to  estab- 
lish the  relative  economic  merits  of  socialism  and  capital- 
ism. To  an  engineer,  since  he  is  a  trained  and  practical 
economist,  this  is  very  plain.  Perhaps,  therefore,  an  engi- 
neer should  organize  and  direct  the  campaign  of  defense  of 
capitalism.  Certainly  an  effective  defense  is  not  likely  to 
be  made  by  men  that  are  not  themselves  experienced  econo- 
mists. 


Why  Cities  Should  Issue  Bonds  for 

Sewers  and  Other  PubHc  Works 

Rather  Than  "Pay  as 

They  Go" 

Nearly  every  city  engineer  is  aware  of  the  fact  that  the 
sewers  of  the  city  are  inadequate.  State  Boards  of  Health 
aro  constantly  pointing  out  many  needed  improvements,  en- 
largements and  extensions  of  sewerage  systems,  yet  they 
usually  take  cognizance  only  of  the  most  pressing  needs  of 
the  communities.  Why  is  it  that  sewerage  systems  lag 
behind  sanitary  requirements?  The  answer  is  two-fold: 
First,  because  city  councils  are  usually  indifferent  to  the 
reports  of  engineers;  second,  because  the  raising  of  funds 
for  construction  is  either  so  burdensome  upon  taxpayers  or 
so  inequitable  as  to  lead  to  vigorous  opposition  to  proposed 
improvements. 

In  our  issue  of  Sept.  3  we  pointed  out  that  opposition  to 
street  improvement  comes  mainly  from  owners  of  leased 
real  estate,  for  they  see  only  increased  taxes  without  a  cor- 
responding increase  in  rents.  The  very  same  sort  of  oppo- 
sition to  sewerage  improvements  occurs  from  the  same 
sources   for  the   same   reason. 

This  sort  of  opposition  can  be  largely  eliminated  if  the 
capital  needed  for  sewer  construction  is  raised  through  bond 
issues,  because  the  burden  of  cost  is  then  spread  over  a 
term  of  years.  The  opposition  could  be  almost  completely 
eliminated  were  the  bonds  to  mature  in  not  less  than  35 
years,  for  then  the  sinking  fund  annuity  would  not  exceed 
2  per  cent,  which  added  to  a  bond  interest  rate  of  5  per 
cent,  would  make  a  total  of  only  7  per  cent  annually  to  be 
paid  on  the  cost  of  the  sewer  construction. 

We  are  aware  that  there  are  many  who  contend  that  a 
"pay  as  you  go"  policy  is  the  most  economic  policy.  Some 
engineers  of  high  standing  labor  under  this  delusion.  For 
example,  in  the  Februai-y,  1918,  issue  of  "Municipal  Engi- 
neering," Louis  L.  Tribus,  a  well-known  consulting  engi- 
neer of  New  York  City,  said: 

"As   a   financial   problem    solely,    the   nearer   one    payment 


for  each  property  meets  the  cost  of  sewer  constraction,  the 
cheaper  in  the  long  run  and  the  more  nearly  are  the  best 
interests  of  all  conserved." 

We  have  frequently  pointed  out  the  error  in  this  reason- 
ing. It  springs  from  failure  to  see  that,  if  a  taxpayer  pays 
out  the  entire  cost  of  his  share  of  an  improvement  upon  its 
completion,  he  loses  thereafter  the  interest  that  he  could 
have  secured  on  the  money  thus  paid  out  in  taxes.  Since 
the  average  taxpayer  can  so  invest  his  capital  as  to  earn  B 
per  cent  or  more,  he  is  better  off  financially  if  he  lets  the 
city  raise  the  capital  for  construction  at  4.5  to  5  per  cent. 
He  then  pays  only  4.5  to  5  per  cent,  in  the  form  of  taxes 
whereas  he  is  receiving  6  per  cent  or  more.  Engineers  who 
have  themselves  not  engaged  in  business  are  prone  to  over- 
look this  important  economic  fact,  and  the  same  holds  true 
of  other  professional  men  and  of  salary  and  wage  earn- 
ers generally.  Hence  the  prevalence  of  the  sophistry  that 
it  is  cheaper  in  the  long  run  to  "pay  as  you  go"  for  public 
works. 

Under  antiquated  charters  that  limit  their  bonded  indebt- 
edness to  2  or  2.5  per  cent  of  the  assessed  value  of  all  prop- 
erty, many  cities  are  up  to  the  debt  limit,  or  so  near  to  it, 
that  they  can  not  issue  any  more  bonds  for  extensive  im- 
provements, regardless  of  urgent  need.  Engineering  socie- 
ties should  undertake  to  secure  revision  of  laws  and  char- 
ters that  thus  hamper  municipal  development.  Of  course 
it  will  be  desirable  to  place  some  limit  on  the  allowable, 
bonded  indebtedness  of  every  city,  but  the  limit  should  have 
a  rational  basis,  which  it  now  lacks.  Moreover,  a  limit 
should  be  assigned  to  each  class  of  improvement.  Water- 
works bond  issues  might  well  be  limited  to  $30  per  capita, 
which  would  be  about  75  per  cent  of  the  total  cost,  at  pre- 
war prices,  of  an  adequate  water  works  system  for  the  aver- 
age city.  Sewerage  system  bond  issues  might  be  similarly 
limited.  There  are  various  ways  whereby  bond  issues  can, 
be  rationally  restricted. 

The  beneficiaries  of  an  adequate  sewerage  system  are  as 
numerous  as  the  inhabitants  of  the  city.  Hence  tax  assess- 
ments for  sewers  should  be  met  directly  or  indirectly  by 
everyone  having  an  income.  If  long-term  bonds  are  issued 
for  sewer  improvem.ents,  then  landlords  will  be  able  to  re- 
imburse themselves  from  rents,  although  in  such  a  case  the 
needed  increment  in  rent  would  be  so  slight  as  to  be  ig- 
nored by  nearly  every  landlord. 

Civil  engineers  have  been  accustomed  to  design  public 
works  and  to  report  upon  their  probable  cost  and  economic 
worth.  They  have  seldom  gone  further  than  this.  But  the 
time  has  come  for  civil  engineers  to  act  as  promoters  of 
worthy  projects  and  improvements.  In  their  capacity  as 
promotors  they  must  secure  rational  laws  and  charters  cover- 
ing the  financing  of  public  works.  Here  it  is  that  engineer- 
ing societies  can  be  of  great  benefit  to  the  public.  Let  in- 
dividual engineers  continue  to  do  the  designing.  Let  engi- 
neering societies  engage  in  promoting  public  works. 


The  Relative  Value  of  General 
Principles  and  of  Details 

The  opinion  is  prevalent  among  teachers,  especially  in 
the  scientific  field,  that  students  should  be  taught  "general 
principles,"  but  that  "details"  and  data  should  be  acquired, 
for  the  most  part,  after  graduation.  The  result  of  this  edu- 
cational practice  is  to  imbue  the  average  student  with  an 
inordinate  respect  for  "general  principles"  and  the  theories 
that  explain  them,  and  to  lead  the  student  to  feel  a  mild 
sort  of  contempt  for  details  of  practice.  Most  educators  will 
disclaim  any  intention  of  belittling  the  value  of  knowledge 
of  details,  but  the  fact  remains  that  their  one-sided  teach- 
ing habituates  students  to  trust  altogether  too  much  to  their 
knowledge  of  principles. 

Not  many  years  ago  a  hydraulic  engineer  told  the  editor 
that  he  had  ceased  studying  engineering  periodicals,  be- 
cause he  knew  all  the  general  principles  of  hydraulics  and 
had  acquired  suflicient  knowledge  of  details  of  practice  to 
enable  him  to  design  any  W'orks  or  structures  that  fell  within 
his  engineering  province.  He  was  the  engineer  who  de- 
signed and  built  a  filter  to  remove  algae  from  a  city  water 
supply,  when  the  "trick  could  have  been  turned"  at  a  nom- 
inal expense  by  applying  knowledge  of  a  detail  that  he  did 
not  possess,  namely  the  knowledge  that  copper  sulphate  will 
kill  the  algae. 
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Another  hydraulic  engineer  some  years  ago  recommended 
the  expenditure  o£  more  than  half  a  million  dollars  for  a 
long  pipe  line  and  reservoir,  in  order  to  secure  a  water  sup- 
jily  free  from  algae  and  danger  of  typhoid  contamination.  An 
expenditure  of  about  $25. Om)  would  have  effected  the  same 
purpose,  had  that  engineer  possessed  sufficient  knowledge 
of  two  or  three  details.  He  knew  that  chlorine  treatment 
of  water  reduced  the  number  of  typhoid  cases,  and  he  knew 
that  in  some  cities  the  chlorine  treatment  had  been  highly 
efBcient;  but  he  did  not  know  why  there  was  a  lower  effi- 
ciency in  some  other  cities.  So  his  lack  of  detail  knowledge 
of  the  causes  of  the  variation  doubtless  led  him  to  hesitate 
to  recommend  chlorination.  For  this  he  was  not  at  that 
time  to  blame,  but  we  mention  the  matter  to  show  that 
had  he  then  possessed  the  detail  knowledge  about  chlorina- 
tion that  is  available  today,  he  would  have  known  that  the 
water  in  question  could  be  chlorinated  so  as  to  secure  com- 
plete freedom  from  typhoid  germs. 

Still  he  might  have  hesitated  because  he  feared  that  the 
algae  could  not  be  removed  without  expensive  filtration. 
In  that  case,  however,  he  knew  that  copper  sulphate  is 
effective  on  small  bodies  of  water;  but  he  doubtless  feared 
that  it  could  not  be  effectively  applied  to  the  rather  large 
lake  from  which  the  city  was  securing  its  supply.  Here 
again  a  knowledge  of  one  detail  might  have  saved  the  day. 
The  algae  in  question  grow  along  the  edges  of  the  lake,  and 
cast  their  spores  upon  the  surface  of  the  water.  The  winds 
sweep  the  spores  about,  and  unless  they  are  carried  away 
by  an  overflow  from  the  lake  they  develop  into  weeds  that 
die  and  pollute  the  water.  Knowing  this  detail  the  solution 
of  the  problem  is  simple.  Treat  the  margins  of  the  lake 
with  copper  sulphate  in  the  late  spring  and  early  summer. 
Build  a  small  dam  to  hold  back  the  flood  waters,  and  se- 
cure an  ample  overflow  from  the  lake  throughout  the  sum- 
mer, and  thus  draw  off  the  algae  spores  before  they  develop 
into  fresh  water  seaweed. 

We  could  give  many  other  illustrations  of  the  great  worth 
of  a  knowledge  of  one  or  two  details,  which  would  not  be 
classed  as  general  principles.  Because  of  the  value  of  such 
knowledge  students  should  be  habituated  to  acquire  it  and 
to  respect  it.  After  graduation  they  would  then  continue 
systematically  to  add  to  their  knowledge  of  details,  even 
though  they  were  well  acquainted  with  all  the  general  prin- 
ciples of  their  specialty.  As  it  is,  many  practicing  engi- 
neers are  "too  busy  to  read."  It  were  better  for  their  em- 
ployers were  they  to  schedule  their  working  time  so  as  to 
devote  a  considerable  part  of  it  every  week  to  reading  and 
memorizing    details    relating   to   their   professional    work. 


Book  Reviews 

The  Construction  of  Graphical  Charts.  By  John  B. 
Peddle,  Professor  of  Machine  Design,  Rose  Polytechnic  In- 
stitute, Second  Edition,  Revised  and  Enlarged.  Cloth,  6x9 
in.,  15S  pp.,  ill.    McGraw-Hill  Book  Co.,  New  York. 

The  value  of  charts  which  can  be  used  by  the  engineer 
or  designer  for  the  solution  of  formulas  and  equations  is 
greatl.v  increased  \^hen  the  user  has  sufficient  knowledge  of 
the  underlying  principles  of  their  construction.  It  is  the 
purpose  of  the  author  in  this  work  to  familiarize  the  engineer 
with  various  methods  of  chart  construction  and  to  bring 
out   these  principles. 

A  knowledge  of  advanced  mathematics  is  necessary  to 
understand   the   different   processes. 

The  book  begins  with  simple  charts  involving  the  use  of 
rectangular  co-ordinates.  Alinement  charts  with  numerous 
examples  receive  a  liberal  share  of  attention,  and  hexagonal 
chart  construction  methods  are  freely  developed.  Of  the 
latter  the  advantages  as  well  as  the  disadvantages  are 
pointed  out. 

Several   examples   of   proportional   alinement   charts   serve 

to   emphasize   their   structural    simplicity.     Charts   for   earth 

■pressure,  centrifugal  force,  piston  rod  diameters  and  others 

illustrate  this  type  of  chart  and  its  method  of  construction. 

One  chapter  is  devoted  to  the  subject  of  empirical  equa- 
tions. The  difficulties  involved  in  the  selection  of  an  equa- 
tion to  fit  a  given  curve,  except  in  simple  cases,  are  well 
illustrated. 

The  principal  addition  to  this  second  edition  is  a  chapter 
on  the  use  of  determinants.  The  construction  of  alinement 
charts,  in  particular,  may  be  greatlv  simplified  by  the'ir  use. 
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Construction  Features  of  Grand 
River  Roller  Crest  Dam 

The  Grand  River  dam,  the  diverting  Btruclure  for  the  high 
line  or  main  canal  of  the  Grand  Valley  Project  of  the  U.  S. 
Reclamation  Service,  may  be  briefly  described  as  a  steel  roller 
crest  surmounting  an  ogee  concrete  weir,  with  u  sluiceway 
and  a  canal  intake  of  a  capacity  of  1,425  cu.  ft.  per  second  at 
its  west  end.  The  most  notable  feature  of  the  dam  Is  the 
roller  crest  by  which  the  entire  upper  10  ft.  of  the  dam  can  be 
lifted  above  high  water,  so  that  the  elevation  of  backwater 
surface  in  flood  is  no  greater  than  during  operation  for  max- 
imum requirements  in  low  water. 

The  problem  which  was  met  by  this  constmctlon  was  that 
of  raising  the  headwater  a  sufficient  height  to  furnish  the  re- 
quired flow  in  the  canal  during  the  low  season,  and  at  the 
same  time  provide  means  for  passing  floods  without  raisin; 
the  water  surface  to  a  point  that  would  endanger  the  near-by 
railroad  grade.  Since  during  some  seasons  it  appeared  that 
it  would  be  necessary  to  conserve  every  drop  of  water  possiblo, 
the  simple  wicket  dam  was  out  of  the  question  because  of  the 
excessive  leakage  inherent  in  that  design.  The  alternatives, 
then,  were  some  form  of  Taintor  or  Stoney  gates  and  the 
roller  crest.  The  cost  of  the  several  designs  was  found  to  be 
not  very  far  apart  and  the  roller  crest  was  chosen  because 
of  the  expediency  of  providing  the  much  wider  waterways 
permitted  by  that  design  and  because  of  its  simplicity  and 
ease  of  operation.  The  construction  features  of  this  roller 
crest  dam  are  described  by  O.  T.  Reedy,  Engineer  U.  S.  Re- 
clamation Service,  in  the  August  Reclamation  Record,  to 
which  we  are  indebted  for  the  matter  that  follows. 

The  axis  of  the  dam  is  normal  to  the  direction  of  the  river. 
On  the  west  is  the  canal  intake  controlled  by  9  regulator  gates, 
each  7  ft.  square.  These  gates  are  operated  by  a  line  shaft 
installed  on  the  head-wall  platform.  The  quantity  of  water 
required  for  the  canal  can  be  drawn  through  8  of  these  gates, 
thus  permitting  any  one  to  he  out  of  commission  without  de- 
creasing the  intake  capacity  to  a  point  below  requirements. 
The  velocity  through  the  gates  is  a  little  less  than  4  feet  per 
second  tor  maximum  canal  draft. 

In  front  of  the  intake  head  wall  is  the  sluiceway  60  ft. 
wide  and  23.5  ft.  long.  The  sill  of  the  sluiceway  rolling  gate 
is  S  ft.  4  in.  lower  than  the  sill  of  the  intake  gates  and  the 
entrance  to  the  sluiceway  is  6  ft.  4  in.  lower,  thus  permitting 
water  to  be  drawn  into  the  canal  from  the  upper  stratum  and 
causing  the  silt  to  be  deposited  in  the  sluiceway.  It  is  as- 
sumed that  a  velocity  of  about  2V4  ft.  per  second  at  the  en- 
trance of  the  sluiceway  is  required  to  carry  silt  on  into  the 
canal,  and  the  sluiceway  will  take  a  deposit  almost  2'i  ft. 
deep  at  its  entrance  before  this  velocity  is  reached.  When 
the  deposit  of  silt  reaches  this  depth  the  sluiceway  roller  is 
raised  and  the  sluiceway  channel  cleared  by  flushing  the 
mud  down  the  river. 

The  dam  proper  consists  of  6  bays,  each  70  ft.  wide,  or  a 
total  of  420  ft.  With  an  assumed  flood-water  level  of  4.592. .5. 
which  is  the  same  elevation  as  that  of  the  top  of  the  rolling 
crest  when  in  place,  it  was  computed  that  a  discharge  of  50.000 
second-feet  could  be  taken  by  the  6  bays  and  the  60  ft.  sluice- 
way and  in  addition  about  1.600  cu.  ft.  could  be  carried. by 
the  canal  intake.  This  discharge.  50,000  second-feet,  was  the 
highest  flow  recorded  on  the  river  during  the  period  of  IS 
years  previous  to  the  construction  of  the  dam,  and  occurred 
but  once  during  that  period,  and  then  for  a  very  short  time 
only.  This  flood  was  duplicated,  hov.ever.  the  summer  fol- 
lowing the  beginning  of  construction  and  again  in  the  sum- 
mer following  the  completion  of  the  dam.  The  6  bays  alone 
carried  the  latter  flood,  with  an  elevation  about  that  of  the 
top  of  the  closed  sluiceway  roller,  the  water  occasionally  Just 
lapping  over  the  crest. 

The  dam  rests  on  gravel.  There,  is  some  sand  and  also 
some  cobblestones,  but  the  principal  material  is  gravel.  Bor- 
ings made  in  the  stream  a  short  distance  above  the  dam  site 
and  also  a  short  distance  below  indicated  that  rock  founda- 
tion would  not  be  reached  at  less  than  30  ft.  depth,  and  hence 
the  dam  was  designed  on  the  basis  of  exclusively  gravel  foun- 
dation. As  a  matter  of  fact,  on  a  portion  of  the  dam  rock 
was  encountered  before  reaching  the  designed  bottom  eleva- 
tion of  the  main  cut-off. 

At  the  time  this  design  was  made,  there  were  but  two 
rolling  crest  dams  in  this  country,  one  being  a  short  single 
roller   controlling   a    logway   in   the   Boise   Dam   of   the    Re- 
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claraation  Service  and  the  other  being  an  installation  of  three 
rollers  in  the  Washington  Water  Power  Co.'s  dam  at  Long 
Lalie  near  Spokane.  There  were,  however,  some  20  or  30 
dams  of  this  character  being  successfully  operated  in  Europe 
and  perhaps  half  that  number  in  other  parts  of  the  world. 
The  Grand  River  Dam  is  now  the  largest  of  any  in  the  world 
from  the  standpoint  of  combined  height  and  length,  although 
tliere  have  been  constructed  single  spans  of  both  greater 
height   and   greater  length. 

Authority  to  begin  clearing  the  site  and  construct  camp  was 
received  in  August.  1913.  The  first  concrete  was  placed  on 
Jan  9.  1914.  and  piers  were  ready  to  receive  the  roller  crests 
as  soon  as  the  fabricated  material  began  to  arrive,  early  in 

i9ir). 

It  may  be  well  at  this  point  to  take  up  briefly  the  descrin- 
tion  and  history  of  the  roller  crests.  The  main  rollers  con- 
sist each  of  a  hollow  steel  cylinder  74  ft.  9%  in.  long  and  7 
ft.  1%  in.  in  diameter,  the  ends  projecting  about  2%  ft.  into 
recesses  in  the  piers,  and  rolling  on  smooth  tracks  embedded 
in  the  side  of  the  recesses  at  an  angle  of  20°  with  the  ver- 
tical. Around  each  end  of  the  roller  is  a  toothed  rim  engaging 
a  toothed  rack  fixed  parallel  with  the  track.  Operation  is 
effected  by  means  of  a  chain,  one  end  of  which  is  fastened  to 
and  partly  encircles  the  roller,  the  other  being  woimd  around 
a  drum  in  the  hoist  house  on  top  of  th-^  pier. 

The  hollow  cylinder  acts  as  an  axle,  and  the  required  height 
of  the  crest  is  obtained  by  fastening  to  the  cylinder  an  e.x- 
tension  shield  which  rests  on  the  sill  when  the  roller  is 
down,  thus  forming  the  bottom  seal.  The  ends  are  sealed 
by  means  of  oak  strips  attached  to  flexible  diaphragms  near 
the  ends  of  the  cylinders.  The  sluic.^^way  roller  crest  is  built 
on  essentially  the  same  design  but  with  different  dimensions. 
The  patentees  submitted  three  different  schemes  for  the 
toiler  system,  all  of  which  included  the  15  by  60  ft.  sluiceway 
roller.  The  other  rollers  were  all  10  ft.  3  in.  high  and  the 
schemes  contemplated  seven  rollers  of  fiO  ft.  length,  six 
rollers  of  70  ft.  or  Ave  rollers  of  84  ft.  It  was  found  that 
there  was  practically  no  difference  in  the  cost  of  the  three 
>themes  and  the  one  of  six  rollers  each  70  ft.  long  was  chosen. 
as  that  was  the  layout  on  which  had  been  based  most  of 
the  plans.  The  patentees  were  so  advised  and  asked  for 
proposals,  first,  for  the  fabrication  of  the  rollers  and,  second, 
for  royalty  required  if  rollers  were  falrricated  in  this  country. 
Upon  receipt  of  these  proposals  the  Washington  office  advised 
that — "  *  *  *  from  all  information  available  it  is  believed 
that  little,  if  any,  saving  in  cost  to  the  United  States  would 
result  from  securing  fabrication  of  the  dams  by  American 
manufacturers,  whereas  there  would  certainly  be  a  very  ma- 
terial loss  of  time  in  preparing  drawings  and  specifications 
and  in  advertising  for  and  acting  upon  proposals  with  the 
possibility  of  very  serious  further  delay  on  account  of  the 
necessary  exchange  of  communications  between  the  German 
company  and  the  manufacturers  in  this  country." 

Authority  to  enter  into  contract  with  the  German  company 
was  therefore  requested  and  received  from  the  secretary  and 
it  was  notified  by  cable  of  the  acceptance  of  its  offer.  This 
was  early  in  1914.  In  August  of  that  year  it  became  evident 
that  the  company  would  not  be  able  to  complete  its  contract, 
by  reason  of  another  little  contract  the  German  government 
had  undertaken,  which,  it  seems,  it  too,  was  unable  to  com- 
plete. A  little  later  the  director  received  a  letter  from  the 
company  advising  that  it  could  not  continue  with  the  contract 
and  the  matter  of  working  over  the  gtneral  drawings  to  con- 
form to  American  practice  in  fabrication  was  immediately 
taken  up  The  drawing/ were  completed  and  submitted  to 
bidders  in  October.  Seventeen  bids  were  received,  running 
from  $i:..00ii  to  $50,000.  The  contract  was  awarded  to  the 
Riter-Conlev  Co..  of  Pittsburgh,  delivery  to  be  made  in  seven 
shipments,  beginning  Feb.  8,  1915,  and  running  to  March  22. 
1915  There  was  from  three  to  five  days'  delay  in  the  first  six 
shipments  and  17  davs  in  the  last.  This  contract  covered  the 
rollers  onlv.  Contracts  for  the  hoists  were  awarded  to  the 
Link-Belt  Co  and  the  Jlinneapolis  Steel  &  Machinery  Co.  for 
the  60-tt.  and  70-ft.  rollers,  respectively. 

The  greater  portion  of  the  piers  had  been  completed  before 
the  racks  were  received,  and  the  concrete  had  been  spared  in 
box-like  forms  for  the  purpose  of  later  receiving  the  rack  sup- 
ports and  anchor  bolts.  The  racks  were  placed  in  the  follow- 
ing manner.  By  means  of  the  transit  and  steel  tape,  two 
marks  were  set  (on  small  tin  plates  attached  to  the  concrete) 
in  each  plane  of  the  face  edge  of  the  racks,  normal  to  the 
axis  of   the   roller   and   72   ft.   6   in,  apart,  which   distance  is 


that  between  the  face  edges  of  the  tuulhi-d  riran  uii  ibe  rullcrr.'i 
One  of  these  marks  was  a  few  inchfK  above  the  top  o(  the 
rack  and  the  other  a  few  inches  below  the  boltuni.  .\  IIik- 
steel  piano  wire  was  then  stretched  in  each  of  the  plam-.^ 
mentioned,  and  its  position  adjubled  with  refereiicH  to  the  tin 
plate  marks  (whose  coordinates  had  been  accurately  deter- 
mined by  measurement  and  compututioni,  so  iliui  It  wah  2 
in.,  measured  normal,  from  the  required  posit lun  of  the  fan- 
edge.  The  racks  were  attached  by  adjustInK  IidUk  lo  Iron 
bar-s,  held  in  position  on  a  timber  frame.  The  nut8  on  the 
bolts  were  then  turned  until  the  face  edge  of  the  rack  was  in 
liroper  relation  to  the  piano  wire.  To  check  whether  the 
rolling  surfaces  of  the  racks  for  any  roller  were  in  the  Hame 
I'lane,  a  horizinotal  wire  was  stretched  across  Ihn  span  be- 
tween the  two  face  edges,  and  the  rack  adjusted  ho  thai  the 
whole  rolling  surface  was  just  touching  the  wire.  When  the 
position  of  the  rack  was  satisfactory,  a.  thin  groui  iiropo: 
tioned  1  to  2  was  poured  around  the  steel  support  and  tin- 
anchor  bolts  and  allowed  to  harden. 

There  had  been  so  many  complications  and  delays  in  re- 
ceiving the  steel  rack  supports,  anchor  bolts,  and  other  auxil- 
iaries that  erection  was  thrown  considerably  later  in  the 
season  than  was  expected,  and  it  was  necessary  to  partiall.\ 
assemble  the  rollers,  raise  them  lo  a  position  out  of  danger. 
and  then  to  let  the  water  through  the  bays  and  under  tin- 
rollers  and  continue  the  assembling  from  staging. 

The  rollers  were  each  shipped  in  five  sections,  the  two  ends 
each  about  13  ft.  long,  upon  which  the  toothed  rims  ar-- 
i-.ttached:  tlie  two  adjoining  pieces  each  21  ft.  long  and  a  clo> 
ing  section  liVa  ft.  long.  The  two  ends  were  swung  into  ap- 
l>roxiinate  position  on  the  false  work  by  the  cableway  and 
with  bar.s  and  jacks  the  proper  teeth  of  the  racks  and  riin< 
were  brought  into  mesh.  The  two  adjacent  pieces  were  then 
joined  to  the  ends  and  lield  to  place  with  barrel  pins  and 
fitting-up  bolts.  The  pieces  were  then  adjusted  for  line  ai 
all  parts  of  the  circumference,  and  the  opening  between  made 
about  y,  in.  longer  than  the  slip  or  closing  section,  in  order 
lo  make  for  ease  in  getting  it  into  place.  When  this  was 
done,  the  ends  were  drawn  together  with  pulling  jacks,  and 
the  splice  jdates  put  on  and  held  l)y  barrel  pins  and  ntling-up 
bolls.  The  roller  was  then  tested  with  the  wye  level,  and  Ihe 
riveting  done. 

As  soon  as  the  stream  could  be  turned  under  the  river 
rollers,  the  sluiceway  was  cofferdanimed  and  unwatered.  and 
erection  begun  on  the  sluiceway  roller.  This  was  completed 
during  the  highest  water  of  the  season. 

Service  across  the  dam  and  between  the  hoist  houses  is 
made  convenient  by  a  light  steel  bridge  spanning  the  bays  at 
the  upstream  ends  of  the  piers. 

The  dam   was  put   into  commission  late  in  June.  191.'.. 

The  engineers  charged  with  the  design  of  the  dam  were 
it.  F.  Walter,  then  supervising  engineer  of  the  central  district. 
now  assistant  chief  of  construction:  J.  H.  Miner,  project  en- 
gineer: Frank  Teichman.  designing  engineer  from  the  Wash- 
ington office:  and  O.  T.  Reedy,  construction  engineer,  n.  C. 
Henny  was  the  chief  consulting  engineer  for  the  board.  J.  C. 
Whitney  was  superintendent  of  construction. 

New  Laboratories  of  U.  S.  Bureau  of  Mines.  The  new 
$1  Oiin.uiKi  laboratories  of  the  U.  S.  Bureau  of  Mines  will  b^ 
dedicated  on  Sept.  29.  The  fuel  investigations  of  the  Bureau 
of  .Mines  constitute  a  large  and  important  pari  of  Ihe  work 
of  the  bureau  and  ample  recognition  of  this  fact  will  be  seen 
in  the  arrangements  of  the  new  laboratories  and  their  equip- 
ment for  Ihe  highest  grade  of  research  and  routine  work.  It 
is  here  that  typical  coals,  gathered  from  all  parts  of  the  coun- 
trv.  are  analyzed  and  tabulated  in  such  a  manner  as  to  give 
to  the  public  general  information  of  the  coal  flelds  of  the 
country  It  is  "also  here  that  the  actual  experiments  in  the 
combustion  of  coal  take  place  undeu  experts  and  their  find- 
ings given  publication. 

Annual  Meeting  of  Public' Health  Association.-The  annual 
meeting  of  the  American  Public  Health  Association  will  be 
held  Oct  27-30  at  New  Orleans.  La.  The  program  for  the 
sanitarv  engineering  section  of  the  association  includes  com- 
mittee reports  on  sanitary  control  of  waterways,  on  water 
works  operation  and  analytical  methods,  on  sewage  works 
operation  on  refuse  collection  and  disposal  and  on  milk  pas- 
teurization.    In  addition  several  papers  will  be  presented. 
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New  Water  Filtration  Plant  of 
Whiting,  Ind. 

By  RENVILLE  S.  RANKIN, 
Engineer   with  Peai  se  &  Greeley,   Consulting  Hydraulic   and    Sani- 
tary Engineers.   Chicago. 

Whiting,  the  Standard  Oil  city  of  Northern  Indiana,  is  one 
more  community  which  will  soon  be  added  to  the  ever-increas- 
ing list  of  cities  along  lower  Lake  Michigan  that  are  supplied 
with  filtered  water.  Whiting  is  at  present  constructing  a 
4,000,000-gal.   water  filtration  plant. 

Increasing  pollution  along  the  shores  at  the  lower  end  of 
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Layout   cf   Water   Filtration    Plant   of   Whiting,    Ind. 
the  lake  renders  the  water  unsafe  in  spite  of  precautionary 
measures. 

Extension  of  present  short  intakes  would  furnish  doubt- 
ful relief,  and  the  only  safe  remedy  seems  to  be  a  well-op- 
erated filter  plant. 

Whiting,  a  city  of  S,200  inhabitants,  is  in  the  heart  of  a 
great  industrial  district.  Within  a  radius  of  a  few  miles  lie 
Indiana  Harbor.  East  Chicago.  Hammond,  South  Chicago  and 
Gary.  At  present,  all  of  the  wastes  from  this  manufacturing 
region  eventually  reach  Lake  Michigan.  The  Stsndard  Oil 
Co.  refinery,  however,  owing  to  its  proximity  to  the  city,  pro- 
duces the  wastes  that  are  the  most  difficult  to  treat.  At  times 
these  wastes  impart  a  very  disagreeable  taste  and  odor,  and 
render  the  water  very  unpalatable.  In  addition,  the  intake  to 
the  pumping  station  does  not  extend  far  enough  into  the  lake 
to  prevent  excessive  turbidity  even  during  very  moderate 
storms. 

The  supply  is  drawn  through  a  brick  tunnel  to  pumps  lo- 
cated in  the  main  pumping  station  of  the   Standard  Oil  Co. 


\       I-, 


T^^^TO^ 


J-6*-t*   J-O 


CI' 


Prom  there  it  is  pumped  into  the  city  mains.     At  present  a 
liquid  chlorine  apparatus  is  used  to  safeguard  the  city. 

The  consumption  in  1916  at  the  time  of  special  tests  was 
3,400,000  gal.  per  24  hours  or  425  gal.  per  capita.  There  are 
no  meters  and  it  is  needless  to  say  that  a  great  waste  exists, 
due  probably  to  leniency  on  the  part  of  the  Standard  Oil  Co. 
which  furnishes  the  supply.  Certain  restrictive  measures 
will  be  adopted  so  as  to  postpone  additions  to  the  filter  plant. 

The  Testing  Station. — Previous  to  the  design  of  a  filter 
plant  for  a  community,  through  information  about  the  char- 
acter of  the  water  that  is  to  be  purified  must  be  secured.  As 
a  rule,  no  two  w-aters  are  capable  of  the  most  eflicient  purifi- 
cation by  identical  methods.  The  municipal  supply  at  Whit- 
ing is  no  exception.  On  account  of  the  predominance  of  the 
oil  wastes,  and  the  lack  of  sufficient  data  upon  which  to  base 
the  design  of  a  plant  to  treat  such  a  water,  it  was  thought 
best  to  construct  a  small  testing  station. 

The  station  was  operated  for  the  purpose  of  obtaining  the 
solution  of  certain  problems:  (1)  The  effect  of  aeratien  on 
the  odor  and  taste.  (2)  The  kind  and  amount  of  chemicals 
to  be  used.  (3)  Sedimentation  periods,  rates  of  application 
and  washing  which  would  produce  maxinmm  results. 

The  testing  station  was  operated  for  about  three  months 
in  all.  The  results  well  justified  the  expense.  Aeration  im- 
proved the  quality  of  the  water,  but  the  improvement  was 
not  entirely  uniform.  When  the  wind  was  off  shore  and 
heavily  laden  with  impurities  the  spray  washed  them  out 
and  deposited  them  as  a  black  oily  scum  upon  the  settling 
basins.  Nevertheless,  the  use  of  aeration  was  helpful  at  all 
times  as  the  water  required  less  chemical  to  accomplish 
the  final  removal  in  the  test  filter.  This  was  due  probably 
to  the  breaking  down  of  an  emulsion.  Alum  was  the  only 
chemical  used  and  it  proved  successful.  The  dosage  required 
was  less  than  one  grain  per  gallon.  Frequent  washing  to 
maintain  the  normal  rate  of  filtration  was  a  troublesome 
problem.  It  was  finally  solved  by  shaking  the  filter,  i.  e..  by 
opening  the  wash  water  valve  for  a  moment  and  closing  it. 
!n  this  way  the  period  of  service  in  the  test  filter  was  length- 
ened from  3  or  4  hours  to  16  and  the  consumption  of  wash 
water  was  correspondingly  reduced. 

Considerable  data,  expensive  to  acquire  in  a  completed 
plant,  were  thus  obtained  from  the  operation  of  the  testing 
station  in  advance  of  actual  design. 

The  Filtration  Plant.— The  design  for  the  filtration  plant 
at  Whiting  combines  all  of  the  requirements  which  the  op- 
eration  of  the  testing   station   showed   were   essential. 

The  principal  elements  are,  an  aerator,  a  mixing  basin, 
two  coagulating  basins,  six  filters,  a  filtered  water  basin, 
and  the  head  house. 

The  capacity  of  the  plant,  based  upon  the  filters,  is  4,000,- 
iM'.O  gal.  per  24  hours.  Provisions  for  enlargement  are  also- 
made. 

Water  is  supplied  from  the  pumping  station  at  the  Stand- 
ard Oil  Co.  about  %  mile  distant,  to  the  aerator,  from  which 
it  flows  by  gravity  through  the  plant  to  the  filtered  water 
storage  basin.  From  there  it  is  pumped  by  high  service- 
pum.ps  into  the  mains. 


Section     A-a 

Cress    Section    Showing    Waste    Water    Piping. 


Cross    Section    Showing    Location   of    Drain    Lines. 
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The  aerator  is  located  on  top  of  the  coagulating  basin  roor. 
Structurally,  it  is  a  basin  30  ft.  by  48  ft.  in  plan,  surrounded 
by  a  concrete  wall  3  ft.  6  in.  high  with  vertically  grooved 
columns  on  top  for  inserting  stop  planks  between  to  con- 
fine the  spray.  The  bottom  of  the  aerating  basin  is  stepped 
to  a  central  collecting  basin.  Two  14-in.  cast  iron  pipes,  8 
ft.  apart,  lie  on  tho  floor  of  this  basin  and  are  tapped  on  3- 
ft.  centers  for  22  No.  ISA  Spraco  nozzles.  The  spray  is  di- 
rected, not  vertically,  but  slightly  inclined  so  that  the  two 
rows  of  sprays  will  collide.  The  spray  in  falling  cascades 
down  a  few  steps  to  the  pool  in  the  center  which  is  kept  at 
a  fixed  depth  to  retard  freezing. 

The  water  from  the  aerator  enters  the  mixing  basin  which 
is  in  and  practically  on  a  level  with  the  second  floor  of  the 
head  house.  It  was  placed  there  for  two  reasons  in  par- 
ticular, first,  for  purpose  of  observation  and  second,  to  re- 
duce the  length  of  chemical  pipe  lines. 

The  mi.xing  basin  is  approximately  33  ft.  by  12  ft.  with 
an  average  depth  of  5  ft.  it  has  4-in.  brick  baffle  walls  of 
around-the-end  type  spaced  on  about  2-ft.  centers.  The  out- 
let from  the  mixing  basin  leads  directly  into  a  mixed  water 


valves  are  hydraulically  operated  from  an  operating  table 
with  the  exception  of  the  4-in.  waste  valve  which  has  an  ex- 
tension stem  leading  lo  a  nut  In  the  operating  floor  above. 

The  pipe  gallery  Is  11  ft.  6  in.  wide  and  the  arrangement 
of  the  pipes  is  such  that  a  clear  space  about  5  ft.  wide  and 
7  ft.  high  down  the  center  is  provided.  The  main  drain  Is 
of  concrete  and  runs  directly  beneath  the  pipe  gallery  floor. 
The  filters  are  divided  in  2  sets,  3  on  each  side  of  the  pipe 
gallery.  Each  set  is  supported  upon  an  auxiliary  filtered 
water  basin  45x18  ft.  by  11  ft.  The  outlet  lo  both  of  these 
basins  is  into  the  filtered  water  storage  basin. 

The  filtered  water  storage  basin  is  approxim-itely  94x91 
ft.  and  14  ft.  deep.  With  the  two  auxiliary  basins  beneith  the 
filters,  a  total  storage  of  approximately  890,000  gal.  Is  provided. 
This  is  equivalent  to  o.3  hours'  storage  at  a  4,000,000  gal.  rate. 
The  floor  of  this  basin  is  below  ground  water  level  and 
provision  for  uplift  was  necessary.  The  design  adopted  is  an 
inverted  flat  slab  with  panels  10  ft.  8  in.  by  11  ft.  6  In.  The 
supports  are  14  in.  columns  which  in  turn  support  the  roof. 
Tlie  roof  is  a  beam  and  slab  type  with  the  slab  supported  on 
tour  sides.     A  2-ft.   earth   covering  has   been   provifjed.    The 
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Section   Through   Aerator 

conduit  which  passes  through  the  head  house  wall  into  the 
coagulating  basins. 

There  are  two  coagulating  basins,  separated  by  a  dividing 
wall,  each  40  ft.  by  81  ft.  with  an  average  depth  of  16  ft. 
The  capacity  of  the  two  basins  is  about  700,000  gal.,  provid- 
ing a  sedimentation  period  of  4.2  hours  on  a  4,000,000  gal.  rate 
or  3  hours  on  a  6,000,000  gal.  rate.  The  basins  are  covered 
with  a  concrete  roof  of  the  beam  and  slab  type  of  construc- 
tion. The  roof  is  supported  by  14-in.  square  columns  spaced 
10  ft.  4  in.  both  ways.  Drainage  of  the  basins  is  obtained 
by  a  1  ft.  slope  in  the  floor  with  4  10-in.  sluice  gate  outlets  in 
sumps  located  at  the  low  points.  The  inlet  to  each  basin  from 
the  mixed  water  conduit  is  a  20-in.  circular  sluice  gate,  and 
2  30xo6-in.  sluice  gates  in  the  dividing  wall  provide  a  cross 
connection  for  operating  the  basins  in  series.  An  8-in.  brick 
baffie  wall  extends  from  one  end  down  the  center  of  each 
basin  to  within  10  ft.  of  the  opposite  end.  The  outlets  to  both 
basins  are  similar  and  consist  of  an  overflow  or  skimming 
weir  discharging  through  2  16in.  circular  sluice  gates  to  a 
settled  water  conduit  lying  directly  over  the  influene  or  mixed 
water  conduit.  Both  of  these  conduits  are  24x28  in.  in  section 
and  are  supported  along  one  wall  of  the  basin.  The  settled 
water  conduit  re-enters  \\\p  head  house,  passes  through  it  to 
a  right  angle  turn  and  down  the  center  line  of  the  filter  pipe 
gallery. 

Six  filters.  12  ft.  by  19  ft.  6  in.  each,  have  a  filtering  area 
of  234  sq.  ft.  each  and  a  rated  capacity  of  666,000  gal.,  or  a 
total  of  4.000,000  gal.  per  day.  Each  filter  has  3  concrete 
wash  water  gutters  which  run  across  the  width  of  the  filter 
and  discharge  into  an  18-in.  main  gutter  which  runs  length- 
wise. A  12-in.  connection  leads  to  the  main  drain  in  the  pipe 
gallery.     The  influent  to  each  filter  is  a  10-in.  pipe. 

The  filtering  medium  consists  of  30  in.  of  sand  and  15  in. 
of  gravel  with  underdrains  of  the  Harrisburg  type.  The 
effluent  passes  out  through  an  8-in.  rate  controller  and  re- 
turns to  the  auxiliary  filtered  water  storage  basin  under- 
neath. The  12-in.  wash  water  supply  line  is  suspended  di- 
rectly beneath  the  concrete  influent  conduit  in  the  pipe  gal- 
lery with  12-in.  laterals  to  each  filter.  The  rate  of  wash  is 
estimated  at  1.5  gal.  per  square  foot  per  minute.  A  4-in.  con- 
nection for  filtered  water  waste  is  also  pro-vided.     All  of  the 


and   Coagulation   Basin. 

hasin  is  baffl.ed  with  S-in.  walls  to  prevent  dead  water  areas. 
The  outlet  lo  this  basin  is  into  a  conduit,  low  eneugh  to 
drain  the  basin,  which  leads  Into  the  basement  of  the  head 
house.  Into  this  conduit  the  high  lift  and  wash  water  pump 
suctions  are  connected. 

The  head  house  is  a  4-story  structure,  including  the  base- 
ment. The  basement  contains  healing  plant,  coal  storage, 
elevator  machinery,  but  principally  the  pipe  connections  to 
the   pumps   located   on  the   first  floor  above. 

For  high  service  duty  two  3,000,000gal.  and  two  5,000,000- 
gal.  pumps  are  provided,  so  connected  that  each  set  may 
pump  separately  or  in  combination  forming  a  two-stage  pump. 
The  wash  water  pump  is  a  5,000,000-gal.  pump,  designed  tor 
direct  washing  of  the  filter. 

The  second  floor  contains  the  oflices,  laboratory,  chlorine 
room,  shower  bath  and  looker  room  on  one  side  of  a  pass- 
ageway and,  on  the  opposite  sids,  the  mixing  basin  and  the 
lower  portion  of  the  chemical  solution  tanks  with  the  orifice 
boxes.     Space  for  a  dry  feed  chemical  machine  is  provided. 

Alum  will  be  stored  on  the  third  or  top  floor. 

The  second  floor  passageway  opens  directly  onto  the  op- 
erating floor  of  the  filters,  and  the  first  or  pump  room  floor 
connects  down  a  tow  steps  into  the  pipe  galler>-.  A  door- 
way at  the  opposite  end  of  the  pipe  gallery  is  provided. 

The  plant  is  located  along  the  main  line  of  the  Pennsyl- 
vania R.  R.  and  on  one  of  the  principal  thoroughfares  of 
Whiting.  It  was  decided,  therefore,  to  make  the  plant  artis- 
tic from  an  architectural  standpoint  as  well  as  useful  for 
utilitarian  purposes. 

The  superstructure  is  of  brick  with,  a  concrete  shell.  Stono 
window  sills  and  copings,  and  a  stone  entranceway  add  to 
the  attractiveness.  The  roof  is  flat  with  pyrobar  roofing 
supported  on  concrete  beams.  The  exterior  walls  of  the 
basins  are  exposed  on  practically  all  sides  and  to  relieve  the 
monotony  they  are  to  be  paneled  in  the  concrete  and  sur- 
mounted with  a  coping. 

Costs. — Bids  for  the  entire  work  were  opened  on  June  Z. 
1919.  The  work  was  divided  in  two  contracts.  Contract  No. 
1  was  for  everything  except  furnishing  the  5  pumps.  The 
bids  were  quite  uniform  and  the  main  contract  was  awarded 
to  Chas.  W.  Secord  of  West  Pullman.  111.,  for  $179,742.    Con- 
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tract    tor    the    puin|)s    whs    awarded    to    the    Cameioii    Pump 
Co..  for  ;11.845. 

The  preliminary  \>  ork.  operation  of  the  testing  station,  and 
the  preparation  ot  plans  and  specifications  tor  the  com- 
plete plant,  were  niade  b.v  the  firm  of  Pearse  &  Greeley.  Hy- 
draulic and  Sanitary  Engineers.  John  R.  Longley,  from  the 
same  office,  is  resident  engineer  on  the  construction  work. 
With  favorable  conditions,  it  is  expected  that  the  plant  will 
be  completed  next  spring. 


Flat  Rates  vs.  Meter  Rates 

With  an  increase  of  (i.")  per  cent  in  the  total  number  of  con- 
sumers durin.si  a  Hve-year  period,  and  a  decrease  of  27  per 
cent  in  the  quantity  pumped  during  the  same  period  as  a  re- 
sult of  chaugins  from  flat  rate  to  a  meter  rate,  the  water 
works  system  of  Tuscaloosa.  Ala.,  finds  that  the  flat  rate  sys- 
tem is  unjust  to  the  consumer.  C.  E.  Abbott,  Superintendent 
of  Water  Works,  in  a  paper  read  before  the  annual  conven- 
tion of  the  American  Water  Works  Association  at  Buffalo, 
.liine.  1919.  gives  in  detail  the  comparison  of  the  system  on 
flat  and  meter  rates.  The  following  abstract  is  taken  from 
Mt.  Abbott's  paper: 

In  1911  the  plant  was  operating  upon  a  Hat-rate  basis.  We 
coniinenced  installing  meters  in  the  fall  of  1913,  with  th^ 
idea  of  metering  the  entire  system,  which  was  practically 
completed  in  191.T.  Beginning  with  the  year  191(5  the  plant 
was  opera tin.g  upon  practically  an  all-meter  basis. 

The   figures   covering   the  operations   during   the  year   1911 

are  as  follows: 

Xumtier  of  consuniers  at  end  of  1911: 

Flat    rate    92 , 

Meter    ^^ 

Amount  of  water  pumped   during  entire  year :U7, 335,980 

.\veragp  amount  of  water  pumped  daily 869,413 

Number  of  tons  of  coal  used  during  year 3,285 

Cost  of   coal,   $2  per  ton. 

The   figures   covering  the   operations  during   the   year  191i; 

are  as  follows: 

Number  of  consumers  at   end  of  1916: 

Flat  rate  1?',' 

Meter    1.414 

Amount  of  water  pumped  during  entire  year 230.779.985 

Average   amount  of   water   pumped    daily i'iil 

Number  of  tons  of  coal  used  during  year l.-iS 

Cost  of  coal.  Ifl.ns  per  ton. 
Comparisons  of  the  Statistics  for  the  Two  Years  1911   and  1916. 

Total    number   of  consumers    in    1911 ''♦>■' 

Total    number   of   consumers    in    1916 l.liOt 


Numerical  increase   in   numbers  of  consumers 

P^epresentinj;  an   increase  of  65%. 

Amount   of  water  pumped  durins.'  1911 

.\mount  of  water  pumped  during   1916 


6:55 


31T.:!35.9SD 

230.779,9S;> 


Numerical   decrease   in   gallons   pumped 86.553.90^ 

Representing  a  decrease  of  27%. 

Number  of  tons  of  coal   used  during  1911 J.^Ni 

Number  of  tons   of  coal   used   during  1916 1,21  j 

Numerical    decrease    in    number   of    tons 2.0, ii 

Representing  a  decrease  of  63%. 

All  the  above  figures  are  taken  from  the  records  of  the  City 
Commission  of  Tuscaloosa,  Ala.,  and  can  be  verified  upon 
inquiry 

It  will  be  noted  that  while  employing  the  meter  system 
almost  entirely,  we  still  have  190  consumers  receiving  water 
on  a  flat  rate.  This  condition  arises  from  the  fact  that  these 
190  consumers  live  outside  the  sewer  zone  and  have  each  only 
one  opening  on  the  premises,  and  20  meters  placed  on  con- 
sumers under  identically  the  same  conditions  show  that  50 
per  cent  of  the  minimum  allowed  under  the  flat  rate  is  never 
reached. 

With  the  meter  system  in  operation  during  the  year  191li 
we  were  enabled  to  account  for  85.8  per  cent  of  all  the  water 
pumped  during  the  year.  The  figures  in  substantiation  of  this 
are  as  follows: 

Total    meter    reading   for   domestic    consumers 114.186.  !7, 

Total   meter  reading  for  manufacturers,   etc „      „i  a 

Total  meter  reading  for  filter  wash  water 9.552.660 

Total   meter  reading   for   schools ,r?oonS/i 

Estimated   amount    used   in   street   sprinklmg,    etc ll.lSJ.oou 

.  .196,986.022 
,.230.779,985 


Total  amount  of  water  accounted    for  by  records. 
Total   amount   of    water   pumped    during    year 


"Water  unaccounted  for   „'    ■  V  ' ' ; ' ' 

Representing'    a    percentage    of    only    14-2    of    the 
amount   pumped   unaccounted  for. 


total 


33.793.963 


The  Silting  Up  of  Reservoirs 

In  all  reservoirs  built  in  the  western  part  of  America,  and 
especially  in  those  built  in  a  stream  bed  by  damming  the 
channel,  the  silt  problem  is  one  that  must  be  faced  sooner  or 
later;  and  unless  some  means  can  be  found  tor  removing  the 
silt  deposits,  the  accumulation  will  impair,  materially,  the 
storage  capacity  of  the  reservoir,  and.  at  some  date,  con- 
trolled by  local  conditions,  the  entire  basin  will  be  filled  to 
the  brim.  This  is  particularly  true  of  the  ephemeral,  flashy 
streams,  dry  a  considerable  portion  of  the  time  and  subject  to 
freshets  and  floods  at  intervals.  At  such  times  the  floods  of 
water  coming  down  the  dry  beds  will  erode  the  bottoms  and 
banks  to  a  great  e.vtent,  much  more  so  than  it  the  stream  bed 
was  continually  wot,  and  the  accumulation  in  the  reservoir 
will  be  much  greater  when  the  reservoir  is  in  the  stream 
channel,  as  the  entire  debris  of  the  erosion,  whether  carried 
in  suspension  by  the  water  or  rolled  along  the  bottom,  will 
lie  deposited  in  the  reservoir. 

An  interesting  discussion  of  this  problem  with  special  ref- 
erence to  the  silting  up  of  the  Zuni  Reservoir  in  New  Mex- 
ico, is  given  by  Mr.  X.  F.  Robinson  in  the  August  Proceedings 
of  the  American  Society  of  Civil  Engineers,  Vol.  xlv.  .\'o.  ti. 
I)p.  4.S3-493.     An  abstract  of  his  paper  follows: 

The  Zunl  Reservoir  is  in  the  Zuni  Indian  Reservation  in 
Western  New  Mexico,  about  45  miles  south  of  Gallup.  It  is 
formed  by  the  construction  of  a  dam  across  the  Zuni  River,  a 
tributary  of  the  Little  Colorado. 

The  dam  is  a  combination  rock  and  hydraulic  fill.  The 
rock  fill  has  a  height  of  80  ft.,  or  from  the  bottom  of  the  pud- 
dle trench  to  the  top  of  the  parapet  110  ft.,  the  length  over 
all  being  780  ft.  There  are  40,000  cu.  yd.  of  rock  in  the  fill, 
and  60.000  cu.  yd.  of  the  hydraulic  fill.  At  the  point  where 
the  dam  is  built,  the  stream  has  cut  through  a  lava  flow,  and 
the  two  abutments  are  composed  of  the  lava  or  basalt.  As 
originally  constructed,  the  spillway  of  the  Zuni  Reservoir  was 
at  Elevation  1,000,  but  when  the  new  spillway  was  built,  it 
was  placed  9  ft,  lower. 

The  reservoir  was  built  between  1902  and  1907,  the  gap  in 
the  stream  being  closed  in  1906,  from  which  time  water  was 
impounded:  but,  until  August,  1909,  only  a  small  portion  of 
the  reservoir  capacity  had  been  stored. 

The  quantity  of  silt  brought  into  this  reservoir  is  very 
great,  and  in  the  121,^  years  since  the  channel  was  closed,  has 
amounted  to  about  4.86  per  cent  per  annum  of  the  reservoir 
capacity  to  the  elevation  of  the  present  spillway.  For  the 
total  period  of  12 1^  years,  the  run-oft'  has  been  326,648  acre-ft., 
the  silt  deposit  5,507  acre-ft.,  and  the  average  silt  content,  or 
deposit  of  the  water,  1.88  per  cent. 

In  addition  to  this  silt  deposit,  which  only  represented  the 
quantity  left  in  the  reservoir,  a  considerable  quantity  has  been 
carried  out  of  the  leservoir  through  the  gate- valves,  and.  dur- 
ing the  last  period,  it  is  probable  that  a  large  quantity  carried 
in  suspension  passed  over  the  waste-way.  Considerable  water 
has  been  wasted  through  the  valves  back  into  the  river,  it 
having  been  necessary  to  do  this,  especially  of  later  years,  in 

T.AKl.K    1— SILT    DEPOSIT    IN    THE    ZUNI    RESERVClIR    FROM 

ORKJINAL   CLOSING    OF   CHANNEL   IN    1906.    TO 

J.\N1-ART   1,   1919. 

All   c.inacities   and   silt    deposits    in    acre-feel. 


Total   silt   deposit. . 
Length     of     period. 


l.Jiiil     :;.144     4,200 


I 

1,804 

451 


1>« 

1,340 

S94 


1,056 
52.S 


5.507  6.IS1; 
4 


as. 

=  '~ 

6.196 


1.307 

32 


1 
67,*; 

678 


12i„ 

6.185 

4M4 


26.195  5,323  326.64S 


0.5S      12..". 

1.706    l.02y 

16.0      39.3 


Silt  deposit  for  period.  . 

Silt   per  year,  average.  . 

Total    run-off    -.6.110  24.6.30  14.360 

Percentage     of     silt     in 

run-off     :j.2         .1.4  T.3 

.\t  Contour  990: 

Capacity    10.2:!O     8.409      7.096      6.013 

Percentage  remaining 
of  original  capacity S2.3       69.2       5s. .^ 

Lost  capacity  per  year 
in  percentage  of  orig- 
inal       I.I         8.S         5- 

,Vt  Contour  1,000: 

^•ap.^city     15,.'ill    13.969   12.632   11.562 

Percentage  remaining 
of  original  capacitv SS.4       80.0       73.1 

Lost  capacit.v  per  rear 
in  per  centage  of  orig- 
inal      ; 2.9         5.6       3.48 

Life  of  reservoir.  Contour  990  =  2 J   years      Spillway  at  Contour 

991.     Capacity  between  Contours  990  and  991  —  507  acre-ft. 
Life  of  reservoir.  Contour  1,000  =  32.4  years. 


10.218 
64.6 


6.', 
1.540 
60.3 


2.1        4.3 


1.-;- 


i.ii 


I.;- 6 

9.. -.40 

60.3 

3.17 
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Older  to  keep  the   valves  clear,  and  some  muddy   water  was  the  bottle  test  as  worthless.     It  may  aUo  explain  why  souu- 

drawn  off  for  use  on  the  fields.  enormous  percentages  have  been  reported  .at  times  from  vari 

It  was  estimated  by  the  Engineer  in  Charge  that  each  year  ous  sources,   i.  e.,  the  silt  as  first  observed   will  eventuall> 

during  the  third  period,  at  least  oil  acre-ft.  of  silt  went  to  the  shrink  to  one-third  or  even  on-founh  the  voliiine  observed  in 

lields  and  at  least  three  times  this  quantity  went  back  to  the  "i'^  freshly  gathered  sample. 

river,  through  the  valves,  with  the  waste  water.     How  much  Xo  tests  are  available  to  solve  the  (|ue»tion  of  bow  much 

has  been  carried  out  during  the  past  four  years,  or  what  pro-  was  carried  by  the  water  in  suspension,  and  how  much  rolleil 

portion  of  silt  was  in  the  water  going  out  the  waste-way.  there  down   the  stream   bed.     The   latter   is,  however,  a   large  pro- 

■dr<-  no  records  to  show,  but  the  quantity  is  not  inconsiderable.  portion  of  the  former. 
(see  Table  I  )  Some   measurements   made  by   the   writer  on   H<mito  Creek 

Considering  the  reservoir  at  its  present  construction,  the  near  Fort  Defiance,  Arizona,  gave  something  over  13  per  cent 
original  capacity  at  Contour  990  (1  ft.  below  the  present  spill-  of  sediment  after  the  sample  bad  stood  30  days.  The  most  re- 
way  lip),  was  10,213  acre-ft.  At  the  end  of  the  first  four  markable  instance  of  large  quantities  of  sediment  carried  by 
years,  it  was  S,409  acre-ft.,  a  loss  of  4.4  per  cent  each  year.  water  w^as  observed  in  the  .Moencopi  Wash  on  the  Painted 
leaving  the  capacity  S2.::  per  cent  of  the  original.  At  the  end  Desert  of  Arizona.  During  a  fiood  on  this  stream,  a  sample 
of  the  ne.xt  year  and  a  half  the  rapacity  was  7,069  acre-ft..  a  was  dipped  uj)  from  about  the  center  of  the  thread  of  the 
loss  of  8.8  per  cent  per  annum,  with  69.2  per  cent  of  the  ca-  stream  and  allowed  to  settle  for  two  days,  and  remarkable  as 
l)acity  of  the  reservoir  remaining.  At  the  end  of  the  third  if  may  seem,  at  the  end  of  that  period,  there  was  15  per  cent 
period  (two  years  late),  the  capacity  was  6,013  acre-ft.,  a  loss  of  turbid  water  and  85  per  cent  of  sediment,  showing  that 
of  .1.2  per  cent  per  annum.  At  the  end  of  the  next  period,  the  flow  of  the  stream  was  practically  liquid  mud.  The  sam- 
the  capacity  was  4.706  acre-ft.,  or  only  46  per  cent  of  what  pie  was  upset  before  it  had  time  to  settle  further,  but  it  i« 
it  had  been  11  y2  years  before:  and,  at  the  end  of  the  last  pr-^bable  that  a  settlement  of  30  days  would  have  shown  not 
period,  the  capacity  was  only  4,028  acre-ft,  39.3   per  cent  of  less  than  .tO  per  cent  of  solid  matter. 

its   original    capacity.     The   average   capacity   lost   each   year  ITnfortuiuitely,   the   Zuni    Reservoir   is   situated    in    the    bed 

was  4.86  per  cent  and  the  average  lost  per  year  for  the  entire  of  the  stream,  and  all  silt  whether  carried   in  suspension  or 

12I2  years  was  4.86  per  cent.  rolled  along  the  bottom  of  the  stream   bed   is   caught   in  the 

Silt  Deposits  from  Southwestern  Streams. — The  (luantity  of  reservoir,    except    the    comparatively     small     quantity     that 

silt   deposit  shown  by  these   measurements   may   seem  to   be  passes    out    through    the    valves,    and    the    lighter   portion   ol 

very  large  to  one  who  has  not  made  a  study  of  the  streams  the   sediment   which    is   held    in   suspension   and   passes   over 

of    the    arid    Southwest,    especially    the    ephemeral    streams  the   spillway    at    times   when    the    water   is    Mowing   into   the 

where  there  is  little  or  no  clear  water  run-off.  the  entire  an-  lull  reservoir.     We  have  here  a  fairly  large  b;isin  and  a  mod- 

nual  discharge  being  quick  floods  after  the  summer  rains  or  erately  high  dam,  and  the  entire  closing  up  of  the  channel. 

in  the  spring  when  the  snows  of  the  higher  elevations  melt.  "Tne  greater  the  height  of  the  dam  or  size  of  reservoir,  the 

1-ake  MclMillan.  in  New  Mexico,  is  reported  to  have  silted  up  greater  will    be   tlie   rate  of  filling."    This   is   the   opinion   of 

60  per  cent   in  la  years.     Taking  the  Zuni   Reservoir  at  the  the  late  H.   F.   Uabelle,  .M.  Am.  Soc.  C.  E..  after  an  examina- 

990-ft.  contour,  the  percentage  of  filling  would  be  about  70  in  tion  of  the  silt  question  in  many  reservoirs  and  behind  many 

1.5    years,    and    using    the    capacity    of    the    reservoir   at    the  dams  both  in  the  I'nited  States  and  In  India.     It  will  be  seen. 

1.000-ft.  contour,  about   48  in  the  same  time.     In  the  reports  therefore,    that   in   the   case   of   this   reservoii-  all   conditions 

concerning  the  .\ustin  Dam,  it  is  stated  that  in  the  4  years.  are   favorable   for  the  retention  of  large  quantities  of  sill. 
from  1893  to  1897.  the  reservoir  was  silted  up  38  per  cent  of  n   i>;   thought  that  500  square  miles  closely  represents  the 

the  original  capacity,  and  during  the  period  of  7  vears.  from  ,.^;,i    .^yp.^   of   the    water-shed    draining    into   the    Zuni    Reser- 

1893  to  1900.  it  had  silted  up  48  per  cent.  voir.     There  are  no  records  of  the   rainfall   In   this  drainage 

Mr.  W.  W.  Follett  gives  1.66  as  the  mean  percentage  of  silt  area,  and  a  study  of  the  run-off  divided  into  periods,  shows 
larried  by  the  Rio  Grande,  at  San  Marcial,  X.  .\Iex.,  from  1897  that  the  precipitation  is  very  irregular.  During  the  two 
to  1912.  inclusive.  For  the  same  period,  the  maximum  was  years.  January.  1912,  to  January,  1914,  the  average  run-ofi 
4.14  per  cent  in  1911  and  the  minimum  0.78  per  cent  in  1905.  was  less  than  7.200  acre-feet,  while  from  January,  1914,  10 
He  mentions  the  m.aximum  for  one  day — Oct.  7,  1911 — as  January,  191S,  the  average  runoff  exceeded  56,000  acre-feel. 
14.87  per  cent  and  the  monthly  mean  of  7.9  per  cent  for  the  It  is  probable  that  the  average  annual  rainfall  of  the  water- 
month  of  October.  1911.  It  is  probable  that  the  maximum  shed  is  between  10  and  16  in.,  and  until  rainfall  records  are 
mentioned  by  .Mr.  Follett.  namely,  14.87  per  cent,  would  repre-  available  on  the  water-shed,  no  relation  between  the  rainfall 
sent   about   the   maximum  quantity  ordinarily  carried   in   sus-  and  the  run-off  can  be  determined. 

pension.  There  are  exceptions,  as  will  be  shown  later.  Quantity  of  Silt  Carried  by  Stream.— It  is  generally  be- 
Some  experiments  made  bv  Rollin  Ritter.  Assoc.  M.  Am.  Heved  that  the  quantity  of  silt  carried  by  any  stream  1.- 
Soe.  C.  E..  Engineer  in  Charge  of  the  Zuni  Reservoir,  leads  birgely  in  proportion  of  the  magnitude  of  the  floods,  but 
him  to  the  following  conclusion,  regarding  the  silt-ladened  according  to  the  records  at  Zuni,  little  relation  l.s  found 
waters  of  the  Zuni  River,  and  some  general  conclusions  re-  l-etween  the  magnitude  of  the  flow  and  the  silt  carried.  Dur- 
garding  the  quantity  of  silt  that  may  be  transported  in  some  '"^  the  period  from  1906  to  1910.  with  an  average  annual 
of  these  southwestern  streams.  A  report  nmde  by  him  in  ^^^-on  ot  more  than  14.000  acre-feet,  the  percentage  of  silt 
19.4,  to  the  writer,  contains  the  following  statentents:  'l-Posit  was  -i^-'-      "  the  next  year  and  a  half.  w,th  an  aver- 

,  ,  age   run-off  of   16.420  acre-feet,   the   silt   deposit   was   o.4   per 

I'he   siil-ladened  waters   being  heavier  than  the   clear,   ott-  ^^^^^      ^^^^.^^  ^^^  ^^^^^  p^^l^^  ^^  ^^^.^^  ^,^^_.^    ^.jj,^  ^  minimum 

times  appeared  at  the  tunnel  outlet  when  the  reservon-  sur-  ^^^^^^  amounting   to   a   little   more   than   7.000  acre-feet   per 

face   was  clear  and  a   small  or  moderate  flood   was   entering  ^^^^^.    ^^^^  ^.,^  deposit  was  7.3  per  cent  of  the  total,  while  In 

the  reservoir.    During  on^  period  when  the  water  wasted  ap-  ^^^^   ^^^^  p^^..^^  ^,.  ,.^y^  ^.^^^.^    ^^.j^^   ^„  average  annual   run- 

peared   very   heavily  charged   with  silt,   a   sample   was  taken  ^^^  ^^  ^^^.^  ^^^^^   .^^^^^  acre-feet,   it   was  a  little  more   than 

at  the  tunnel  outlet.    This  bottle  test  showed  percentages  ot  „^g_^^,f  ^f  1  per  cent  (0.58  per  cent),  and  for  the  total  period 

sill  by  volume  at  various  times  about  as  follows:  ^^    j^^    years,    the   solids    deposited    from    the    run-off   were 

Time  after  .Apparent  per  1.71    per  cent, 

collecting  sample.  cent  o^f  silt.  ^^   estimating  the   probable   life   of  the   reservoir,   (he   pei- 

7  days^.^.^.^J.^^^  . .  .^  ^  centage   of   silt   in    the   ruii-oCf   has  heen   neglected,   and   the 

1  month  2d  annual  average  quantity  of  silt   actually  deposited  has  been 

:!  months    ;'^ 

4  months    '»  used. 

\t  the  latter  time    the  silt  in  the  bottle  was  compact  and  In  an  article  by   Herman' Stabler,   .M.  Am.   Soc.   C.   E.,  and 

even  showed  lamination  marks  and  probably  no  more  shrink-  Horatio  M.   Parker,   regarding   the   silt   carried   by  the   Kaw 

age  would  have  occurred     In  the  earlier  periods  when  a  sliver  River,   they  state  that,  in  June,  1908.  the  river  carried   41.4 

was  plunged   through   the  mouth  of  the  bottle  into  the  silt.  per  cent,  and  in  May.  June.  July,  and  August  1908.  80.7  per 

the  line  of  demarcation  between  the  surface  of  the  silt  and  cent   of  the   total   for  two   years.     Prom   this   they   deduce, 

supernatent  clear  water  was  not  sensible  to  the  touch.     Un-  ■The  extraordinary  influence  of  great  floods,  in  erosion  and 

fortunatelv.  the  bottle  containing  the  sample  froze  and  burst.  denudation,   is   clearly  shown."     ^^hile   this  may  be  true  of 

and  the  observations  for  a  longer  period  could  not  be  made.  the   flow   of  large  rivers,   it  does  not  seem  to  be  true  m  the 

The   above   mav   illustrate   why   ..,   many   engineers  "regard  case    of   the    flashy    streams     .-     'h.     s .-«■..,     «hevp    ,he 
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lesser  volume  of  water  in  a  year,  coming  In  a  few  periods 
of  run-off,  seems  to  carry  the  greatest  quantity  of  silt. 

It  has  occurred  to  the  writer  that  the  great  difference  in 
the  quantity  of  silt  carried  by  the  water  may  be  explained, 
to  a  certain  extent,  by  the  fact  that  during  the  periods  of 
lesser  run-off  the  ground  in  the  water-shed  and  the  stream 
bed  are  very  dry  and,  consequently,  easily  eroded  by  the 
floods,  and  that  during  the  periods  of  greater  run-off,  more 
evenly  distributed,  the  ground  and  the  stream  channels  are 
kept  moist  and  are,  therefore,  not  subject  to  as  great  erosion 
during  the  beginning  of  heavy  precipitation  and  run-off. 

A  remedy  is  not  easily  suggested.  The  situation  involves 
a  serious  fact,  not  a  theory,  and  at  a  very  early  date  it  will 
be  necessary  to  put  into  practice  some  method  of  getting  rid 
of  the  silt.  Otherwise,  a  project  built  at  a  cost  of  more  than 
$500,000,  under  which  more  than  3,500  acres  are  now  being 
cultivated,  and  products  valued  at  more  than  $68,000 
raised  last  year  by  the  Indians,  will  have  to  be  abandoned 
inside  of  20  years.  It  will  be  necessary  to  raise  the  spill- 
way elevation  within  a  year  or  two,  for  the  entire  capacity 
of  the  reservoir  today  is  only  slightly  in  excess  of  one  year's 
need  for  the  present  area  of  cultivated  land. 

Remedial  Measures  for  Silting. — Certain  remedial  meas- 
ures have  been  suggested.  One  of  these  is  to  construct  a 
set  of  small  overflow  dams  in  the  stream  above  the  reser- 
voir. Even  if  these  could  be  successfully  constructed,  and 
maintained  at  a  reasonable  cost,  the  silt  accumulation  of  one 
year  would  fill  a  small  one,  and  the  ultimate  filling  of  the 
main  basin  would  be  postponed  only  a  short  time. 

It  also  has  been  suggested  that  much  of  the  silt  comes 
from  the  rapid  cutting  of  the  banks  of  the  stream,  and  that 
rip-rapping  these  banks  at  the  critical  points  would  prevent 
further  erosion  and  reduce  the  quantity  of  silt  coming  into 
the  reservoir.  The  main  stream  is  too  long  to  make  this 
feasible,  and  it  has  not  been  observed  that  the  waters  were 
any  less  heavily  charged  with  silt  at  the  head-waters  of 
the  feeder  streams  than  in  the  main  stream. 

It  also  has  been  suggested  that  large  sluices  be  installed 
at  a  low  elevation,  and  the  silt  be  gotten  rid  of  in  that  man- 
ner; but  observation  in  cases  where  dams  have  given  way 
and  the  entire  content  of  water  run  out  through  the  opening, 
discloses  that  the  quantity  of  silt  sluiced  out  has  been  al- 
most negligible. 

The  St.  Johns  Reservoir,  in  Arizona,  the  Austin  Reservoir, 
and  others,  would  indicate  that  a  channel  no  wider  than  the 
opening,  and  extending  back  for  a  short  distance,  with  al- 
most  vertical   sides,   would   be   the   result. 

The  only  plan  that  sounds  at  all  feasible  is  that  outlined 
roughly  by  the  Consulting  Engineer,  J.  H.  Quinton,  M.  Am. 
Soc.  C.  E.,  when  he  was  on  the  project  some  years  ago. 

This  plan  was  to  have  a  floating  pipe  line,  connected  with 
the  lowest  valve  on  the  tower,  now  below  the  bottom  of 
the  reservoir.  On  a  barge  out  in  the  lake,  a  cutter  and  noz- 
zle were  to  be  mounted,  with  a  gasoline  engine  for  power  to 
operate  the  cutter,  and  a  small  vacuum  pump.  With  a  flow 
started  through  this  pipe  line,  no  power  would  be  required 
to  continue  such  flow  other  than  the  operation  of  the  vacuum 
pump  which  would  be  placed  at  the  highest  point  on  the 
pipe  line.  What  is  really  a  suction  dredge  would  thus  be 
provided,  and  if  all  the  water  drawn  from  the  reservoir  was 
taken  out  in  this  manner,  large  quantities  of  silt  could  be 
removed. 

Possible  objections  would  be  that  in  dry  seasons  there 
would  not  be  sufficient  water  to  waste,  and  all  the  water, 
heavily  ladened  with  silt,  would  have  to  run  into  the  canal, 
and,  without  a  silt  trap,  it  might  fill  up  the  two  siphons  in 
the  canal.  If  it  did  not  do  this,  much  silt  would  be  deposited 
in  the  canal  and  cause  considerable  expense  and  trouble 
for  its  removal. 


Rainfall  Records  at  St.  Paul,  Minn. — Records  of  the  month- 
ly and  annual  rainfall  at  St.  Paul,  Minn.,  since  1S36  are  given 
in  the  annual  report  of  M.  N.  Goss,  Commissioner  of  Public 
Works,  for  the  year  ending  Dec.  31,  191S.  The  average  an- 
nual rainfall  for  this  81-year  period  was  25.4  in.,  the  averages 
by  months  being  as  follows: 

In.  In. 

.January     O.Sfi        July    3. ■IS 

February    0.S7        August    3.37 

March    1.3fi       September    3.24 

Anril     2.3t        October     2.04 

May    3.39       November    1..'!'! 

Tune    2.03       December     0.S9 


Points  to  Be  Considered  in  Recon- 
struction of  Small  Water 
Power  Plants 

The  very  material  increase  in  the  cost  of  coal  and  fuel  oils 
has  brought  home  to  the  owner  of  a  water  power  develop- 
ment the  fact  that  he  is  a  possessor  of  something  of  value. 
As  a  result  he  is  giving  it  close  attention  and  examination  with 
a  view  of  ascertaining  if  he  is  securing  from  his  development 
all  that  can  be  obtained.  In  a  paper  in  the  recently  issued 
Proceedings  of  the  Michigan  Engineei-ing  Society,  Mr.  R.  K. 
Holland,  Consulting  Engineer,  discusses  this  question  and 
points  out  that  the  reconstruction  of  the  plant  presents  some- 
thing more  of  a  problem  than  the  purchase  of  a  hydraulic 
turbine.  Mr.  Holland's  paper,  which  considers  particularly 
those  water  power  developments  that  may  be  classed  as 
small  plants,  with  heads  ranging  from  8  to  20  ft.  and  with  a 
contributary  stream  drainage  area  of  100  to  500  square  miles, 
is  given  in  abstract  below: 

These  developments  are  principally  for  flour  and  feed 
mills,  but  there  are  a  large  number  of  hydroelectric  develop- 
ments, both  private  and  municipal,  and  water  works  pumping 
plants  driven  by  hydraulic  turbines. 

The  owner,  in  looking  over  a  water-power  development 
that  had  been  constructed  prior  to  8  or  10  years  ago,  gener- 
ally feels,  and  correctly  so,  that  the  plant  can  be  improved, 
but  he  is  usually  at  a  loss  as  to  just  how  to  go  at  it.  He 
knows  whether  or  not  his  present  plant  is  sufficient  in  power 
to  carry  the  usual  load  he  imposes  upon  it,  and  he  knows  for 
what  seasons  of  the  year  that  he  is  very  short  of  water,  and 
what  seasons  he  has  plenty  of  water,  and  approximately  the 
range  of  head  that  prevails.  He  knows  the  turbines  are  old 
and  is  aware  that  if  he  should  purchase  new  wheels  similar 
to  those  installed,  he  would  undoubtedly  receive  more  power, 
but  when  he  makes  an  examination  of  the  turbines  he  finds 
that  the  replacement  of  perhaps  a  broken  gate  and  a  little 
lining  up  of  the  shafts  will  give  him,  iii  appearance,  a  turbine 
which  looks  as  serviceable  as  a  new  one.  The  ctnsequence 
of  all  this  is,  that  while  he  has  a  feeling  that  it  ought  to  be 
reconstructed,  he  lias  not  been  satisfied  that  the  reconstruc- 
tion will  show  him  a  particular  gain  for  his  investment. 

Engineer  Must  Study  Conditions  Influencing  the  Develop- 
ment.— U  now  we.  as  engineers,  could  be  called  in  to  ex- 
amine such  a  plant,  with  the  idea  of  putting  before  the  owner 
concretely  what  his  needs  are  and  what  the  costs  will  be,  we 
find  that  we  must  start  deeper  in  the  problem  if  we  will  ob- 
tain for  the  owner  any  particular  advantage  in  reconstruc- 
tion. We  must  go  back  first  to  study  his  plant  and  check  up 
as  to  whether  the  original  installation  was  suited  to  the 
stream  and  the  purposes  to  which  he  proposes  using  it. 

The  question  of  whether  the  machinery  installed  is  suit- 
able or  not  for  the  speed  at  which  he  desires  to  operate  and 
for  the  prevailing  head,  we  can  pass  up  for  the  present  until 
study  of  the  other  considerations  influencing  the  develop- 
ment is  completed. 

The  stream  flow  is  naturally  of  the  most  importance  to  the 
development  and  its  determination  is  usually  our  first  con- 
sideration. 

The  stream  flow  at  a  particular  site  may  be  determined  by 
steam  gagings  or  observations  of  flow  over  a  dam  of  uni- 
form crest  and  the  like,  but  to  be  of  any  value  the  observa- 
tion must  extend  over  a  considerable  period  of  time.  It  is 
generally  the  case  that  there  are  no  records  of  the  particular 
stream  at  the  particular  site  being  considered.  The  engineer 
must  then  dravf  upon  his  accumulation  of  stream  flow  data 
of  other  streams,  in  the  neighborhood  if  possible,  having 
similar  drainage  basin  characteristics,  in  order  to  estimate 
the  probable  flow  of  this  particular  stream  at  the  site  con- 
sidered. 

The  judgment  used  in  the  selection  of  the  records  of  known 
streams  and  their  applicability  to  this  drainage  area  is  an  all 
important  factor  in  this  approximation  of  stream  flow.  It  is 
to  be  particularly  noted  that  3  or  4  stream  observations  at 
this  site,  unless  they  be  selected  at  extreme  conditions  and 
at  average  conditions,  are  of  very  little  value  in  arriving  at 
what  might  be  the  average  flow  of  the  stream  in  the  course 
of  a  number  of  years. 

Assuming  that  we  have  arrived  now  at  the  average  flow  of 
the  stream,  the  next  point  to  consider  is  the  head  under 
which  the  turbines  will  operate.     The  head,  as  we  use  it,  is 
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the  distance  from  the  average  water  surface  level  in  the 
wheel  pits  to  the  average  surface  level  of  the  water  in  the 
draft  pit.  or  in  case  a  curve  draft  tube  is  used  discharging 
the  water  down-stream,  to  the  water  surface  at  the  exit  ot 
this  draft  tube. 

Factors  Influencing  Head. — The  two  particular  factors, 
therefore,  influencing  the  head  are  the  level  of  the  water  sur- 
face of  the  pond  and  of  the  tail  race.  The  pond  level  is  sub- 
ject to  variation  due  to  the  stream  flow  being  less,  or  in  ex- 
cess of  that  used  by  the  turbines.  The  excess  is  taken  care 
of  usually  by  flood  gates  or  spillway,  and  the  pond  is  gener- 
ally at  its  highest  level  during  such  periods.  When  the  river 
flow  is  less  than  the  water  used  by  the  turbines,  there  is  a 
draft  on  the  pound  and  the  water  is  pulled  down. 

The  highest  stage  that  the  pond  may  be  carried  is  gener- 
ally controlled  by  the  flowage  rights  and  in  each  case  re- 
quires investigation  as  to  whether  there  are  physical  limita- 
tions to  a  higher  pond  stage,  that  is  to  say,  whether  the  rais- 
ing of  the  poHd  level  will  cause  very  large  flat  areas  to  be 
flowed,  or  is  prevented  by  the  physical  conditions  at  the  dam 
or  plant.  If  no  such  limitations  are  present,  it  is  usually  ad- 
vantageous to  the  owner  to  acquire  flowage  for  a  higher  pond 
level,  and  it  can  be  usually  shown  that  this  flowage  is  worth 
much  more  to  the  owner  than  he  has  assumed  it  to  be,  when 
he  has  considered  it  worth  only  the  value  of  the  adjacent 
property  for  farming  purposes. 

The  tail  water  level  is  generally  the  level  of  the  natural 
river  before  the  development,  and  if  there  are  no  obstruc- 
tions immediately  below  the  plant,  usually  no  particular  ad- 
vantage to  the  head  may  be  gained  by  improvement  to  the 
tail  race,  such  as  deepening  and  the  like. 

Effect  of  Raising  Pond  on  Backwater  Situation. — There  is 
one  factor  usually  present  in  the  question  of  raising  the  pond 
that  is  little  understood,  and  that  is  the  question  of  back- 
water, meaning  by  backwater,  the  increase  of  the  water 
stage  due  to  the  construction  of  the  dam,  over  the  water 
stage  of  the  natural  stream.  With  any  dam  constructed 
across  a  stream  and  with  a  normal  stream  flow  and  the  pond 
level  carried  at  the  crest  of  the  spillway,  the  maximum  back- 
water effect  will  occur  at  a  point  located  approximately  at 
the  intersection  of  planes  tangent  to  the  water  surface  of  the 
pond  and  to  the  water  surface  of  the  stream  above  the  pond. 
If  the  pond  surface  is  now  maintained  at  the  crest  of  the 
dam.  with  increasing  stream  flow,  the  backwater  efl:ect  will 
usually  become  less  and  with  decreasing  flow  becomes 
greater  at  this  point,  but  if  the  spillway  is  of  ample  discharge 
capacity  so  that  the  head  on  the  spillway  for  the  overflow, 
increases  at  a  lesser  rate  than  the  normal  river  stage  for  the 
same  Increased  flow  of  water,  the  backwater  effect  at  the 
point  first  considered  becomes  no  gi-eater  with  this  increas- 
ing flow,  when  such  increase  of  flow  is  wasted  over  the  spill- 
way. 

While  it  may  be  found  that  the  amount  of  the  backwater 
effect  is  less  with  the  increased  flow  being  wasted  over  the 
spillway,  at  the  same  time  it  may  be  also  found  that  the 
backwater  effect  reaches  further  upstream.  Usually  this  is 
of  little  importance  because  of  the  small  amount  of  the  in- 
crease of  river  stage,  but  should  this  back  against  another 
water-power  development  this  small  amount  of  backwater 
effect  frequently  causes  a  large  amount  of  trouble. 

The  engineer  should  make  a  careful  study  and  endeavor  in 
such  cases  to  clearly  present  the  problem  so  that  it  may  be 
understood  by  the  interested  parties  and  if  possible  form  the 
basis  of  an  agreement  w-hereby  the  lower  development  may 
back  water  against  the  upper  under  the  extreme  conditions, 
thereby  obtaining  between  the  two  plants  the  maximum 
power  obtainable  from  the  river. 

Uses  for  Power.— The  use  to  which  the  power  is  to  be  put 
is  our  next  consideration.  If  for  milling  or  manufacturing  it 
is  generally  required  for  9  or  10  hours  each  working  day. 
sometimes  for  the  24  hours.  If  tor  hydroelectric  develop- 
ments with  a  single  plant  power  may  be  required  for  24 
hours  but  sometimes  is  required  for  only  10  or  12  hours,  this 
usually  where  commercial  lighting  only  is  served,  or  for 
lighting  and  pumping,  where  a  reservoir  or  elevated  tank  is 
available. 

In  reconstruction,  this  matter  is  more  or  less  deSnitely  set- 
tled by  the  past  performance  at  the  plant,  and  the  gain  in 
power  output  from  the  higher  efficiency  usually  provides  a 
margin  that  insures  the  turbine  being  of  sufficient  capacity 
to  care  for  peak  periods. 

Where  a  change  in   the  length  of  period   of  operation  or 


additional  load  is  contemplated,  particular  attention  must 
be  given  to  the  probable  power  obtainable  at  the  site  in  order 
to  advise  whether  the  development  will  permit  the  change. 

The  capacity  of  the  pond  (in  acre  feet)  Is  the  factor  which 
determines  the  ratio  of  the  maximum  power  of  the  dally 
period  to  the  average  24  hour  power  available  from  the  river 
flow. 

An  acre  foot  being  the  quantity  in  an  acre  of  water  1  ft. 
deep,  the  capacity  ot  the  pond  Is  then  dependent  upon  the 
product  of  the  average  area  and  depth  of  draft  to  which  the 
pond  may  be  drawn.  The  area  being  fixed  by  physical  condi- 
tions the  capacity  is  directly  dependent  on  the  draft.  But 
the  draft  on  the  pond  reduces  the  head  on  the  turbine  and 
results  in  a  power  loss  that  increases  at  better  than  three 
halves  power  of  the  ratio  of  the  change  of  head,  consequently 
a  minimum  draft  is  desirable.  From  practical  considerations 
5  to  S  per  cent  of  the  head  may  be  permitted  as  the  draft  on 
the  pond. 

Pulling  Down  the  Pond. — This  question  of  pulling  down 
the  pond  is  one  that  the  engineer  should  cover  thoroughly 
with  the  owners  of  the  development,  as  the  usual  rule  l»  to 
find  that  the  operators  of  the  plant  pull  the  head  excessively 
at  the  beginning  of  the  summer  season  and  it  is  not  given  an 
opportunity  to  reco\er  again  until  the  fall  rains,  resulting  In 
shortage  of  power  during  the  whole  summer.  We  find  this 
condition  usual  with  municipally  operated  plants  and  only 
little  less  frequent  with  privately  owned  plants.  One  plant, 
a  year  or  so  ago,  whose  average  head  is  15  ft.  pulled  the 
pond  in  the  first  three  summer  weeks  to  between  9  and  10  ft. 
and  operated  at  these  low  heads  all  summer  by  generating 
some  auxiliary  power  by  steam  and  cutting  short  the  street 
lighting  period.  The  plant  capacity  at  these  lower  beads  for 
th'^  same  amount  of  water  was  less  than  one-half  the  ca- 
pacity at  the  full  head,  and  had  the  auxiliary  power  been  sup- 
plied when  the  head  started  lowering,  auxiliary  power  would 
probably  only  have  been  required  the  first  week  of  the  sum- 
mer period.  Best  rule  is  perhaps  to  have  the  pond  brought 
to  normal  stage  at  least  once  in  24  hours. 

The  ratio  of  the  turbine  capacity  to  the  normal  stream 
flow  is  determined  as  is  shown  above  from  the  considerations 
of  the  load  to  be  carried  and  the  size  of  the  pond,  and  the 
permissible  draft  on  the  pond. 

Deciding  on  Capacity  of  Turbine.^We  have  now  gotten  the 
elements  together  that  permit  our  decision  as  to  the  capacity 
of  the  turbines  to  be  installed.  By  reference  to  our  deter- 
mination of  the  river  flow  we  can  select  the  point  from  the 
expected  average  annual  stream  flow  that  will  give  us  the 
most  economy  in  the  relation  ot  the  cost  to  the  power  ob- 
tained. Naturally,  if  the  installation  is  made  equal  to  the 
minimum  continuous  flow,  we  would  obtain  the  most  power 
for  the  least  money  invested  in  machlneo'  only,  but  because 
of  the  investment  in  the  powerhouse,  dam.  flowage  rights, 
etc.,  we  usually  find  that  the  economical  development  In  most 
cases  will  occur  at  a  point  in  the  stream  flow  that  may  be 
said  to  be  just  above  the  average  normal  flow  of  the  stream. 
Applying  to  the  quantity  of  water  that  this  point  represents, 
the  head  that  will  rrevail  for  this  quantity  of  water  flowing, 
we  can  obtain  the  theoretical  24  hour  power  of  the  develop- 
ment, to  which  must  be  then  applied  the  factor  previously 
determined  by  the  use  to  which  the  power  is  to  be  put,'  re- 
sulting in  the  theoretical  capacity  to  be  Installed. 

If  this  be  taken  roughly  at  70  per  cent  to  75  per  cent  effi- 
ciency, the  approximate  plant  capacity  Is  obtained,  which 
may  be  checked  against  the  power  required  for  the  oper- 
ations, and  adjusted,  if  necessary,  to  meet  the  actual  condi- 
tions that  prevail.  This  adjustment,  however,  Is  usually  at 
a  sacrifice  of  the  power  that  the  stream  produces.  This 
being  true  from  the  fact  that  if  a  much  larger  Installation  Is 
made,  the  efficiency  of  operation  is  less  because  of  the  neces- 
sity of  running  at  small  gate  openings  for  longer  periods, 
and  if  a  much  smaller  turbine  is  installed,  the  possibility  of 
not  being  able  to  carry  the  peak  load  becomes  pertinent. 

Selection  of  Turbine.— A?  is  generally  known,  a  turbine 
of  a  given  runner  characteristic  will  have  a  practically  fixed 
speed  for  a  given  bead  for  each  of  the  manufacturer's  size 
of  turbines,  and  it  is  necessary  here  to  make  adjustments 
and  concessions  between  the  capacity  of  the  wheel  or  wheels 
and  speed  at  which  these  wheels  are  to  operate.  The  higher 
the  speed,  of  course,  the  smaller  the  individual  turbine. 
With  hydroelectric  developments  this  problem  is  usually 
complicated  further  by  the  fixed  speed  requirements  of  an 
alternating  current  generator,  and  with  any  development  It 
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is  \isuaUy  necessary  that  the  speed  selected  be  maintained 
constant,  notwithstanding  the  variations  of  head  that  will 
occur. 

It  is,  theret'ore,  necessary  that  the  engineer,  in  malting  the 
selection  of  the  turbine,  be  conversant  with  the  type  char- 
acteristics and  the  standard  capacities  of  the  manufacturers' 
developed  turbines  and  co-ordinate  the  number  of  turbines 
nnd  the  speed  to  tlie  total  capacity  which  is  now  practically 
lixed,  to  obtain  the  maximum  power  under  the  variations  of 
head  and  load  usually  prevailing. 

Aside  from  the  runner  characteristic  of  the  turbine  to  be 
selected,  some  consideration  must  be  given  to  the  mechan- 
ical construction  of  the  turbine,  so  far  as  relates  to  the  shop 
woi-k,  strength  and  rigidity.  These  being  more  important 
where  the  turbine  is  to  be  operated  on  an  extremely  variable 
load,  with  the  gates  controlled  by  oil  pressure  governors. 

Having  selected  the  turbine  a  computation  of  the  probable 
annual  output  may  be  made,  which  combined  with  the  fixed 
and  operating  cost  forms  a  criterion  from  which  the  owner 
may  arrive  at  a  decision  as  to  the  necessity  of  reconstruction. 

Details  Affecting  Operation  of  Plant.— There  are  numerous 
minor  details  now  to  be  considered  relating  principally  to 
those  affecting  the  operating  of  the  plant. 

If  the  power  to  be  used  for  milling  and  for  general  manu- 
facturing purposes,  the  so-called  friction  governors  are  gen- 
erally satisfactory,  but  if  for  hydroelectric  worli,  it  is  usually 
necessary  to  have  the  more  sensitive  oil  pressure  governors. 
The  question  of  bearings  and  the  supporting  of  the  runner 
and  shaft  is  more  important  than  the  consideration  usually 
given,  because  these  points  are  the  ones  continually  under 
the  observation  of  the  operator,  and  where  no  trouble  is  ex- 
perienced, he  has  faith  in  his  machinery  and  does  all  in  his 
power  to  keep  it  in  first  class  condition,  while,  if  he  is  con- 
tinually having  trouble  with  alignment  of  shafts  and  with 
bearings,  he  is  very  apt  to  become  convinced  that  the  entire 
equipment  is  no  good,  with  the  result  that  he  does  not  give 
it  the  attention  that  it  should  have  to  deliver  the  power  of 
which  it  is  capable.  This  is  a  point  that  is  frequently  lost 
sight  of.  and  is  a  particularly  important  one  from  the  owner's 
point  of  view. 

The  structure  to  house  the  equipment  is  controlled  pri- 
marily by  space  required  for  the  machinery  on  the  operating 
floor  and  by  the  requirement  of  ample  water  passages  to  and 
from  the  turbine,  and  secondarily,  by  the  relation  of  the 
structure  to  existing  structures,  bridges,  the  channel,  and  the 
like. 

The  powerhouse  construction  itself  does  not  ditfer  materi- 
ally from  other  first  class  constructions  except  the  require- 
ment of  water  tightness,  rigidity  of  construction  and  the  ne- 
cessity of  providing  that  no  settlement  takes  place.  Special 
caution  must  be  observed,  however,  that  foundations  are  pro- 
tected against  undermining,  as  a  small  spur!  of  water  at  a 
critical  point  will  very  quickly  wreck  the  best  hydraulic 
structure. 

The  shape  of  the  flume  and  location  of  the  turbine  in  the 
flume  requires  special  study,  if  for  any  reason  that  water 
area  to  the  turbine  is  to  be  restricted.  Trash  racks  and 
easily  operated  wheel  pit  gates  are  necessities  to  a  well  de- 
signed plant,  particularly  the  desirability  of  easy  and  quick 
operation  of  the  head  gates  by  the  operator,  as  they  serve  as 
an  inducement  to  him  to  the  making  of  periodical  inspections 
of  the  turbines  and  underwater  mechanisms. 

Unless  the  head  is  very  low  the  turbine  is  invariably  placed 
above  the  tail  water  level,  making  the  question  of  the  draft 
tube  a  particularly  important  one.  and  not  of  easy  solution 
even  where  the  engineer  has  wide  latitude  in  his  design. 
Where  space  is  restricted,  the  design  of  the  draft  tube  must 
be  governed  largely  by  the  designer's  experience  and  the  re- 
sults obtained  from  otlier  constructions  where  conditions 
analogous  to  those  under  consideration  are  present. 

Examples  of  Small  Plant  Reconstruction. — As  a  result  of 
I  he  practical  application  of  the  principle  of  making  a  study 
of  the  small  plant  reconstruction  along  lines  very  similar  to 
those  followed  with  a  larger  installation,  I  would  cite  the 
folowing  reconstructions  of  this  type  made  by  our  firm  in  the 
last  couple  of  years: 

In  a  hydroelectric  plant  in  the  northern  part  of  Michigan, 
drainage  area  about  100  square  miles,  normal  head  about  14 
ft.,  the  old  installation  was  a  single  turbine  some  20  years 
old,  rated  at  170  hp.  apparently  in  good  shape  except  that  the 
runner  had  the  edges  of  the  buckets  bent  from  debris  going 


through  the  gates.  The  turbine  was  gear-connected  to  a 
line-shaft  some  1.^  ft.  long,  running  at  about  twice  the  speed 
of  the  turbine  from  which  a  150  kw.  generator  was  belt- 
driven.  The  plant  operated  only  on  night  load.  This  equip- 
ment was  replaced  by  a  single  directly  connected  turbine 
and  generator  unit  of  100  kw.  capacity,  the  rating  of  the  tur- 
bir.e  being  slightly  smaller  than  the  original  turbine  and  run- 
ning at  about  60  per  cent  greater  speed.  The  plant  is  carry- 
ing from  2  to  4  times  the  load  previously  carried,  and  at  no 
time  within  the  last  two  years  has  the  plant  been  short  of 
water,  as  had  been  the  case  each  mid-summer  and  midwin- 
ter  season   previous. 

.A  hydroelectric  plant  in  the  central  pari  of  Michigan, 
drainage  area  500  square  miles,  14  ft.  head  formerly  con- 
sisted of  two  turbines,  each  one  gear  connected  to  two  short 
horizonal  line-shafts  from  each  of  which  was  driven  a  gen- 
erator. There  were  two  outgoing  feeders  from  the  plant  and 
the  load  of  both  feeders  was  sometimes  carried  on  the  larger 
of  the  TWO  generators,  and  at  other  times  the  units  ran 
separately,  one  to  each  feeder.  The  reconstruction  here  was 
caused  by  the  undermining  of  the  foundation  resulting  in  a 
collapse  of  the  powerhouse.  The  equipment  of  the  new  pow- 
erhouse was  in  two  iinits.  each  consisting  of  a  directly  con- 
nected turbine  and  generator,  the  one  unit  lieing  approx- 
imately one-half  the  capacity  of  the  other,  permitting  power 
to  be  produced  at  high  efliciency  from  about  one-sixth  to  full 
capacity  of  the  plant.  The  load  on  the  plant  has  been  ap- 
proximately tripled  since  the  old  plant  went  out  of  service 
and  no  shortage  of  wafer  has  been  experienced  within  the 
la.^t    two    years    of    operation 

A  hydroelectric  plant  consisting  of  two  turbines,  gear  con- 
nected to  a  horizontal  shaft  about  20  ft.  long,  to  the  end  of 
which  was  directly  connected  a  horizontal  shaft,  slow  speed 
generator  of  .'!50  kw.  capacity,  and  to  which  was  also  belted 
a  steam  engine.  One  turbine,  the  gears  and  part  of  the  hori- 
zontal shaft  were  removed,  and  a  vertical  shaft,  directly  con- 
nected generator  unit  installed  with  a  turbine  capacity 
slightl,\  larger  than  one  of  the  original  turbine.  I'pon  com- 
pletion of  the  work  the  load  was  thrown  from  the  remaining 
gear-driven  unit,  to  the  new  unit  and  100  per  cent  additional 
load  thrown  on.  and  after  shutting  down  the  old  unit  the  sur- 
face of  the  water  in  the  tail  race  dropped  about  4  in.  due  to 
the  decreased  discharge  through  the  new  turbine,  even  when, 
carrying  double  load  of  the  old  one. 

.An  industrial  plant  requiring  power  9  hours,  three  old  tur- 
bines were  removed  and  replaced  by  one  vertical  shaft  tur- 
bine, gear-connected  to  a  mill  with  the  turbine  selected  for 
proper  speed  for  connection  to  a  future  alternating  current, 
vertical  shaft  generator.  The  new  unit,  althougli  slightly 
larger  than  larger  turbine  of  the  old  installation,  is  carrying 
at  about  two-thirds  capacity,  the  entire  mill  equipment,  which 
has  been  materially  increased  over  the  installation  which 
the  old  turbines  could  just  carry. 


xVIaintaining  Tight   Boiler    Settings   Cuts 
Fuel  Banking  Costs 

When  the  last  generator  of  the  Waco  plant  of  the  Texas 
Power  &  Light  Co.  is  shut  down  at  10:30  p.  m.  the  boilers 
are  filled  with  water  to  within  1  in.  of  the  top  of  the  gage 
glass.  Fires  are  left  burning  during  this  time  and  steam  pres- 
sure is  raised  to  the  "popping-off"  point,  which  is  210  lb.  The 
coal  feed  to  the  stokers  is  cut  off,  and  all  ash-pit  doors 
are  closed  tightly.  The  boilers  are  then  left  in  this  condition' 
until  15  minutes  of  stiirting-up  time,  which  is  6:30  a.  m.  Gen- 
er.illy  the  steam  pressure  drops  to  125  lb.  during  this  period, 
and  calculations  from  daily  reports  show  that  the  amount  of 
fuel  for  bringing  one  600-HP.  boiler  from  125  lb.  to  200  lb.  is 
only  one  barrel  of  oil. 

When  this  system  was  first  adopted,  states  the  Electrical 
World,  the  engineers  of  the  company  thought  that  there- 
would  be  considerable  delay  in  starting  up,  caused  by  the 
low  steam  pressure,  but  it  was  found  in  cases  of  trouble  the 
fireman  is  always  Kble  to  raise  his  steam  to  operating  pres- 
sure before  the  engineer  can  get  the  vacuum  pumps  and  cir- 
culating pumps  started.  In  this  plant  the  fuel-banking  costs 
were  cut  from  $12  to  .$50  for  each  8-hour  period.  This  could 
only  be  accomplished  by  covering  the  settings  with  asbestos 
plastic,  keeping  the  blow-off  valves,  feed-water  valves  and 
superheater  drains  tight  and  maintaining  close-fitting  dampers^ 
and  ash-pit  doors. 
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Board  Mattress forPre venting  Scour 
in  Drainage  Channel 

By  B.  F.  BURNS. 

An  essential  part  of  the  drainage  plan  of  The  Little  River 
Drainage  District  of  Missouri  is  its  headwater  diversion  sys- 
tem, a  series  of  artificial  canals  and  improved  river  chan- 
nels constructed  and  utilized  for  the  purpose  of  carrying  the 
waters  of  the  hill  streams  eastward  into  the  Mississippi  River 
.iust  below  Cape  Girardeau,  Mo.  Below  these,  natural  barriers 
are  utilized,  and  levees  are  constructed  to  prevent  the   Hood 


Board   Mattress   Ready  for  Stone 

waters  from  the  streams  mentioned  passing  down  over  the 
area  below   which  it  is  the  purpose  of  the  district  to  drain. 

In  the  construction  of  the  headvvater  diversion  system 
three  large  basins  are  formed,  having  a  combined  area  of 
about  2o  square  miles,  for  the  purpose  of  storing  the  flood 
waters  and  retarding  the  flood  movement  to  such  an  extent 
that  the  works  may  not  be  overtaxed.  These  basins  are  not 
mechanically  controlled,  but  the  design  intends  that  they 
shall  operate  in  such  order  and  at  si.ch  time  that  the  flood 
crest  will  have  passed  at  the  middle  basin  before  the  flow 
from  the  west  basin  reaches  its  maximum.  As  a  means  of 
controlling  the  flow  from  the  west  basin  the  channel  at  its 
east  end  was  decreased  in  size. 

It  was  known  that  the  channel  there  would  develop  high 
velocities,  and  before  the  work  was  finished  and  the  diver- 
sion of  the  main  stream  to  the  westward  effected,  the  channel 
was  paved  along  the  slopes  with  stone  for  a  reach  of  almost 
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Plan,   Section    and    Details  of   Board    Mattress, 

a  quarter  o'  a  mile,  to  prevent  enlargement  of  the  channel 
by  scour. 

The  first  real  test  of  the  works  came  in  May,  1918.  with 
the  system  not  quite  complete.  During  December  of  the  year 
another  flood  passed  through  and.  while  of  not  so  great  mag- 
nitude as  the  former  one,  it  afforded  an  opportunity  for  ob- 
servation and  study. 

It  was  found  that  the  velocities  developed  through  the 
restricted  reach  were  too  great  for  the  material  in  the  bot- 
tom of  the  channel  to  stand  and  the  material  was  eroding 
so  badlv  that  further  protection  was  necessary. 

It   was  decided  to  attempt  to  hold  the  upper  :Uin  ft.  of  the 


channel  by  covering  the  bottom  of  it  with  a  wooden  mut 
weighted  down  with  stone  and  a  mat  was  desiKned  to  bi-  con- 
structed of  1-in.  X  8-in.  boards,  laid  parallel  with  the  (■••iiIit 
line  of  the  channel,  laced  together  with  wire  and  with  iKtles 
not  less  than  ll-in,  diameter  placed  transver.sely  at  inter- 
vals of  8  ft,  to  prevent  the  movement  of  the  stone. 

How  to  construct  the  mat,  whether  in  part  or  as  a  whole, 
and  where  to  construct  it  so  that  it  could  be  placed  intact,  was 
a  problem.  It  was  finally  decided  to  construct  it  as  a  whole, 
suspended  over  the  channel,  and  when  complete  drop  It  into 
place. 

Following  this  plan.  No.  4  wires  were  strung  across  the 
channel  at  ,t  ft,  intervals  ai  <l  securely  fastened  to  deadmen  on 
each  side.  The  mat  was  then  constructed  by  nailing  together 
the  boards  until  a  unit  50  ft.  long  was  made.  ThiK  was 
placed  on  the  wires  and  as  rapidly  as  other  units  were  com- 
pleted they  were  laced  together  with  wire,  making  a  half 
turn   between  each.     After  the  section  of  the  mat   was  com- 

Bofh  Slopes  of  channel  payed 
ivifh  shne  as  shown- firsi  prohclior 
aHempled 


Stone    Paving    on    Both    Slopes    as    First    Attempt    to    Prevent    Scour. 

pleled,  the  next  section  was  l>egun  a:id  the  work  carried  on 
in  that  manner  until  the  entire  mat  was  completed.  The 
transverse  poles  were  then  placed  and  tied  and  then  the  lon- 
gitudinal poles  were  put  on.  This  being  completed  and  the 
mat  anchored  by  lacing  a  cable  through  it  at  the  upper  end 
to  prevent  it  from  moving  down  the  channel  when  dropped, 
loading  the  upper  end  with  stone  was  begun.  A  single  row  <if 
heavy  stones  across  the  end  and  a  few  scattered  over  the 
first  panel  was  all  that  the  suspension  wires  would  stand 
and  those  at  the  end  elongated  to  such  an  extent  that  th- 
mat  dipped  water.  The  velocity  was  so  great  that  the  water 
immediately  began  to  pour  over  the  surface  of  the  mat  to 
such  an  extent  that  it  wa.s  thought  best  to  cut  the  suspension 
wires  and  let  the  mat  down  into  place 

The  completed  mat  was  40  ft.  wid.?  on  the  average.  The 
lumber  was  obtained  from  a  mill  in  the  vicinity  of  the  work, 
the  poles  were  cut  along  the  channel  and  the  stone  quarrlei! 
about  %  mile  from  the  site.  Owing  to  the  inexperience  of 
local  contractors  in  work  of  that  nature,  the  work  was  done 
on  a  cost  plus  basis.  A  commissary  was  established  for  feed- 
ing the  workmen  and  temporary  housing  quarters  erected. 
Including  all  of  the  expense  and  some  lepair  work  made  neces- 
sarv  by  reason  of  the  damage  by  flood  before  the  loading  was 


Lowering    Mattress   Into   Channel. 

completed,  the  mat  was  constructed  at  a  cost  of  approximately 
.S12.00  per  linear  foot. 

Mr.  L.  I-.  Hidinger,  of  the  Morgan  Engineering  Co..  Mem- 
phis. Tenn..  is  chief  engineer  of  the  Little  River  Drainage 
District. 


Engineers  for  U.  S.  Reclamation  Service.— Applications  are 
being  received  by  the  I'.  S.  Civil  Service  Commission.  Wash- 
ington. D.  C.  for  examination  for  the  following  positions  in 
the  U.  S.  Reclamation  Service:  Kngineers.  $:{.000  per  year; 
assistant  engineer.  $1,*<00  to  $2,880:  junior  engineer.  $1,200  to 
$1,740:  engineering  draftsman,  $1,200  >o  i?.  mmo. 
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^                          r-p            .                  .        +  T?      ,^1'     K  ^^^  ^*'    ^°™^  year.-i  ago,  lampholes   were   permitted   between 

jeWage     l  reatment  at   rLngllSn  the  manholes,  but,  lately,  they  have  been  discouraged  by  the 

IVf  1  lii"Clf V    r^CimOQ  Local  Government  Board.     In  the  case  of  the  majority  of  the 

•'■  ■*•         ^**     ^     V^tlllH^a  camps,  full  treatment  by  tanks  and  filters  has  been  carried 

In  a  discussion  of  the   paper  of   Major   Leonard   S.   Doten,  out,  as   conditions   were  seldom   such   as   to  warrant  the   dis- 

on   "Sewage   and   Wastes   Disposals    for    the    U.   S.   Army,"  charge  of  tank  liquors  without  further  treatment. 

presented   before   the   American    Society   of   Civil   Engineers  The  following  details   of  a  plant  designed   to  deal  with  a 

(see  Engineering  and  Contracting.  Aug.  13,  1919),  G.  Bertram  'f  =•!  f^wage   flow  of  about  20.000  gal.   per  day.  may   be  in- 

structive.  as   showing  that  the   treatment  ot   a   strong  camp 

Kenshaw.    Consulting   Engineer,    London,    England,    presents  sewage  is  by  no  means  a  simple  matter: 

in  the  August  Proceedings  ot  the   society,   some  interesting  -^    Qre^ge  trap 

information   on   his   experiences   in    sewage    disposal    at   the  2.  Covered  septic  tank,  capacity  about  15,000  gal.,  with  in- 
military  camps  in  Great  Britain.  verted  pyramid  bottom  for  removal  of  sludge. 
For  purposes  of  comparison  he  gives  figures  of  analysis  for  •-  Small  mixing  tank  for  chemicals. 

,.            ,          ^.                        J  i          .           ,             „        n,„  4.  Four  fill  and  draw  settling  tanks,  capacity  of  each  about 

an  ordinary  domestic  sewage  and  for  a  barracks  sewage,  the  .^^^^  ^^^^  ^^..^^^  ^^^^.^^  ^_,^^^  ^^^  ^^^^^^  ^.^^^^^ 

latter  in  Great  Britain  differing  but  little  from  camp  sewage.  -    -p^,(,  losing  tanks,  capacity  of  each  about  200  gal. 

The  following  figures  relate  to  the  average  of  three  sets  of  c.  Two  deep  percolating  filters  of  coarse  coke  or  clinker, 

hourly  samples,  taken  at  the  Aldershot  Camp  Sewage  Farm:  capacity  ot  each  about  250   cu.   yd.,   with   automatic   distrib- 

„  utors. 

100.000.    1,000,000.  7.  Effluent  settling  tank,  capacity  about  2,000  gal.,  with  in- 

Ammoniacal  nitrogen    7.87          78.7  verted  pyramid  bottom  for  removal  of  humus. 

A?bumeifo1d''nrtro|e'n".'.  ]!!!!!!'.!!'.!'.!!!!!'.'.!'.'.!'.!'. .     1^62           16^2  S.  General    sludge    sump,    provided    with    chain-pump,    and 

Total  nitrogen  13.3          133.  communicating  with  septic  tank,  settling  tanks,  and  effluent 

rjxygon  abso-bed    in   4   hours 20.79           20i.9  „ottn„„  .-or,b- 

Chlorine 14.98          149.8  settling  Lank. 

Suspended  solids    36.6         366.  0    Two    shallow    effluent    straining    filters    of    fine    coke    or 

The    Caterham    Barracks   figures   were   obtained    from    the  clinker,  each  about  20  sq.  yd.  in  area  and  9  in.  deep 

average  of  four  sets  of  hourly  samples,  and  are  even  stronger:  10.  An   area   ot   land    set   aside    for   trenching    the   sludge. 

Parts  per  Parts  per  which  would  be  considerable   in  volume. 

.^mnioniaoal  nitrogen  ^.VTl     ''To "^  This  Is  a  specification  written  by  Maj.  C.   G.   Frye,  one  of 

.vibumenoid  nitrogen   1.75           17.5  the  chemists  to  the  recent  Royal  Commission  on  Sewage  Dis- 

Total  organic  nitrogen   3.87            38.7  nncnl 

Total  nitrogen   17.53           175.3  Posai. 

Oxygen  absorbed  in  4  hours  17.99         179.9  Comparison  of  thr  work  done  even  by  similar  filters,  with 

Chlorine    13.57           135.7  .      .          ,■   .    -v.    ^-         ■     ^        ^       .n       -^^   ,,  '      r-,                     ,           ^  1:1 

Suspended  solids   42.10         421.  similar  distribution,  is  beset  With  pittalls.    For  example,  a  5-tt. 

The  sewage  of  Kingston-on-Thames  may  he  regarded  as  an  filter  (A),  may  he  working  below  its  full  power  tnd  produc- 

average  domestic  sewage,  and  the  figures  are  also  obtained  '"S  a  good  effluent   at  a  certain  rate  of  filtration   per  cubic 

from  sets  of  hourly  samples,  drawn  according  to  rate  of  flow:  ^ard;   it  would  be  erroneous  to  dose  a  10-ft.  filter   (B,)   at  a 

^    .          TD    t„  „  rate  three   times  that  of  Filter  A,  and,  because  it   produces 

Parts  per  Parts  per  •            '                             ^ 

100.000.    1,000.000.  an  effluent  similar  to  that  ot  Filter  A,  to  assume  that  Filter 

.A.mmoi'.iacal  nitrogen  3.85           38.5  g  pan  treat  three  times  as  much  as  Filter  A,  as  Filter  A  is 

.A.lbumenoid    nitrog'en     O.Sb               s.b  i      -i      c    n                -^         .t,-      j      1 

Total  organic  nitrogen 1.63           16.3  not  working  up  to  its   full   capacity;    this  destroys   any   corn- 
Total  nitrogen 5.49             54.9  parison 

•Jxygen   absorbed   in   4   hours 10.66  106  6 

Chlorine    9.43           94.3  Concerning    continuous    and    intermittent    distribution    on 

Suspended  solids  31.             310.  filters,  it  is  to  be  observed  that  if  the  tank  liquor  is  applied 

The   foregoing  figures   demonstrate   the   strength   in  nitro-  j^  flugj-g  ^^j  continuously,  but  in  fiushes,  this  must  result— 

genous  matter  of  camp  sewages  as  compared  with  domestic  gfiig,.   things   being   equal— in   increasing   the   volume   treated 

sewages,  and  this  i?  due  no  doubt  to  the  fact  that  the  popu-  ^g,.  p^,^,j(,  y^^^  ;„  ^^  gj^.g^  jjj^g      jj  ^^^i^  geem  to  be  most 

lation  is  adult,  and.  further,  the  quantity  of  nitrogenous  food  desirable,    in   comparisons   ot   treatment   plants,   to    give   the 

consumed   is  large.     The   same   thing  has   been   observed   in  numerical   figure   of  strength   of  sewage   dealt   with   in   each 

Great  Britain,  in  the  case  of  colliery  towns  and  villages;   in  case, 

these  cases,  however,  the  water  supply  is  often  low.  

During  the   first   stage   of  the   war,   considerable   difficulty  ^t-        •          •             ir>ni-iii«-         •t^ 

was  experienced  with  grease,  and  specially  large  grease  traps  Unionization    OI    Technical    Men  in  France 

were    put    into    use    for    intercepting    it.      Disinfectants,    too.  and    England 

were  often  used  in  sufficient  quantity  to  interfere  materially  ° 

with  biological  purification.     Grease,  however,  was  the  chief  '"  a  recent  address  before  the  Chicago  local  of  the  Inter- 
difficulty,    and,    as    might    have    been    anticipated,    it    caused  national   Federation  of  Technical  Engineers,  Architects   and 
trouble  at  all  stages  ot  treatment,  while  it  was  some  little  Draftsmen's    Unions.    Mr.    Anthony    J.    Oliver,    international 
time  before  steps  were  taken  to  utilize  the  grease  recovered.  president,  stated  that  in  France  and  Italy  and  in  Great  Brit- 
^,            ,       ^              .  .,                               „  .,                         .     „  ain    the   scientific    and   technical   men   were   organizing   as   a 
In  the  earlv  stages  of  the  war.  many  of  the  camp  sewage  ^         ■       *              •      ,    ,   k          r^i                ,            ?  n       5        v, 
,   .^               ij,i,j-ji,*i,           „  branch    of   organized    labor.     The   secretary    of   the    French- 
treatment  works  left  a  great  deal  to  be  desired,  both  as  re-  ,^  ,.                  "                    ^,    ■       ,  ^c         ^     x           «  ,i 

_,     ..,.^^                  .^,    ^,                            i     4  J  Italian  group  announces  their  platform  to  be  as  follows: 

gards  design,  and  ability  to  cope  with  the  very  concentrated  .,„,    I           ,  ^i             ».         «          >•       ,       j 

'^                   ,,                   .                  .     ,                           ,           ,,   »       4  We  demand  the  creation  of  a  national  and  economic  coun- 

sewaces.    Moreover,  in  some   instances,   several  small   treat-  ■,      i.-  ,.,,-,    ,                    ...          «    n  »v,     *.,        c 

.-        ,                          4      ■.   J        ,.              .11.        x-^^,         J-  cil  which  shall  include  representatives  ot  all  the  three  forces 

ment  works  were  constructed,  where,  with  a  little  ordinary  .           ^     ..        ,   u              -^  ,       j  *     i,    •     > 

,  .,,               ,      ^          ,  ,  ,.              «     J  which   collaborate  in  .production,  labor,  capital  and  technical 

engineering  skill,  one  plant  would  have  sufficed.  i  -n      ,,7             ^   ti..                ■,   4.     u          *                    j  u  *■ 

"             B          .           H  skill.     We  want  this  council  to  be  not  a  mere   debating  so- 

In  the  camps  in  Great  Britain,  it  was  found  that  the  sew  ^^^^^  ^^^^  ^  national  organization  whose  advice  will  be  solic- 

age  flow  was  almost  invariably  divided  into  distinct  flushes,  jtgd    ;„    ^11    important    questions    ot    national    economy    and 

the   flow   being  practically   confined  to  about  from   10  to   12  .^-hose  resolutions   will   have   decisive  weight." 

hours  out  of  the  24.     Consequently,  when  the  filter  capacity  t     /-,       ..  -r.  •»   •  •     -i  ,•  „*• „,„     e ~„.q    i,„„„,„ 

,   ^    ,          ^,      ,      .       „  .,                      „          „              ,.  In  Great  Britain  a  similar  organization  was  formed,  known 

was  calculated  on  the  basis  of  the  sewage  flow  ot  an  ordi-  .^^  ^^^  ^^           ^^  Technical  Engineers.     It  is  a  union  ot  brain 

nary  town,  at  a  ra  e  ot.  say.  75  gal.  per  cubic  yard  per  24  ^.^^^^^^    beginning  with  engineers  and  extending  in  time  to 

hours    It  was   about   50   per   cent   too   small.     This   fact  was  „„   ^^^^^  ^^  qualified  men.  including  doctors,   scientists  and 

often  lost  sight  ot  at  first.  chemists,    and    embraces    buyers,    experts    and    managers    of 

With  respect  to  water  supply  per  capita,  the  figures  given  business    and    industries.     Employers    are    not    eligible.     By 

by  the   military  authorities  were  usually  found  to  be  much  (^g  latest  reports  and  statistics  it  is  calculated  that  at  least 

too  low,  and  30  gal.  per  head  was  determined  as  being  about  .500,000  men  are  coming  within  the  scope  ot  this  new  union, 

right,  in  fact,  it  was  the  usual  figure  taken  for  a  town  water  There  is  to  be  no  interference,  however,  with  existing  socie- 

supply.  ties.     It  aims  at  giving  the  men  whose  knowledge  is  essential 

With  regard  to  manholes,  it  is  the  customary  rule  in  Eng-  to  the  success  of  every  great  enterprise,  a  voice  in  all  dis- 

land.  that  the  distance  apart  shall  not  be  in  excess  of  about  putes  and  a  place  in  all  industrial  councils. 
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New  Well  Supply  of  Minot,N.  Dak. 

Until  October,  1916,  the  city  of  Minot,  N.  Dak.,  with  a  popu- 
lation of  about  16,000.  had  always  taken  its  water  supply  from 
the  Mouse  River.  This  water  having  become  unsatisfactory 
because  of  its  hardness,  impurity  and  quantity,  an  investiga- 
tion of  sources  and  possible  means  of  securing  a  larger  and 
better  supply  was  begun  under  the  direction  of  Frederic  Bass, 
Consulting  Engineer.  The  following  account  of  this  work  ia 
abstracted  from  a  paper  by  Augustus  Hunt  in  the  August 
Bulletin  of  the  Affiliated  Engineering  Societies  of  Minnesota. 

The  following  sources  of  supply  were  considered:  Moder- 
ately deep  drilled  wells,  springs  in  the  hills  to  the  north  of 
the  city  and  batteries  of  shallow  wells  or  infiltration  galleries. 

Minot  is  located  outside  of  the  artesian  basin  of  the  Da- 
kotas,  on  the  western  edge  of  which  is  located  the  City  of 
Aberdeen,  in  South  Dakota,  so  that  the  securing  of  water 
from  such  a  source  was  out  of  the  question.  Investigation  of 
the  water  found  in  the  springs  along  the  hills  north  of  the 
city  showed  the  water  to  be  very  hard  and  also  limited  in 
quantity.  Shallow  wells  gave  a  potable  water,  but  a  very 
elaborate  system  would  be  necessary  to  procure  the  desired 
quantity,  so  the  cost  of  construction  would  be  very  high.  To 
ascertain  the  quality  of  water  and  the  character  of  the  under- 
lying strata.  H  2^i-in.  wells,  ranging  in  depth  from  30  to  60 
ft.,  were  jetted  down. 

Moderately  deep  drilled  wells  were  next  investigated.  Two 
4-in.  wells  drilled  in  the  valley  showed  the  existence  of  coarse 
gravel  at  a  depth  of  115  to  138  ft.,  but  caving  and  the  encoun- 
tering of  large  stones  when  drilling  failed  to  give  satisfac- 
tory information  and  the  quantities  of  water  obtained  were 
small.  Two  5-in.  wells  were  therefore  drilled  in  selected  lo- 
cations. These  wells  showed  a  fair  quality  of  water  and  a 
similar  gravel  strata  but  the  quantity  of  water  that  could  be 
pumped  from  them  seemed  far  below  the  amount  that  should 
have  been  obtained.  The  punching  of  slots  in  the  well  casing 
wa=  tried.  Also  a  brass  perforated  well  screen  was  secured 
and  pumping  tests  made.  A  greater  quantity  of  water  was 
obtained  by  the  use  of  the  screen.  The  pumps  used  were  of 
the  plunger  type  and  were  supplied  by  the  well  driller  who 
used  his  driller  engine  to  operate  them. 

To  determine  the  extent  of  the  gravel  vein  to  the  south,  a 
10-in.  well  was  drilled  at  the  southern  edge  of  the  valley. 
Gravel  was  encountered  at  a  depth  of  120  ft.,  but  after  pass- 
ing from  the  gravel  vein  at  135  ft.  a  dense  clay  strata  was 
entered  showing  a  thinning  of  the  gravel  vein  at  the  valley 
edge.  A  pumping  test  on  this  well  gave  100  gal.  per  minute. 
The  water,  however,  contained  a  large  quantity  of  alkali  and 
was  not  to  be  compared  with  the  water  obtained  from  the  4 
and  5-inch  wells  located  nearer  the  center  of  the  valley. 

It  might  be  well  to  state  here  that  a  log  was  kept  of  each 
well  and  a  sample  was  taken  at  every  foot  during  the  drilling, 
so  that  data  for  comparison  and  record  was  at  hand. 

Mr.  Howard  Simpson  of  the  University  of  -North  Dakota, 
who  was  retained  as  consulting  geologist,  at  this  time  ad- 
vised that  a  series  of  test  wells  be  drilled  to  the  north  across 
the  valley  perpendicular  to  the  underflow,  it  being  antici- 
pated that  somewhere  in  the  coarse  gravel  a  much  larger 
stream  of  water  was  flowing  underground  than  had  been  en- 
countered in  any  of  the  wells.  The  gravel  in  the  valley  is  of 
glacial  origin,  having  been  deposited  ages  ago  when  the 
valley  was  much  deeper  and  was  later  covered  by  the  sand 
and  clay  brought  down  fcom  the  upper  courses  of  the  river 
during  the  period  when  the  glaciers  were  receding. 

As  well  number  8.  located  the  furthest  north  of  all  the  wells, 
showed  the  thickest  gravel  vein  and  produced  the  largest 
quantity  of  water,  for  its  size,  of  any  of  the  wells,  it  was  de- 
termined to  put  down  the  next  well  90  ft.  to  the  north.  This 
well,  known  as  No.  13,  indicated  a  course  vein  from  a  depth 
of  85  ft.  to  132  ft.  below  the  surface.  The  water  in  the 
well  rose  to  within  10  ft.  of  the  surface  of  the  ground  and  12 
ft.  higher  than  the  water  level  in  the  river.  A  Johnson  brass 
well  screen.  9  in.  m  diameter  and  40  ft.  long,  was  installed  and 
the  well,  upon  pumping,  gave  the  remarkable  flow  of  890  gal. 
per  minute  (1.500,000  gal.  per  day),  a  much  greater  volume 
of  water  than  has  ever  been  obtained  from  any  well  in  North 
Dakota,  and  which  even  approaches  the  flows  from  some  of 
the  artesian  wells  in  the  states  to  the  south  and  east. 

A  pumping  test  was  made  covering  a  period  of  48  hours  at 
the  rate  of  890  gal.  per  minute.  The  water  at  the  end  of  that 
time  was  lowered  onlv  7%   ft.  and  its  level  was  quickly  re- 


stored when  the  pumping  was  stopped,  for  a  period  of  one- 
half  hour,  1,400  gal.  per  minute  was  pumprd  but  as  the  pump 
was  not  capable  of  maintaining  a  very  high  speed.  It  was  not 
attempted  to  continue  pumping  at  that  rate.  The  drilling  of 
the  well,  placing  of  the  screen  and  the  conducting  of  the 
pumping  test  was  done  under  a  contiact  with  the  McCarthy 
Well  Co.,  of  Minneapolis. 

After  the  pumping  test  was  completed  the  city  waterworks 
department  installed  a  7-ln.  centrifugal  pump  and  pumped 
the  new  water  directly  into  the  city  mains.  This  was  a  tem- 
porary arrangement  to  allow  the  water  users  to  sample  the 
water,  but  was  also  a  step  of  expedience,  as  considerable  dif- 
ficulty was  being  experienced  at  the  intake  of  the  old  pump- 
ing plant,  due  to  the  low  head  of  water  in  the  river  during  the 
fall  and  the  possibility  of  the  intake  freezing  during  the  ap. 
proaching  winter. 

The  quality  of  the  new  well  water  is  far  superior  to  any  well 
waters  heretofore  obtained  in  the  state  of  North  Dakota.  Its 
softness  approximates  that  of  rain  water  and  it  is  free  from 
alkalis  and  other  undesirable  constituents.  It  has  been  es- 
timated that  its  softness  will  save  the  water  users  about 
$5,000  annually.  There  is  a  slight  color  to  the  water  due  to 
organic  extractives,  which,  however,  are  perfectly  harmless 
and  it  has  been  noticed  that  the  color  has  decreased  some- 
what since  the  initial  pumping.  Bacteriologically  the  water 
is  pure  and  analysis  shows  it  to  be  very  desirable.  Also.  It 
is  suitable  for  boiler  use,  for  which  purpose  It  far  surpasses 
the  filtered  river  water.  The  former  cost  of  filtering  and 
treating  the  river  water  has  amounted  to  |6,000  per  year. 
This  cost  will  be  eliminated  in  vising  the  well  water. 

General  plans  for  the  improvement  of  the  entire  water  sys- 
tem have  been  made  and  individual  units  and  special  features 
of  the  new  system  are  being  constructed  as  money  becomes 
available. 


Method  of  Finding  Leak  in  Pipe  Under  30- 
Ft.  Fill 

An  ingenious  method  employed  in  locating  a  leak  in  a  C-ln. 
water  main  buried  under  a  30-ft.  fill  in  front  of  the  new  Field 
Museum  in  Chicago,  is  described  as  follows  In  Successful 
Methods: 

The  water  was  cut  oft  at  the  valve  near  the  Illinois  Central 
right  of  way  retaining  wall  shown  in  the  figure.  The  pipe 
was  cut  and  a  Y  laid  on  its  back  was  inserted,  through  which 
the  diaphragm  plunger  shown  in  the  figure  was  passed.  This 
plunger  was  made  of  six  1-in.  discs  with  rubber  steam  pack- 
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Sketch   Showing  How  the   Leak   Was   Located. 

ing  between  and  a  threaded  eye  bolt  run  through  the  center 
to  which  a  i5-16-in.  wire  cable  was  attached.  The  end  of  this 
cable  was  first  threaded  through  a  •>;  by  6  in.  reducing  bush- 
ing with  the  %-in.  opening  packed  to  make  a  water  tight  joint 
around  the  cable,  after  which  the  reducer  was  placed  In  the 
open  end  of  the  Y.  A  pressure  gauge  was  put  In  at  the  valve 
near  the  Illinois  Central  wall. 

Water  was  turned  on,  the  valve  at  .the  building  closed,  and 
about  6-lb.  pressure  obtained  in  the  pipe  by  opening  slightly 
the  valve  at  the  Illinois  Central  wall.  The  plunger  moved 
along  the  inside  of  the  main  until  the  leak  was  reached,  when 
the  pressure  disappeared  and  the  plunger  stopped  moving. 
This  located  the  leak,  the  distance  from  the  Y  being  deter- 
mined simplv  by  measuring  the  cable  as  it  was  paid  out.  The 
plunger  stuck  once  or  twice,  necessitating  an  lncrea.«e  of  lb* 
pressure  to  18  lb.  until  it  started  again. 

The  method  was  devised  by  Howard  White  of  Graham,  An- 
derson, Probst  &  White,  architects  of  Chicago,  and  was 
executed  bv  R.  J.  Powers,  the  piin-hi"?  rontractor. 
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Dam  and  Tunnel  Construction  by 
the  Marin  Water  District 

A  water  supply  development  of  considerable  interest  whicli 
has  just  been  completed  is  that  of  the  Marin  Municipal  Water 
District  in  Marin  county.  California. 

The  district,  which  includes  a  number  of  communities,  was 
organized  in  1912  for  the  development  of  a  common  water 
supply  system.  E.xtensive  studies  of  existing  and  other 
sources  of  supply  were  made  which  led  to  the  conclusion  that 
the  watershed  of  Lagunitas  Lake,  with  an  area  of  lU  square 
miles,  could  be  developed  to  provide  a  daily  draft  of  1.5,000,00(1 
gal.,  sufficient  for  50  or  60  years. 

The  project,  which  involved  the  construction  of  i  dam,  tun- 
nel and  pipe  lines,  is  described  by  H.  M.  Bowers,  assistant 
engineer,  in  recent  issues  of  the  Journal  of  Electricity. 

Gravity  Type  Dam. — The  dam.  which  is  of  the  gravity  type, 
is  1(1  ft.  high,  350  ft.  along  the  crest,  and  is  curved  in  plan  to 
radius  of  465  ft.  It  contains  27,700  cu.  yd.  of  concrete  in  mix- 
tures of  1:21^:5  and  1:3V4:7.  On  the  upstream  face  6  lb.  of 
hydrated    lime   was   used   with   each   sack  of  cement. 

The  intake  tower  is  semicircular  in  plan,  built  monolithic 
with  and  against  the  upstream  face  of  the  dam. 

Water  enters  the  tower  through  three  sets  of  18  in.  cir- 
cular sluice  gates  placed  at  different  elevations  A  fourth 
set  is  placed  a1  the  bottom  to  permit  draining  the  reservoir. 

Siphon  Spillway  of  Dam. — A  rather  unusual  feature  of 
tlie  dam  is  the  siphon  spillway  designed  to  discharge  4,000 
cu.  ft.  per  second.  Conditions  at  the  site  of  the  dam  pre- 
cluded the  use  of  any  of  the  usual  types.  The  tanks  were 
steep,  the  valley  narrow,  and  a  roadway  across  the  top  was 
necessary. 

The  consideration  of  the  siphon  showed  that  six  siphons. 
each  3x7%  ft.  in  cross  section,  with  downstream  legs  of  such 
length  as  to  utilize  full  atmospheric  pressure,  would  readily 


Profile    View    of    Dam    Showing    Siphons. 

discharge  the  quantity  of  water  for  which  it  was  necessary  to 
provide.  The  six  siphons  were  located  in  the  central  portion 
of  the  dam  with  3  ft.  of  partition  wall  between  adjacent  ones, 
thus  making  the  portion  of  the  dam  affected  by  them  only  60 
ft.  in  length.  The  siphons  discharge  between  two  guide  walls 
running    down    the    back    of   the   dam.   converging    somewhat 


toward  the  lower  toe  and  discharging  the  water  into  the  bed 
of  the  creek  at  its  lowest  point.  The  crest  of  the  siphons  is 
only  5  ft.  below  the  crest  of  the  dam,  thus  saving  nearly  all 
of  the  reservoir  "apacit.v.  No  difficulty  was  found  in  sup- 
porting the  roadwav  over  the  siphons  as  the  spans  of  T'^  ft. 
were  provided  for  by  reinforcing  steel  bars,  except  at  the 
thinnest  portion  in  the  crown,  where  three  18-in.  I-beams 
were  embedded.  Each  siphon  is  provided  with  two  air  vents. 
6  by  24  in.,  leading  from  the  face  of  the  dam  into  siphon 
chamber  at  the  elevation  of  the  siphon  crest. 

Other  features  of  the  dam  are  an  upper  Inspection  gallery 
4   by   7   ft.,   inclined   and   lower  galleries  3   by  6  ft.,  drainage 
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wells  spaced  10  ft.  apart,  three  contraction  joints,  grout  holes 
and  pipes.  Two  rows  of  staggered  grout  holes,  the  holes  In 
each  row  being  15  ft.  apart,  were  drilled  into  the  bed  rock 
along  the  cutoff  trench.  From  the  tops  of  these  holes  Iron 
pipes  are  led  to  the  inspection  galleries.  No  grouting  of 
these  holes  was  done  during  the  construction  but  they  pro- 
vide a  ready  means  of  so  doing  should  the  occasion  demand. 

Rock  was  obtained  from  the  hillside.  Part  of  it  was 
crushed  into  sand  or.  account  of  high  costs  of  hauling. 

Labor  Costs  of  Pine  Mountain  Tunnel. — The  Pine  Mountain 
tunnel,  as  it  is  known,  is  8,700  ft.  long.  It  has  a  cross  section 
of  horseshoe  shape  and  a  net  area  of  about  54  sq.  ft.  Labor 
costs  on  the  tunnel  were  kept  by  the  resident  engineer  from 
W'hose  memoranda  it  appears  that  the  cost  of  labor  alone  for 
excavating  and  timbering  (about  25  per  cent  of  the  tunnel  re- 
quired some  timbering)  was  $14.18  per  lineal  foot,  and  thai 
the  cost  of  lining  was  $5.07  per  lineal  foot,  making  the  cost 
of  labor  for  both  excavation  and  lining  19.25  per  lineal  foot. 
The  average  cost  cl  labor  for  timbering  was  $1.85  per  lineal 
foot  for  the  entire  tunnel,  but  for  the  portion  actually  tim- 
bered the  cost  was  $7.55  per  lineal  foot.  Rock  for  the  con- 
crete lining  was  quarried  and  crushed  at  the  east  portal  at 
a  cost  for  labor  of  $0.73  per  cubic  yard  of  crushed  rock.  The 
cost  of  labor  for  lining  the  tunnel  was  $5.25  per  cubic  yard, 
including  quarrying  and  crushing  of  rock,  or  $5.07  per  lineal 
foot,  as  above.  The  voluiue  of  concrete  placed  in  the  lining 
was  0.9640  cu.  yd.  per  lln.  ft.  (0.8372  for  top  and  sides  and 
0.1268  for  the  invert).  As  the  volume  required  for  a  lining 
6  in.  thick  would  have  been  0.5807  cu.  yd.  per  lineal  foot  the 
overbreak  was  0.3833  cu.  yd.  or  66  per  cent. 

The  tunnel  was  driven  largely  through  black  serpentine  in 
which  basalt  boulders  were  frequently  encountered  In  places 
the  formation  was  basalt  and  hard  shale  with  seams  of  sei- 
pentine.  Occasionally  green  serpentine  was  encountered. 
The  tunnel  may  be  considered  a  dry  one,  as  water  caused  but 
little  difficulty.  A  little  trouble  was  caused  by  natural  gas. 
Powder  used  for  blasting  was  40  per  cent  nitroglycerine,  of 
which  the  quantity  used  was  nearly  9  lb.  per  lineal  foot,  or 
3  lb.  per  cubic  yard. 

Because  of  the  inaccessibility  of  the  west  portal  of  the  tun- 
nel the  compressor  plant  was  placed  about  1.000  ft.  from  the 
east  portal  and  about  2  miles  from  the  west  portal.  Air  was 
piped  to  the  portals  through  3%  in.  pipe  lines.  The  plant 
consisted  of  three  25  hp.  Fairbanks-Morse  Y  type  semi-diesel 
engines  and  three  8  by  8  in.  Sullivan  compressors.  A  pres- 
sure of  100  lb.  per  square  inch  at  the  plant  was  maintained 
and  about  300  cubic  feet  per  minute  of  free  air  was  com- 
pressed. Legner  drills  with  sets  of  steel  ranging  to  8  ft.  in 
length  were  used  tor  driving  the  tunnel.  .Tackhamers  were 
used  for  trimming. 

The  work  was  completed  and  turned  over  .Ian.  31.  1919. 
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Water  Waste   Control    by    House 

Inspections  With  District 

Metering 

Waler  waste  control  in  city  distribution  systems  is  a  prob- 
lem of  liver-growing  importance.  Increased  costs  of  exten- 
sions which  are  necessary  if  waste  is  not  curtailed  have  made 
it  important  that  every  water  works  manager  seek  to  reduce 
this  waste  to  a  minimum.  E.  D.  Case,  vice-president,  The 
Pitometer  Co..  New  York  City,  in  a  paper  read  before  the 
recent  convention  of  the  Southwestern  Water  Works  Asso- 
ciation, states  that  water  waste  may  be  said  to  come  under 
two  general  heads:  (Ij — Underground  leakage;  and  (2)  — 
House  waste.  While  the  first  item  exists  to  a  greater  or  less 
extent  in  all  water  works  system,  it  is  usually  smaller  by 
comparison  to  the  second,  especially  in  unmetered  plants. 
The  item  of  houje  waste  may  be  further  divided  into  three 
sub-heads;  — 

(1) — Willful  waste;  (2| — Leaking  services;  and  (3)  — 
Leaking  fixtures. 

The  most  obvious  and  effective  means  of  controlling  waste 
of  this  kind  is  to  place  meters  on  all  services.  LTnfortunately. 
however,  local  conditions  make  universal  metering  impossible 
in  a  great  number  of  places. 

A  system  of  district  metering  with  house-to-house  inspec- 
tion has  been  in  use  for  a  great  many  years.  Certain  draw- 
backs attendant  to  the  establishment  of  permanent  district 
meters  have  been  overcome  by  the  development  of  the 
pitometer,  a  portable  lueter  and  a  practical  application  of  the 
Pitot  tube. 

The  use  of  the  pitometer  has  been  extended  to  a  number  of 
cities.  Successful  results  have  been  obtained  in  Trenton.  N. 
.1..  and  Buffalo.  N.  Y.  In  Trenton,  the  daily  consumption  had 
gradually  increased  from  9,000.000  gal.  in  1902  to  21,000,000 
gal  in  1913.  This  was  partly  due  to  increase  in  population 
and  industrial  use  but  in  most  part  was  due  to  tiie  fact  that 
waste  conditions  were  becoming  greater  as  no  steps  were 
taken  to  curtail  them.  In  1914,  when  the  population  supplied 
was  approximately  125.000,  the  Pitometer  system  of  con- 
trolling water  waste  was  installed,  with  the  result  that  in  a 
year's  time  the  consumption  had  been  reduced  to  15,000,00(1 
gal.  a  day.  If  nothing  had  been  done  to  stop  the  waste,  the 
consumption  would  have  been  about  27,000,000  gal.  per  day. 
based  on  the  average  rate  of  increase  for  the  10  preceding 
years.  This  means  a  saving  of  $4.40  a  day  in  coal  alone.  In 
addition,  the  need  of  a  new  reservoir  and  a  new  pump  was 
put  off  indefinitely,  with  the  resulting  necessity  for  larger 
mains. 

For  a  great  many  years  Buffalo  had  the  distinction  of  hav- 
ing the  highest  per  capita  consumption  of  any  city  in  the 
rnited  States  In  1917.  just  pior  to  the  start  of  the  water 
waste  survey,  about  180,000,000  gal.  a  day  were  being  pumped 
into  the  mains,  or  a  per  capita  of  approximately  360  gal.  In 
.June,  1917,  the  Pitometer  system  of  waste  control  was  in- 
stalled, and  the  daily  consumption  has  now  been  reduced  to 
about  120,000,000  gal.  a  day,  or  a  per  capita  of  240  gal.,  al- 
though the  first  inspections  have  not  been  extended  over  the 
entire  city.  Of  this  amount,  100  gal.  daily  per  capita  are  sold 
to  the  industrial  consumers,  leaving  a  domestic  per  capita  of 
about  140  gal.  This  is  still  far  in  excess  of  the  actual  need  of 
domestic  consumers,  but  is  being  reduced  day  by  day,  and 
within  the  next  year  will  undoubtedly  reach  a  reasonable 
figure. 

For  the  purpose  of  the  survey,  the  city  was  divided  into  ten 
sections  and  each  section  subdivided  into  a  number  of  dis- 
tricts. The  flow  was  then  measured  into  each  district  by  the 
pitometer.  and  further  investigations  made  by  subdividing 
each  district  at  night,  so  that  the  rate  of  flow  between  each 
pair  of  valves  was  determined.  Wherever  this  seemed  ex- 
cessively high,  inspectors  were  sent  into  the  blocks  to  locate 
and  stop  leaks.  Each  inspector  was  equipped  with  a  blank 
form,  which  enables  him  to  report  the  number,  location  and 
cause  of  all  leaks  discovered  on  the  services  or  on  the  prem- 
ises of  .onsumers.  Notices  were  left  with  the  property 
owner,  and  a  duplicate  filed  in  the  water  works  office,  which 
required  that  the  leaks  be  stopped  within  a  designated  num- 
ber of  days,  with  a  penalty  of  shutting  off  the  service  in  case 
repairs  were  not  made.  After  reinspections  had  been  made 
to  determine  that  all  waste  had  been  stopped,  a  remeasure- 
ment  was  made  of  the  entire  district  and  the  results  recorded. 


In  order  lo  discover  the  perinaiieiicy  of  the  reduction  in  ibi' 
various  sections  of  the  city,  remeaHurementB  were  made  of 
tho  flow  in  typical  districts  after  periods  of  6.  12  and  Hi 
months  had  elapsed.  In  this  way  it  was  determined  iliat  in 
some  sections  of  the  city  the  waste  had  not  returned  In  a 
sufficient  amount  to  warrant  reinspections  until  u  perloil  ot 
18  months  had  elapsed.  In  other  sections  the  InveKtifiutlunH 
proved  that  in  order  to  control  waste,  yearly  inspectiunit 
should  be  made;  while  in  still  other  sections,  notably  those 
containing  the  poorer  class  of  consumeni,  with  exposed 
plumbing  and  anti-freezing  toilets,  inspections  every  six 
months,  or  even  of'ener,  were  necessary  In  order  lo  control 
the  waste. 


Result  of  First  Year's  Operation  of   Point 
St.  Charles  Filtration  Works,  Montreal 

During  the  12  months  ending  June  30,  1919  the  first  year 
of  operation-  the  Point  St.  Charles  Filtration  Plant.  Montreal. 
was  requested  to  furnish  an  average  of  12.8  mil.  gal.  per  day 
in  excess  of  its  capacity. 

The  average  daily  consumption  for  the  year  was  tiS.l   mil 
eal.  per  day,  of  which  50.3  mil.  gal.  per  day  was  filtered  and 
the  rest  was  row  river  water  mixed   with  the  Mltered  waler 
and   chlorinated,   according   to  an   article   which   recently   ap- 
peared in  The  Canadian   Engineer. 

During  July,  1918,  which  was  the  first  month  after  opera- 
tion commenced  for  which  complete  data  of  all  laboratory 
tests  are  available,  with  a  raw  waler  count  of  5:!0,  the  pre- 
(liters  showed  87.9  per  cent  bacterial  efficiency,  and  the  final 
filters,  95,3  per  cent.  The  filtered  waler  was  mixed  with  16.1 
mill.  gal.  of  raw  water,  and  the  mixture  was  chlorinated,  the 
final  bacteria  count  of  the  water  as  delivered  lo  the  mains 
showing  93.7  per  cent   removal. 

The  bacteria-removal  figures  vary  considerably  tintii  the 
end  of  September,  1918,  at  which  lime  the  plant  appears  lo 
have  been  "tuned  up"  to  an  average  condition  of  efficiency. 

From  October,  191S.  to  June,  1919.  both  months  inclusive, 
the  final  filter  bacterial  efficiency  ranged  from  a  minimum 
of  Ht;.2  per  cent  in  June,  1919,  to  a  maximum  of  99. 1  jier  cent 
in  May,  1919.  The  bacteria-removal  of  the  combined  raw  and 
Hltered  water  after  chlorinalion  ranged,  in  the  same  period. 
from  a  minimum  of  98.1  per  cent  in  October.  1918.  to  a  maxi- 
mum  of  99.8   per  cent   in   April.   1919. 

The  plant  has  both  a  shore  intake  and  a  mid-slream  intake 
situated  about  two  miles  above  the  Lachine  Rapids  of  the 
St.  Lawrence  River.  From  an  entrance  gate  chamber  which 
receives  the  supply  from  both  intakes,  a  concrete  conduit, 
8.5  ft.  in  diameter,  connected  into  a  9-ft.  concrete  conduit. 
brings  the  untreated  St.  Lawrence  River  water  lo  the  nitra- 
tion pumping  station.  The  purpose  of  this  |)umping  station 
IS  to  lift  the  water  to  the  prefilters,  a  height  of  approximately 
IS  ft.,  and  to  furnish  water  at  a  higher  pressure  for  washini; 
the  prefilters  at   limes  of  cleaning. 

From  the  prefilters,  or  rapid  filters,  which  form  the  first 
step  in  the  purification  process,  the  waler  Hows  by  gravity 
to  the  final  filters,  which  are  quite  similar  in  construction  lo 
slow  sand  filters.  Passing  through  the  final  filters,  the  water 
Hows  into  the  filtered  water  reservoir,  and  is  subsequently 
chlorinated. 

From  the  filtered  waler  reservoir,  the  water  flows  to  Ihe 
filtration  pumping  station,  from  which  it  is  pumped  to  the  low- 
level  pumping  station,  where  it  is  forced  by  high  pressure 
pumps  through  the  distributing  mains  and  lo  the  city's  reser- 
voirs. 

The  prefilters,  located  east  of  and  adjoining  the  pumping 
station,  and  supported  by  groined  arches  above  the  roof  of  the 
filtered  water  reservoir,  are  16  in  number,  each  having  a  net 
filtering  area  of  1,200  sq.  ft.,  arranged  8  on  each  side  of  a 
central  operating  gallery.  Each  pre-filter  is  divided  longi- 
tudinally by  a  central  gutter  into  which  empty  the  Iti  lateral 
reinforced  concrete  wash  water  gutters.  The  strainer  and 
air  system  is  made  up  of  cast  iron  headers  and  2-in.  cast  iron 
laterals,  with  brass  strainers  spaced  at  6-in.  centers.  The 
filtering  material  consists  of  15  in.  of  gravel,  graded  into  four 
sizes  and  placed  in  corresponding  layers,  and  30  in.  of  filter 
sand.  The  final  fillers  are  16  in  number,  and  are  arranged 
S  on  each  side  of  the  operating  gallery.  The  filters  are  cov- 
ered by  grained  arches  supported  on  piers  spaced  19-ft.  cen- 
ters. The  pier  load  is  carried  on  foundation  blocks  inde- 
pendently of  the  rest  of  the  floor,  which  is  flat  and  but  5  in. 
thick.     The   filters  are   each   55   by   340   ft.,   inside   measure- 
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ments,  with  the  short  dimension  adjoining  the  gallery  to  ac- 
commodate the  use  of  Blaisdell  washing  machines  for  the 
filter  cleaning. 

The  underdrainage  system  consists  of  two  half-round  8-in. 
tile  laterals  in  each  bay,  which  discharge  into  a  central  main 
collector,  2V^  ft.  in  diameter,  extending  the  entire  length  o£ 
the  filter  below  the  floor  level.  The  filter  material  includes 
12  in.  of  graded  gravel,  placed  in  four  layers,  and  27  in.  of 
sand. 

Heating  throughout  the  entire  worlvs  is  accomplished  by 
means  of  electric   radiators. 

The  cost  of  the  plant  is  given  in  the  following  table: 

FILTRATION  CONTRACTS. 

Cost. 

Pumpingr  machineiT,  blower  and  cranes,  British  Electric 
Plant    Co $      40.250. on 

Pinal  filters  and  appurtenqhces.  P.  H.  McGuigan,  trans- 
ferred   to    Norman    M.    McLeod    674,436.20 

Prefllters  and  filtered  water  reservoir,  F.  H.  McGuigan, 

transferred  to  Norman  M.   McLeod    498,782.30 

Pumping  station,  wash-waieT  tower  and  buildings,  F.  J. 

Jago   Co 160.076.00 

Interior   painting,    Charles   Larin    1,815.42 

Exterior  electrical   conduit   system,   G.   M.   Gest 6,069.80 

Underground      electrical      cables     and      appurtenances. 

Northern  Electric  Co..  Ltd 12,627.04 

Transformer  building,   city  of  Montreal    6,000.00 

Total    cost    $1,400,056.76 

The  filtration  works  were  constructed  under  the  general 
supervision  of  Paul  E.  Mercier,  engineer  of  public  works,  and 
T.  W.  Lesage,  engineer-superintendent  of  water  works.  Fred- 
erick E.  Field  is  the  assistant  superintendent  of  water  works; 
A.  B.  Reid,  electrical  and  mechanical  engineer;  Allan  Kil- 
patrick,  chief  filter  operator;  and  J.  H.  Harrington,  chief 
chemist. 


For  Appointment  of  Engineer  as  Member 
of  Interstate  Commerce  Commission 

Engineering  Council  through  its  chairman.  J.  Parke  Chan- 
ning,  has  sent  the  following  letter  to  President  Wilson,  point- 
ing out  the  desirability  of  appointing  an  engineer  to  fill  the 
vacancy  on  the  Interstate  Commerce  Commission: 

The  transportation  systems  of  our  country  are  largely  the 
oreatiors  of  its  professional  engineers.  This  statement  can  be 
made  without  disparagement  to  the  statesmen,  the  financiers,  the 
manufacturers,  the  lawyers,  the  educators,  the  mechanics,  the 
laborers  and  many  others,  who,  with  the  engineers,  have  con- 
tributed to  the  develoimient  of  transportation.  Through  all  stages 
of  preliminary  exploration,  final  survey,  construction,  upkeep  and 
operation,  in  financial  management,  and  in  adjustment  of  the  re- 
lations of  transportation  to  the  public,  the  genius  and  Itnowledgt' 
of  the  engineer  are  essential.  Not  onl.v  in  technical  physical  mat- 
ters, but  also  in  determinations  of  iJolicy,  his  contributions  have 
supplemented  and  n.ust  ever  supiilement  those  of  other  men.  These 
declarations  hold  good  for  all  the  carriers  of  commerce,  by  rail, 
by  highway,  by  water,  by  pipe-line,  by  wire,  or  by  air.  Hence,  it 
follows  that  the  body  established  by  Government  to  regulate  the 
commerce,  the  carriers  and  the  wa.vs  of  communication,  embracing 
so  many  engineering  features,  should  number  among  its  nine 
members,  men  of  engineering  training  and   experience. 

Engineering  Council,  being  aware  of  a  vacancy  on  the  Interstate 
Commerce  Commission,  begs  leave  to  request  the  Chief  Executive 
that  in  filling  this  vacancy,  he  give  earnest  thought  to  the  selection 
of  a  man  who,  to  his  other  qualifications,  add  the  training  and  ex- 
perience of  an  engineer  familiar  with  transportation  problems. 

Engineer  members  wisely  chosen  would  bring  to  the  investiga- 
tions and  deliberations  of  the  Interstate  Commerce  Commission 
not  only  technical  knowledge  of  great  value,  but  also  experience  in 
executive  duties,  a  .judicial  attitude  gained  through  the  direction 
of  work  under  contracts,  minds  of  analytical  habit,  familiarity 
with   costs   of   construction   and   operation,    experience    in    dealing 


l.ocat'on. 


Type  sewer. 


Constn.»ction 
method. 
Lonyo  Road    Concrete,    2-box    each.     Open  cut 

14x141/2  ft..  Pnd  3-ft. 

concrete    cylinder. 
Weatherby      Concrete,   horse  shoe     Open  cut 

shape. 
Dexter  2-ring     brick,     5"4-ft.     Tunnel    

cylinder. 
Linwood  '.-ring'  brick  and  con-     Tunnel*    

Crete.    7-ft.     to    9-ft. 

evlinders. 
Lynch  Road    Sec.  1. ..  1-ring  brick  to  smaller     Open  cut  and  tunnel. 
Lynch  Road    Sec.  2   ..  1-ring  brick  to  smaller     Open  cut  and  tunnel. 

Hart  Ave       20-in.   tile Tunnel  and  open  cut. 

Erwln  4%-ft.  and  5-ft.  con- 
crete  cylinders.  

Alter    Road 5'A-ft.  brick  and   con- 

Crete  cylmd'^rs.  runnel    


w'itit  employes  of  many  vocations,  and  integrity  of  thoug-ht  cul- 
■...vated  by  that  inescapable  obedience  to  the  laws  of  Nature  in- 
volved in  the  practice  of  this  profession.  The  engineer's  training 
fits  him  for  that  mode  of  thinking  which  is  indispensable  to  in«- 
partiality  of  Judgment.  One  important  function  of  the  commission 
is  valuation  of  public  utilities  and  other  is  the  determination  of 
relationships  and  responsibilities  of  the  management  of  such  utilities 
to  the  public.  No  other  body  of  men  has  given  so  extensive  and 
so  scientific  consideration  to  these  matters  as  have  members  of  the 
engineering  profession. 

Council's  purpose  is  not  to  further  the  interests  of  any  in- 
(U\idual  or  group,  but  solely  to  serve  the  Nation  by  strengtheniiig 
one  of  its  most  important  reg'Ulatory  bodies.  Upon  the  wisdom, 
intelligence  and  courage  of  this  commission  depends  in  large 
measure  the  commercial  welfare  of  the  country.  It  is  believed  that 
the  engineering  profession  can  and  should  contribute  to  the  coun- 
try's well  being  through  the  channel  of  membership  in  the  Inter- 
stale  Commerce  Commisison. 


Yields  and  Returns  From  Irrigated  Land 

Interesting  figures  on  the  production  from  irrigated  land  in 

the   Rio   Grande   Project    (New   Mexico-Texas)    of   the   XJ.    S. 

Reclamation    Service   are   given   in   the   August   Reclamation 

Record.     The   following   table,   showing   the   yields   jier   acre 

and  the  sales,  has  been  compiled  from  the  hooks  of  a  vegetable 

raiser   in   the   Misillo   Valley,   who   has   kept   records   of   his 

crops  systematically  and  accurately  for  14  years: 

.\\".    Gross  sales  .Sales 

Total.  i>er  acre,  net  cash  per 

Acres.  Lb.  Lb.  to  grower,  acre. 

.\sparagus    11  30.378  2,761  $2,820  $256 

Spinach   11.7  132.337  11,319  5,459  45S 

Tomatoes     3  53.347  17.782  1,678  560 

Cantaloupes    8.27  2.13S*  258*'  4,269  40',' 

Cucumbers    2.45  2.927t  l,195t  913  317 

Cabbage'*    1.79  19,332  10,800  7fl'4  449 

Sweet  peppers   1.25  11.336  0,6i)7  659  527 

Eggplants    50  394t  7S8t  268  536 

Green   chili    1.18  9,338  7.913  996  844 

Okra 66  2,937  4.450  214  325 

Squash 20  1,S68  9,340  144  719 


*'3-tier  stand.i.rd  crates.       tOozen.       **Sman  early  heads. 

The  grower  from  whom  the  data  were  obtained  also  figures 
out  what  has  been  the  actual  cost  of  producing  each  crop 
ready  to  put  on  the  market.  The  figures  incliide  cost  of 
growing,  gathering,  packing  and  container.  The  cost  in  most 
cases  would  be  lower  if  it  were  not  for  the  extra  expense  in- 
curred hy  forcing  crops  to  get  them  early  or  to  mature  at  a 
certain  time  of  the  season  when  the  market  is  good.  In 
some  instances  .the  box,  barrel  or  container  is  25  or  'ib  per 
cent  of  the  cost  of  production. 

AVERAGF.  C    ST   PER  UXIT. 

21 -lb.  box  of  asparagus    $0.83 

li'O-lb.  bairel  iced  spinach    1.C3 

20-lb.    1-baskot  orate  tomatoes 35 

Crate  of  4.'>  cantaloupes 62 

1 1-lb.  basket  snap  beans 38 

11 -lb.   iiasket  peas   42 

100  lb.  sacked  sweet  potatoes 48 

Box  4  dozen  bunche;5  of  radishes C8 

Crate  of  3  dozen  cucumbers 33 

SO-lb.   crate  small  early  cabbage 71 

10-lb.  crate  sweet  peppers 19 

(.'rale  1  dozen   ess  plants    27 

10-lb.  basket  green  chili  29 

100   lb.   garlic,    sacked 2.82 

12-lb.    4-bask.'t  crate   of  okr.-i 47 

2."-lb.  crate  of  squash   42 


Sewer  Construction  at  Detroit,  Mich. 

The  city  of  Detroit,  .Mich.,  now  has  about  $9,000,000 
worth  of  construction  under  way,  most  of  this  being  sewer 
work.  Additional  contracts  amounting  to  possibly  $5,000,000 
will  be  let  as  soon  as  funds  are  available.  The  following 
tabulation  gives  a  few  details  of  some  of  the  sewer  con- 
tracts now  being  carried  out: 

Con-        Av.  No.         Av.  wages 
Length.        tract         work-  labor  Contractor, 

ft.  price.  men.  pei    hour. 

8.300       $1,430,001         65  $0.50  to  $0.93      Walbridge    &    .\ldinger, 

Chicago. 


10.500  990,478  24 

7,956  136,5;!9  21 

11,929  379,450  90t 

**'  389,948  36 

*♦  260,200  52 

2.>'59  17,252  38 

2.800  48.520 

4,820  77.010  17 


.55  to  1.25  Nash  Bros.,  Chicago. 
.55  to  .90  Wm.  Porath,  Detroit. 
. .    Jaynes  &  Affeld,  Detroit 


.5".  to    1.25ttC,eo.  R.  Cook.  Detroit. 
.1)0  to    1.10*'tCarpenter     Const.      Co., 

Detroit. 
.00  to    1,00     .1.   M.  Affeld,  Detroit. 


R.  D.  Baker.  Detroit. 

.60  to      .90     J.  M.  Affeld,  DIetroit. 


■•■With  tunnelling  machine.     ■tWork  in  three  sections?— Sec.  1.   45  m 
3    8  men  at  05  ct.  to  95  ct.     •*Total  for  two  sections  of  Lynch  Road 


°n  at  65  ct    to  $1  25  per  hour:  Sec.  2.  47  men  at  55  ct.  to  $t  25:   Sec. 
sewer.   25.220  ft,    ttOpen  cut  work.    'tTunnel  work. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydrauhc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Test  Shows  Over  82  Per  Cent  Ef- 
ficiency of  Motor-Driven 
Centrifugal  Pump 

In  a  paper  read  before  the  Minnesota  Section  of  the  Amer- 
ican Water  Works  Association,  Mr.  F.  W.  Capellen.  City  En- 
gineer o£  Minneapolis,  stated  that  in  May,  1911.  the  city  en- 
tered into  a  10-year  contract  with  the  Minneapolis  General 
Electric  Co..  now  the  Northern  States  Power  Co.,  by  which 
that  company  agreed  to  furnish  current  at  2,200  volts  to  oper- 
ate two  or  more  20,000.(100  gal.  pumps  against  a  dynamic  head 
of  240  ft.,  based  upon  a  pumping  set  of  72  per  cent  overall 
efficiency,  at  a  price  of  $4.00  per  million  gallons  pumped,  the 
understanding  being  that  no  current  would  be  used  between 
4:15  p.  m.  and  6:30  p.  m.  on  week  days  during  the  months  of 
November.  December,  January  and  February.  In  November 
1916,  a  similar  10-year  contract  was  made  with  the  same  com- 
pany for  the  operation  of  a  30,000,000  gal.  pump  against  the 
same  head,  and  with  the  same  pump  efficiency,  to  be  charged 
for  at  the  same  rate,  w-ith  the  provision  that  at  a  different 
dynamic    head    or    efficiency,    the    price    per    million    gallons 


30,000.000- gal.    De    Laval    Motor    Driven    Centrifugal    Pumping    Unit 

should  be  adjusted  accordingly.  It  was  also  specified  that 
the  motor  to  be  used  by  the  city  should  be  capable  of  starting 
the  pump  when  primed  and  with  the  check  or  gate  valve  in 
the  discharge  closed,  and  of  bringing  the  pump  to  full  speed 
without  drawing  more  than  150  per  cent  of  full  load  current 
from  the  source  of  suppTy.  In  1910  and  1911,  two  20,000,000 
gal.  pumps  were  installed,  and  in  191S,  a  30,000,000  gal.  unit. 

The  latter  unit  consists  of  a  General  Electric,  1,800-hp..  three- 
phase,  slip-ring,  induction  motor,  directly  connected  to  two 
De  Laval,  24-in.,  single-stage  pumps,  mounted  upon  the  same 
base  plate  and  connected  in  series.  The  unit  was  specified 
to  deliver  30.000,000  gal.  per  24  hours  against  a  total  dynamic 
head  of  250  ft.  It  was  supplied  by  the  Minneapolis  Electric 
Equipment  Co.,  and  is  installed  at  Pumping  Station  No.  4  in 
Northeast  Minneapolis. 

The  official  acceptance  test  was  made  on  May  28  and  ZS, 
1918.  The  discharge  was  measured  by  means  of  a  Venturi 
meter,  the  capacity  being  calculated  from  manometer  read- 
ings, while  the  discharge  head  was  measured  by  two  sets  ot 
calibrated  gauges  and  the  suction  lift  by  means  of  a  mercury 
column.  The  power  supplied  was  measured  by  three  sets  or 
watt-hour  meters,  calibrated  by  means  of  a  portable  set  ot 


standard  instruments  read  during  the  ollicial  tt-Hl  uiidt-r  Ihu 
conditions  of  current,  voltage  and  power  factor  obtaining. 
The  portable  set  included  two  single-phase  watt  meters,  one 
polyphase  watt-meter,  one  volt  meter,  four  ammeters,  and 
portable  current  and  potential  transformers.    All  InHtrumentii 


CTTHTO 
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Location   of   Pump   and    Force    Mams. 

were   checked  and  calibrated  in  the   presence  of  witnesses. 

The  test  lasted  28  hours.     The  results  were  as  follows: 

Total  punipa^e  in  2S  hours,  gal .17,719,500 

R.-ite  per  24  hr.,  gal -2.331  000 

Di.scharge  head,  average,  ft 235. IS 

Suttion  lift,  average,  ft 16-<3 

Total  dynamic  head,  average,  ft -""'  ,^J 

Kilowatt    hours   used    '    - 

Combined  efiiciency  of  motor  and  pump  ....  ■-  I't- 

.A.verage    line    voltage    J. 404 

Power   fantor    i!"?'^ 

^foto^  efficiency  under  test  conditions   95.5'o 

Slip  of  indr.ction  njotor  _  ^'J^ 

Temperature  rise    Li.S*  C. 

.Startii'g  current,  perctntage  of  full  load  current  113.0% 

The  contract  of  the  city  with  the  .Minneapolis  Electric 
Equipment  Co.  provided  a  bonus  of  $500  for  each  one  per  cent 
of  efficiency  exceeding  76  per  cent  when  pumping  30.000.000 
gal.  per  day  against  a  total  dynamic  head  of  250  ft.  The 
maximum  bonus  was  limited  to  $2,400.  A  penalty  of  $500  was 
provided  for  each  1  per  cent  by  which  the  efficiency  might 
fall  below  TU  per  cent  and  the  pump  was  not  to  be  accepted 
if  the  overall  efficiency  fell  below  72  per  cent.  As  the  ac- 
companying chart  shows,  76  per  cent  efficiency  was  exceeded 
at  all  loads  tested,  and   the  average  combined  efflrlency.   in- 


^b^. 


Capacity  and   Efficiency  Curves  Showlr 


Tests. 


eluding  the  regular  starting  and  other  conditions  incidental 
to  a  varying  load  in  regular  service,  should  not  be  less  than 
82  1  per  cent  by  more  than  1  per  cent.  The  overall  efficiency 
of  82.1  per  cent  divided  by  the  motor  efficiency  of  95.5  per  cent 
gives  a  pump  efficiency  of  85.97  per  cent 
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The  foUewiiig  operating  data  were  obtained  during  the 
first  three  months  after  the  test: 

(.\Tllons   pumped- 2.797,490.000 

Power  cost  per   inillion   gal $3.63 

L.abor  and  supplies  per  million  .lial $2.27 

Total  cost   per   inillion   !;al $5.95 

Head,  ft 253. Ofi 

Overall  efRcienc.v.   per  rent    SI. 4 

Similar  records  for  the  first  nine  months  subsequent  to  the 

test  are  as  follows: 

Gallons  pumped    6,526,350.000 

Power  cost  per  million  gal $3.72 

Labor  and  supplies  per  million  g-al .$1.77 

Total  cost  per  million  gal $5.49 

Head,  it 255.80 

Bfliciencj-.  per  cent 82. 4S 

The  low  prices  which  the  cit.v  realizes  on  its  power  con- 
tracts with  the  electric  company  are  of  course  explainable  in 
that  the  contracts  were  made  some  lime  ago  and  for  a  long 
term. 


How  to  Increase  Boiler-Room 
Efficiency* 

By   D.    S.   JACOBUS, 

Ad\  iscif,\'    l^^HKineer.    T^abcock   t^-    Wilro.x    Co. 

Moiv  is  often  to  be  lost  or  gained  in  the  operation  of  the 
boiler  room  than  in  any  other  part  of  a  power  plant.  To  se- 
cure efficiency  and  capacity  we  all  know  that  the  following 
features  must  be  watched  after:  The  surfaces  of  the  boiler 
must  be  clean  inside  and  out  and  the  gas  passages  and  flues 
must  be  free  and  unrestricted  from  the  deposit  of  soot  or 
ashes;  the  baffles  and  settings  must  be  reasonably  free  from 
leakage;   the  fuel  must  be  properly  fired. 

To  secure  the  best  efficiency,  the  fuel  or  any  combustible 
elements  distilled  from  the  fuel  must  be  completely  burned 
within  the  furnace  chamber.  Again,  the  combustion  must 
be  such  that  the  gases  that  pass  from  the  furnace  are  uni- 
form in  composition;  that  is.  some  of  the  gases  must  not 
contain  a  consider.nble  amount  of  excess  air  and  others 
possibly  a  deficiency  of  air.  thus  leading  to  what  is  termed 
a  laneing  action. 

If  the  gases  are  burned  entirely  within  the  furnace  cham- 
ber, the  entire  surface  of  the  boiler  is  effective  in  absorb- 
ing heat.  If  there  is  secondary  combustion  between  the 
boiler  tubes,  which  may  occur  to  a  considerable  extent  if 
there  is  a  laneing  action  in  the  gases  and  may  possibly  ex- 
tend entirely  through  the  setting,  all  of  the  boiler  surface 
is  not  effective  after  combustion  is  complete,  with  the  re- 
•-•ult  that  there  is  tn  increase  in  the  temperature  of  the  fine 
gases  over  wliat  it  would  oe  should  the  gases  be  burned 
within  the  furnace,  and  a  corresponding  loss  of  efficiency. 
Again,  in  some  instances  there  is  a  loss  through  combustible 
elements,  such  as  carbon  monoxide,  passing  off  in  the  flue 
gases.  Another  loss  that  is  experienced  in  coal  burning  is 
through  the  unconsumed  fuel  in  the  ashes,  often  due  to  poor 
operation. 

Test  Results  and  Operating  Results. — It  is  a  mistake  not 
to  provide  proper  instruments  to  guide  the  firemen.  A  gen- 
eral impression  prevails  that  test  results  are  one  thing  and 
operating  results  another,  and  that  the  operating  results 
necessarily  fall  consideiably  below  the  test  results.  Operat- 
ing results  do  as  a  rule  fall  considerably  below  the  test  re- 
sults, but  there  is  no  reason  why  this  should  be  so  in  the 
great  majority  of  cases. 

It  is  often  assumed  that  the  average  flue-gas  analysis 
combined,  with  the  percentage  of  carbon  in  the  ash  is  a 
measure  of  the  efficiency  of  a  furnace,  and  that  if  these  fea- 
tures are  known  the  boiler  man  should  be  able  to  guaran- 
tee the  boiler  efficiency.  Such  is  not  the  case,  as  a  great 
deal  depends  on  whether  all  of  the  combustion  is  or  is  not 
completed  within  the  furnace  chamber.  If  there  is  delayed 
combustion  between  the  tubes  of  the  boiler,  it  will  have  an 
influence  on  the  flue-gas  temperature  and  efficiency,  and  it 
can  readily  be  appreciated  that  if  two  plants  are  operating 
with  the  same  average  flue-gas  analysis  and  percentage  of 
carbon  in  the  ash,  and  in  one  of  the  plants  there  is  second- 
ary combustion  betw-een  the  tubes  and  in  the  other  there  is 
not,  the  plant  where  all  of  the  combustion  is  completed  in 
the  furnace  will  have  the  highest  efficiency. 

Percentage   of  Carbon    Dioxide    as    Indication    of    Boiler    Effi- 
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ciency. — Often  great  stress  is  laid  on  carrying  a  high  per- 
centage of  CO;  irrespective  of  the  other  operating  conditions, 
and  in  certain  instances  the  firemen  are  paid  bonuses  based 
on  the  percentage  of  CO..  If  all  the  other  conditions  of 
operation  are  watched  after,  this  system  will  give  good  re- 
sults; but  if  the  carrying  of  a  high  percentage  of  CO,  is 
made  the  sole  aim  of  the  fli'emen,  there  may  be  wastes  in 
other  directions  that  will  counterbalance  any  gain  through 
minimizing  the  amount  of  excess  air. 

Where  a  high  percentage  of  CO.,  is  carried,  it  is  often  found 
that  CO  will  be  present.  In  some  installations  it  is  impossi- 
ble to  carry  more  than  a  certain  percentage,  say  13  per  cent, 
of  CO;  before  having  a  material  amount  of  CO.  An  analysis 
with  coal  firing  which  indicates  13  per  cent  of  CO.  and  no 
CO  is  more  favorable  from  a  heat-loss  standpoint  than  one 
that  gives  1.5  per  cent  of  CO,  and  %  per  cent  of  CO.  As 
the  carrying  of  a  high  percentage  of  CO,  Is  apt  to  lead  to 
secondary  combustion  between  the  boiler  tubes,  thereby  in- 
volving an  additional  loss  through  increasing  the  tempera- 
ture of  the  flue  gases,  it  can  readily  be  seen  that  it  is  often 
a  mistake  to  aim  for  too  high  a  percentage  of  CO,.  How 
high  a  percentage  should  be  aimed  for  depends  upon  thp 
form  of  furnace  and  the  furnace  volume.  Ordinarily,  with 
coal  it  does  not  pay  to  exceed  about  13%  per  cent. 

The  Hempel  type  apparatus,  where  the  gases  are  shaken 
up  with  the  solutions,  is,  as  a  rule,  more  reliable  in  indicat- 
ing the  amount  of  CO  than  the  Orsat.  and  in  accurate  work 
it  is  well  to  clieck  the  Orsat  apparatus  against  the  Hempel. 

Loss  of  Efficiency  Due  to  Impure  Feed  Water. — The  use  of 
impute  feed  w-ater  is  entirely  too  prevalent.  This  naturally 
leads  to  a  loss  in  efficiency  through  incrusting  the  inner  part 
of  the  heating  surface  and  through  making  it  necessary  to 
blew  down  the  boiltrs  an  undue  amount.  There  is  an  added 
loss  through  having  to  cut  out  the  boilers  a  large  part  of  the 
time  for  cleaning  and  for  replacing  leaky  tubes.  Greater 
attention  is  now  being  given  to  securing  clean  feed  water, 
especially  in  the  larger  plants.  In  many  instances  it  pays 
to  install  evaporating  apparatus  for  supplying  the  makeup 
water.  Naturally,  this  can  be  done  only  where  surface  con- 
densers are  used,  lut  Avhere  it  can  be  done  good  results  are 
bound   to   follow. 

A  considerable  less  in  plant  efliciency  in  coal  firing  often 
comes  through  the  carrying  of  banked  fires.  There  is  a  cor- 
responding loss  in  burning  other  fuels,  and  the  operation  of 
a  given  plant  may  cause  this  element  to  greatly  affect  the 
results  secured  As  an  instance,  in  one  particular  case  where 
I  was  active  in  securing  the  besi  results,  the  economy  of  an 
oil-burning  plant  was  raised  over  25  per  cent  simply  through 
operation  and  by  going  over  the  plant  to  eliminate  beat  losses 
through  drips,  etc. 

Securing  Efficiency  in  Oil  Burning  Plants. — In  oil-burning 
plants  a  mistake  is  often  made  in  keeping  the  steam  pres- 
sure as  steady  as  possible  by  changing  the  firing  conditions 
one  way  and  the  other  to  such  an  extent  that  it  is  impossi- 
ble to  maintain  the  best  furnace  efficiency.  The  best  results 
are  secured  by  feeding  thp  oil  to  the  burners  at  a  reasonably 
uniform  rate,  varying  the  oil  pressure  one  way  and  the  other 
slowly  to  meet  the  demands  of  the  power,  even  though  this 
may  result  in  a  less  steady  steam  line  than  would  be  secured 
through  jumping  the  oil  pressure  one  way  and  the  other  to 
maintain  a  practically  constant  steam  pressure.  A  recording 
pressure  gage  placed  on  the  oil  line  where  the  steam  pres- 
sure is  maintained  at  a  constant  figure  will  often  give  illum- 
inating results  in  indicating  a  broad  band  with  the  oil  jires- 
stire  varying  200  or  :!00  per  cent  one  way  and  the  other, 
whereas  for  best  operation  the  oil  pressure  will  be  repre- 
sented by  a  reasonably  steady  line  which  will  follow  in  a 
general  way  the  power  requirements.  A  good  guide  for  effi- 
cient operation  in  running  with  oil  fuel  is  the  amount  of 
superheat  obtained,  which  should  be  about  uniform  in  all 
the  boilers.  If  the  superheat  in  a  boiler  becomes  high,  it  is 
due  either  to  running  the  boiler  harder  than  the  others  or 
to  excess  air.  either  of  which  conditions  should  be  corrected 
to  obtain  the  best  results. 

Another  good  guide  in  oil  burning  is  to  observe  the  appear- 
ance of  ;he  gases  as  thev  pass  through  the  setting.  If  the 
gases  are  clear,  it  indicates  excess  air.  and  if  too  smoky, 
an  insufficient  air  supply.  For  the  best  results  there  should 
be  a  slight  haze  throughout  the  gases.  The  appearance  of 
the  gases  leaving  the  stack  is  also  a  good  guide,  as  too  clear 
a  stack  indicates  excess  air,  whertas  a  smoking  stack  shows 
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insiittliient   iiir  in  one  or  nioie  ol  the  boilers,  the  best  condi- 
iit)ns  beins   indicated   hy  a   slight  haze. 

Bonuses  for  Operating  Crews.— It  is  feasible  to  set  a  figure 
Cor  efficiency  higher  than  that  which  would  ordinarily  be  se- 
cured and  to  pay  the  operating  crew  a  certain  bonus  based  on 
the  increase  in  efficiency  above  this  figure.  In  this  connection. 
Kdward  .\'.  Trump  has  said  the  following: 

If  you  give  a  bonus  to  the  firemen,  you  will  be  sure  to 
have  some  improvement  in  efficiency.  I  have  found  at  least 
10  per  cent  saving  by  paying  bonuses  to  the  firemen,  some- 
times by  working  one  shift  against  the  other.  Competition 
encourages  them  to  work  harder,  to  increase  the  saving. 

-Vlr.  Trump  has  secured  record  efficiencies  in  the  plants 
of  his  company.  With  boilers  of  about  300  HP.,  fitted  with 
economizers,  run  at  from  100  to  120  per  cent  of  rating,  he 
has  secured  plant  sufficiencies,  measured  by  the  monthly 
operation,  of  85  per  cent.  In  his  boiler  plants  with  very 
large  units  he  has  obtained  a  corresponding  efficiency  of  88 
per  cent.  The  load  on  the  boilers  in  .Mr.  Trump's  plants  is 
nearly  uniform  and  does  not  vary  to  the  extent  that  it  does 
in  the  average  electrical-power  generating  station. 

For  a  long  time  there  were  many  instances  where  the 
use  of  the  older  type  of  waste-heat  boilers  would  not  lead 
to  a  good  return  on  the  investment.  Since  developing  our 
modern  type  where  the  boilers  have  a  considerably  higher 
draft  resistance  than  in  the  older  type  and  where  this  draft 
resistance  is  overcome  through  the  use  of  an  induced-draft 
fan.  we  have  installed  over  100.000  HP.  of  such  boilers  in 
connection  with  openhearth  furnaces  alone,  and  the  steam 
.generated  by  these  boilers  represents  a  saving  in  the  neigh- 
borhood of  1,000.000  tons  of  coal  per  year.  This  is  only  one 
of  the  .tields  where  waste-heat  boilers  may  be  applied  to 
advantage,  and  it  shows  the  magnitude  of  the  savings  that 
can   be   effected. 

Design  of  Furnace  and  Stoker. — Furnace  design  cannot  be 
divorced  from  stokei-  design  when  the  best  obtainable  re- 
sults are  aimed  for.  After  designing  the  stoker,  the  next 
feature  bearing  on  economy  is  the  disposition  of  the  surface 
of  the  boiler.  With  a  given  boiler  arrangement,  tube  spac- 
ing, etc..  it  usually  follows  that  to  secure  a  high  heat  trans- 
fei-  the  draft  I'esistance  will  be  greater  than  with  the  same 
amount  of  surface  arranged  and  provided  with  baffles  that 
will  give  a  lower  rate  of  heat  transfer.  If  the  arrangement 
of  heating  surface  end  baffles  is  such  as  to  lead  to  too  high 
a  draft  resistance,  the  capacity  developed  by  the  boiler  with 
a  given  draft  may  be  lower  than  desired.  If  the  arrange- 
ment is  such  as  to  give  a  low  draft  resistance,  the  efliciency 
may  be  less  than  it  should  be.  In  providing  a  proper  de- 
sign, one  of  these  features  must  be  balanced  against  the 
other  and  an  arrangement  provided  uiiich  will  give  the  best 
all-round  results. 

The  addition  of  an  economizer  will  increase  the  economy, 
say,  .5  to  10  per  cent.  Now  that  the  price  of  fuel  is  increas- 
ing everywhere,  a  greater  number  of  economizers  are  being 
installed. 

For  large  plants  the  efficiency  obtainable  with  a  modern 
steam-boiler  and  steam-turbine  installation  is  greater  than 
could  be  secured  through  gasifying  the  coal  in  producers 
and  using  the  gas  in  gas  engines.  A  large  steam-turbine 
plant  of  the  best  modern  design  will  generate  a  kilowatt- 
hour  with  a  heat  consumption  based  on  the  heat  in  the  fuel 
of  17.000  b.t.u.  per  kw.-hr.  This  as  a  round  figure  foj-  plants 
of  the  best  modern  construction  with  a  load  factor  of,  say, 
rtO  per  cent  and  steam  pressures  of  from  2.50  to  300  lb. 

By  increasing  the  ste&m  pressure  and  raising  the  super- 
lieat.  the  figure  can  no  doubt  be  reduced  to  the  neighborhood 
of  1.5.000  b.t.u.  per  kilowatt-hour.  There  is  no  likelihood  of 
the  gas  engine  displacing  the  steam  turbine  for  large  power 
generating  station  work  for  some  time  to  come. 


Water  Waste   Surveys  Cuts  Consumption  50  Per  Cent. — As 

the  result  ol  a  wat  sr  waste  survey  last  year  the  av<  rage  daily 
consumption  of  Newark.  O..  a  city  of  30.000  population,  was 
reduced  from  3.932.000  gal.  to  1,845.000  gal.  Of  the  2,087.000 
gal,  decrease,  552,000  gal.  was  from  leaks  located  and  stopped, 
and  895,000  gal.  was  from  the  stoppage  of  illegal  use  by  one 
consumer.  This  leaves  640,000  gal.  decrease  unaccounted  for. 
Of  this  latter  total  140.000  gal.  is  assumed  to  come  from  the 
stoppage  of  two  leaks  subsequently  discovered  by  the  city. 
The  remainder  is  thought  to  represent  the  consumption  of 
another  large  consumer  who  discontinued  his  illegal  practice 
after  the  investigation  was  started. 


Pulverized    Coal    Plant    of    Pujiet 

Sound  Traction,  Li^ht  and 

Power  Co. 

With  ihe  rapid  increase  in  the  price  of  coal  and  fu.-l  oil 
since  the  beginning  of  the  world  war.  boiler  plant  o|M-ratloii 
became  more  and  more  coKtIy.  Shoitly  after  the  liiited 
rftates  entered  the  war.  fuel  oil  hihI  coal,  along  with  other 
war  essentials,  were  placed  under  close  Covemineni  con- 
Irol  To  overcome  transportation  difflculties  eacli  section 
of  the  country  was  requested  to  become  selfsupportlng. 
wherever  possible,  and  for  the  state  of  Washington  tbiK 
meant,  among  other  things,  the  use  of  local  coal  InHlead 
of  the  imported  fuel  oil  in  the  operation  of  all  steam  planm. 
The  I'ugel  Sound  Traction.  Light  &  Power  Co.  of  Seatlle. 
Wash.,  incUules  among  its  public  utilities  a  steam 
heat  plant,  having  in  service  four  3O0-HP.  ooilers  with  su- 
perheaters of  100°— 120°  superheat,  three  400-HI'.  boilers. 
one  500-HF.  boiler  and  two  600-HP.  boilers,  one  of  which 
was  installed  during  1918.  The  boilers  are  Babcock  &  Wll- 
co.\  vertical  header  type  water  tube  boilers,  supplying  steam 
at  125  lb.  pressure.  The  superheaters  installed  in  Ihe  3oij- 
HP.  boiler  only  are  also  of  Habcock  &  Wilcox  manufacture. 
This  plant  was  being  operated  with  fuel  oil,  so  In  Ihe  early 
summer  of  1917  a  careful  study  was  made  in  the  use  of  coal 
as  fuel,  to  decide  en  the  most  economical  design  of  a  coal 
burning  plant.  Pulverized  coal  had  been  tried  out  at  the 
l)lant  and  very  satisfactory  results  were  obtained,  one  of 
Ihe  300-HP.  boilers  having  been  arranged  for  the  series  of 
tests  which  were  made  during  Ihe  early  months  of  1917. 
The  results  of  these  tests,  together  with  the  fact  that  an 
enormous  culm  dump  of  over  225,000  tons  at  ihe  Renlon 
.Mine,  a  short  distance  from  Seattle,  was  available  as  fuel, 
led  to  the  decision  to  use  pulverized  coal  as  a  fuel  for  the 
steam  plant.  As  a  consequence  a  pulverized  coal  plant  hav- 
ing several  interesting  features  was  put  in.  The  following 
description  of  this  installation  is  taken  from  the  .\ugust 
.Stone  &   Webster  Journal. 

The  original  plans  called  for  pulverized  coal  for  one-hall 
Ihe  iilant  only,  but  after  a  careful  study  of  first  costs  it  was 
decided  to  equip  the  entire  plant  for  the  use  of  pulverized 
coal.  Another  important  feature  in  using  pulverized  coal 
is  the  availability  of  the  present  oil  burning  equipment 
when  fuel  oil  is  again  restored  to  its  former  basis.  This  per- 
mits an  interchange  of  fuel,  in  case  of  emergency,  of  either 
short  or  long  duration,  produced  by  breakdowns  or  other 
unfoi'eseen   causes. 

The  Culm. — The  culm  dump  consists  of  the  washings  from 
ihe  Kenton  .Mine,  where  a  Washington  lignite  coal  is  mined 
having  a  calorific  value  of  approximately  9.000  B.T.I',  with 
IS  per  cent  moisture  and  16  per  cent  ash.  The  culm  as  re- 
ceived has  a  calorific  value  of  approximately  7,30<i  B.T.I'.. 
adherent  plus  inherent  moisture  25  per  cent,  volatile  matter 
28  per  cent,  fixed  carbon  26  per  cent,  ash  20  per  cent.  This 
culm  costs  10.75  per  ton  at  the  mine,  25  ct.  per  ton  loading 
c-harges  and  60  ct.  per  ton  freight  charges,  or  J1.85  per  ton 
f.o.b.   raw   coal  bunkers. 

Construction. — The  construction  of  the  plant  for  the  utili- 
zation of  pulverized  coal  may  be  described  under  the  follow- 
ing heads: 

(1)  Handling  raw  coal — Conveying  coal  from  storage 
bunkers  on  east  side  of  Western  Ave.  to  raw  crushed  coal 
bunkers. 

(2)  Drying — Conveying  coal  from  raw  crushed  coal  bunk- 
ers through  the  dryers  to  dry  coal  bunkers. 

(3)  Pulverizing — Conveying  coal  from  dry  coal  bunkers 
through  the  pulverizing  mills  to  the  pulverized  coal  bunkers, 

(4)  Burning — Conveying  coal  from  pulverized  coal  hunk- 
ers to  furnace. 

(5)  Handling  the  ashes. 

16}   Miscellaneous  construction. 

Raw  Coal  Bunkers. — The  raw  coal  bunken:  are  of  heavy 
wood  construction,  three  in  number,  having  a  total  capacity 
of  725  tons.  The  bunkers  are  raised  to  such  an  elevation 
that  the  coal  from  them  can  be  conveyed  to  the  plant  through 
a  Uinnel  which  is  located  6  ft.  below  the  street  grade.  The 
bunkers  are  served  by  a  standard  gage  double  track,  coal 
being  delivered  in  hopper  bottom  dump  cars  of  30  ions  ca- 
pacity, handled  by  an  electric  motor  switching  engine.  Each 
hunker  is  24  't.  x  24  ft.  at  the  top  for  a  distance  of  10  ft. 
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downward,  at  which  point  all  sides  slope  to  the  center  of  an 
angle  of  approximately  40°  with  the  vertical.  The  culm 
contains  an  excess  of  ash  and  refuse,  which  greatly  retards 
the  sliding  action.  To  aid  this  action  it  was  found  neces- 
sary to  line  all  the  hunkers  with  No.  20  gage  galvanized 
iron. 

Raw  Coal  Belt  Conveyors. — The  raw  coal  is  fed  through 
32-in.  X  24-in.  double  rack  and  pinion  coal  gates  to  a  20-in. 
feeder  belt.  To  properly  feed  the  culm  it  is  necessary  to 
open  the  gates  wide.  To  control  the  feed  an  auxiliary  hop- 
per has  been  built  tlireclly  under  the  gate  opening,  with  a 
vertical  slide  which  can  be  raised  or  lowered  to  regulate  the 
coal  on  the  belt.  This  belt  travels  at  the  rate  of  265  P.P.M. 
This  belt  conveys  the  coal  to  a  single  roll  type  crusher, 
built  by  Mead-Morrison  Mfg.  Co.,  which  crushes  the  coal 
to  %-in.  size.  A  by-pass  chute  is  installed  in  connection 
with  the  crusher  so  that  the  smaller  size  coal  can  be  fed 
directly  onto  another  conveyor  belt.  A  10-HP.  motor  drives 
the  feeder  belt  and  a  30-HP.  motor  drives  the  crusher. 

The  crusher  pit.  being  lower  than  the  ground  water  level, 
is  provided  with  a   sump  for  drainage  purposes. 

The  conveyor  bell  from  the  crusher  passes  through  the 
tunnel  under  the  street  gi'ade  and  is  a  combination  incline 
horizontal  belt  20-iu.  in  width.  It  has  a  speed  of  300  F.P.M. 
and  is  driven  by  a  lo-HP.  motor. 

Raw  Coal  Elevator. — The  elevator  consists  of  a  double 
strand  fixed  continuous  bucket  conveyor  traveling  in  a  No. 
16  gage  steel  casing,  with  a  speed  of  150  P.P.M.  The  coal 
Is  carried  up  a  distance  of  75  ft.  in  this  elevator,  where  it  is 
discharged  onto  a  double  strand  chain  steel  flight  conveyor. 

Raw  Coal  Flight  Conveyor. — The  flight  conveyor  distrib- 
utes the  coal  over  the  raw  crushed  coal  bin  through  four 
rack  and  pinion  slide  gates  in  the  bottom  of  conveyor 
trough,  traveling  at  the  rate  of  100  F.P.M. 

All  the  coal  handling  equipment  from  the  storage  bunkers 
to  the  raw  crushed  coal  bunkers  has  a  capacity  of  75  tons 
per  hour,  and  with  buckwheat  coal,  90  tons  have  been  han- 
dled. 

Crushed  Coal  Bunker. — The  crushed  coal  bunker  has  a  ca- 
pacity of  325  tons,  is  constructed  of  reinforced  concrete 
with  a  top  cross-section  of  18  ft.  6  in,  x  36  ft.,  branching  into 
two  hoppers,  with  a  10-in.  x  5-ft.  discharge  opening  in  the 
bottom  of  each. 

Dryer  Feeders. — To  convey  the  coal  from  the  crushed  coal 
bunker  to  the  two  dryers,  two  30-in.  apron  feeders  are  pro- 
vided— one  for  each  opening  in  the  crushed  coal  bunker; 
each  feeder  is  provided  with  a  vertical  sliding  rack  and  pin- 
ion gate  to  regulate  the  flow  of  coal.  Both  feeders  dis- 
charge into  a  common  chute,  in  which  is  arranged  a  flop- 
per  gate  and  steel  plate  diaphragm  which  can  be  so  set  that 
either  feeder  may  dischai-ge  coal  into  either  dryer  or  both 
dryers.  Each  feeder  has  a  capacity  o£  25  tons  per  hourj 
and  a  speed  of  20  F.P.M. 

A  6-in.  screw  conveyor  with  a  steel  plate  hopper  handles 
the  drippings  from  the  return  side  of  each  feeder  and  dis- 
charges these  drippings  into  the  feeder  discharge  spout. 
Both  feeders  and  screw  conveyors  and  their  drives  are  sup- 
ported from  the  under  side  of  the  raw  crushed  coal  bunkers. 
Both  feeders  and  their  screw  conveyors  are  driven  bv  one 
7y2-HP.  motor. 

The  feeder  discharge  chute  branches  into  two  10-in  pipe 
sections  which  feed  into  the  two  dryers. 

Owing  to  the  high  temperatures  encountered  at  the  lower 
end  of  the  pipes,  a  special  paddle  arrangement  was  devised 
to  clear  the  pipe,  which  eliminated  the  use  of  a  bearing  in 
the  high  temperature.  A  series  of  paddles  8  in.  long  were 
Welded  about  the  circumference  of  an  extra  heavy  1%-in. 
pipe.  They  are  spaced  at  an  angle  of  90°  from  each  other, 
following  in  consecutive  order  and  are  given  %-in.  lag. 
This  pipe  is  mounted  on  a  1  7/16-in.  shaft,  which  is  held 
stationary  in  the  feed  pipe  by  means  of  brackets.  The 
bracket  at  the  lower  end  is  fastened  directly  to  the  bottom 
of  the  feed  pipe  which  projects  into  the  dryer  a  distance  of 
18  in.  The  upper  end  of  the  feed  pipe  is  a  lateral,  the  side 
opening  of  which  connects  directly  with  the  main  discharge 
chute  The  paddle  extends  up  through  the  straight  section 
of  the  lateral,  the  upper  bracket  holding  the  shaft  being 
supported  to  the  framework  outside  the  pipe.  The  cover 
for  the  upper  end  of  the  feed  pipe  is  a  special  casting  which 
bolls  to  the  flanged  end  of  the  pipe  and  supports  the  bear- 
ings for  the  drive  shaft  propelling  the  paddle.     Each  paddle 


is  driven  by  a  1-HP.  motor,  belt  connected,  speed  60 — 70 
R.P.M. 

Dryers. — The  dryers  are  of  the  indirect  fired  rotary  type, 
manufactured  by  the  Fuller  Engineering  Co. — one  5  ft.  di- 
ameter by  52  ft.  long,  the  other  6  ft.  diameter  by  52  ft.  long. 
The  firebox  is  built  to  the  side  of  the  dryer,  setting  being 
connected  to  the  same  through  an  arched  opening. 

Vertical  baffles  control  the  direction  of  the  heat,  forcing 
it  to  cross  and  recross  the  dryer.  Beyond  the  last  batfle 
the  heat  passes  through  the  breeching  to  a  hood  which  con- 
nects with  the  lower  end  of  the  dryer.  The  temperature 
of  the  gases  at  this  point  is  reduced  to  about  500'  F. 

An  induced  draft  is  produced  for  the  dryers  by  two  Sirocco 
fans,  the  fan  for  the  larger  dryer  having  a  capacity  of  25,- 
000  cu.  ft.  per  minute  and  the  one  for  the  smaller  dryer 
having  a  capacity  of  16,000  cu.  ft.  per  minute,  each  driven 
by  a  single  stage  Terry  steam  turbine.  The  fan  is  directly 
connected  to  the  feed  end  of  the  dryer,  which  is  enclosed 
in  a  concrete  setting  separate  from  the  furnace,  the  latter 
beginning  10  ft.  from  the  upper  end  of  the  dryer.  By  this  ar- 
rangement the  heated  gases  from  the  breeching  are  drawn 
through  the  dryer  over  the  coal,  thus  greatly  aiding  in  the 
drying  process.  The  temperature  of  the  gases  passing 
through  the  fan  is  about  270°  F. 

Dust  Recovery. — As  first  installed,  all  but  the  finest  dust 
was  collected  in  the  cyclone  and  carried  downward  through 
spouts  into  6-in.  screw  conveyors,  one  for  each  cyclone. 
These  conveyors  fed  into  another  6-in.  screw  conveyor  which 
carried  the  discharge  into  the  dryer  feed,  pipes.  This  ar- 
rangement proved  unsuccessful,  as  the  dry  dust,  mixing 
with  the  wet  coal  in  the  feed  pipe,  caked  on  the  sides  of 
the  pipe  and  continually  choked  the  pipe.  Then  again,  this 
dust  being  carried  to  the  feed  end  of  the  dryer  would  to  a 
large  extent  be  carried  up  the  air  duct  again  and  thus  travel 
in  a  complete  circuit.  To  overcome  this  disadvantage  the 
discharge  screw  conveyor  was  relocated  and  extended  so  as 
to  discharge  into  the  dry  coal  elevator,  described  below. 
After  several  trials  here  it  was  found  to  be  too  small  to 
handle  the  amount  and  the  kind  of  material  here  encoun- 
tered. With  the  finer  dust  the  6-in.  screw  conveyor  does 
not  appear  to  operate  successfully  when  fed  to  capacity, 
as  the  screw  has  a  tendency  to  pack.  The  6-in.  screw  con- 
veyors were  taken  out  and  one  12-in.  screw  conveyor,  en- 
closed in  a  cast  iron  pipe,  was  substituted.  The  bottom  of 
the  cyclones  was  directly  connected  to  the  upper  end  of 
the  conveyor  by  10-in.  pipes. 

Dryer  Capacities. — The  smaller  dryer's  capacity  is  7  tons 
per  hour,  and  the  larger  dryer  will  handle  10  tons  per  hour. 
The  moisture  content  is  reduced  from  approximately  16  per 
cent  to  2.25  per  cent  with  a  temperature  of  220'  to  240°  for  the 
discharged  coal.  These  results  were  obtained  with  New- 
castle buckwheat;  the  figures  will  be  reduced  somewhat 
with  culm. 

Dry  Coal  Elevator. — The  coal  from  the  dryers  discharges 
into  spouts  which,  in  turn,  discharge  into  the  dry  coal  ele- 
vator. On  the  lower  side  of  these  sloping  spouts  are  at- 
tached horse-shoe  magnetic  separators,  one  for  each  spout, 
which  retain  ail  iron  scrap,  such  as  spikes,  bolts,  nuts,  nails, 
etc.  These  magnets  are  hinged  in  place  and  are  easily 
cleaned  at  regular  intervals.  The  dry  coal  elevator  consists 
of  a  single  strand  fixed  bucket  type  of  conveyor  in  a  No.  14 
gage  steel  elevator  casing. 

P'rom  the  dry  coal  elevator  the  coal  is  discharged  cen- 
trifugally  into  a  spout  leading  to  a  12-in.  screw  conveyor 
over  the  dry  coal  bins.  The  screw  conveyor  distributes  the 
coal  in  the  bins  through  eight  steel  extension  spouts.  It  is 
driven  by  a  5-HP.   motor. 

Dry  Coal  Bunkers. — The  dry  coal  bin  is  of  reinforced  con- 
crete construction,  having  a  capacity  of  160  tons.  Access  is 
had  to  the  bin  through  three  cast  iron  manholes. 

As  some  of  the  warm  air  currents  will  pass  up  through 
the  supply  spout  to  the  elevator,  a  small  vent  is  installed 
at  the  top  of  the  dry  coal  elevator.  In  addition  to  this,  a 
pipe  connection  is  made  between  the  elevator  casing  about 
12  ft.  from  the  bottom  and  the  larger  dryer  hood  to  release 
any  gases  that  may  collect  in  the  elevator  shaft  and  also  to 
maintain  a  continuous  circulation  of  air  in  the  elevator  by 
the  aid  of  the  induced  draft  fan  connected  to  the  dryer. 

The  dry  coal  bin  is  subdivided  into  four  hoppers  from  the 
bottom  of  which  coal  is  fed  directly  to  the  four  pulverizing 
mills  through  12-in.  diameter  hinged  steel  spouts.     The  flow 
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of   the   coal   is    regulated   at   the   bottom   of   the   hoppers   by 
means  of  duplex   bin  gates. 

Pulverizing  IVIills.— The  plant  is  equipped  with  three  42- 
iu.  Fuller-Lehigh  fan  discharge  type  pulverizers  and  one 
Raymond  impact  pulverizing  mill,  with  one  42-in.  Fuller-Le- 
high mill  as  a  spare. 

The  Fuller  mills  each  have  a  capacity  of  'iVz  tons  per 
hour  with  a  resulting  pulverized  product,  80 — 85  per  cent  of 
which  passes  a  200-mesh  screen,  and  95—98  per  cent  passes 
a  100-mesh  screen.  The  Raymond  has  a  capacity  of  5% 
tons  per  hour  with  a  resulting  product,  70—75  per  cent  of 
which  passes  a  200-mesh  screen,  and  93—97  per  cent  passes 
a   100-mesh   screen. 

In  addition  to  the  feed  regulation  at  the  bottom  of  the 
dry 'coal  bin,  the  feed  hopper  of  the  mill  is  provided  wuth 
a  slide  which  can  be  raised  or  lowered  to  regulate  the 
amount  of  material  entering  the  feeder  trough  containing 
a  feed  screw.  This  screw  conveyor  feeds  the  coal  into  the 
mill;  it  is  driven  direct  from  the  mill  shaft  by  means  of  a 
belt  passing  over  a  pair  of  three-step  cone  pulleys.  This 
anangement  provides  a  range  of  three  speeds  for  the  screw- 
feed.  Each  Fuller  mill  and  the  Raymond  mill  are  driven 
by   a   75-HP.   motor. 

Screw  Conveyor — Fuller  Mills  to  Pulverized  Coal  Elevator 
— The  pulverized  coal  from  the  Fuller  mills  discharges 
through  spouts  into  a  12-in.  screw  conveyor,  which  has  a 
vent  box  running  the  full  length  of  the  trough.  This  vent 
box  has  a  graduated  sectional  area  of  from  1%  sq.  ft.  at 
first  mill  to  4  sq.  ft.  at  last  mill. 

No  cyclones  or  dust  collectors  are  used  in  connection  with 
the  Fuller  mill,  but  the  excess  air  from  the  mills  is  carried 
direct  to  the  furnace  through  the  aid  of  the  S.OOO  cu.  ft. 
per  minute  induced  draft  fan  mentioned  above.  The  fan  is 
driven  by  a  5-HP.  motor.  This  air.  carrying  considerable 
coal  dust  in  suspension,  is  fed  directly  to  the  furnace 
through  auxiliary  supply  pipes. 

To  regulate  the  suction  in  the  vent  box  an  opening  10 
in.  X  16  in.  was  cut  into  the  vent  pipe  ,iust  above  its  connec- 
tion with  the  vent  box.  To  regulate  the  admission  of  free 
air  to  the  pipe  a  vertical  sliding  door  is  installed.  By  in- 
creasing the  free  air  intake  opening,  suction  at  the  dis- 
charge end  of  the  mills  is  decreased  and  vice  versa. 

Pulverized  Coal  Elevates- — The  pulverized  coal  elevator 
operates  in  a  reinforced  concrete  housing  divided  into  two 
compartments,  keeping  the  loaded  and  empty  buckets  en- 
tively  separate  from  each  other.  One-half  inch  clearance 
was  allowed  in  all  parts  of  the  shaft,  thus  overcoming  the 
possibility  of  dust  lying  dormant  in  any  part  of  the  elevator. 
This  type  of  elevator  also  insures  a  dustproof  casing.  Coal 
enters  the  pulverized  coal  elevator  from  the  12-in.  screw 
conveyor  through  a  spout.  The  uptake  for  this  elevator  is 
of  a  special  design  and  is  placed  at  the  top  of  the  elevator. 
The  sprocket  at  the  bottom  is  stationary,  giving  the  buck- 
ets a  very  small  clearance  at  the  bottom  of  the  shaft,  which 
prevents  coal  dust  from  accumulating  there.  This  elevator 
is  operated  by  a  10-HP.  motor  and  discharges  into  a  12-in. 
screw  conveyor. 

Raymond  Mill  Equipment. — In  the  Raymond  mill  the  coal 
is  pulverized  by  impact,  an  upward  current  of  air  from  an 
exhaust  fan  having  sufficient  carrying  power  to  take  with 
it  the  finest  particles,  leaving  the  coarser  until  they  are 
pulverized  to  the  necessary  fineness.  The  discharge  from 
the  mill  leads  to  a  cyclone  separator  from  which  the  pul- 
verized coal  is  discharged  into  the  12-in.  screw  conveyor 
above  mentioned.  The^air  discharge  from  the  cyclone  sep- 
arator leads  back  to  the  mill,  thus  completing  the  circula- 
tion. The  velocity  of  the  air  at  the  intake  end  of  the  cy- 
clone is  greater  than  the  velocity  at  the  outlet,  hence  back 
pressure  results  in  the  mill.  To  overcome  this  back  pres- 
sure an  air  duct  is  connected  to  the  return  discharge  line, 
through  which  air  is  drawn  by  use  of  an  induced  draft  fan. 
This  air  current  carrying  fine  dust  in  suspension  is  fed  to 
one  of  the  boilers  through  an  auxiliary  feed  line.  A  30-HP. 
motor  drives  the  large  exhaust  fan  from  the  Raymond  mill 
and  a  3-HP.  motor  drives  the  fan  on  the  pressure  relief  line. 
Screw  Conveyors — Pulverized  Coal  Elevator  to  Pulverized 
Coal  Bunkers. — The  12-in.  screw  conveyor  leading  from  the 
pulverized  coal  elevator  is  centrally  located  with  respect  to 
the  boilers.  It  is  directly  connected  to  four  12-in.  screw  con- 
veyors which  operate  at  right  angles  to  the  supply  conveyor. 
These  four  conveyors  lead  to  the  various  bins  above  the 
boilers,    through    dust-proof   spouts.     The    feed   Is   regulated 


by   ordinary   slide   gates   in   the   bottom     of     the     conveyor 
trough.     Kach  screw  conveyor  is  driven   by   a  5-HP.   motor. 
In  addition,  the  supply  conveyor  Is  connected  to  the  stor- 
age bins  supplying  the  two  dryers,   through   spouts. 

Pulverized  Coal  Bunkers. — The  pulverized  coal  storage 
bins  for  the  dryer  furnaces  are  constructed  of  structural 
steel  and  have  a  capacity  sufnclont  for  eight  hours'  <iteady 
operation.  Of  the  bins  supplying  the  boilers,  eight  are  of 
reinforced  concrete  and  two  of  structural  steel.  Each  has  a 
capacity  of  approximately  15  tons,  sufllcient  for  from  9  to 
15  hours'  operation,  depending  on  the  size  of  the  boiler. 
These  bins  are  all  of  dust-proof  construction,  as  is  all  the 
coal  handling  equipment  beginning  with  the  dryers  and 
ending  with  the  burners.  The  bins  are  so  constructed  that 
iiio  pockets  will  form  and  that  there  is  very  slight  possi- 
bility of  arch  action.  This  allows  a  free  flow  at  all  times 
of  pulverized  coal  into  the  feeder. 

Feeders. — Each  bin  above  the  boilers  is  built  with  two 
hoppers,  each  hopper  supplying  the  feeder.  In  all  there 
are  22  feeders  in  use,  all  of  the  screw  conveyor  type.  One 
of  the  dryers  and  a  300-HP.  boiler  are  e<)uipped  with  Sant- 
myer  feeders.  Two  of  the  300-HP.  boilers,  two  of  the  40U- 
HP.  boilers  and  one  600-HP.  boiler  are  equipped  with  Fuller 
feeders.  The  other  dryer,  one  3e0-HP.  boiler,  one  400-HP. 
boiler,  one  500-HP.  and  one  600-HP.  boiler  are  equipped  with 
Locomotive  Pulverized  Fuel  Co.'s  feeders.  All  are  designed 
upon  the  same  principle,  the  coal  passing  from  the  hopper 
into  the  feeder,  where  it  is  convejed  horizontally  by  means 
of  the  screw  to  a  vertical  outlet  pipe,  varying  in  size  from 
4-in.  to  6-in.  in  diameter.  Upon  reaching  this  pipe  a  current 
of  air.  introduced  through  a  3%-in.  diameter  auxiliary  air 
feed  pipe,  carries  the  coal  downward  directly  to  the  burner. 
This  air  current  is  supplied  by  two  Sirocco  fans  of  50,000 
cu.  ft.  per  minute  capacity  each.  They  are  located  at  op- 
posite ends  of  a  large  supply  duct  from  which  all  the  feed- 
ers branch.  Air  is  supplied  to  the  feeders  under  a  static 
head  discharge  pressure  equal  to  10  in.  of  water.  In  addi- 
tion, two  3.000  cu.  ft.  per  minute  Sturtevant  fans  supply 
several  individual  feeders.  These  small  fans  are  directly 
connected  to  11  HP.  Moore  steam  turbines.  The  larger 
fans  are  directly  connected  to  67-HP.  Moore  steam  turbines. 
The  Fuller  and  Santmyer  feeders  are  equipped  with  1%- 
HP.  Crocker-Wheeler  Direct  Current  Motors,  having  a  va- 
riable speed  of  300  to  900  R.P.M.  back  geared  to  a  counter- 
shaft. The  feeder  is  chain  driven  in  both  types;  the  Sant- 
myer feeder  hafc  a  speed  of  125  to  150  R.P.M.  for  ordinary 
operation,  and  the  Fuller  feeder  a  speed  of  100  to  150  R.P..M. 
under  normal  conditions,  depending  on  the  size  of  the  boiler 
being  supplied  and  the  load  carried. 

The  Locomotive  Pulverized  Fuel  Co.'s  feeder  Is  equipped 
with  a  specially  designed  General  Electric  direct  current 
motor,  which  is  directly  connected  to  the  feeder.  This 
feeder  operates  at  a  much  lower  speed  owing  to  the  shorter 
length  o."'  conveyor,  which  with  high  speeds  will  flood.  The 
motor  has  a  variable  speed  of  500  to  1.500  R.P.M.,  rated  at 
1%  HP.  at  230  V.  and  6.95  Amp.  The  feeder  has  a  speed  of 
from  30  to  60  R.P.M.  under  normal  operating  conditions. 
The  feed  is  regulated  entirely  with  the  motor  controller. 
the  connection  between  the  hopper  and  the  feeder  being  at 
all  times  open.  The  air  supply  is  regulated  by  means  of 
valves  in  the  air  feed  lines. 

Burners. — The  burner  is  nothing  more  than  a  specially 
designed  elbow  with  three  openings,  one  for  the  fuel  com- 
ing from  the  feeder,  another  smaller  one  for  the  additional 
air  feed,  and  the  third  for  the  discharge  into  the  furnace. 

Following  a  series  of  experiments  with  various  types  of 
burners,  the  Santmyer  burner  was  eventually  installed 
throughout  the  entire  plant.  It  was  found  that  due  to  the 
shape  of  the  furnace,  better  results  were  obtained  by  plac- 
ing the  burners  below  the  floor. 

Dutch  Oven.— A  "Dutch  Oven,"  5  ft.  x  6  ft.  x  5  ft.  high, 
was  added  to  each  of  the  boiler  settings  to  increase  the  size 
of  the  combustion  chamber.  However,  from  careful  obser- 
vations made  at  this  point,  depth,  rather  than  a  large  cross- 
section,  is  the  essential  factor  in  the  proper  combustion  of 
pulverized  coal. 

Combustion  Chamber.— The  dimensions  of  the  combustion 
chamber  proper  are  approximately  14  ft.  6  in.  x  8  ft.  6  in.  x 
5  ft.  high,  including  the  "Dutch  Oven."  These  dimensions. 
particularly  the  height,  increase  with  the  larger  boilers. 
The  sloping  section  of  the  chamber  has  a  depth  of  6  ft.  6  In. 
and   reduces  to  a  cross-section  of  3   ft.  x  3   ft.  at  the   hot- 
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toni.  where  it  enteis  the  ash  pit.  The  ash  pit  is  4  ft.  x  4  ft. 
in  cross-section  an"!  has  a  clear  height  of  3  ft.  6  In.  The 
ashes  are  removed  through  a  heavy  cast  iron  door,  lined 
with  4-in.  fire  brick.  The  entire  combustion  chamber  is  con- 
structed of  reinforced  concrete  up  to  the  boiler  room  floor, 
or  approximatel.v  a  foot  below  the  top  of  the  sloping  sec- 
tion. Above  this  line  the  original  brick  construction  is  en- 
countered. The  special  brick  lining  consists  of  a  4%-in. 
thickness  of  Sil-o-cel  brick  and  a  ISVs-in.  thickness  of  first- 
class   fire   brick. 

The  excessive  heat  in  the  ash  pit.  which  to  a  certain  ex- 
lent  radiates  through  the  front  face  of  the  same,  made  the 
handling  of  the  ashes  very  difficult.  To  remedy  this,  an  ad- 
ditional concrete  wall  was  constructed  in  front  of  the 
original  wall  with  an  air  passage  between.  This  passage 
was  left  open  at  the  top,  thus  permitting  the  radiated  heat 
to  pass  upward  and  escape  without  inteifering  with  opera- 
tion. 

Ash  Crusher. — The  resulting  ash  varies  in  composition 
from  fine  powder  to  exceedingly  hard  slag,  but  the  largest 
percentage  consists  of  rather  soft  clinkers.  Some  ash  ac- 
cumulates on  the  back  slopes  and  wall  of  the  combustion 
chamber  as  soft  slag  and  clinkers,  and  a  small  amount  is 
deposited  back  of  the  bridge  wall  as  a  fine  powder.  The 
major  portion  of  it  falls  into  the  ash  pit,  from  which  it  Is 
raked  at  regular  intervals  and  allowed  to  cool,  preparatory 
to  crushing. 

The  jaw  crusher  is  set  up  on  trucks  with  the  feeder  plat- 
form level  with  the  bottom  of  the  ash  pit.  The  car  travels 
upon  rails  and  is  driven  by  a  5-HP.  direct  current  motor; 
the  crusher  is  operated  by  the  same  motor.  With  five  boil- 
ers on  each  side  of  the  firing  aisle,  this  crusher  car  serves 
all  the  furnaces.  The  basement  floor  is  depressed  4  ft.  be- 
tween the  boilers,  to  permit  sufficient  clearance  for  the 
crusher  and  the  drag  chain  conveyor  into  which  it  dis- 
charges. The  crusher  reduces  the  ashes  and  clinker  to  1 
in.  and  smaller,  so  that  it  can  be  readily  handled  by  the 
drag  chain   and   elevator. 

Drag  Chain  Ash  Conveyor. — The  drag  chiiin  conveyor  is 
located  in  the  bottom  of  the  depression,  extending  along  the 
entire  length  of  the  trench,  approximately  100  ft.  in  length. 
It  consists  of  a  12-in.  link  drag  chain  traveling  in  a  heavy 
cast  iron  trough.  It  is  driven  by  a  .5-HP.  motor.  The  drag 
chain  conveyor  discharges  into  a  <  hute  which  leaas  into  the 
ash   elevator. 

Ash  Elevator. — The  ash  elevator  consists  of  a  single 
strand  chain  with  6-in.  x  10-in.  buckets,  enclosed  in  a  steel 
casing.  It  is  driven  by  a  .5-HP.  motor  from  the  head  shaft. 
As  the  top  of  the  elevator  extends  15  ft.  above  the  roof  of 
the  building,  a  chain  drive  is  used,  the  motor  setting  on  the 
roof.  The  capacity  of  the  ash  handling  equipment  is  lim- 
ited to  the  capacity  of  the  crusher,  which  is  5  tons  per  hour. 

Ash  Bunker.— The  ash  elevator  discharges  into  a  spout 
leading  to  the  ash  bin,  which  is  constructed  of  reinforced 
concrete  and  has  a  capacity  of  110  tons.  The  bin  is  sub- 
divided Into  two  hoppers  with  three  sloping  sides  and  the 
fourth  side  vertical,  being  the  one  to  the  rear  of  the  build- 
ing; this  brings  the  opening  at  the  bottom  of  the  hopper 
on  line  with  the  vertical  face  and  permits  of  the  use  of  a 
vertical  sliding  gate. 

A  platform  has  teen  built,  from  which  the  gate  can  be 
operated  by  means  of  a  lever.  As  the  rear  of  the  build- 
ing adjoins  the  railroad  tracks,  the  steel  chute  used  to  con- 
vey the  ashes  from  the  bin  is  hinged  in  place  so  that  when 
not  in  use  the  chute  is  raised  by  means  of  a  block  and  line. 
The  ashf-s  are  hauled  away  in  trucks. 

Miscellaneous  Construction. — A  sump  pump  driven  by 
a  %-HP.  motor  takes  care  of  the  seepage  in  the  raw  coal 
crusher  pit.  Another  pump  driven  by  a  1-HP.  motor  takes 
care  of  the  seepage  and  drainage  into  the  mill  room.  A  third 
sump  pump  driven  by  a  2-HP.  motor  removes  the  seepage 
and  waste  water  from  a  sump  which  collects  the  water  used 
in  cooling  the  ashes. 

Boilers  No.  1  and  No.  11  are  connected  to  steel  stacks  of 
sufficient  height  for  natural  draft.  The  stack  connected  to 
boiler  No.  11  was  erected  during  the  summer  of  1918.  has 
a  diameter  of  5  ft.  and  a  height  of  80  ft.  The  remaining 
boilers  are  connected  to  a  low  steel  stack,  draft  being  in- 
duced by  a  11-ft.  diameter  by  5-ft.  wide  Sturtevant  fan  driven 
by  a  50-HP.  motor.  This  motor  was  installed  during  the 
summer  of  10 IS,    being  located   upon   the  roof  of  the   boiler 


room,  to  avoid  the  excessive  heat  above  the  boilers.  It  is 
enclosed  in  a  corrugated  iron   motor  house. 

To  the  rear  of  the  mill  room  is  located  the  transformer 
room,  where  the  alternating  current  is  stepped  down  from 
2,200  volts  to  220  volts.  In  addition  to  the  transformers 
the  switchboard  for  the  plant  is  located  here.  A  garage 
has  been  constructed  at  the  rear  of  the  building  for  the 
ash   truck. 

Operation. — The  culm  is  loaded  at  the  mine  directly  into 
the  coal  cars  by  use  of  a  Bagley  scraper,  operated  by  a 
double  drum  hoist  driven  by  a  125-HP..  D.  C.  motor.  A 
single  span  truss  with  a  solid  floor  having  an  opening  to  per- 
mit the  coal  to  drop  into  the  car  below,  is  erected  above 
the  railroad  track  at  right  angles  to  the  same.  The  Bagley 
scraper  hauls  the  coal  lo  the  opening  where  it  drops  into 
the  car. 

The  coal  is  delivered  to  the  storage  bunkers  at  night,  two 
additional  men  being  furnished  to  help  the  train  crew  in 
unloading  the  cars.  One  man  takes  care  of  the  raw  coal 
equipment,  coal  being  transferred  from  the  storage  bunk- 
ers to  the  crushed  coal  bunkers  during  an  S-hour  shift 
sufficient  for  the  24-hoin'  run.  One  man  looks  after  the 
feeders  into  the  divers,  which,  owing  to  the  higher  tempera- 
tures at  the  discharge,  tend  to  clog  up.  Another  man  op- 
erates the  dryers  and  mills.  He  has  an  assistant  who  looks 
after  the  distribution  of  the  dry  coal  and  pulverized  coal  in 
the   bimkers  above. 

Both  mills  and  dryers  are  operated  continuously.  Pul- 
verized coal  is  used  as  the  fuel  for  drying;  approximately 
one  ton  of  pulverized  coal  being  burned  to  dry  20  tons  of 
the  raw  coal.  The  ashes  are  removed  from  the  dryer  set- 
tings through  openings  at  the  fiooi  level.  The  driver  must 
necessarily  be  shut  down  during  this  operation,  which  oc- 
curs at  intervals  varying  from  five  to  eight  days. 

The  water  tendei  also  takes  care  of  feeders,  which  are 
regulated  by  controllers  located  on  the  boiler  room  floor. 
The  machinery  is  kept  in  operating  condition  by  an  oiler. 
Two  helpers  keep  the  tubes  clean  by  operating  the  soot 
blowers  and  the  use  of  a  special  steam  jet  inserted  through 
the  front  of  the  setting.  This  operation  is  performed  at 
four-hour  intervals.  In  addition  to  this  they  also  blow  down 
the  tubes. 

Three  additional  helpers  remove  the  ashes  from  the  dryer 
settings,  clean  the  combustion  chambers  when  necessary 
and  remove  the  ash  deposit  back  of  the  bridge  wall  at  reg- 
ular intervals.  This  deposit  is  wetted  down  in  the  setting 
to  facilitate  handling  and  to  avoid  spreading  of  dust.  It  is 
taken  out  through  the  cleanout  doors,  loaded  in  wheelbar- 
rows and  dumped  into  the  ash  elevator.  One  cleaning  per 
week  is  sufficient  to  take  care  of  this  deposit.  The  slag 
accumulating  on  the  sides  of  the  combustion  chamber  is 
removed  at  intervals  varying  from  six  to  ten  weeks,  depend- 
ing on  operating  conditions. 

The  ash  falling  into  the  pit  below  is  removed  with  long 
rakes.  The  ashmen  look  after  this  work,  while  the  third 
operates  the  drag  chain  and  ash  elevator,  and  feeds  the  ash 
crusher.  The  ash  as  found  in  the  pit  consists  of  slag  and 
,  powdered  dust  The  slag  is  pulled  out  near  the  door  and 
cooled  off  with  a  stream  of  water.  When  sufficiently  cool 
it  is  pulled  out  onto  the  runway  in  front  of  the  ash  pit. 
where  it  is  again  drenched  to  speed  up  the  cooling,  after 
which  it  is  fed   to   the   crusher. 

With  the  exception  of  handling  the  raw  coal  and  remov- 
ing the  deposit  back  of  the  bridge  wall,  which  work  is  taken 
care  of  by  a  single  shift,  all  operations  are  continuous,  be- 
ing carried   on   with   three  shifts  working  eight   hours  each. 


Increase  in  Cost  of  Living  in  Foreign  Countries. — In  a  re- 
cent issue  of  the  Paris  edition  of  the  Daily  .Mail,  the  following 
figures  are  quoted  Iroir.  a  report  made  by  the  Statistical  Bu- 
reau of  Berne,  Switzerland,  which  represent  the  increase  over 
pre-war  prices  in  certain  countries:  Italy.  481  per  cent; 
France,  368  per  cent;  Switzerland,  257  per  cent;  England.  240 
per  cent. 

Activated  Sludge  Plant  for  Chicago  Stock  Yards. — The  com- 
mittee of  the  trustees  of  Sanitary  District  of  Chicago  voted 
Sept.  ?•  to  construct  an  activated  sludge  plant  for  the  treatment 
of  the  trade  wastes  from  the  stock  yards  district.  It  also  was 
voted  to  re(iuest  the  packers  to  pay  two-thirds  of  the  cost  of 
installation  and  operation. 
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The   Application  of  Industrial 
Efficiency* 

By   CHARLES  E.  BHIUAUX. 
Charles  E.   Bedaux  Co..    Industrial  Knsineers. 

The  high  cost  of  living  and  high  scale  oi  wages — should 
they  remain?  And  if  not  to  remain  where  is  to  be  the 
change?  We  contend  that  the  wages,  outside  of  some  ad- 
justments,  will   remain   the  same. 

We  think  that  tlie  Europeans  have  a  reconstruction  period 
which  awes  and  terrifies,  but  it  is  in  my  mind  a  question 
whether  we  have  not  ourselves  a  reconstruction  period 
which  is  as  important  if  not  more  important.  I  heard  a  sol- 
dier the  other  day  on  the  train  state  that  he  did  not  think 
much  about  France.  He  had  gone  from  the  ocean  to  the 
battle  front  and  he  has  seen  nothing  but  vineyards  and 
two  factories,  and  those  two  factories  made  brandy.  But 
he  didn't  pass  the  right  way.  There  are  factories  today  in 
France  that  are  as  large  or  larger  than  most  of  our  indus- 
trial groups  in  the  I'nited  States.  One  of  the  large  factories 
of  France  started  a  little  over  four  years  ago  and  now  em- 
ploys over  45,000  men  and  women.  This  factory  is  supplied 
with  the  very  best  facilities  for  the  welfare  of  its  employes, 
including  dentistries  and  nurseries  for  children,  as  so  many 
married   women    work   tliere. 

With  the  signing  of  the  peace  treaty  France  has  more 
blast  furnaces  than  Germany  ever  had.  France  has  learned 
Germany  efBciency  through  a  great  deal  of  sorrow,  and  is 
now  bent  upon  turning  her  new  knowledge,  with  her  new 
facilities,  with  her  new  coal  deposits  from  the  Saar  basin, 
and  the  steel  from  the  Briey  district,  into  standardized 
products,  capable  of  being  manufactured  and  sold  in  com- 
petition with  the  most  advanced  American  industry. 

The  Wage  Scale  of  Europe  as  a  Factor. — American  effi- 
ciency, typically  an  .American  institution,  is  more  interesting 
to  England  at  the  present  time,  it  appears,  than  it  is  to  this 
country.  Motion  studies  are  actually  practiced,  and  not 
talked  up  in  that  country.  It  is  useless  to  talk  of  Germany. 
You  have  read  the  peace  treaty  or.  rather,  a  summary  of  it. 
but  it  must  not  be  forgotten  that  the  Germans  remain.  They 
will  no  longer  be  taught  the  goose  step,  but  will  continue 
to  follow  their  industrial  organization,  which  is  almost  un- 
equaled  and  will  be  held  by  iron  discipline  which  seems  to 
continue   even   through   their   revolution. 

When  you  consider  that  those  countries  manufacture  ar- 
ticles at  a  cost  of  labor  which  is  2  ct.  where  it  is  three  to  us 
in  the  United  States,  we  wonder  where  we  will  sell  our 
goods  in  five  years  from  now,  if  we  are  to  utilize  that  which 
we  have  built  during  this  war.  to  supply  Europe  and  sup- 
ply our  own  needs.  Thirty-three  per  cent  difference  in  the 
scale  of  wages  is  not  easily  offset  and  something  radical 
must  be   done. 

While  a  protective  tariff  may  conserve  our  industries  for 
our  own  needs,  it  will  not  be  possible  for  us  to  go  into  South 
America  or  to  go  on  European  soil  in  competition  with  a 
modern  Europe,  having  new  ideals,  new  methods,  taken 
and  learned  through  study  from  our  Ameican  engineers  and 
business  men  during  the  war,  who  have  shown  them  what 
organization  should  be.  It  will  not  be  possible  for  us  to 
compete  with  those  and  we  shall  either  have  to  stay  home 
or  find  some  other  way  out. 

Efficiency  Best  Solution  of  Problem. — The  question  is, 
what  is  the  way  out';  We  find  it  through  efficiency.  What  is 
efficiency?  To  many  of  us  it  represents  a  planning  depart- 
ment, a  planning  room  that  stands  in  the  middle  of  the  shop, 
or  in  some  corner,  with  a  great  deal  of  importance;  and 
this  planning  room  attempts  or  claims  to  attempt  to  send 
work  through  the  shop  at  given  times  so  that  it  may  leave 
one  machine  at  a  certain  hour  and  reach  another  machine 
at  another  hour.  I  might  ask  the  question;  how  can  I  tell 
how  much  time  it  will  take  me  to  get  home  if  I  don't  know 
the  distance,  nor  the  conditions  I  will  be  in  when  I  am 
ready  to  go  home?     This  information  is  essential. 

One  has  to  know  exactly  what  he  is  going  to  do  before 
he  can  expect  to  plan.  This  is  determined,  many  will  say, 
by  the  setting  of  standards.  But,  then,  how  are  they  set, 
and  how  are  they  used?  I  have  personally  gone  into  many 
factories,   perhaps   .50   new   ones   each   year  to   visit,   and    12 
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each  year  to  work  in.  Out  of  the  90  per  cent  of  piannini: 
departments  that  I  have  found  in  tho.se  InduKtrleH  I  do  not 
believe  I  have  found  5  per  cent  that  really  have  Klandard)' 
of  time  with  which  to  work.  The  operator  knows  tbui  and 
he  is  quite  keen  on  his  realization  and  appreciation  of  thai 
fact.  He  does  not  sympathize  with  the  average  efllciency 
movement,  because  whether  .the  standard  is  used  as  a 
method  of  remuneration  or  whether  It  is  used  to  plan  the 
work  through  the  shop,  he  loses  confidence  In  the  elTorl  thai 
he  has  made  and  he  turns  it  more  or  less  into  ridicule.  I 
can   talk   from   experience. 

American  Labor  Cost  Must  Be  Reduced. — We  contend  that 
:i:!  per  cent  of  the  cost  of  labor  must  be  reduced  to  offset 
the  difference  between  American  and  European  scale  ot 
wages.  We  cannot  expect  the  European  scale  of  wages  to 
go  up  immediately,  for  we  first  will  have  to  teach  the  Euro- 
pean to  use  electricity  or  gas  in  his  home,  to  lake  a  bath 
once  in  a  while,  to  have  a  telephone  to  call  up  market  for 
goods,  that  sometimes  come  short,  sometimes  come  good 
and  sometimes  come  badly. 

The  average  European  woman  goes  to  market  and  spends 
iialf  a  day  trying  to  save  3  cts.  and  walks  back  with  the  load 
so  as  to  save  car  fare,  which  is  3  cts.  Here  the  average 
wife  or  the  workingman  has  a  telephone  and  calls  to  the 
market,  therefore,  having  less  chance  of  selection.  That 
alone  increases  the  cost  of  living — the  lack  of  selection. 
which  decreases  the  quantities  received,  the  lack  of  spec- 
ialization in  choice,  which  removes  education  along  that 
line.  So  unless  we  take  all  that  away  from  the  European — 
the  French,  the  British,  the  Italian  lady— and  the  many  dis- 
comforts that  her  husband  accepts  after  his  work,  and  un- 
less we  do  away  with  the  millions  of  women  who  in  Europe 
today  are  expert  mechanics,  having  learned  through  four 
years  of  intensive  labor — unless  we  take  those  away  we 
shall  have  to  find  seme  other  means  of  reducing  this  33  per 
cent  in  cost  of  labor. 

It  must  be  through  efficiency,  and  yet  it  should  be  through 
an  efficiency  which  is  different  from  the  one  I  jusi  men- 
tioned— the  one  of  setting  standards  without  particular 
knowledge  ot  them,  through  practices  that  operators  know 
and  more  or  less  despise.  Then  how  will  it  be?  Will  it  be 
through  method?  And  what  is  method,  systems,  records  in 
a  plant?  The  first  consideration  in  a  factory,  you  will  agree 
with  me,  is  to  have  the  men  happy.  If  they  are  not  happy 
you  cannot  have  an  efficient  production.  What  is  the  sec- 
ond consideration?  Production — turning  oul  the  ttnished 
product.  It  must  therefore  be  realized  th-il  any  method, 
riny  system,  must  be  secondary  to  production,  to  manufac- 
ture. When  it  is  well  determined  that  production  is  su- 
preme and  that  method  is  secondary  to  ii.  and  anything 
other  than  method  has  been  removed,  then  thai  method  or 
system  .must  be  followed. 

It  is  unfortunately  the  case  that  the  practical  man  finds 
so  often  that  a  portion,  and  a  large  one,  of  that  systematic 
way  of  routing  or  carting  things  through  the  shop  is  ham- 
pering production,  rnd  he  therefore  sets  aside  all  or  a  por- 
tion of  that  system.  At  that  time  it  must  he  remembered 
that  once  it  is  determined  that  the  method  or  system  adopted 
is  secondary  to  production  and  is  used  to  serve  it.  that  sys- 
tem or  method  must  be  used  as  a  whole.  It  Is  far  more  in- 
jurious to  use  a  portion  of  it  than  not  to  use  it  at  all.  '     , 

Efficiency  Needs  Practical  Men. — In  the  days  of  onr  fon-- 
fathers  they  had  to  serve  a  .5-ye:ir  apprenticeship,  and  when 
a  person  became  a  master  worker  the  boss  knew  to  a  unit 
just  how  much  he  could  produce  in  a  day,  for  all  he  did  was 
with  his  hands.  Today  conditions  demand  new  standards. 
.A  machine  makes  500  pieces  where  a  man  use  to  make  10. 
We  soon  forgot  the  fact  that  a  man  used  to  make  10;  we 
only  knew  that  the  machine  could  make  a  whole  lot.  But 
one  competitor  using  the  same  machinery  is  getting  400. 
and  the  other  one.  having  such  a  combination  of  machines 
gets  only  300  and  has  to  pay  agmst  his  cost  a  burden  on 
the  machinery  he  had  purchased,  finds  himself  out  of  busi- 
ness, although  thai  machinery  manufactures  a  great  deal 
more  than  the  man  by  hand  used  to  do.  For  that  reason 
there  is  a  need  of  order,  there  is  a  need  of  system  and 
method,  but  it  must  remain  secondary  to  the  manufacture 
itself. 

There  is  nothing  more  detrimental  to  industry  than  to  see 
in  the  shop  many  colored  cards  and  sheets  going  all  over 
without  any  other  purpose  than  to  furnish  employment  tr, 
befoggled  young  men   who  have  not  much  else  of  interes! 
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The  average  man  with  a  white  collar  when  he  gets  into  a 
factory  where  it  is  more  or  less  noisy  has  only  one  feeling, 
and  that  is  to  get  out.  There  are  many  men  today  who  can- 
not think  at  all  when  their  hands  get  dirty.  It  gives  a  cer- 
tain superiority  to  the  shopmen,  a  superiority  which  is  often 
distinctly  shown.  It  has  a  great  deal  to  do  with  the  dis- 
credit into  which  many  of  the  system  fall.  Those  systems 
hampering  production,  causing  discontent,  should  cease  to 
be.  It  i.-5  strange  tor  an  efficiency  man  to  come  and  tell 
you  that  those  systems  should  end.  They  should.  If  men 
unfamiliar  with  manufacture  have  adopted  or  presented 
methods  supposedly  to  help  manufacture,  and  are  falling 
short  of  their  expectations,  it  becomes  the  duty  of  the  man- 
ufacturing man,  or  the  workingman,  to  take  the  place  and 
add  to  this  manufacture  whatever  means  are  necessary  to 
make  It  systematic.  To  just  look  at  it  and  say,  "It  is  no 
good  and  will  not  work,  and  I  know  it  will  not  work,"  is  no 
justification.  The  thing  to  do  is  to  take  it  and  make  it  go 
right. 

What  efficiency  needs  today  is  practical  men  with  the 
knowledge  of  the  shop  who  will  learn  the  possibilities  of 
improving  production  and  becoming  efflciency  men  them- 
selves and  not  be  afraid  of  the  name,  for  it  is  In  that  way 
and  only  in  that  way  that  we  can  reduce  the  cost  of  pro- 
duction, as  we  must  reduce  it  within  a  short  time. 

Fundamental  Knowledge  Necessary  for  Application  of 
Efficiency. — The  application  of  efficiency  to  industry  with  a 
view  to  reducing  ccst  has  been  largely  limited  to  that — the 
various  means  of  routing  or  checking  or  planning  the  man- 
ufacture of  the  work  through  the  various  shops.  It  has  done 
so  without  the  fundamental  knowledge  which  is  absolutely 
necessary — measurement,  knowing  what  are  the  units,  if 
there  are  any.  that  can  govern  the  relation  of  that  which 
has  to  be  done  with  that  which  is  today  the  thing  that  nas 
to  be  done,  that  is,  planning. 

Planning  is  a  well-ordained  intention  of  doing  one  given 
thing  at  a  given  time  under  given  conditions.  Now,  can 
we  as  a  rule  plan  work  through  manufacture?  Have  we 
the  information  that  will  make  that  possible?  And  when 
it  is  done  will  it  give  the  maximum  result,  the  maximum 
production  for  a  given  effort?     We  contend  it  does  not. 

The  efficiency  man  of  today,  instead  of  sitting  in  the  office 
of  the  planning  department  or  in  the  exceutive  office,  should 
go  through  the  shop  to  find  out— not  for  the  workmen  but 
with  the  workmen— how  long  it  takes  to  do  a  thing,  what- 
ever that  thing  may  be;  to  agree  with  them  that  it  does  take 
that  long,  and  once  it  is  determined  to  put  it  down  into  a 
record  that  under  given  circumstances  it  has  taken  and  it 
should  take  that  long  to  perform  that  given  operation,  and 
then  pass  on  to  the  next  operation  with  that  other  man  and 
that  other  machine,  and  so  on  through  the  shop. 

Time  Studies  Essential. — Take  those  time  studies  with  the 
foreman,  analyze  them  with  him;  take  up  the  question  of 
toolings,  if  there  are  any  to  be  taken  up,  and  the  question 
of  material  being  brought  or  taken  away,  if  it  is  a  matter 
of  arranging  work,  and  then  arrive  at  a  knowledge  which 
is  essential,  which  will  show  three  things— the  time  re- 
quired to  perform,  the  capacity  of  that  which  performs,  if 
it  is  a  machine,  and  the  weaknesses  in  the  performance  if 
it  is  properly  timed. 

In  the  operation  it  will  give  an  actual  time  to  perform 
under  given  conditions.  If  that  actual  is  then  combined  to 
a  period  of  rest,  as  no  human  being  can  be  expected  to 
work  all  day  long  without  any  rest,  a  certain  figure  will 
be  reached.  We  will  say,  for  instance,  a  milling  operation 
—hand  mill— and  it  has  taken  for  that  particular  job  21/2 
minutes,  but  it  is  agreed  by  the  operator  and  the  foreman 
that  there  was  a  certain  waste  time,  not  wasted  by  the  op- 
erator necessarily,  but  wasted  through  the  process,  through 
the  nature  of  the  operation,  or  through  conditions  of  tool- 
ing, so  that  the  actual  time  under  normal  conditions  is  two. 
Then  add  to  that  a  certain  percentage,  we  will  say  in  this 
case  it  is  one-half  for  rest  and  delays,  so  that  the  total  will 
be  four.  Suppose  instead  of  doing  it  with  one  operator  you 
had  done  that  1.000  years  ago  with  1,000  men,  all  average 
men,  and  had  given  them  a  certain  operation  to  perform 
and  had  determined  the  individual  time,  had  taken  the 
waste  and  combining  the  time  of  a  thousand  and  dividing 
by  that  number  you  had  arrived  at  an  average  time  to  per- 
form,  and   you  were   to  repeat  that  same   experiment  today 
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with  a  thousand  men,  you  would  arrive  at  practically  the 
same  thing,  for  individual   length  of  time  does   not  change. 

I  do  not  speak  of  equipment;  I  do  not  speak  of  facilities; 
1  speak  of  time  as  an  average  running  through  the  ages. 
Whatever  time  you  have  set,  if  it  is  4  minutes  on  that  mill- 
ing operation,  and  if  the  metal  runs  the  same,  and  it  is  the 
same  metal  under  the  same  conditions  of  light,  heat  and 
so  forth,  whatever  time  you  put  it  in  the  future  it  will  re- 
quire the  same  time  as  it  does  today. 

In  other  words,  the  standard  of  time  does  not  change  un- 
less the  operations  or  the  conditions  that  govern  the  op- 
erations change  themselves.  If  it  does  not  change,  then 
why  not  use  it  as  a  constant,  as  a  means  to  measure  that 
which  is  done?  If  the  efficiency  man  who  himself  is  a  shop 
man.  familiar  with  the  lines  he  goes  into,  with  the  help 
of  the  operator  and  the  help  of  the  foreman  arrives  at  an 
average  time  to  do  a  certain  thing,  isn't  that  a  form  of 
measurement?  Suppose  that  you  have  arrived  at  4  min- 
utes; just  to  be  different  call  It  four  points:  What  is  an 
inch?  An  inch  is  a  twelfth  of  a  foot.  What  is  a  point?  We 
call  the  point  the  traction  of  a  minute  of  work  plus  a  frac- 
tion of  a  minute  of  rest,  the  aggregate  of  which  makes  one 
minute.  That  becomes  a  unit,  a  unit  to  measure  by.  And 
if  we  were  to  have  today  units  of  measurement  on  all  op- 
erations that  are  performed,  we  could  dispatch  the  wrok 
through  the  shop.  We  could  remunerate  labor  without  any 
differences  or  difficulties,  and  we  could  secure  an  increased 
production  that  would  probably  offset  the^  difference  in  cost 
of  labor  between  our  allies  and  friendly  competitors  of  the 
future. 


Strainer  for  Oil  Systems  and  Water  Supply 

A  duplex  strainer,  designed  for  installation  in  the  suction 
or  discharge  lines  of  lubricating  or  fuel  oil  systems  for  the 
removal  of  solid  foreign  material  in  suspension  has  been 
placed  on  the  market  by  the  Griscom-Russell  Co.,  90  West 
St.,  New  York.  Such  foreign  material,  if  not  removed,  makes 
the  lubrication  inefficient  and  may  seriously  damage  bearing 
surfaces.  Similarly,  sediment  in  fuel  oil  tends  to  clog  the 
burners,  reducing  their  capacity  and  necessitating  frequent 
cleaning.  This  strainer  is  also  suitable  for  straining  the  water 
supply    from    such    sources   as    rivers    and    lakes    to    prevent 


G.   R.   Duplex   Strainer. 

weeds,  sticks,  marine  plants  and  small  fish  from  entering  the 
pipe  lines.  The  strainer  consists  of  a  cast  iron  body  contain- 
ing two  perforated  steel  or  brass  baskets.  The  valve  arrange- 
ment permits  of  the  complete  removal  and  cleaning  of  either 
basket  while  the  other  remains  in  service.  In  operation  the 
oil  or  other  liquid  enters  the  inlet  connection  of  the  strainer 
and  passes  into  whichever  basket  is  in  service.  The  solid 
matter  remains  in  the  basket,  the  clean  liquid  passing  through 
the  perforations  and  thence  out  of  the  strainer.  All  cast  iron 
sections  are  cylindrical,  resulting  in  maximum  strength.  The 
valve  mechanism  is  very  simple  and  the  valves  are  easily 
re-ground. 
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Root,  24   Ft.    Long,  Taken   From 
10-In.  Water  Main 

The  accompanying  cut  shows  a  willow  root,  24  ft.  long,  taken 
out  of  a  10-in.  wooden  water  main  of  the  Avon  Water  Works 
at  Lakeville,  X.  Y.  It  was  fed  from  a  root  about  the  size  of 
a  lead  pencil,  which  came  from  a  willow  tree.  3  ft.  in  diam- 
eter, growing  near  the  water  line.  The  root  entered  the  pipe 
through  a  wooden  plug  which  was  driven  about  20  years  ago. 
It  is  supposed  that  a  very  small  fiber  or  tendril  of  the  root 
was  driven  in  with  the  plug  at  that  time. 

Last  fall  it  was  noticed  that  the  head  of  water  at  the 
chlorine  plant  at  Millville.  which  is  over  a  mile  from  where 
the  root  was  taken  out.  was  not  up  to  nonnal.  The  cause 
was  attributed  to  a  number  of  different  reasons,  among  them 
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24-ft.    Long    Willow    Root   Taken    from    10-in.    Water    Main. 

a  leak  in  the  conduit,  between  that  point  and  the  reservoirs; 
a  leak  between  the  chlorine  plant  and  Lakeville  or  a  stop- 
page between  the  two  latter  places. 

A  leak  in  certain  places  would  be  difficult  to  locate  as  the 
conduit  follows  closely  and  crosses  the  Conesus  Lake  outlet 
13  times,  from  the  lake  to  Avon,  a  distance  of  over  8  miles. 
Tests  were  made  with  coloring  fluid  and  the  creek  crossings 
were  closely  watched  without  discovering  any  leaks.  The 
Water  Commissioners  and  the  superintendent  therefore  de- 
cided that  the  source  of  trouble  was  above  the  chlorine  plant 
at  Millville  Tests  were  made  and  levels  taken  from  the 
•chlorine  plant,  to  the  lake  and  the  stoppage  located.  The 
big  root  approximately  shut  off  two-thirds  of  the  supply  of 
water. 

As  the  conduit  was  located  very  near  the  outlet  and  from 
4  or  6  ft.  below  the  creek  level,  work  was  difficult,  but 
through  the  kindness  of  the  Rochester  Water  Works,  Wil- 
liam H.  Clark,  superintendent  of  the  Avon  Water  Works,  was 
able  to  borrow  a  large  trench  pump,  which  took  care  of  the 

Water  Rates  in  13  Large  American  Cities.— The  following 
table  reprinted  from  the/9th  annual  report  of  the  Board  of 
Public  Utilities  of  Lons  Angeles,  Cal..  for  the  year  ending 
June  30.  1918,  shows  the  comparative  water  rates  prevailing 
at  that  tin-e  in  13  large  American  cities: 


large   amount   of   seepage   water   which    flowed    In   from    the 
creek. 

In  order  to  remove  the  root  from  I  he  cpHdull  a  hevel  piece 
about  S  in.  by  10  in.  was  sawed  from  the  top  of  the  plpi..  A 
small  rope  was  then  fastened  around  ihe  head  of  root,  and  It 
was  pulled  out  by  three  men. 


Newark,  N.  .1.,   to   Dispose   of  (iarbajie  by 
Feeding  to  .Swine 

A  contract  for  the  purchase  and  final  disposiiinn  m  j<ar- 
bage  by  feeding  was  awarded  by  Ihe  city  of  Newark.  N.  J.. 
on  July  3,  1919.  for  a  period  of  h  years,  commencing  ' 
1.  1919,  to  the  National  I'tilization  Co.,  Arthur  N.  i'l' 
president.  Woolworth  Bldg.,  New  York  Cltx.  The  pric«-  v> 
be  paid  to  the  citv  for  each  ton  of  garbage  delivered  is  8 
times  the  price  per  pound  of  live  killing  hogs  on  the  Chicago 
market,  as  determined  by  averaging  the  top  price  for  each 
month. 

The  site  of  the  piggery  is  located  along  the  shore  of  the 
Passaic  River  and  the  cjty  wagons  are  to  deliver  all  garbage 
to  the  feeding  site,  where  it  will  be  weighed.  The  city 
agrees  to  the  enforcement  of  existing  orilinances.  by  orders 
or  otherwise,  to  effect  a  good  primary  separation,  and  also 
agrees  to  endeavor  to  pass  ordinances  whereby  the  con- 
tractor will   receive  all  hotel  and  restaurant   garbage. 

The  collection  of  all  city  refuse  was  done  by  contract 
until  1916.  when  the  contractor  terminated  the  contract  on 
the  grounds  that  the  separation  ordinance  was  not  enforced. 
It  was  then  taken  over  and  carried  on  by  municipal  forces. 
There  has  been  some  attempt  for  several  years  past  to 
separate  garbage  from  other  refuse,  but  it  was  rather  un- 
su<;cessfu!.  In  March.  1919,  a  new  ordinance  was  introduced 
requiring  the  separation  of  ashes,  rubbish  and  garbage.  At 
the  present  time  separation  is  effective  in  about  T,i>  i)er  cent 
of  the  city.  A  police  officer  and  inspector  are  assigned  to 
each  district  to  enforce  this  ordinance,  and  the  results  have 
been  very  gratifying.  Separation  in  the  remainder  of  the 
city  will   be  completed   about   Sept.   lo.   1919. 

The  erection  of  a  reduction  plant  of  a  \o()-ton  capacity 
was  contemplated,  but  in  view  of  the  present  cost  of  building 
material  it  was  considered  prohibitive.  An  estimate  received 
from  one  company  was  $750,000  exclusive  of  the  site.  The 
city  has  some  6  square  miles  of  meadow  land  and  all  classes 
of  refuse  have  formerly  been  dumped  on  this  land.  There 
is  a  contract  for  the  salvaging  of  the  material  for  which  the 
city  receives  $3,000  annually  for  the  privilege,  in  addition  to 
which  the  contractor  supplies  all  labor  necessary  to  keep  the 
dumps  and  the  roads  leading  thereto  in  good  working  condi- 
tion. When  separation  is  completed  in  the  entire  city,  it  Is 
planned  to  erect  a  utilization  plant  for  rubbish  and  when  this 
is  realized  only  ashes  will  be  deposited  on  the  meadow  land. 
The  area  of  the  city  is  23  square  miles  and  the  estimated  popu- 
l.i.tion  is  4.=)0,000.  It  is  estimated  that  5,000  hogs  will  be  re- 
quired to  consume  the  maximum  amount  of  garbage  during 
the  peak  months  of  summer. 

On  account  of  the  limited  area  available  at  the  site  of  the 
pig^.gery,  intensive  methods  will  be  employed.  The  hogs  will 
be  housed  in  unit  buildings  100x100  ft.,  which  will  accommodate 
from  800  to  1,000  hogs.  A  double  concrete  driveway  and 
feeding  floor  24  ft.  wide  extends  through  the  center  of  each 
building  with  a  gutter  on  each  outer  edge  next  to  pens.  The 
gutters  discharge  into  large  grease  traps  to  prevent  solids 
reaching  the  sewer.  The  pens  are  arranged  on  either  side  of 
the  driveway,  having  a  slight  piifli  toward  the  gutters.  There 
are  five  pens  on  each  side  i-nuipped  with 
drinking  fountain.     Each  pen  opens  into  a  > 
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Raltimoi-e    .  .  - 

Buffalo   

Cleveland  .  . . 
Indianapolis  . 
Kansas  Citj'  . 
Milwaukee 

Newark    

New  Oiienas 
Portland  .  . . . 
Saint    Paul 

Seattle    

WashintTton  . 
IjOs    Anpreles 


Services. 
Total. 

120,700 


J. 50c 
i.OOc 


S9,S09 

104,311 

48.118 

62.noe 

fi4.96S 
48.1.')S 
34,000 
CA,3?.3 
12.250 
14,43f, 
70,475 
100.629 
XOTR:— All    plants   municipally    owned   except   that   at    Indianapolis. 
NOTE;— (a)    Graded    on    Frontage— amount    shown    O"    ^O-ft.    (W    Uradea    on    > 
number   of   rooms    and    fixtures,    fd)    innimum— additional    charge^    graded  on   iroi.i..fe 
amount  shown  for  four  rooms,      (f^   Graduated  minimum,   depending  on  size  OI  meter. 


Metered. 

4,353 

4,353 

101,668 

5.224 

45,000 

64,325 

42.405 

54.000 

17,152 

36,330 

43,636 

60.423 

95.000 


Annual  Flat  Rate. 
Rtsidence.  Business 


530.00 
9.00a 


ihl 


Minimum, 
(f)  3.00  (annual) 
"iii 


.30 

.30  (O 
.50 

:  .^0  fannuali 
.50 

<c>    Minimum — E: 

.  .   .     T?r«»^^-rl     nn     nv 


Ptl 


4.5 
4.0 
1.6 


i.O— 6.0 
6.0 


6.0 
6.0 
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The    houses    are    of    the    sawtooth    type    with    windows    the 
entire  length  below  the  eaves  and  in  the  peak. 

James  W.  Costello  is  Engineering  Supervisor  of  the  Bureau 
of  Street  Cleaning  and  Refuse  Collection  of  Newark.  N.  J. 


Cost  of  U.  S.  Irrigation  Projects  and  Crop 
Values 

The  accompanying  table  from  the  August  Reclamation  Rec- 
ord, shows,  by  projects,  the  net  cost  of  construction  on 
June  30.  191.S.  and  the  gross  value  of  crops  grown  on  the  area 
covered  by  crop  statistics.  This  gross  figure,  large  as  it  is,  as 
far  below  the  actual  amount,  as  the  crop  census  does  not 
cover,  for  example,  considerable  areas  of  land  under  canals 
built  by  private  parties  and  related  to  the  Government  proj- 
ects through  contracts  under  the  Warren  Act,  by  which  they 
share  in  various  degrees  the  benefits  of  the  Government 
works.  In  most  of  these  cases  the  storage  works  are  used  in 
common  occasionally  the  diversion  works  and  main  canals 
and  part  of  the  water  stored  or  diverted  by  the  Government 
is  delivered  in  bulk  to  the  private  canals  or  irrigation  dis- 
tricts, which  provide  their  own  distributaries  and  operate 
them. 

It  should  be  noted,  in  those  instances  where  the  crop 
value  appears  small  in  comparison  with  the  cost  of  the  project. 
that  this  is  due  usually  to  the  fact  that  irrigation  is  available 
for  only  a  small  part  of  the  project  at  the  present  time,  for 
example,  in  the  cases  of  Grand  Valley  and  Milk  River;  or 
only  a  small  part  of  the  project  may  be  irrigated,  as  in  the 
cases  of  Sun  River  and  Lower  Yellowstone;  or  the  irrigation 
system  was  not  fully  operated,  as  in  the  case  of  King  Hill. 

Net  cost  of 
construction      Gross  crop 

State  and  Proiect.  June  30.  1918.  return. 

Arizona,    Salt   River    $11,541,507         $18,188,800 

Arizona-California.    Yuma    8.972,508  5,105,132 

California,   Orland    '    893,289  709,172 

Colorado: 

Grand  Valley    3,238,470  413,310 

Uncompahgre     6,554,465  3,302,160 

Idaho: 

Boise    11,688,830  5.154,646 

King-  Hill   170.000  45,588 

Minidoka    5.720.690  5.168,078 

Montana: 

Huntley    1.705,490  750.9C3 

Milk  River — 

Distribution   units    3,173,979) 

St.  Marys  storag-e  unit   2,417,913  1  408,716 

Sun   River    3,424.313  245.852 

Montana-North  Dakota.  Lower  Yellowstone       2.891.205  669,191 

Nebra.ska-Wvoming.  North  Platte 9.265.320  3.475,589 

Nevada.  Newlands  6.199.459  1.626,142 

New   Mexico,    Carlsbad    1,386,417  1,105,515 

New  Mexico-Texas.   Rio  Grande    7,699,391  4,237,020 

Oi-egon,    Umatilla    2,344,004  400.642 

Oregon -California.    Klamath     2,913.053  929.131 

South  Dakota.   Belle  Fourche    3.4S5.239  1.276.115 

Utah.   Strawberry  Valley   3,443,962  1,642,327 

Washington: 

Okanogan    848,578  749,982 

Yakima — 

Storage    urat    3,607.065  

Sunnyside   unit    3.266,216  7,213,392 

Tieton    unit    3,197.775  2,516.251 

Wyoming,    Shoshone    5.450.385  1,486.382 

Total    $115,469,523         $66,821,396 

Registration  of  Technical  Engineers  in 
Oregon 

The  Oregon  State  Board  of  Engineering  Examiners  has 
completed  its  organization  and  is  now  prepared  to  receive 
applications  for  registration  of  the  professional  engineers 
in  Oregon,  and  others  who  expect  to  practice  engineering 
in  Oregon.  The  personnel  and  officers  of  the  board  are  as 
follows:  P.  S.  Baillie,  Baker,  Mining  Engineer;  R.  R.  Bart- 
lett.  Astoria.  Civil  Engineer;  G.  A.  Covell,  Corvallis.  Me- 
chanical Engineer;  W.  B.  Dennis,  Carlton,  Mining  Engineer; 
F.  Hesse,  Portland,  Mechanical  Engineer;  E.  G.  Hopson. 
Portland,  Hydraulic  Engineer;  O.  Laurgaard,  Portland,  Civil 
Engineer:  J.  H.  Lewis,  Vale,  Hydraulic  Eijgineer;  P.  D. 
Weber.  Portland,  Electrical  Engineer.  The  following  offi- 
cers have  been  elected  to  serve  for  the  next  biennium  end- 
ing July  1.  1921:  O.  Laurgaard,  City  Engineer  of  Portland, 
president;  P,  D.  Weber,  Electrical  Engineer  for  the  Oregon 
Insurance  and  Rating  Bureau,  vice  president;  A.  B  Car- 
ter, Civil  and  Mining  Engineer,  secretary.  Headquarters  for 
the  board  have  been  established  at  520  Corbett  Bldg.,  Port- 
land, Ore.,  where  the  necessary  application  blanks  for  regis- 
tration without  examination,  and  copies  of  the  law  and  all 
other  information  may  be  received  at  request.  Under  this 
legislation,   which   went  Into   effect   July   1.   applications   are 


divided  into  two  classes:  those  for  registration  without  ex- 
amination and  those  for  registration  consequent  to  exami- 
nation. For  those  who  expect  to  be  registered  without  ex- 
amination the  applicant  must  show  that  he  is  more  than 
21  years  of  age,  that  he  is  of  good  character,  and  has  prac- 
ticed professional  engineering  for  at  least  six  years,  and 
that  during  that  period  he  has  had  charge  of  engineering 
work  as  principal  or  assistant  for  at  least  two  years.  All 
statements  made  by  the  applicant  must  be  attested  by  him 
under  oath,  and  in  addition  the  applicant  must  submit  evi- 
dence, satisfactory  to  the  board,  of  the  accuracy  of  the 
statements  submitted   by  him. 

The  professional  engineers  wno  expect  to  practice  after 
Jan.  1,  1920.  according  to  the  law  must  be  registered,  so  it 
is  very  important  that  the  applications  of  not  only  those 
who  expect  to  be  registered  without  examination,  but  also 
those  who  expect  to  take  the  examination  should  be  in  be- 
fore  that   date. 


Personals 

Oscar  Dubbs  has  been  appointed  city  manager  and  city  engi- 
neer of  Clovis,  N.   Mex. 

Herbert  L.  KIdd.  Knoxville.  Tenn..  has  been  elected  city  man- 
ager of  Kingsport.  Tenn. 

Capt.  Carl  D.  Forsbeck  has  been  reappointed  county  engineer  of 
Moiitt;omfr\'  l'oinit\,  Inwa. 

Clyde  Morgan  lias  Iteen  appointed  director  of  the  municipal 
water   depirlment   of  Fairmont.   W.   Va. 

George  Orr,  until  recently  Captain  of  Engineers.  U.  S.  Army, 
has  bf-en  reappointed  assistant  engineer  in  the  city  engineer's 
oflice  of  Atlantic  City.   N,  -J. 

Louis  H.  Laging  has  been  appointed  acting  city  engineer  of 
.San  Angelo.  Tex.,  succeeding  Charles  C.  Smith,  who  resigTied  to 
superintend  the  construction  of  Schleicher  County's  improved  roads 

C.  H.  Johnson,  chief  engineer  in  charge  of  power  stations  of 
f'olumbus  (O.)  Railway,  Power  &  Light  Co..  has  resigned  to  accept 
a  position  as  investi&'ating  engineer  for  the  president  of  the  Com- 
Vaistion   Engineering  Corporation   of   New   York. 

Capt.  E.  D.  Hendricks  of  Fort  Plain,  N.  Y..  has  been  appointed 
divi&ion  engineer  in  the  New  York  State  Engineer's  department, 
with  head<iuarters  at  Alhanj'.  He  succeeds  George  D.  Williams, 
who  was  recently  appointed  county  engineer  of  Oneida  County, 
New  York. 


Obituaries 


James  M.  Terr,  assistant  engineer  of  the  Providence  Division 
of  the  New  York,  New  Haven  &  Hartford  R.  R.,  died  Sept.  1, 
aged   66. 

William  C.  Nusser,  superintendent  of  the  municipal  waterworks 
of  Findiay,  O..  was  killed  Sept.  2  in  an  accident  resulting  from  the 
fall  of  a  derrick. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  To.  announces  the  appointment  ot 
Fred  Gehbauer  as  special  navy  yard  representative,  with  head- 
quarters at  the  Philadelphia   office,   1740  Market  street. 

The  LaK'ewood  Engineering-  Co.  announces  the  appointment  of 
Harry  W.  Benkart  as  its  rf presentative  in  Buffalo.  N.  Y..  with 
offices  in  the  Ellicott  Square  building.  Mr.  Benkart  will  devote  his 
efforts  to  the  g^eneral  construction  field.  He  has  had  about  10 
years'  experience  in  the  construction  business,  the  greater  portion 
of  which  time  he  spent  as  superintendent  of  construction  of  the 
Dravo  Construction  Co. 

The  International  Factory  Appliance  Exposition,  which  opens 
Oct.  15  in  Grand  Centra!  Palace.  New  York  City,  will  occupy  the' 
tntire  sixth  floor  of  that  building.  It  will  be  one  of  the  eight 
permament  industrial  expositions  in  the  Palace  operated  by  the 
Merchants'  and  Manufacturers"  Exchange.  The-  display  will  in- 
clude exhibits  of  material  handling  machinery,  power  plant  equip- 
ment, transmission  machinery  and  all  sorts  of  accessories,  tools 
and  apphances  for  the  modern  factory,  terminal  and  warehouse. 

Otto  A.  Ruemelin.  works  manager  and  second  vice'-president 
of  Pawling  &  Harnischfeger  Co.,  Milwaukee.  AVis..  died  Sept.  1.  As 
a  youth  Mr.  Ruemelin  began  his  apprenticeship  with  the  Pawling' 
&  Harnschfeger  Co.  After  several  years  as  journeyman  he  was 
promoted  succe'ssively  to  the  foremanship  of  various  departments. 
His  energy,  ability  and  kindly  nature  made  his  rise  rapid  from 
assistant  superintendent  to  superintendent  and  finally  works  man- 
ager, which  position  he  has  held  since  1912.  His  death  concludes 
a  period  of  30  years'  association  with  the  Pawling  &  Harnischfeger 
Co. 

Capt.  L.ucius  A.  Fritze,  Sanitao'  Corps.  U.  S.  Army,  has  become 
associated  wilh  the  technical  staff  of  Wallace  &  Tiernan  Co.,  Inc.. 
New  Y'ork  City,  manufacturers  of  chlorine  control  apparatus. 
Capt.  Fritze,  who  was  sanitary  officer  of  the  Rainbow  Division, 
after  the  armistice  was  assis.'ned  to  the  office  of  the  surgeon- 
general  in  Washington,  and  while  there  prepared  a  history  of  the 
Sanitary  Corps  of  the  A.  E.  F.  Capt.  Fritze  will  be  the  manager 
of  a  new  office  which  Wallace  &  Tiernan  Co.  are  opening  at  Kan- 
sas City.  Mo.,  serving  territory  comprised  in  the  states  of  Mon- 
tana. Wyoming.  Colorado,  North  Dakota,  South  Dakota,  Nebraska. 
Kansas   and   Missouri. 


Trade  Publications 

The  following  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently: 

Pumps. — Taher  Pump  Co.,  Buffalo,  N.  Y.  6-page  circular  de- 
scribiuK   an   improved   "G"   type  rotary   pump 

Boilers. — Ke\\anee  Boiler  Co..  Kewanee,  111.  New  32-page  cat- 
alog of  K'^wanee  firebox  boilers,  superseding  all  previous  issues. 

Valve  Stems. — American  Manganese  Bronze  Co..  Holmesburg. 
Pa.  24-pase  catalog'  describing  the  use  of  manganese  bronze  in 
the  stems  oi-  spindles  of  valves.  Contains  illustrations  and  de- 
scriptions of   numerous   large  valve   stems. 

A.ir  Wasting  and  Cooling  Equipment. — Spray  Engineering  Co.. 
Boston.  Mass.  Ifi-page  bulletin  illustrating  and  describing  use  of 
Spraco  air  washing  and  cooling  equipment  with  steam  turbine 
generators  and  other  electrical  machiner.\'. 
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'*How  Many   Hides   Has  a   Cow?" 

How  Many  "Values"  Has  a 

Railway? 

Ill  the  editorial  entitled  -How  Much  Have  Street  Railway 
Construction  Costs  Risen?"  will  be  found  the  results  from 
applying  seven  different  methods  of  appraising  the  physical 
property  of  the  Pittsburgh  street  railways.  Bear  in  mind 
that  the  seven  different  -costs"'  thus  derived  do  not  include 
■development  cost.  '  "franchise  value."  or  the  like.  Engi- 
neers have  always  differed  considerably  as  to  their  theories 
of  valuation  for  rate  making  purposes,  but  we  have  never 
before  seen  in  one  report  as  many  as  seven  different  theories 
of  "cost  new"  of  physical  property. 

Consider  the  dilemma  of  the  public  service  commission 
when  called  upon  to  determine  the  definite  "value."  of  the 
Pitts  burgh  Railways. 
They  will  have  seven 
d  i  ff  e  r  e  n  t  physical 
"costs  new"  from  which 
to  select,  to  say  noth-  ' 
ing  of  "depreciated  val- 
ue," and  probably  not 
fewer  than  half  a  doz- 
en non-physical  costs 
and  values  to  chose 
from.  We  leave  it  to 
our  mathematical  read- 
ers to  calculate  the 
number  of  combina- 
tions that  may  be  se- 
cured from  seven  phys- 
ical "costs  new"  and 
six  non-physical  "val- 
ues." 

Is  this  a  carrying  of 
engineering  refinement 
to  an   extreme?     Or  is 


it  merely  evidence  of  a  lack  of  knowledge  oi  what  Is 
leing  sought?  In  our  opinion  these  seven  different  meth- 
ods of  estimating  the  physical  cost  new  of  thl.s  rail- 
way system  are  not  so  much  indications  of  hairsplitting 
as  of  working  in  the  dark.  Each  engineer  may  have  his 
own  theory  of  what  method  should  be  used,  but  since  he 
does  not  know  what  theorv  the  commission  or  the  conn 
may  adopt,  he  presents  a  basketful  of  theories,  from  wUk-b 
they  may  make  a   selection. 

The  ?!upreme  Court  of  the  United  States  has  yet  to  lay 
down  a  basic  rule  for  appraising  a  public  utility,  for  it  has 
~-till  to  decide  to  what  extent  a  public  utility  should  be  re- 
garded as  a  public  agent  If  the  agency  is  to  be  regarded 
as  complete,  then  the  actual  investment  in  the  properl> 
would  probably  be  the  rate  making  -vaUie."  U  it  Is  held 
that  the  agencv  has  been  so  incomplete  that  rate>^  were  left 
to  adiust   themselves  under  competitive  conditions,  then  IJje 

rate     in  a  k  i  n  e     value 

,^_______         would  probably  be  the 

commercial  value  or 
the  capitalized  pro>^- 
pective  net  >-arnings 
under  oompetiiive  con- 
ditions. One  rate  regu- 
lating theory  leads  to 
actual  costs,  the  other 
to  values.  Kel  ween 
these  t  w  '>  :.heorie«; 
-  there  is  no  l.>glral 
compromise.  .Ml  the 
struggles  of  appraisal 
•,-ngineers.  joniraission- 
ers  and  Judgen  have 
come  to  naught  in  the 
effort  to  find  .some  log- 
ical rate  making 
•value"  without  first 
deciding  the  -^-nr  to 
which   a    r 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest— easily  read,  yet 
aiving  a  large  volume  of  reading  matter  per  page.  Uur 
28  pages  of  articles  would  fill  1 12  pages  of  the  standard 
6x9  in  text-book.  It  would  take  10  such  books  of  "jm 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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has   been  an   agent.    Of  the   seven   different  methods   of  ap-  pense  of  prewar  years  should  he  expressed  as  a  percentage 

praising  the  Pittsburgh  Railways,  the  first  two   (Basis  No.   1  of  the  plant  cost;   then  this  percentage  should  be  multiplied 

and  No.  2)  are  founded  on  the  "agency  theory."  as  far  as  chey  by    nearly    two,   to   allow   for   the   rise   in    wages    and   prices, 

go:  whereas  the  last  method  (No.  4)  is  founded  on  the  'coni-  Similarly    in   estimating  a   depreciation  annuity,   the  percent- 

petitive  iheory,  "   for  the   most   part,   although   not   in   its   en-  ages  used  prior  to  the  war  should  be  approximately  doubled, 

tirety       The    other   four   methods    are    based   on    no   definite  unless   it    is   proposed    to   charge    to    plant    account    the   cost 

theory  of  rate  reaulation.  of   each   new   plant   unit   in   excess   of  the   actual   cost  of  the 

Method    No.    3A    (estimated    cost    of    reproduction    new    ut  "''^   "'"'  replaced   by  it. 
average   prices   of  1906-1915.   and   under   original   conditions)  ^'"°"'  '^^^  records  of  a  good  many  street  railway  lines,  the 
might   perhaps     be    regarded    as    a   rough   approximation    to  editor    has    found    that    combined    repairs,    renewals    and    ac- 
the  actual  cost.     It  is  defensible  on  no  other  ground.  c"''"ec'  depreciation  have  averaged  annually  7  per  cent  of  the 
Ti^^t-hr.i    i>.T„     oTi    /     ••       .    ,          ,      «              J        ■  total  plant  cost.     This  is  on  a  sinking  fund  basis  for  renew- 
Method    No.    3B    (estimated    cost    of    reproduction    new    at  ,       „     ,      t        •*        t«  <■          -                 t     t  *v,       ■      ^         *  t.,   ,„ 
nvioQc.  i.,,ii„„»„,i  f       inio  t     ii      .1        J     ^       .         „       „.  als  ot  plant  units.     If  from  7  per  cent  of  the  plant  cost  there 
prices  indicated  for  1918  by  the  trend  of  prices  for  20  years  .      ,    /   ^  j   ,,           .      ,              j  ,         s                          a                 i 
T>,.„„i,^„o  .„  i..ivi    „„A        1           •   •     ,          j-i-           ^  IS  deducted  the  actual  expenditure  for  repairs  and  renewals, 
previous  to   I'.a^,  and   under  original   conditions  of  construe-  .u      u   i            ■     ..i                  \   *        ,          •           i            ■  t-        c     a 
ti„„i    f„ii,    ,.   ,1                            ■     r,            ,              .       ,         ,.  the   balance  is  the  amount  to  place   in  a  depreciation  fund, 
tion)    talis   under   no   economic   theory   known   to  the   editor.  „   ^            i           ■   j-     »    i    ••      -n  v,                            •.■,*„   i*- 
■H7V,,,   .!,„   i^r^^A      t        ■              •        i      in,.      1,      ,j    ,          ■="""'■  But,  as  above  indicated,  it  will  be  necessary  either  to  multi- 
Why   the   trend    of   prices    prior   to    1916    should    be    used   to  ,     V,       .                 ^  w     .,            i.   >,,     ^  »               >     «             j      • 
ootimot^  „    .,,0*  ;„  101c  •     1           A             i,-,-^     .            ■   •  Plv  the   (  per  cent  by  the  probable  future  cost  of  reproducing 
estimate  a  cost  m  191S  is  bevond  our  abi  itv  to  explain.  ;,.",,          ^          L-   ,     ti,     r,                 ^  i,         ^     /     *i    »   • 

■              yciiiL.  ^^^  plant,  or  to  multiplv  the   7  per  cent  by  a  factor  that  is 

,  Method  No.  3C  (estimated  cost  of  reproduction  new  at  the  ratio  of  the  probable  future  cost  to  the  actual  cost, 
average  prices  m  the  period  1911-1918,  and  under  original  Ill-informed  politicians  of  the  type  to  which  we  have  re- 
conditions of  construction)  is  also  based  on  no  rate  making  fe,red  in  another  editorial,  having  not  the  vaguest  concep- 
tlieory.  In  normal  times  a  five-year  average  of  prices  has  ,ion  of  the  economics  of  public  utilities  even  in  normal  times, 
frequently  been  used  to  eliminate  current  price  fluctuations;  are  more  foolish  now  than  ever  in  their  efforts  to  please  the 
but  this  particular  flve-year  period  was  so  abnormal  as  to  public  by  promise  of  low  rates. 
be  useless  for  such  a  purpose.                                                                             '                      

Method    No.    3D    (estimated    cost    ot    reproduction    new    at  n-<«         c              1         ikM          ••ir»*l                    T 

the    estimated    average    price    for    the    period    from    1918    to  1  116  Seattle     MuniCipal    .KailWay     IS 

1922,    inclusive,    and    under   original    conditions    of   construe-  -vj       f^^lA    IVTJrick  TTith^ir 

tion)   is  also  based   on  no   rate  making  theory.     It   is  a  sort  i >l  O   vrOlQ   iVllIie   H/lZllGT 

of   a    "cross"    between    the    "agency    theory"    and    the    "com-  Mayor   Thompson   of   Chicago   says   that   he    will    "fight   to 

petitive  theory,"  in  that  it  selects  the  "conditions"  that   act-  the  last   ditch"   the   7-cent   street   car   fare   recently   put   into 

ually  existed  when  the  plant  was  built,  but  applies  prospec-  effect    by    the    Public    Utilities    Commission    of    Illinois.      Ex- 

tive  prices  during  a  hypothetical  construction  period.  Governor    Foss,    ot    Massachusetts,  has   announced   that   he 

If  seems  to  us  that  the  appraisal  engineers  should  have  will  be  a  candidate  for  Governor  on  a  platform  of  municipal 
made  but  two  appraisals  of  the  cost  of  the  property,  one  ownership  of  public  utilities  and  5-ct.  street  car  fares, 
based  on  the  conditions  and  prices  that  actually  existed  These  two  politicians  are  typical  of  hundreds  that  are  cater- 
when  each  part  of  the  plant  was  built  (which  corresponds  ing  to  the  public  desire  to  get  something  for  nothing;  for 
to  their  Basis  No.  2) ;  and  the  other  appraisal  based  on  pros-  if  an  equitable  street  car  fare  is  7  ct.,  then  a  ,5-ct.  fare  gives 
pective  conditions  and  prospective  prices   during  a  construe-  the   passenger  2   ct.  for  nothing. 

tion  period  beginning  April  1,  1918.    The  prices  used  in  Basis  Frequently   the   proponents    of   municipal    ownership    point 

No.  3D  and  the  construction  conditions  in  Basis  No.  4  would  to  the  5-ct.  fare  on  the  municipal  lines  in  San  Francisco  and 

have  given  this  second  appraisal  with   sufficient  accuracy.  Seattle.     But  if  ihey  will  keep  on  pointing  and  if  the  public 

A  compromise  "value"  between  the  actual  cost  of  the  plant  will    keep    on    looking,    those    two    American    experiments    in 

and  the   prospective   cost   of  a   substitute   plant,   might   then  city  operation  of  street  cars  are  likely  to  deter  other  cities 

be  arrived  at  by  arbitrarily  selecting  a   "value"  between  the  from  making  similar  experiments. 

two  extremes.     Any  attempt  to  make  a  compromise  appear  After  allowing  for  lost  taxes  and  for  depreciation,  neither 

scientific    or    logical    is    not    good    engineering,    yet    such    an  the  San  Francisco  nor  the  Seattle  municipal  railway  is  earn- 

attempt  is  to  be  found  in  most  ot  the  seven  methods  under  ing   enough   to  pay   bond   interest.     For   the   fiscal   year   end- 

discU3?ion.  ing  June  30.  1919,  the  San   Francisco   municipal   railway  did 

not   show   true   net    earnings    (after   allowing   for   lost   taxes 

TJ               A/I         U,     U                C-t-           *■     D      '1  ^"'^   depreciation)    of   l.,5   per  cent   on   the   $6,000,000   invest- 

xlOW    iVlUCn     rlaVe     street     Kail  way  ment  in  the  plant:  and  the  coming  year  will  be  even  worse, 

r^OTKif-riirtinn    Pr»«it«   Riep»n?  unless  the  fares  are  raised. 

VjUlianucilUU  V^U!»l!>  IVl&eil.  ^jjg  gjjy  Qj  Seattle  bought  the  street  car  lines  for  $15,000,- 

Few  appraisals  of  steel  railways  have  been  made  at  pres-  pgO   and   began   oijerating  them   April  1,   1919.     The   financial 

ent  prices,  henf-e  special  interest  attaches  to  the  recent  val-  results  for  the  quarter  ending  June  30  are  as  follows: 

uation  of  the  Pittsburgh    ( Pa. )    Railways.     The  board  of  en-       Gross   revenue $1,299,039 

gineers    that    made    this    appraisal    submitted    to    the    Public      Operating   expenses    1,052,727 

Service  Commission  seven  different  "values"  of  the  physical  

property,  as  follows:  Balance    $    246,312 

Basis  No.   1— Historical  cost  as  cleterminecl   upon  frcmi   the  rec-  Damage     claims      ($20,000)      and     industrial      insur- 

ords.    with    scrutiny    of    engineers    and    accountants,    representinf?  r  490  799  1                                                                                         40  7^2 

actual  investment  in  physical  property  placed  in  the  service  of  the  ance    ($JU,<Z„)     

public,  $5fl,069,392.  

Basis    No.    2 — Estimated    costs    of    reproduction    new    at    prices  iTinnront    net    vpvpnne                                                           $     '05  590 

ruling  when    each    part    of   the    existing    property   was    constructed  Apparent   iiei    ie\e.iue *     -      .•  > 

and  under  original  conditions  of  construction,  $49,324,791.  From  this   should   be  deducted   lost   taxes    (which   would  be 

Basis  No.   3A — Estnnated    cost   of   reproduction    new   at   average  .       ,                             ,                „                   *          *i,,  »i- 

prices  of  the  period  190(i  to  1915  inclusive,  and  under  original  con-  $300,000  a  year  it  they  were  as  low  as  2  per  cent  on  the  $!:•.- 

ditions  of  constnicrori.  $56,148,398.  000,000)    and   depreciation    (which   would   be   $300,000   a  year, 

Basis  No.  3B — Estimated  cost  of  reproduction  new  at  prices  in-  .          .             ,       ,    „                     ^.        mi_         •*         *    *         n,..*    „«    n.,,^.. 

dicated  for  1918   by   the   trend  of  prices  for  twenty  years   previous  it    estim.Qted    at    2    per   cent).      The    city    states    that    an    avei- 

to  1916.  and  under  original  conditions  of  construction,  $60,832,200  ^ge    tor    de'jreciation    would    ordinarilv    be    $300,000    a    year. 

Basis  No.    3C — Estimated    cost   of   reproduction    new    at   average  ,            .     ,       ^     .    ,                       i.                  1      ■'        ♦!,:.,     ,,,..^«f,^,.     ^..^^^ 

prices  in  the  period  11114-1918  inclusive  under  original  conditions  of  but    that     maintenance     charges     dui  ing    this     quartei     were 

construction,  $73,560,300.  nearly  $100,000  greater  than   during  the  corresponding  quar- 

Basis   No.    3D — Ijstimated   cost   of   reproduction   new   at    the   es-        .  „   ,,  i        „      *i,„ A^^^^^i^n^,^    nr,r,>iU-ir 

timatcd  avera&e  prices  for  the  period  from  191S  to  1922.   inclusive,  ter  of  the   previous   year;    hence   the  no   depreciation   annuity 

and  under  the  original  conditions  of  construction,  $84,191,300.  need   be   set   aside.      The   editor   questions   the   correctness   ot 

Basis  No.   4 — Estimated  cost  of  reproduction   new  at  prices  and        ...  "  ,  „"        ,  jj-  +  : ^^    u^^^xr-,,     ^nf^f^nt     r^iainto 

under  the  co.iditions  ruling  at  the  date  of  valuation,  viz  ,   .Vpril   1.  this    reasoning,    for,    in    addition    to    heavy    current    niainte- 

1918,  $102,842,274.  nance,  there  should  be  fully  2  per  cent  per  annum  set  aside 

"Intangible   values"   are   not   included   in   the   above   totals.  for   a   depreciation    reserve. 

It  will   be  noted   that  the  cost   of  construction   and   equip-  The  apparent  net  earnings   are  $205,590   for  the  last  quar- 

ment  as  of  April  1,  1918,  is  more  than  double  that  shown  in  ter,  or  about  $820,000  a   year;    but  if  we  deduct  $600,000  for 

"Basis  No.   2."  and  84  per  cent  In  excess  of  that  shown  in  lost   taxes   and   depreciation,   there   is   left   only   $220,000,   or 

"Basis  No.   3A."  about   1.5   per  cent   on   the   investment. 

In    estimating   the    probable    annual    expense    of   maintain-  Los  Angeles  is  talking  municipal  ownership  of  the  street 

ing   electric    railways,    the    average   annual    maintenance   ex-  railways,  and   it   is   to  be  hoped   that   the  city  will   buy  the 
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traction  liiips.  Then  tlie  three  largest  cities  on  the  Pacific 
Coast  will  be  operating  street  railways,  and  the  country  at 
large  will  have  a  chance  to  see  the  best  that  can  be  looked 
for  in  municipal  ownership.  It  is  to  be  hoped,  also,  that 
Massachusetts  will  approve  the  plattorm  of  Governor  Foss, 
and  try  municipal  ownership.  By  all  means  let  us  have  a 
thorough  trial  of  public  ownership  of  public  utilities  in  sev- 
eral states.  But,  in  doing  so,  every  city  should  be  required 
to  show  both  the  "lost  taxes"  and  an  adequate  depreciation 
annuity  in  its  financial  statements,  as  San  Francisco  does. 
Then  the  economic  performance  of  municipal  plants  may 
be  judged  with  some  approach  to  accuracy. 


The  Growing  Deficits  of  the  Tele- 
graph and  Telephone  Lines 
of  Great  Britain 

The  Government-owned  telegraph  and  telephone  lines  of 
Groat  Britain  have  been  frequently  referred  to  by  Postmaster 
General  Burleson  as  e.xamples  of  efficient  public  operation 
of  public  utilities.  In  round  numbers  the  British  "wires" 
have  shown  the  following  deficits  for  the  fiscal  years  end- 
ing June  30: 

Z"^"  I'llS   • $1,000,000 

:i.ear  1919    -.iiOO.OUO 

iear  1920    (estimated)    Ifi.OOO.OOO 

These  are  the  deficits  after  providing  for  interest  on  the 
plant,  and  for  dejireciation,  liiit  without  any  allowance  for 
"lost  taxes." 

In  cur  last  Foreign  Engineering  Review  issue,  July  30. 
■we  gave  in  detail  the  increasing  deficits  of  the  Government 
ow-ned  railways  of  France,  prior  to  the  war,  as  well  as  now. 
Where,  we  should  like  to  know,  is  any  Government  operat- 
ing a  large  public  utility  plant  at  a  profit  sufficient  to  pay 
a  bond  interest  rate  on  the  plant? 


Congressional  Hearing  on  Substi- 
tutes for  Wood  Ties 

According  to  press  dispatches.  Representative  L.  C.  Dyer, 
of  Missouri,  introduced  a  resolution  in  the  House  on  July 
2.  requesting  the  Interstate  Commerce  Commission  to  con- 
duct an  investigation  of  the  substitutes  for  wood  ties  and 
make  a  report  of  its  findings  and  recommendations  to  the 
House  of  Representatives.  The  commission  is  asked  in  this 
resolution  to  investigate  the  use  of  the  substitute  materials 
and  also  to  find  the  relative  cost  of  ties  made  of  the  sub- 
stitute materials  as  compared  with  the  cost  of  wood  ties. 

To  a  railroad  engineer  this  would  appear  to  be  rather  a 
"large  order."  Nevertheless,  the  committee  on  interstate 
and  foreign  commerce,  to  whom  the  resolution  was  referred, 
has  already  had  a  hearing  at  which  various  railway  officials 
have  testified  as  to  their  experience  with  substitute  ties. 
It  is  to  be  hoped  that  no  matter  who  conducts  this  investi- 
gation or  testifies  in  the  hearings,  someone  will  soon  make 
known  the  already-existing  sources  of  information  on  this 
very  important  subject. 

The  mcst  important  and  reliable  data  have  been  collected 
for  years  past  by  the  Tie  Committee  of  the  American  Rail 
way  Engineering  Association.  This  committee,  as  a  part 
of  the  regular  annual  report  at  the  March  convention,  has 
had  each  year  an  appendix  devoted  solely  to  the  subject  of 
substitute  ties,  generally  in  the  form  of  a  progress  report 
from  various  railroads  having  in  service  one  or  more  of  the 
different  types  of  ties.  In  the  committee's  report  for  1917 
there  appears  as  Appendix  C  a  tabulated  statement  of  data 
relating  to  substitute  ties,  no  less  than  42  different  "makes" 
being  given  by  name,  together  with  the  name  of  the  rail- 
road in  which  they  are  being  tried,  the  location,  date  of  in- 
stallation, number,  condition  at  a  given  date,  and  remarks 
concerning  the  reasons  for  failures  and  removals,  if  any. 
It  has  been  the  effort  of  the  Tie  Committee  to  keep  the  in- 
formation up  to  date  and  get  data  on  any  new  inventions  in 
this  line  as  fast  as  they  are  given  any  publicity  by  the 
granting  of  patents  or  otherwise. 

It  is  surely  no  discredit  to  Mr.  Dyer,  who  introduced  the 
resolution  for  the  investigation,  to  venture  the  assumption 
that  he  was  unaware  of  the  existence  of  the  American  Rail- 
way Engineering  Association  and  of  the  vast  amount  of  work 
which  its  Tie  Committee  has  done  in  collecting  reliable  data 


on  this  vital  subject.  Railway  engineers  will  welcome  uuy 
additional  data  which  this  inveBtlgallon  may  bring  out.  but 
in  the  interest  of  efneiency  will  deplore  the  covering  of 
ground  which  has  already  been  quite  thoroughly  worked  over. 

The    xMotion    Picture    Machine  as  an   En- 
gineering   Instrument 

In  a  letter  in  the  Railway  Age,  Mr.  J.  C.  Mariih  points  out 
some  of  the  possibilities  in  the  engineering  field  for  the  mov- 
ing picture  machine.     We  quote  from  his  letter  as  followB: 

There  is  every  reason  why  the  moving  picture  machine 
shouhl  become  a  scientific  instrument  for  the  UHe  of  the  civil 
engineering  profession.  Its  ramifications  are  untold  and 
apparently  unlimited.  It  is  surprising  that  some  of  the  scien- 
tific instrument  makers  have  not  seen  Its  poHsibilities  and 
f-rodueed  a  machine  that  would  meet  the  requirements  of 
this  field. 

11  an  instrument  were  built  with  leveling  attachments  for 
the  horizontal  plane  and  a  telescope  with  cross-hairs.  It  would 
seem  to  be  what  would  be  needed.  By  means  of  the  leveling 
device,  pictures  obtained  would  conform  to  diagrams  and  de- 
tailed drawings.  The  telescope  with  its  crosshairs  would 
enable  the  operator  to  focus  the  machine  carefully  on  the 
point  and  in  the  desired  plane. 

Such  a  machine  would  be  particularly  acceptable  to  rail- 
way engineering.  With  it  the  problem  of  the  rail  under 
load,  that  has  been  bothering  investigators  for  some  time. 
might  be  solved.  The  instrument  could  be  set  up  so  that  the 
horizontal  cross-hair  is  parallel  with  the  top  of  the  rail,  when 
free  from  load  and  at  a  distance  of  ten  feet  from  the  rail  so 
that  the  instrument  would  be  prevented  from  receiving  the 
vibrations  from  passing  trains.  A  record  of  the  cars  and 
their  weight  would  be  shown  in  the  pictures.  A  cross-hair 
immediately  in  front  of  the  films  and  corresponding  to  the 
cross-hair  in  the  telescope  would  show  the  actual  point  of  the 
top  of  the  rail  before  being  loaded.  An  the  train  passed 
(speed  to  be  predetermined  and  the  reel  turned  to  meet  such 
a  .-jpeedi  the  depression  of  the  rail  would  be  shown  upon  the 
films. 

It  might  be  possible  that  some  calculations  would  be  neces- 
sary, but  this  could  be  determined  by  experimsnts. 

Individual  films  of  reels,  so  taken,  could  be  selected  from 
which  graphs  could  be  made.  In  this  manner  it  seems  pos- 
sible that  accurate  knowledge  of  the  action  of  the  rail  un- 
der load  at  varying  speeds  of  trains  could  be  obtained.  It 
'vould  also  seem  possible  that  movements  of  all  the  rails  and 
I)arts  of  crossings  could  so  be  obtained.  These  films  or  sets 
of  pictures,  taken  in  conjunction  with  tests  of  the  rail  under 
transverse  and  alternating  stresses  and  with  a  knowledge  of 
the  elastic  limit  and  ultimate  load  of  the  steel  of  the  rails 
undergoing  investigation,  would  apparently  give  the  investi- 
gators a  rather  comprehensive  knowledge  of  the  rail  under 
load. 

Investigators  of  rails  under  load  have  stated  that  the 
tneans  so  far  employed  have  not  been  satisfactory  for  many 
reasons.  It  would  seem,  to  the  writer,  that  the  instrument 
or  machine  suggested,  would  be  available  for  bridges,  cul- 
verts, locomotive  driving  wheel  counter  balances  and  many 
other  problems  that  are  now  perplexing  railway  engineers. 


Concrete  Coned  Cattle  Guard.— Cattle  guards  with  a  con- 
crete cone  surface  have  given  excellent  satisfaction  on  the 
C  B.  &  Q.  I^ines  in  Colorado  and  Wyoming.  The  guard 
consists  of  concrete  slabs,  the  upper  surface  of  which  is  com- 
posed of  concrete  cones  spaced  3  in.  c.  tJi  e.  in  both  directions. 
Kach  cone  has  a  base  2''s  in.  in  diameter  and  a  height  of  2H 
in.  Each  cone  is  reinforced  by  a  spike  placed  axlally.  the 
point  protruding  from  the  top  from  %  in.  to  ^4  in.  Eight 
slabs  are  used  to  a  crossing.  Each  slab  is  4  ft.  long  by  2 
ft.  21/4  in.  wide.  The  total  cost  of  the  guard  in  place  Is  about 
$16.27.  of  which  $13.44  is"  for  the  .8  sections  complete,  and 
$2.83  is  for  the  installation.  The  cattle  guard  was  developed 
by  J.  H.  Ellis,  storekeeper  of  the  C-.  B.  &  Q.  Ry.  at  Han- 
nibal,  Mo. 


Convention  of  Railway  Bridge  and  Building  Association.  - 
The  next  anniutl  convention  of  the  American  Railway  Bridge 
and  Building  Association  will  be  held  Oct.  21.  22  and  23  at 
the  Hotel  Statler.  Cleveland.  O.  The  annual  exhibition  of  the 
Bridg-  and  Building  Supply  Men's  Association  will  bo  held 
at  the  same  time  and  place- 
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Methods  of  Moving  Steam  Shovels 

By   J.   R.   SHERMAN, 
Division    I''i:ginoer.    Hraden    <'opper    Co. 

Interesting  information  on  trade  arrangements  for  the 
movement  of  steam  shovels  is  given  on  page  198  of  issue 
of  "Engineering  &  Contracting,"  nnder  date  of  Feb.  19. 
1919.  The  methods  employed  by  the  writer  in  connection 
with  the  excavation  of  material  for  a  large  earth  dam  for 
the  Braden  Copper  Co.,  Chile,  S.  A.,  may  be  of  interest. 

The  site  of  the  work  was  located  about  three  miles  from 
the  railroad  and  all  equipment  was  brought  to  the  site  over 
a  good  wagon  road  on  which  the  maximum  grade  did  not 
exceed  8  per  cent. 

Small  18-ton  revolving  traction  shovels  were  brought  in 
by  taking  off  the  boiler  to  reduce  the  weight  and  hauling 
the  trucks,  engine,  etc.,  with   a   12-ton  traction   engine.    The 


Stfl" 


ing  the  shovel  the  steering  equipment  was  usually  not  in 
working  order  so  use  was  mude  of  a  wedge  as  shown  in  Fig. 
2.  For  the  reason  that  the  rear  axle  is  rigidly  fastened  to 
the  base,  thus  making  it  possible  to  raise  the  rear  wheels 
off  the  ground,  the  truck  was  usually  reversed  so  that  the 
rear  end  was  ahead.  When  it  vcas  desired  to  move  side- 
ways one  front  corner  of  the  truck  was  raised  by  thrust- 
ing the  dipper  down  onto  the  ground.  The  wedge  with  its 
irnr  plate  well  greased  was  placed  under  the  wheel.  The 
opposite  corner  of  the  truck  was  then  raised,  thus  throw- 
ing all  the  weight  of  the  front  end  of  the  machine  on  the 
Avheel  resting  on  the  wedge.  This  would  then  cause  the 
wheel  to  slide  down  the  iron  plate  on  the  wedge  and  the 
front  end  of  the  machine  would  be  moved  over  from  12  to 
15  in.  This  provided  a  very  quick  means  of  shitting  the 
shovel  sideways;  in  fact,  a  shovel  could  practically  be 
turned  completely  around  in  its  tracks  within  a  short  time. 
For  moving  heavier  machines  in  the  pits,  such  as   V^  or  4.5- 
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Track    and    Pontoon    for    Moving    Traction    and    Railway    Types    of     Steam    Sinovels. 


boiler  was  transported  to  the  site  by  horses  and  wagon. 

Heavier  shovels,  such  as  43-ton  IVi-eu-  yd.  dipper  ma- 
chines, were  brought  in  under  their  own  power.  The  method 
employed  was  not  new  but  might  be  outlined  here  Ordi- 
nary 6-in.  X  S-in.  ties  and  40-lb.  rails  (standard  on  Braden 
piopertyi  were  used.  The  ties  were  carried  forward  by 
using  a  chain  around  a  pile  of  ties  and  dragging  with  a  team 
of  horses.  Each  rail  was  also  moved  by  one  horse,  using 
;i  hook  fastened  to  the  singletree  and  dragging  the  rail  to 
approximate  location  where  it  was  lifted  into  position  by 
laborers. 

Rail  bridles  or  spreaders,  see  Fig.  :i.  consisting  of  flat 
iron  bars  with  clamp  on  each  end,  were  then  fastened  to 
the  bottotn  of  the  rails  between  the  ties.  These  serve  to 
keep  the  rails  upright  as  well  as  hold  them  to  proper  gage. 
There  were  four  bridles  used  to  each  30-tt.  rail.  Three  sec- 
tions of  30-ft.  rail  were  used  so  that  one  section  could  be 
laid  while  other  was  being  removed  and  the  third  one  car- 
ried the  shovel.  The  connections  at  joints  were  made  by 
using  connecting  links,  see  Fig.  3,  and  bolting  through  a 
hole  on  each  end  of  the  rails. 

The  moving  of  the  small  revolving  traction  steam  shovels 
in  the  pits  was  handled  as  follows:  For  moving  ahead  8- 
in.  X  8-in.  timbers  bolted  together  as  shown  in  Fig.  1  were 
used,  one  section  fitting  into  another,  thus  making  a  con- 
tinuous track.  These  sections  were  easily  made  and  easily 
handled  by  the  two  pitmen.     For  keeping  alignment  or  turn- 


t:))i  railroad  type,  short  sections  of  rails  were  used.  These 
sections  were  6  ft.  long  and  are  shown  in  Fig.  3.  The  sec- 
tions are  held  together  by  means  of  bridles  and  are  con- 
nected to  other  sections  by  connecting  links  shown  on  draw- 
ing. .Approximately  'i  in.  is  allowed  between  the  ends  of 
the  rails  at  the  joints  to  facilitate  making  the  connection. 
Rail  clamps.  Fig.  4,  placed  on  the  rails  used  with  a  tie 
bumper  serves  to  keep  the  shovel  from  moving  backward  or 
forward   when   digging. 


Convention  of  OHio  Engineers  and  Architects. — A  state 
convention  of  the  engineers  and  architects  of  Ohio  will  be 
held  in  Columbus,  Ohio,  on  October  14  and  15  under  the 
auspices  of  the  Association  of  Ohio  Technical  Societies.  Four 
principal  subjects  will  be  advanced.  M.  O.  Leighton.  chair- 
mail  of  the  Engineers",  Architects'  and  Constructors'  ("Confer- 
ence, will  s]ieak  on  "The  National  Department  of  Public 
Works";  Dr.  V.  H.  Newell,  of  the  American  Association  of 
Engineers,  will  speak  oia  "Closer  Co-operation  in  the  Engi- 
neering Profession";  Charles  Whiting  Baker,  consulting  ed- 
itor of  the  Engiiieering  News-Record,  will  address  the  con- 
vention on  the  "Compensation  of  Engineers  and  .Architects": 
and  Professor  Gardner  S.  Williams  of  the  University  of 
Michigan  will  discuss  the  "Registration  of  Engineers  and 
-Architects." 
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Piece  Work  Versus  Day  Labor  in 
Hand  Excavation 

By  KVERKTT  N.  BRYAN. 
Chief    Eng-ineer.    Waterfo;<l    Iiiifjation    Djstrirt,    \V.a.-rforcl.    Calii. 

In  the  present  day  of  high  wages  and  independent  and  in- 
effieciont  labor  it  particularly  behooves  those  engaged  in  con- 
struction work  to  consider  carefully  the  comparative  merits 
of  piece  work  and  the  use  of  common  labor  on  a  day  wage 
basis.  The  striking  advantage  of  pipce  rate  over  day  rate 
work  is  exemplified  in  the  following  cases: 

A  contractor  engaged  in  state  highway  work  in  Santa  Bar- 
bara county.  California,  in  the  winter  of  1915-1916  moved 
"ill. 027  cu.  yd.  by  hand  work  with  pick  and  shovel  and  trans- 
porting in  cars.  The  material  moved  was  loam,  adobe,  and 
cemented  gravel,  with  a  large  percentage  of  loose  rock  in 
places,  and  it  all  required  the  use  of  powder  for  loosening  in 
order  to  secure  best  results  in  loading. 

Of  this  total  yardage  12,283  cu.  yd.  were  moved  by  day 
labor  in  charge  of  a  foreman  generally  acknowledged  as 
above  the  average  in  this  class  of  work.  There  were  9.300 
cu.  yd.  in  one  body,  with  a  maximum  depth  of  excavation  of 
2.5  ft.  To  load  this  a  center  drift  was  driven  at  the  bottom 
of  the  excavation  and  as  much  as  possible  of  the  yardage 
trapped  into  the  cars.  The  remaining  yardage  in  this  cut  and 
in  the  smaller  cuts  was  loaded  with  shovels.  The  average 
progress,  including  drilling,  shooting,  drifting,  mucking,  trans- 
porting, and  (lumping,  was  6.S  cu.  yd.  per  man  day.  The 
average  progress  per  man  day  for  loading  effort  (i.  e.,  includ- 
ing labor  driving  the  tunnel  and  loading  cars)  was  10.9  cu.  yd. 
Common  labor  was  paid  $2.50.  and  the  itemized  unit  cost  per 
cubic  yard  is  shown  in  the  accompanying  table. 

ITEMIZED  COST  PER  CU.  YD.  OF  HAND  EXCAVATIOX  WITH 
DAY  LABOR  OX  STATE  HIGHW.W  WORK. 

S^aperintenJence,    ens^rineerin^    timekeeping , ,  .$0,033 

Foremen      030 

Drilling' 017 

Shooting  019 

Drifting-  for  trap 06f> 

boading  cars   170 

Transporting    000 

Dumping-    020 

Rough  sloping    007 

General  expense   .  . 064 


Total  co.st  per  cu.  yd $0,560 

The  remaining  46,744  cu.  yd.  of  the  total  named  above 
were  moved  by  nine  "station  gangs."  i.  e.,  gangs  of  partners 
working  on  a  piece  rate  basis.  They  trapped  some  of  the 
material  into  cars  in  center  drifts  at  the  bottom  of  the  deeper 
excavations.  They  also  trapped  some  material  into  cars  be- 
neath "lean-to"  platforms  against  the  faces  of  the  more  mod- 
erate depths  of  excavation,  but  the  greater  part  of  the  mate- 
rial was  simply  shoveled  into  the  cars.  The  yardage  lay  in 
shallower  cuts  and.  all  things  considered,  the  conditions  were 
not  so  favorable  for  rapid  progress  as  in  the  case  of  the  work 
handled  with  day  labor.  Yet  the  progress  per  man  day,  in- 
cluding drilling,  .  shooting,  drifting,  mucking,  transporting, 
and  dumping,  w-as  10.9  cu.  yd.,  and  the  average  progress  per 
man  day  tor  loading  effort  only  ( i.  e..  driving  tunnels,  ar- 
ranging traps,  and  loading  Cars)  was  14.3  cu.  yd.  The  men 
in  some  of  these  gangs  were  guaranteed  $2.25  per  day  and 
for  that  reason  this  rate  was  used  in  compiling  the  itemized 
unit  costs  shown  in  an  accompanying  table. 

ITEM1ZEI>  COST  PER  CU.   YD.   OF  PIECE  RATE  HAND  EXCA- 
VATION ON  STATE  HIGHWAY  WORK. 

Superintendence,   engineering,   timekeeping $0,023 

Drilling   OOS 

Shooting    / : MO 

Loading  cars    t^3 

Transporting    , "JJ  J 

D  limping    " ]*};» 

Rough    sloping'    .' ^J} 

General  expense    '. ^^'^ 

Total  cost  per  cu.   yd $0,393 

The  item  "General  Ex)'ense,"  shown  In  these  two  tables  of 
itemized  costs,  is  one  made  up  of  numerous  small  items  in 
which  the  expenditure  could  be  expected  to  bear  no  relation 
to  the  daily  progress.  The  cost  of  these  items  was  estimated 
in  preparing  a  bid  and  the  unit  cost  so  determined  was  not 
again  computed  until  the  completion  of  the  work  gave  proper 
data  for  a  final  accurate  computation.  The  estimated  unit 
cost  oi  these  "General  Expense"  items  was  always  added  to 
the  unit  cost  of  daily  expenditures  in  order  to  arrive  at  a 
ba^is  of  comparison  of  actual  cost  with  the  bid.  The  "Gen- 
eral Expense"  was  substantially  the  same  on  both  the  day 
and  piece  work  and  was  as  follows  for  the  former: 


Small  tools   

Camp  expense  .........". 

l-tbor  insurance 

Uverhcad    .... 

Bond  ; ; 

Sprinkling   

Rolling .........' 

Clearing    '  \\\ 

Caring  for  public  tralilc. . . . .'. 

Surfacing  and   finlshlnK' 

Plan  I  .lelivery  ].'.'.[['.'.'..'.'.'.'.'. 

I'enalty  assessed  by  state  for  fail'ur^'to'cmiipiete'conVni'cV 

■Miscellaneou.'?     


hi.oon 

OlMI 

.      .001 

.007 

.002 

.oos 

.00:; 

.002 

.00$ 

.00* 

.      .01. 


Total 


In  the  winter  of  1917-1918  the  Waterford  Irrigation  DiBtrict, 
of  Waterford,  Calif.,  let  to  a  contractor  work  including  the 
excavation  for  2.S  canal  structures  totaling  1.338.7  cu.  yd. 
The  minimum  width  of  these  excavations  was  30  in.  and  the 
maximum  width  and  depth  never  so  great  as  to  cause  any 
inconvenience  in  removing  the  material  with  a  single  cast  of 
the  shovpl.  There  was  some  hard  pan  in  the  bollomH  of 
many  of  the  excavations  and  the  top  dirt  was  usually  hard 
so  as  to  require  constant  use  of  the  pick,  but  only  a  very  lit- 
tle powder  was  used,  because  it  was  considered  the  use  of 
the  pick  was  more  economical.  A  2-horse  slip  scraper  was 
used  on  a  few  of  the  larger  excavations,  but  in  no  case  with 
any  real  advantage,  it  is  believed.  The  work  was  done  with 
day  labor  paid  by  the  contractor.  Converting  the  slip  scraper 
time  into  man  day  time  of  equal  cost  (on  the  assumption 
that  the  two  were  of  about  equal  efTiciencv  as  regards  cost 
;ind  that  I  he  amount  of  the  latter  was  so  small  as  not  to 
affect  the  result)  and  adding  this  to  the  actual  time  of  muck- 
ers, the  average  progress  per  man  day  was  3.94  cu.  yd. 

The  same  contractor  at  same  time  made  the  excavations  In 
a  similar  manner  for  five  in'-erted  siphons  totaling  1.019  cu. 
yd  This  material  lay  in  larger  bodies  but  not  inconvenient 
tor  excavation  by  hand.  One  excavation  only  contained  a 
little  cemented  gravel  at  the  bottom  which  was  loosened 
with  a  plow,  and  there  was  no  hard  pan.  A  slip  scraper  was 
used  a  very  lil'le  but  not  with  any  real  advantage,  it  Is  be- 
lieved, nor  to  such  an  extent  as  to  affect  the  result.  Again 
cor.verting  the  slip  scraper  time  into  man  day  time  of  equal 
cost,  as  above,  and  adding,  this  to  the  actual  mucker  lit"" 
the  average  progress  per  man  day  was  6.3  cu.  yd. 

A  complete  statement  of  the  itemized  unit  cost  in  neither 
of  these  cases  is  obtainable.  The  wages  paid  were  $3  and 
$3.25  per  day  for  common  labor  and  data  are  only  available 
showing  the  cost  for  labor,  including  team  hire,  and  trans- 
portation. Transportation  and  labor  only  on  the  28  smaller 
structures  cost  $0.76  )ier  cubic  yard  and  on  the  five  Inverted 
siphons  cost  $0.45  per  cubic  yard.  The  cost  of  superintend- 
ence, bond,  insurance,  camp,  and  miscellaneous  smaller  ex- 
P'Mises,  as  powder  and  blacksmithing,  is  not  known. 

At  the  same  time  the  Waterford  Irrigation  District  let  the 
excavation  foi  three  other  inverted  siphons  to  a  gang  of 
"station  men."  The  total  yardage  amounted  to  2.46S.8  cu.  yd.. 
;inil  of  this  2,218.1  cu.  yd.  lay  in  one  trench  tV^  ft.  wide  and 
averaging  5%  ft.  deep.  The  minimum  depth  was  slightly 
over  4  ft.  and  the  maximum  depth  was  9^  ft.  The  other 
two  trenches  were  of  smaller  cross-section,  the  smallest  one 
being  2.23  ft.  wide  and  averaging  3.2  ft.  in  depth.  The  small- 
est trench  was  very  hard  at  one  end  and  required  blasting. 
The  middle  sized  trench  was  handled  entirely  without  pow- 
der, and  tlie  largest  trench  required  the  use  of  powder 
throughout  its  entire  length.  The  latter  lay  along  the  gutter 
of  an  unimproved  street  in  a  small  town.  The  ground  had 
not  been  disturbed  tor  years  and  the  top  soil  was  so  dry 
and  hard  as  to  make  the  use  of  powder  desirable.  For  the 
greater  portion  of  the  length  oi  this  trench  the  bottom  half 
was  in  hard  pan  and  some  of  this  was  so  hard  that  the  hand 
augurs  would  not  penetrate  it  and  it  was  necessary  to  use 
hammer  drills.  Generally  the  top  half  of  the  trench  was 
blasted  and  removed  and  then  the  bottom  half,  the  men  In- 
sisting this  gave  both  less  overbreak  and  better  muck  for 
the  shovel.s.  An  average  of  69  '100  lb.  of  powder  per  cubic 
yard  were  used  by  this  gang  for  the  iob  and  the  bottom  was 
carefully  trmimed  with  picks  to  leave  a  smooth  surface  on 
which  to  lay  the  concrete  pipe.  The  average  progress  per 
man  day.  including  drilling,  shooting,  picking,  shoveling,  and 
forge  work,  was  7.8  cu.  yd.  It  was  not  possible  to  separate 
the  mucking  time  from  the  other  work  because  the  same  men 
changed  back  and  forth  from  the  one  to  the  other  many  times 
during  the  day.  but  it  is  believed  that  approsimately  only 
two-thirds  of  the  time  went  to  pick  and  shovel  work,  in  which 
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case  the  average  progress  per  man  day  for  muckers  would 
be  11.7  cu.  yd. 

Charging  the  same  rate  of  wages  to  this  work  as  obtained 
the  time  on  the  work  done  by  the  contractor  with  labor  on  a 
day  wage  basis  (i.  e.,  ?.3  and  $3,2.5  per  day),  the  labor  cost 
for  this  work  would  be  $0  39  per  cubic  yard,  the  powder  cost 
$0.17  per  cubic  yard,  and  tools  and  miscellaneous  small  items 
$0.03  per  cubic  yard.  There  was  no  expense  for  superintend- 
ence, and  the  district  paid  the  labor  insurance. 

In  each  of  the  above  described  parallel  cases  the  advantage 
for  rapid  progress  lay  with  the  work  allotted  to  the  day  labor 
gangs,  and  in  each  case  the  increased  efficiency  of  the  piece 
rate  worker  over  the  day  rate  worker  is  amply  demonstrated. 
The  caso  might  be  multiplied  not  only  in  hand  excavation 
but  in  other  lines  of  work. 

A  general  peculiarity  of  the  piece  rate  worker  which  must; 
fie  i-pcognized  in  advance  is  that  he  will  seldom  bid  but  waits 
instead  for  the  employer  to  name  a  price.  If  any  contract  is 
drawn  up  it  must  of  necessity  be  a  more  or  less  informal  one, 
as  the  piece  rate  worker  neither  desires  nor  can  give  a  bond. 
He  prefers  to  reserve  the  right  to  withdraw  whenever  it  be- 
comes apparent  to  him  that  things  are  not  satisfactory. 

In  the  case  of  the  Swedish  "station  men"  engaged  in  trench 
excavation  described  above,  a  part  of  the  gang  withdrew  after 
the  third  day  and  the  entire  gang  would  have  quit  had  not 
the  price  of  $0.05  per  cubic  yard  originally  named  to  them 
been  advanced.  It  had  been  necessary  to  start  them  on  the 
most  difficult  work,  and  it  was  soon  apparent  that  they  were 
not  making  wages  commensurate  with  the  effort  being  put 
forth.  It  was  impossible  to  convince  them  that  conditions 
would  so  improve  as  to  afford  a  fair  wage,  and  in  fact  the  dis- 
trict's engineer  did  not  try,  because  the  material  had  been 
worse  than  he  had  supposed.  He  is  now  convinced  that  the 
work  could  not  be  accomplished  with  day  labor  for  less  than 
$0.75  per  cubic  yard  and  he  accordingly  offered  to  advance 
the  rate  of  the  "station  men"  to  that  figure.  They  declined 
the  offer  and  stated  that  they  would  not  consider  less  than 
$1  per  cubic  yard  but  would  be  glad  to  proceed  on  a  day  wage 
basis  of  $3.50  per  day.  The  engineer  countered  with  an  offer 
of  $0.75  per  cubic  yard  and  a  guarantee  of  not  less  than  $3  .50 
per  day.  This  offer  was  accepted  and  the  results  are  some- 
what interesting.  Had  the  gang  continued  at  the  original 
rate  they  would  have  earned  $3.59  per  day  for  each  day  they 
worked.  Had  the  district  engaged  them  at  the  rate  of  $3.50 
per  day  and  had  they  worked  as  well  for  the  district  as  they 
did  for  themselves,  the  work  would  have  cost  the  district 
$0.64  per  cubic  yard.  With  the  increased  rate  they  earned 
an  average  of  $4.40  per  day  each. 

In  some  cases  it  is  not  practicable  to  attempt  to  com- 
pensate the  entire  gang  on  a  piece  rate,  but  it  is  possible  to 
engage  one  or  more  of  them  to  undertake  the  work  on  such 
a  basis  if  the  employer  will  pay  wages  to  the  other  men  and 
deduct  the  cost  thereof  from  the  total  sum  earned  by  the 
gang.  This  plan  is  applicable  to  many  lines  of  work  where 
the  total  cost  is  not  sufficient  to  justify  attempting  to  con- 
tract it  out  in  the  usual  way.  The  work  requires  less  watch- 
ing than  when  done  by  day  labor  and  is  generally  accom- 
plished with  greater  satisfaction  to  both  employer  and  em- 
ploye. 


A  Definition  of  the  Construction  Industry. — The  National 
Federation  of  Construction  Industries  in  one  of  its  recent 
news  letters  gives  the  following  definition  of  the  construc- 
tion industry: 

The  construction  industry  embraces  tlie  eon.Mruetion  of  resi- 
dences, warehouses,  factory,  office  and  other  buildings,  roads, 
streets,  railroads,  bridges,  docks,  tunnels,  dams,  water  work.^. 
sewers  and  other  public  works:  dredging,  irrigation,  wrecking  and 
remodehng:  the  production,  manufacture  and  distribution  of  ma- 
terials, equipment  and  machinery  entering-  into  or  used  in  con- 
nection with  construction:  manufactures,  contractors,  sub-con- 
tractors, engineers,  architects,  building'  and  highway  commission- 
ers, realty  and  mortgage  bankers,  insurance  companies,  real  estate 
developers,  building  and  loan  associations,  and  other  professional 
financial,  commercial  and  industrial  interests  connected  with  con- 
struction or  real  estate  development. 


North  Carolina  Engineering  Society  to  Affiliate  with  A.  A. 
E.— The  North  Carolina  Society  of  Civil  Engineers  has 
voted  to  proceed  with  consolidation  with  the  .American  Asso- 
ciation of  Engineers,  and  to  carry  out  the  aflTIiation  as  soon 
as  the  committee  appointed  to  conduct  the  negotiations  has 
completed  its  work.  The  president  of  the  society  is  Dr,  W. 
C.  Riddick,  president  of  North   Carolina  State  College. 


Building  Up  a  Worn  Dredge  Pump 

With  the  Oxy-Acetylene 

Process 

The  type  of  centrifugal  pump  used  by  dredging  contrac- 
tors and  mining  operators  for  such  purposes  as  dredging 
silt,  sand,  mud  and  gravel  from  the  bottoms  of  channels 
and  for  mining  solt  ore  by  the  hydraulic  mining  system,  is 
subject  to  excessive  wear  due  to  the  constant  abrasion  of 
the  sand  and  gravel  against  the  inner  walls  of  the  pump 
chamber, 

i?uch  a  sand  sucker  chamber  that  had  become  badly  scored 
through  use  was  recently  restored  to  practically  its  original 
condition  by  the  Chicago  job  welding  department  of  the 
Oxweld  Acetylene  Co.,  by  means  of  the  oxy-acetylene 
process. 

The  pump  chamber  of  the  sand  sucker  was  14  ft.  in  out- 
side diameter,  and  consisted  of  two  massive  steel  castings 
having  a  total  weight  of  7  tons.  The  abrasion  had  been  so 
severe  it  was  necessary  to  rebuild  both  side  walls  of  the 
pu.np  chamber  for  a  distance  of  8  in.  from  the  inner  cir- 
cumference.    The  thickness  of  the  added  metal  varied  from 


Building    Up    Worn    Surfaces   of   Sand    Sucker,    Deoositing    1,264    Lb. 
of    High   Carbon   Steel    With    Aid   of   Oxweld   Oxy- 
Acetylene    Blowpipes. 

1%  to  2%  in.  In  addition,  a  new  section  approximately  14 
by  18  in.  in  area  had  to  be  welded  into  the  throat  of  the 
casting.     The  latter  was  approximately  3V2   in.   in   thickness. 

In  order  to  insure  holding  the  two  halves  of  the  cham- 
!ier  in  alignment  during  preheating  and  welding  they  were 
belted  together  and  the  heavy  outer  reinforced  sections  of 
the  castings  were  not  heated,  as  this  would  have  produced 
internal  strains,  either  breaking  the  castings  or  shearing 
the  bolts  that  held  them  together.  Preheating  by  means 
of  charcoal  was  applied  locally  for  a  distance,  of  about  14 
in.  in  frcmi  the  edges  of  the  flanges,  each  preheat  extend- 
ing for  a  distance   of  3   ft,   around   the   inner   circumference. 

The  total  weight  of  steel  added  to  the  castings  by  weld- 
ing amounted  to  1,264  lb.  The  operators,  each  using  an  Ox- 
weld blowjiipe  fitted  with  No.  15  welding  head,  worked  in 
pairs.  As  the  heat  in  the  small  enclosure  where  the  men 
worked  was  intense,  it  was  necessary  to  hold  several  weld- 
ers in  reserve  and  to  work  on  the  relay  plan,  each  weld- 
ing shift  extending  for  a  period  of  20  minutes.  Six  days 
were  required  to  complete   the  building-up   work. 

As  the  built-up  siirface  will  be  subjected  to  the  same 
abrasive  action  of  sand  and  gravel,  high  carbon  steel  weld- 
ing rods  were  used  for  the  purpose  of  building  up.  thereby 
giving  an  extremely  hard  surface,  in  fact,  one  that  it  was 
impossible  to   cut  with   a   file,   after  cooling. 


Steam  Shovel  Safety  Devices. — Many  mining  companies 
operating  on  the  Mesabi  Iron  Range.  Minnesota,  have  adopted 
standard  safety  devices  for  their  equipment.  Steam  shovels, 
for  instance,  have  guard  rails  extending  along  the  running 
boards  on  either  side,  as  well  as  along  the  ladders  on  the 
boom.  Running  gears  are  substantially  protected,  and  where 
possible,  the  moving  parts  are  covered.  A  short  cable  is  ex- 
tended from  the  top  of  the  A-frame  to  the  top  of  the  boom 
and  serves  to  prevent  the  dropping  of  the  boom  in  case  the 
"hog  rods"  should  break. 


(62) 


E)if/iiieeriii(/  and  ('u)itr<ictinf/  for  Scptcmhvr  17.  191;). 


J-1 


Definition  of  Terms  in  Valuation 
Work 

In  a  report  to  be  presented  at  the  October  meeting  of 
the  American  Electric  Ry.  Association  the  committee  on 
valuation  has  submitted  its  recommendations  for  the  items 
to  be  considered  in  estimating  'fair  value"  of  a  property 
for  "rate  mixing."  It  is  believed  that  these  items,  together 
V  ith  the  detinition  of  terms,  are  of  enough  general  interest 
to   quote    verbatim    'rom    this   report. 

Items   to   Be   Considered 


in    Estimating    Fair    Value    for    Rate 
Making. 

(a)  Promotion  expense. 

(b)  Organization   expense 
<c)  Brokerage. 

(d)  Construction  costs.     (Ba.sed  upon  actual   property   inventor.v-  at 
prices  as  of  the  day  and  date  of  inventory. 

["Engineering-  and  superintendence. 
Storeroom   expenses,    cost    of   handling 

(e)  Overhead  direct        materials,  clerks,  general  oflicr  iu-\\  . 

charges    not    included  J      contingencies, 

in    (d) i  Contractors'  profit. 

I  Carrying  charges  during  construction, 
j  Taxes  during  construction. 
[  insurance  during  construction. 
C(l)  Cost   of   consolidation 

(fi   Going  concern (2)   Superseded  property 

I  3)  Created  value 
[(4)   Development  costs, 
tg)   %V'orking  capital. 

Definition  of  Terms. 

Promotion  Expense. — The  initial  work  necessary  to  start 
a  public  utility  enterprise  requires  the  time,  effort  and  work 
of  capable  men  to  plan  the  proposed  service,  to  show  its  pub- 
lic necessity,  to  estimate  the  possible  business  and  prepare 
construction  costs,  gross  receipts  and  operation  expense 
statements,  prepare  the  preliminary  work  necessary  to  pro- 
cure franchises,  etc.  This  work  Is  a  service  of  value  to  the 
public  and  represents  a  money  value  properly  chargeable 
to  capital  account. 

Organization  Expense. — An  efficient  organization  must  be 
carried  during  the  formation  and  construction  period  con- 
sisting of  legal,  financial  and  business  experience  and  ability 
to  arrange  for  and  carry  on  the  details  of  company  organ- 
ization and  the  creation  and  construction  of  the  property. 
This  expenditure  is  a  proper  charge  to  capital  account. 

Brokerage. — The  money  necessary  to  create  the  properties 
must  be  arranged  for  through  sales  of  stock  and  bonds,  and 
bankers  or  brokers  are  generally  engaged  to  place  the  se- 
curities and  collect  the   money  as   required.     This  means, 

The  payment   of   commissions 

Preparation  of  mortgage 

Service  of  registrar,  corporate  and  individiuil 

Service  of  trustees 

Cost  of  certification 

Revenue  stamps 

Cost  of  recording  mortgage 

Public  service  commission  costs  for  approval 

Advertising. 
and   other   expenses,   and    this   brokerage   cost    should   be   in- 
cluded in  any  investment  estimate  for  rate  making. 

Construction  Costs. — A  detailed  inventory  and  classifica- 
tion of  the  existing  physical  property  forms  the  basis  of  all 
"Cost  to  Reproduce  New  Valuations"  to  which  should  be 
applied  unit  prices  and  costs  for  values  as  of  the  date  of 
inventory.  The  value  based  upon  present  day  prices  is  then 
in  accord  with  current  rates  of  wages,  current  cost  of  ma- 
terial and  the  current  value  of  a  dollar  and  is  economically 
sound.  To  the  "bare  tones''  iiiventory  at  unit  prices  must 
he  added  the  direct  and  indirect  overhead  charges  not  in- 
cluded in  the  unit  prices  for  rails,  other  construction  mate- 
rials, labor  costs,  etc..  all  as  enumerated. 

Overhead  Charges.— The  items  of  direct  overhead  charges 
enumerated  should  require  no  further  explanation.  The 
purchasing  of  the  materials,  their  transportation,  sub-deliv- 
erv,  accounting,  inspection,  etc.,  require  supervision  and  di- 
rection and  the  effort  of  large  forces  of  storeroom  and  gen- 
eral office  help,  inspectors  and  checkers,  the  cost  of  which 
is  not  included  in  unit  prices. 

The  general  and  detail  design  of  all  parts  of  the  property 
require  the  work  of  engineers  and  architects  and  their  as- 
sistants to  make  drawing?,  bills  of  material,  working  specifi- 
cations and  prepare  ourchase  contracts,  the  general  direc- 
tion of  the  work  in  the  field,  the  making  of  estimates  of  cost, 
progress  estimates,  partial  payment  estimates  for  all  con- 
tracts and  the  general  supervision  and  progress  of  all  parts 
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of  the  construction,  the  cost   of  which  could  not  be  Incliidod 
in  unit  prices. 

Ourlns  the  progress  of  the  work,  cash  muHt  be  provided 
to  pay  the  current  labor,  material  costs  and  partial  payment 
contract  estimates  and  interest  must  be  paid  upon  this  cap- 
ital as  it  is  invested  during  the  period  of  construction  and 
bp.i"ore  the  property  can  earn  a  return.  The  same  Ik  true 
of  taxes,  and  insurance,  including  fire  and  accident.  Inter- 
est, taxes  and  insurance  during  the  construction  period  are 
a  part  of  construction  costs  and  should  be  a  canilal  charRe. 

In  the  building  and  erection  of  a  large  properly  many  con- 
tract.-- are  entered  into  for  specific  kinds  of  materials  In 
(luantities,  special  machinery,  track  work,  bulldiogs.  etc.. 
anil  the  item  of  contractors'  profit  is  one  of  the  construc- 
tion costs  that  must  be  included  in  "fair  value"  for  rate 
making. 

The  item  of  contingencies  is  an  Important  one  in  any  cost 
estimate  whether  it  be  to  furnish  advance  information  to 
financiers  and  promoters,  or  in  connection  with  any  large 
public  improvement,  or  our  own  problem  "the  establibb- 
ment  of  a  reasonable  and  just  investment  value"  and  covers 
the  uncertainties,  omissions,  additions,  extras,  attendant  upon 
any  construction  job.  large  or  small,  and  among  many  others, 
includes  the  following  unforeseen  but  ever  present  items  of 
delay,  removal  of  obstructions,  the  appearance  of  conglom- 
erate, hard  pan,  or  solid  rock  in  excavations  where  earth 
had  been  estimated,  slides  in  open  cuts,  the  removal  and 
restorations  of  water  pipes,  gas  pipes,  electric  wires  and 
other  underground  improvements,  under-pinning  of  build- 
ings, etc.  The  item  of  the  removal  of  underground  obstruc- 
tions alone  often  equals  2.5  per  cent  of  the  total  conslruc- 
tiop  costs  in  subway  work,  and  quoting  from  the  paper  on 
"Overhead  Charges"  presented  by  Mr,  Philip  J.  Kealy  In 
the  1916  report  of  this  committee,  we  find  the  following 
statement,  under  the  heading  "Incidentals  or  Contingen- 
cies." 

■'During  a  recent  hearing  before  the  Valuation  Committee 
of  the  Interstate  Commerce  Commission.  Mr.  Holbrook.  Chief 
Engineer  of  the  Union  Pacific  R.  R,,  stated  that  after  the 
completion  of  the  Lucin  cutoff  across  Great  Salt  Lake,  he 
had  his  engineering  staff  estimate  the  cost  of  the  work  al- 
ready completed  and  the  highest  estimate  was  40  per  cent 
under  the  actual  cost." 

This  item  of  contingencies  is  a  real  item  of  cost  In  every 
.iob  and  ranges  from  10  to  50  per  cent  of  the  total  cost  and 
in  some  hazardous  undertakings  such  as  under-water  tun- 
nel or  foundation  work,  the  actual  cost  Is  sometimes  many 
times  greater  than  the  "bare  bones"  bill  of  material  con- 
tract-specification estimate  of  costs. 

Going  Concern  Health  of  the  Property). — Represents  the 
value  that  exists  in  a  completed,  matured,  successfully  op- 
erated property  and  embraces  the  items  of  "readiness  to 
serve"  a  "built  up  successful  business,"  etc..  as  compared 
with  a  new  property  in  the  course  of  construction,  or  the 
immature  condition  usually  prevalent  at  the  beginning  of 
its  operation  and  other  development  costs  including  an 
amount  equal  to  the  deficiency  of  net  earnings  below  a  fair 
return  upon  the  fair  investment  due  solely  to  the  time  and 
expenditure  reasonably  necessary  and  proper  to  the  devel- 
opment of  the  business  and  property  to  its  present  stage 
and  not  comprised  in  the  valuation  of  the  physical  property. 

Cost  of  Consolidation.— In  the  past,  competing  compaiiies 
were  granted  franchises  in  the  same  community  and  duplica- 
tion of  operating  organizations  and  other  expenses  resulted, 
and  the  service  to  the  public  was  less  etficient  and  more  ex- 
pensive. Under  one  management  the  public  has  benefited 
by  a  lower  average  fare,  the  more  direct  routing  of  cars  and 
an  extension  of  service  for  a  single  fare.  Much  time,  effort 
and  expense  is  usually  involved  in  bringing  about  a  consol- 
idation. This  development  expense  is  of  value  to  the  pub- 
lic and  its  cost  is  a  proper  charge  to  capital  account. 

Superseded  Property.— A  publiCL  utility  property  is  enilitled 
to  repayment  for  all  of  its  property  consumed  in  the  service 
of  the  public. 

The  ordinary  replacement  or  renewal  of  property  actually 
worn  out  in  the  service  is  charged  to  operating  expense  and 
is  therefore  amortized  out  of  earnings.  It  Is  only  when  large 
replacements  of  property  are  made  necessary  by  extraordi- 
nary changes  of  motive  power  such  as  from  horse  car  to 
cable,  or  electricity,  or  both,  or  wreckage  due  to  violent 
storms,  earthquakes  or  other  unusually  destructive  calami- 
ties, or  when  due  to  improvements   in  the  art,  the  general 
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type  of  car,  or  other  property  in  service  is  replaced  in  large 
(liiantities  that  it  becomes  impracticable  to  immediately 
amortize  out  of  earnings  and  new  capital  must  be  used,  and 
this  new  capital  should  be  included  in  "fair  value"  upon 
which  to  base  a  return  until  such  time  as  it  has  been  amor- 
tized. 

Created  Value. — This  item  covers  an  important  element 
of  value  that  may  properly  be  a  part  of  "Going  Concern 
Value"  and  represents  the  value  due  to  the  utility  having 
been  brought  into  existence  and  becoming  a  live  and  a  vital 
part  of  the  community.  Having  pioneered  the  growth  of 
the  city  or  commonwealth  and  "nhanced  the  value  of  both 
private  and  public  property,  the  utility  itself  should  be  justly 
credited  with  part  at  least  of  the  value  it  so  created. 

Working  Capital. — Every  business  should  have  a  "Cash 
reserve"  or  "Working  capital"  to  "cushion"  the  rise  and 
fall  befween  income  and  expenditures,  to  carry  materials 
and  supplies  account,  and  especially  to  fortify  it  against  any 
reasonable  financial  emergency  that  may  arise.  An  adequate 
allowance  for  this  item  should  be  included  in  capitalization. 


An    Ingenious    Track    Ditching    Machine 

The  Northwesiein  Pacific  Ry..  in  Northern  California  has 
a  part  of  its  line  located  in  Eel  River  canyon  in  which  con- 
siderable trouble  is  experienced  due  to  the  instability  of  the 
glacial  material  of  which  the  sides  of  the  canyon  are  com- 
posed. The  trouble  is  especially  bad  in  seasons  of  heavy 
rainfall  common  in  that  region,  during  which  the  ditches 
at  the  side  of  the  track  fill  up  with  loose  material.  The 
Railway  Maintenance  Engineer  describes  how  Mr.  J.  G.  But- 
ler, foreman  of  work  equipment,  has  ingeniously  solved  the 
lii'oblem  of  cheaply  and  efficiently  cleaning  out  these  ditches. 

The  road  has  as  a  part  of  its  equipment  two  12-ton  loco- 
motive cranes,  and  it  occurred  to  Mr.  Butler  that  these  cranes 
could  be  fitted  up  to  clean  these  ditches  with  the  help  of  a 
drag-line  bucket.  His  idea  was  essentially  to  fasten  a  boom 
to  the  body  of  the  crane  so  that  the  bucket  could  be  hauled 
along  the  ditch  parallel  to  the  track.  The  equipment  was 
first  prepared  for  this  use  about  two  years  ago  and  has  been 
in  almost  constant  service  ever  since,  so  that  there  has 
been  ample  opportunity  to  demonstrate  its  value. 

A  75-lb.  rail  about  20  ft.  long  was  attached  to  each  end  of 
the  car  body,  and  this  rail  is  used  to  regulate  the  distance 
of  the  ditch  from  the  track.  A  1-in.  cable  is  attached  to  the 
rear  of  the  car  and  runs  through  a  hole  at  the  outer  end  of 
this  rail  to  a  hook  on  the  bale  of  the  drag  bucket:  a  monkey 
line  from  the  crane  also  runs  to  the  bale  of  the  drag  bucket 
and  is  used  to  hold  the  bale  in  position. 

.\fter  the  drag  bucket  has  been  placed  in  this  position  the 
crane  moves  backward  until  the  bucket  has  been  filled.  If 
the  ditching  is  being  done  in  a  side  cut  the  crane  boom  is 
swung  over  to  the  clear  side  where  the  drag  bucket  is  in 
position  to  he  dumped  by  the  holding  line. 

In  the  case  of  a  through  cut  the  crane  may  be  run  to  the 
end  of  the  cut  before  the  drag  bucket  is  dumped,  or  the 
bucket  may  be  emptied  into  an  air  dump  car  and  the  ma- 
terial disposed  of  later. 

On  the  Northwestern  Pacific  all  cranes  are  self-propelling 
and  equipped  with  air  pumps  and  reservoirs  so  that  dump 
cars  may  be  handled  without  other  assistance.  Where  ma- 
terial is  encountered  in  ditches  too  hard  to  be  handled  by 
the  drag  bucket,  a  looter  plow  is  attached  to  the  bucket  and 
dragged  through  the  ditches  to  put  the  material  into  condi- 
tion to  be  handled  liy  the  bucket.  The  ditching  is  done 
with  a  regular  crane  crew,  consisting  of  a  crane  engineer, 
fireman  and  one  helper.  With  this  crew  in  side  hill  work: 
that  is,  where  there  is  a  ditch  on  only  one  side  of  the  track, 
the  average  progress  is  about  one  track  mile  per  day.  Pat- 
ents upon  this  device  are  pending. 


Higher  Salaries  for  Technical  Employes  of  New  York 
City. — The  Union  of  Technical  Men  has  issued  an  appeal  to 
the  municipal  officials  of  New  York  City  asking  for  salary  in- 
creases. An  increase  of  $.500  per  year  for  all  technical  men 
employed  by  the  city  is  asked.  This  would  affect  about  2,500 
men,  of  which  about  2,ST0  are  new  receiving  less  than  $3,000 
per  year. 


Magnetic  Surveys  of  Rail 

According  to  a  paper  presented  at  the  annual  meeting  of 
the  American  Society  for  Testing  Materials  last  June  by 
Dr.  P.  H.  Dudley,  magnetic  surveys  furnish  information  im- 
possible to  obtain  by  any  other  means  without  destruction 
of  the  material;  at  the  same  time  it  is  possible  to  study  the 
fatigue  of  metal.  The  matter  following  is  abstracted  from 
Dr.   Dudley's   paper. 

The  first  equipment  for  surveys  of  rails  was  developed  at 
the  U.  S.  Bureau  of  Standards  under  the  direction  of  Dr. 
C.  W.  Burrows.  The  apparatus  designed  by  Dr.  Dudley  with 
the  assistance  of  H.  A.  Currie  and  his  assistant.  H.  C.  Mc- 
Min.in.  of  the  electrical  department  of  the  New  York  Cen- 
tral Lines  for  the  present  investigation  embodies  all  of  the 
essential  and  principal  details  of  the  Bureau  of  Standard's 
equipment  except  for  a  few  minor  changes  which  were  neces- 
sary under  the  circumstances  in  which  our  tests  were  con- 
ducted. 

"Fatigue  Fractures  of  Metal." — There  have  developed  sev- 
'^ral  cases  of  induced  interior  transverse  fissures  in  rail  heads 
'inder  service  conditions  in  the  present  decade  of  railroad 
operations.  These  have  been  improperly  designated  'trans- 
verse fissiires."  a  term  which  does  not  express  their  location 
or  origin  in  the  interior  metal  of  the  rail  head.  The  checked 
nuclei  are  invisible  to  the  inspectors  of  the  rails  at  the  mills 
and  to  the  section  men  and  supervisors  In  the  track.  It 
needs  magnetic  vision  to  find  them  in  the  rail  heads  as  fab- 
ricated. The  Division  of  Safety  of  the  Interstate  Commerce- 
Commission,  from  its  investigations,  classifies  them  as 
•fatigue  fractures  of  metal"  due  to  the  wheel  loads,  and 
holds  that  all  rails  are  subject  to  them.  The  remedy  it  pro- 
noses  is  to  reduce  the  wheel  loads.  This  recommendation 
was  made  before  collecting  the  service  records  for  rails  of 
different  methods  of  manufacture  to  see  whether  or  not  all 
were  affected  alike.  The  railroad  officials,  from  their  rec- 
ords of  the  service  of  various  rolling  of  rails,  find  that  those 
lolled  from  reheated  blooms  are  nearly  free  from  interior 
transverse  fissures.  They  find  that  rails  of  the  same  sec- 
tion when  rolled  direct  from  the  ingots,  laid  on  portions  of 
the  same  roadbed,  and  under  the  same  wheel  loads,  develop 
a  greater  number  of  interior  transverse  fissures. 

Eight  railroad  companies  under  heavy  traffic  rei)orted  from 
their  service  records  322,59C  tons  of  rails  from  reheated 
blooms  in  which  only  .59  induced  interior  transverse  fissures 
developed  in  the  rail  heads.  Their  records  also  included 
"'.■)9,644  tons  of  rails  by  direct  rolling  in  which  1.0.")4  induced 
interior  transverse  fissures  developed,  an  increase  of  900 
per  cent  over  tlio.'^e  in  rails  from  the  reheated  blooms.  These 
rails  were  rolled  in  1909  to  1915  inclusive,  while  the  records 
of  fissures  w-ere  to  October,  1918. 

Such  a  difference  in  the  service  of  rails  under  practically 
the  same  wheel  loads  is  evidence  to  railroad  officials  that 
there  is  some  inhomogeneity  of  the  physical  properties  in 
the  metal  of  the  interior  of  the  rail  heads — particularly  those 
rolled  direct — which  induce  the  interior  transverse  fissures, 
compared  with  interior  luetal  from  those  rail  heads  which 
do  not  develop  such  fissures  in  similar  service. 

The  paramount  question  with  railroad  officials  is  "safety 
first."  and  hundreds  of  the  failed  rail  heads  have  been  tested 
under  the  drop  for  brittleness:  also  tension  tests  have  been 
made  of  the  metal  of  the  interior  of  the  head  which  show 
a  loss  of  ductility  of  the  metal  compared  with  the  enclosing 
envelope  of  exterior  metal.*  Delayed  transformations  have 
been  found  by  heating,  and  cooling  curves:  and  cores  of  ab- 
normal metal  first  on  one  side  of  the  center  of  the  head 
which  changed  to  the  opposite  side  of  the  head  in  a  few- 
inches  of  length.  Well-developed  polyhedral  crystals  have 
been  found  as  the  nuclei  of  interior^.transverse  fissures  which 
indicate  that  a  germinative  temperature  existed  a  sufficient 
length  of  time  for  their  development:  132  rails  were  cut  in 
small   pieces,   and   well-developed   crystals   were  found   in   22. 

These  facts  were  found  only  after  destruction  of  the  rails. 
Similar  tests  could  be  made  only  from  pieces  cut  from  the 
top  or  bottom  of  the  rail  crops  which  do  not  go  to  the  hot 
beds  to  cool,  and  therefore  are  not  representative  of  the 
occasional  rail  on  the  hot  beds  which  fails  in  the  track.  It 
is  this  feature  of  magnetic  analysis  without  destruction  of 
the  section  which  offers  the  probability  of  detecting  and 
eliminating  the  occasional  rail  which  was  rolled  direct,  before' 
it  leaves  the  mill  or  is  put  in  the  track. 
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Intergranular  Fissures. — The  more  piedomiiiaiu  type  of  in- 
dated  interior  transverse  fissures  is  classified  under  the 
name  of  "intergranular."  The  fracture  of  tlie  rail  is  made 
up  of  three  separate  and  distinct   parts,  namely: 

1.  The  nucleus,  or  central  intergranular  area. 

2.  The  lustrous  detail  development  surrounding  the  nu- 
cleus. 

3  Fracture  of  the  balance  of  the  rail  which  occurs  quickly 
•ifter  the  fissure  has  developed  sufficiently  to  impair  the 
strength  and  integrity  of  the  rail  section.  Each  distinct  frac- 
ture occurs   only   in   widely   separated   periods   of  time 

The  lustrous  detail  fracture  through  the  grains  is  the  pro- 
gressive growth  or  development  from  the  nucleus,  and  is 
now  universally  recognized  as  being  due  to  the  bending  ac- 
tion of  the  rail  under  the  passage  of  many  thousands  of 
wheels.  The  problem  is  therefore  reduced  to  the  study  of 
the  character  and  cause,  in  rails  which  are  rolled  direct 
for  the  fracture  of  the  nucleus.  Except  in  rare  cases  of  this 
type,  no  interior  detail  fractures  have  developed  without 
having  started  from  the  characteristic  intergranular  nucleus. 

Numerous  tests  have  shown  that  the  essential  character- 
istics of  the  metal  in  the  vicinity  of  the  nucleus  are  low  ten- 
sile strength,  brittleness.  and  a  practical  absence  of  duc- 
tility. The  character  and  appearance  of  the  nucleus  furnish 
positive  evidence  of  its  method  of  failure.  Examination  dis- 
closes that  fracture  of  this  intergranular  area  occurs  sud- 
denly, the  v/hole  area  which  is  sometimes  as  large  as  % 
in.  in  diameter  failing  as  a  unit.  This  is  produced  by  the 
application  of  a  concentrated  overload  of  sufficient  magni- 
tude to  cause  siulden  fracture. 

Effects  of  Overloads  at  the  Mill. — To  explain  how  the  over- 
loads at  the  mill  oi'cur,  the  hot  10.5-lb.  rails  are  sawed  33  ft.  6% 
in.  to  shrink  to  33  ft.,  then  cambered — the  head  curved  around 
the  base — and  run  to  the  hot  beds,  where,  as  they  cool,  re- 
calescence  of  the  base  occurs,  which  expands  it  around  the 
head.  Then  the  head  undergoes  recalescence  and  expands 
around  the  base  more  than  the  original  camber.  When  the 
rails  cool  to  atmosiiheric  temperature,  they  are  expected 
ro  be  nearly  straight.  This  is  never  the  case  and  the  rails  must 
be  gagged  to  make  the  surface  and  line  suitable  to  be  laid 
in  the  track.  The  operation  under  the  straightening  press 
consists  of  applying  the  gag  on  the  rail  to  produce  perma- 
nent self  where  needed  at  intervals  along  its  length,  but 
in  so  doing  harmful  impact  stresses  of  an  intensity  of  100.- 
000  lb.  per  square  inch  and  over  are  frequently  imparted  to 
the  metal  in  the  interior  of  the  rail  head.  The  severity  and 
magnitude  of  overloading  duiing  gagging  depends  upon  the 
physical  condition  of  the  metal  in  the  interior  of  the  head 
and  the  curvature  of  each  rail  as  received  for  straightening. 
-Metal  with  a  tensile  strength  below  the  delivered  impact 
stress  in  the  rail  head  is  therefore  liable  to  be  fractured. 
This  weak  interior  meta!  when  fractured  provides  the 
checked  ni'cleus  from  which  the  induced  interior  transverse 
fissure  subsequently  develops  in  service.  Overloading  dur- 
ing straightening  is  sometimes  so  severe  that  the  rail  sec- 
tion is  completely  fractured. 

Numerous  efforts  have  been  made  to  eliminate  the  de- 
structive effect  of  gagging.  It  is  possible  to  effect  a  reduc- 
tion in  the  amount  of  pressure  transmitted  in  the  rail  by  in- 
creasing the  span  of  the  supports  of  the  press.  Thus,  50.000 
lb.  less  pressure  is  required  to  straighten  6-in.  10.j-lb.  raMs 
on  supports  of  60-in.  span  than  on  supports  of  42-in.  span, 
which  is  the  present  mill  standard.  The  solution  of  the 
problem  in  the  mill  then  consists  of  two  parts:  First,  the 
avoidance  of  brittleness  of  the  metal,  by  proper  chemical 
composition  and  manufacture.  Second,  the  reduction  of  the 
destructive  and  injurious  effect  of  gagging,  which  now  has 
the  co-operation  of  several  steel  plants,  by  widening  the 
supports  to  60-in    for  stiff  sections. 

Investigations  are  being  made  of  the  rails  from  reheated 
blooms  which  develop  in  the  track  induced  interior  trans- 
verse fissures.  The  results  indicate  that  the  final  tempera- 
ture ot  the  bar  as  rolled  is  too  low  to  accomplish  what  re- 
heating the  blooms  usually  does  to  the  interior  of  the  metal 
in  the  rail  head.  This  may  be  due  to  some  delay  in  rolling 
the  bloom  in  one  or  more  passes  before  the  finishing.  There 
is  one  mill  which  reheats  the  blooms  concerning  which  we 
have  yet  to  hear  of  a  single  interior  transverse  fissure  in 
its  large  output,  and  another  mill  which  has  only  one 
against  its  output. 

The  siatement  of  fact  regarding  the  freedom  from  interior 
■transverse  fissures  of  rails  rolled  from  reheated  blopras  does 


not  of  course  explain  how  r.•heHliu^  improves  the  interior 
metal  of  the  rail  head.  The  neeeBsity  of  prompt  action, 
however,  requires  that  we  first  heed  the  fuclB  and  uct.  then 
investigate  the  reasons  at  more  leisure.  The  inability  during 
the  past  year  to  secure  rails  rolled  ilirect  from  one  Ingot  and 
from  reheated  blooms  from  the  next  ingot  of  the  name  huut. 
haf  lor  the  time  being  preventerl  comparative  magnetic  In- 
vestigation of  the  interior  nieial  in  the  rail  heads  by  these 
two  uu'thods  of  nianuf.ictiire. 

Equipment  for  Magnetic  Survey.-  The  sketch  illuHtrutes 
the  general  set-up  of  the  magnetic  testing  e<|uipment.  It 
consists  of  a  bottom  suiiporting  member,  which  Is  a  33-ft. 
rail  turned  base  up:  two  sections  ot  rail  12-in.  high  which 
act  as  vertical  supports;  and  the  test  rail  which  fornm  the 
top  and  closing  member  of  the  yoke.  The  energizing  or  raag- 
netizin.s  solenoid  travels  along  the  test  rail  at  a  unirorm 
rate  and  is  driven  hy  a  motor  mounted  above,  and  geared 
direct  to  the  hra.ss  drive  roller.  Search  coils  are  concealed 
within  the  solenoid  shell  for  tl',e  detection  of  variationK  in 
the  iiermeiibilily  of  both  the  rail  head  and  base,  and  are 
separately  connected  to  the  galvanometer  circuit. 

The  following  are  some  data  of  the  equipment  and  lis 
characteristics: 

r)imensions  of  solenoid C  by  0%  by  24  In.  lone. 

Mafmetizing  force 10,000  ampere  turns. 

I'oltage   60  volts. 

:;urrent    1.72  amperes. 

Total  numljer  ot  turns 2.120. 

Length  ot  winding 1,840  ft. 

Size  of  wire N'o.   13  D.  C.  C. 

Batteries  Willard,  5  crates  of  6  cells  each 

thrive  motor Eck,   1  -6  h.p. 

galvanometer   L«eds  &  Northrup — Type  R,  N'o   25"« 

Search  coil '. . . .  TiO  turns  of  No.  30  D.  C.  C. 

Permanent  records  of  the  sur\'eys  are  obtained  by  re- 
flecting a  beam  of  light  from  the  galvanometer  mirror  Into 
a  special  camera  box  which  contains  a  moving  strip  of  film. 
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7 in.  120  lb. Rait.      Bottom  Memter  of  Yoht 

Arrangement   of    Apparatus   for    Magnetic    Survey   of    Rails. 

The  conditions  under  which  all  surveys  are  made  are  main- 
tained standard,  so  that  the  records  are  comparative  one 
with   another. 

All  tests  and  surveys  have  been  made  in  the  electric  shops 
of  the  New  York  Central  Railroad  at  Harmon.  N.  Y.  No 
tests  have  been  niadi-  at  the  steel  plants  or  out  on  the  tracks. 

Results  of  Magnetic  Surveys.-The  reliability,  accuracy  and 
consistency  of  magnetic  surveys  on  steel  rails  have  been 
checked  by  duplicate  curves.  Over  l.OOii  observations  have 
been  made,  together  with  217  permanent  records  on  60  new 
and  .'i<;  failed  rails.  Surveys  have  been  successfully  con- 
ducted on  sections  of  ,S0.  90.  lOn  and  10.">  lb.  in  weight,  and 
in  lengths  of  from  S  to  33  ft.,  necessitating  only  one  slight 
change  in  the  standard  equipment  for  all  sections.  The  ex- 
pense involved  in  making  the  surveys  is  small,  the  time  re- 
quired to  test  each  rail  is  moderate,  and  the  equipment  re- 
quires a  minimum  amount  of  space  and  can  be  quickly  dlg- 
mantled  and  moved.  We  have  made  numerous  complete 
surveys  on  rails  in  2.5  minutes,  one-half  of  the  time  being 
required  for  handling  the  rail  on  and  off  the  vertical  sup- 
norts.  This  time  can  be  further  reduced  when  changes  In 
methods  of  handling  and   making  surveys  are   instituted. 

The  permanent  records  obtained  are  complete  histories 
of  each  rail,  and  furnish  information  which  is  not  secured 
by  an  other  method  of  testing.  No  machine  work  or  special 
preparation  of  the  rails  to  be  tested  is  necessary,  and  fur- 
thermore the  characteristics  and  quality  of  the  material  are 
obtained  without  destruction  of  the  rail.  The  superiority 
of  magnetism  testing  in  this  respect  i.".  marked  when  com- 
pared with  tension  testing.  The  latter  requires  time  and 
expense  for  preparation  of  specimens,  destruction  of  the 
material  tested,  and  at  best  furnishes  information  on  only 
about   4   in.   in   the   length   of   the   rail. 

Possibilities  of  the  Magnetic  Survey.--.Magnetic  surveys 
and  analyses  lurnish  a  fund  of  information  which  cannot  be 
secured  by  any  other  method  of  testing.  The  fact  that  the 
materials  can  be  tested  without  destruction  is  ot  prime  im- 


{&^^ 


Engineering  and  Contracting  for  September  17,  19  W. 


portance.  It  is  this  feature  of  magnetic  analysis  which 
makes  It  possible  to  find  in  advance  those  rails  which,  after 
injury  under  the  straightening  press,  would  develop  In  serv- 
ice  into  a   complete  interior   transverse   fissure. 

It  would  seem  from  what  has  been  accomplished  already 
that  other  railroad  companies  are  warranted  in  using  sim- 
ilar apparatus  to  make  magnetic  surveys  of  their  sections  of 
rails  which  are  rolled  direct.  Such  surveys  for  the  present 
can  best  be  made  by  the  railroad  companies.  Ample  room 
and  time  are  required  to  determine  the  brittleness  of  duc- 
tility of  the  metal  in  the  interior  of  the  heads  of  a  number 
of  rails  of  one  section.  A  certain  amount  of  ductility  is 
necessary  to  meet  the  requirements  of  traffic  under  the  cli- 
matic conditions  of  the  location  of  the  line. 

Railroad  service  requires  so  many  grades  of  steel  with  a 
wide  range  of  physical  properties  in  axles,  crank  pins,  con- 
necting, parallel  and  piston  rods,  rails,  tires  and  wheels, 
that  there  are  several  opportunities  to  develop  magnetic  ap- 
paratus for  testing  them  without  destruction.  It  will  also  be 
possible  at  the  same  time  to  study  the  fatigue  of  metals  and 
the  restoration  of  their  normal  physical  properties.  To  men- 
tion one  example  of  restoration,  several  hundred  axles  which 
had  been  used  for  five  years  were  immersed  in  an  oil  bath 
and  raised  to  600°  F.  for  6  to  8  hours,  and  they  have  since 
rendered  five  years'  additional  service  without  a  failure. 


Water  Drain  for  Tunnel  Roof 

In  drivin.i;  a  drift  to  be  used  as  a  main  haulageway  at  a 
mine  in  Southeast  .Missouri,  the  workmen  cut  several  water 
bearing  strata  that  continued  to  flow  after  the  drift  was  com- 
pleted. As  a  means  ol  preventing  the  leakage  of  water  from 
the  roof,  the  system  of  collecting  and  draining,  shown  in  the 
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Section   Through,  Tunnel 

Method    of    Handling    Water    From    Tunnel    Roof. 

sketch,  was  satisfactorily  installed  at  a  moderate  cost  and 
with  little  consumption  of  time,  states  Mr.  Roy  H.  Poston  in 
the  Engineering  and  Mining  Journal. 

As  the  continuous  dampness  made  the  preservation  of 
wooden  construction  difficult,  concrete  installation  was  de- 
cided upon.  Considering  that  this  latter  type  imposes  prac- 
tically no  cost  for  maintenance,  and  that  the  wet  part  of  the 
tunnel  was  short,  the  additional  initial  expense  was  consid- 
ered justifiable  and  a  permanent  installation  was  provided. 


Shower  Baths  for  Mine  Mules. — As  a  means  for  removing 
dirt  and  perspiration  from  mine  mules  the  U.  S.  Steel  Cor- 
poration has  installed  shower  baths  at  some  of  its  proper- 
ties. The  bath  consists  of  a  tubular  framework  having  at 
the  top  three  perforated  nozzles  sufficient  to  spray  the  en- 
tire body  of  the  animal. 


Classification  of  Technical  Railway 
Employees 

A  classification  of  technical  employes  of  railways  in  the 
Northwestern  region  has  been  submitted  to  the  federal  man- 
agers in  that  region  by  R.  H.  Aishtcn,  regional  director.  The 
classification  was  prepared  by  a  committee  consisting  of  H. 
E.  Stevens,  chief  engineer.  Northern  Pacific  Ry.;  C.  F.  Lowth, 
chief  engineer,  Chicago,  Alilwaukee  &  St.  Paul  Ry..  and  A. 
Mintzheimer,  chief  engineer.  Elgin,  Joliet  &  Eastern  R.  R. 
The  schedule,  which  covers  only  positions  below  the  grades 
of  assistant  en.gineer  and  chief  draftsman,  follows: 

Draftsmen.  Class  1.  $200-22S:  On  general  or  special  duty, 
requiring  special  knowledge,  training  and  experience,  and  a 
special  degree  of  initiative  and  originality,  thoroughly  compe- 
tent, engage*!  regularly  in  the  design  and  general  direction  of 
the  design  of  large  and  diflicult  work  on  yards  and  terminals, 
track  details,  etc.,  or  steel,  concrete  and  timber  bridges  and 
structures,  or  special  buildings,  etc.,  or  locomotives,  cars,  spe- 
cial machinery,  mechanical  and  electrical  power  plants,  etc. 
Draftsmen,  Class  2.  $17.j-19(l:  On  general  or  special  duty, 
requiring  special  knowledge  or  training  and  experience  and 
the  use  of  initiative  and  originality.  Engaged  in  the  general 
designing  and  the  direction  of  detailing  of  plans  of  yards  and 
terminals,  track  details,  etc.,  or  steel,  concrete,  or  timber 
bridges  and  structures,  or  special  buildings,  power  plants, 
etc.,  or  locomotives,  cars,  special  machinery,  or  signals  and 
signal  apparatus,  or  land,  right-of-way  and  valuation  maps 
and  profiles  from  field  notes  and  records. 

Draftsmen,  Class  3,  $150-16.5:  On  general  or  subordinate 
duty,  requiring  special  knowledge  or  training,  experience  and 
initiative,  generally  engaged  in  the  designing  and  detailing 
of  work  in  accordance  with  standard  practices,  and  the  direc- 
tion of  work  of  a  minor  character  on  right-of-way  maps,  mile- 
age records,  or  steel,  concrete  and  timber  bridges  and  struc- 
tures, or  locomotives,  cars,  special  machinery,  mechanical 
and  electrical  power  plants,  or  signals  and  signal  apparatus, 
or  land,  right-of-way  and  valuation  maps  and  profiles  from 
field  notes  and  records. 

Draftsmen,  Class  4,  $125-140:  On  subordinate  duty  requir- 
ing a  certain  amount  of  knowledge,  training  or  experience, 
and  engaged  generally  in  detailing,  compiling  and  recording 
general  engineering  plans,  land  and  right-of-way  maps,  or 
valuation  maps  and  prijfiles.  or  records  of  bridges,  buildings, 
locomotives,  cars  or  signals. 

Tracers,  $100-120:  On  subordinate  duty  requiring  a  certain 
amount  of  experience  or  knowledge  of  drafting.  Capable  of 
doing  neat,  accurate  and  rapid  work. 

Engineering  Inspectors,  Class  1.  .$175-185:  On  general  or 
special  duty  requiring  special  knowledge,  training  and  expe- 
rience and  the  use  of  initiative.  Capable  of  directing  and 
supervising  the  inspection  of  extensive  engineering  construc- 
tion and  all  classes  of  construction  materials. 

Engineering  Inspectors.  Class  2.  $150-165:  On  general  duly 
requiring  special  knowledge  or  training  and  experience  and 
the  use  of  initiative.  Capable  of  supervising  the  inspection 
of  average  engineering  construction  and   materials. 

Engineering  Inspectors.  Class  "!,  $125-140:  On  subordinate 
duty  requiring  a  certain  amount  of  knowledge  or  training  and 
experience.  Capable  of  inspecting  minor  construction  work 
and  materials. 

Instrumentnien.  Class  1.  $180-200:  On  general  or  special 
duty,  requiring  special  knowledge,  training  and  experience 
and  the  use  of  initiative.  Capable  of  directing  a  field  party, 
and  responsible  for  technical  field  work  of  a  complicated  and 
difficult  nature,  and  platting  the  field  notes  and  data. 

Instrunientmen.  Class  2,  $150-170:  On  general  or  special 
duty,  requiring  special  knowledge,  training  and  experience 
and  the  use  of  initiative.  Capable  of  directing  a  field  party, 
making  personal  investigation  of  ordinary  field  work,  and 
platting  the  field  notes  and  data. 

Rodmen,  Class  1,  $120-130:  On  subordinate  duty  with 
knowledge,  training  and  experience.  Capable  of  doing  ordi- 
nary field  work,  without  supervision  or  more  difficult  field 
work  with  supervision,  and  platting  the  field  notes  and  data. 
Rodmen,  Class  2.  $100115:  On  subordinate  duty  with  a  cer- 
tain amount  of  knowledge  of  field  work,  but  not  required  to 
use  transit  or  level. 

Chainmen  or  Trainmen,  $90-100:  On  subordinate  duty, 
preferably  with  a  certain  amount  of  knowledge  or  experience 
in  field  work. 
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Surveying  and   Mapping  from 
Airplanes 


In  an  address  before  the  Second  Pan  American  Aeronautic 
Convention,  at  Atlantic  City,  in  May  of  tliis  year.  Col.  E. 
Lester  Jones,  Superintendent  of  the  U.  S.  Coast  and  IJeodetic 
Survey,  gives  at  some  length  his  ideas  concerning  the  vise 
of  airplanes  in  surveying  and  mapping.  The  following  is  an 
abstract  of  his  address; 

War  planes  were  made  for  various  purposes  which  need 
not  be  enumerated,  but  the  most  important  thing  done  from 
the  aeroplane  was  photcgrapliing  the  enemies'  lines  and 
thereby  discovering  the  positions  of  the  batteries,  ammuni- 
tion dumps,  the  truck  systems  and  other  military  facts  and 
features. 

The  same  methods,  with  some  modifications,  are  now  be- 
ing considered  in  connection  with  the  mapping  of  extensive 
areas  by  the  map-making  organizations  of  the  country.  In 
fact,  sorae  work  has  already  been  done  and  experiments 
are  being  carried  on   which  promise  excellent  results. 

Classes  of  Maps  Needed  in  This  Country.— There  are  sev- 
eral types  of  high  grade  maps  needed  in  the  country.  One 
must  be  made  along  the  coasts  to  show  the  location  of  the 
actual  shore  line  and  the  character  of  the  ground  imme- 
diately back  of  the  coast  in  order  that  the  navigator  may 
be  able  to"  locate  himself  from  topographic  features  along 
the  shore,  should  he  be  driven  off  his  course  during  a  storm. 
In  addition  the  depths  of  the  water  and  all  obstructions  to 
navigation  must  be  indicated  on  this  map  or  chart,  the  ele- 
vation and  shape  of  the  ground  on  islands  and  just  back  of 
the  coast  must  be  shown  on  the  map  by  contours. 

A  second  class  consists  of  maps  on  which  the  features 
other  than  elevations  and  contours  are  shown  in  their  cor- 
rect horizontal  positions.  This  type  of  map  would  be  prac- 
tically the  same  as  the  third  type  where  the  area  covered  is 
very  level.  Such  an  area  would  be  the  coastal  plain  of 
Louisiana. 

The  third  class  covers  maps  of  the  interior  or  of  large 
islands  on  which  all  features,  cultural  and  natural,  are  lo- 
cated in  their  proper  horizontal  position  and  contours  are 
shown  to  give  the  elevations  nf  the  ground  and  the  shape 
of  the  hills,  ridges,  valleys,  etc.  This  map  would  be  used 
by  engineers  in  laying  out  railroads  and  highways,  and  in 
conducting   various   classes  of  engineering   work. 

In  any  event  there  must  be  within  the  area  to  be  surveyed, 
if  it  is  a  large  one,  a  number  of  control  stations.  These  con- 
trol stations  consist  of  triangulation  stations  placed  on  the 
highest  parts  of  the  ground  or  traverse  stations  which  may 
be  along  the  roads,  which  are  accurately  located  in  latitude 
and  longitude  and  which  are  accurately  and  substantially 
marked  with  concrete  or  rock  in  order  that  they  may  be  re- 
covered and  identified  by  any  surveyors  or  engineers  who 
wish  to  use  them. 

There  are  now  many  thousands  of  such  stations  in  the 
United  States,  established  principally  by  the  Coast  and 
Geodetic  Survey,  available  for  the  fundamental  control  of 
surveys  and  maps.  From  the  stations  established  by  that 
Bureau  control  of  the  same  or  of  a  lower  grade  of  accuracy 
may  be  extended  in  any  direction  for  the  immediate  control 
of  topographic   maps. 

It  is  readily  seen  that  without  the  fundamental  control, 
which  extends  over  the  whole  area  of  the  United  States, 
there  would  be  great  /ronfusion.  If  the  control  in  any  one 
state  is  not  properlv  co-ordinated  and  correlated  with  that 
of  anv  other  state  near  it,  the  result  will  be  that  when  differ- 
ent topographic  surveys  and  maps  are  joined  there  will  be 
overlaps,  gaps  and  offsets  which  cause  no  end  of.  trouble 
and  confusion  to  the  cartographer  and  map  maker.  When 
there  is  a  single  system  of  control  for  the  whole  country 
we  avoid  this  unfortunate  condition. 

Only  40  Per  Cent  of  United  States  Mapped.— There  is  to- 
day only  about  40  per  cent  of  the  3,000,0(10  square  miles  of 
the  United  States  mapped  both  as  to  horizontal  positions  of 
the  features  and  the  elevations  by  contours  of  hills,  ridges 
vallevs.  etc.  These  are  the  maps  of  class  three,  mentioned 
previously.  Some  of  the  40  per  cent  of  the  surveyed  area 
will  have  to  be  resurveyed  because  the  original  work  was 
done  many  years  ago  when  methods  were  not  as  refined  as 
thev  are  today  and  the  demands  of  map  users  were  not  as 
exacting  as  they  are  at  present.     It  is  safe  to  sa.v  that  not 
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over  30  to  H,5  per  cent  or  one  third  of  the  whole  countr>    Ik 
adequately   mapped. 

The  (luestlon  Is,  what  shall  be  done  with  th-  other  60  per 
cent?  This  is  a  question  that  is  piizzlini;  map  niakern  con- 
stantly and  no  ready  solution  is  at  hand  provided  we  insUl 
on  having  a  map  of  the  whole  area  within  a  few   yearH. 

Should  Not  Expect  Too  Much  from  Aeroplane  Mapping. — 
It  is  possil)k'  ihal  here  may  be  a  valuable  li>-ld  for  llie  aero- 
plane. It  is  not  believed  that  the  aeroplane  unKUpportod  by 
other  surveying  can  give  the  final  accuracy  required  in  origi- 
nal surveys.  But  by  its  means  can  be  made  a  map  that  will 
l)e  much  better  than  the  maps  which  may  be  in  exlBtencp 
today  in  the  areas  which  have  not  been  topographically 
mapped.  In  order  that  the  remaining  60  per  cent  of  the 
country  might  be  mapped  by  aeroplane  it  would  be  neces- 
sary to  have  a  great  amount  of  triangulation  and  traverse 
run  with  a  view  to  furnishing  the  horizontal  control  for  the 
photographs  to  be  made  by  the  aeroplane.  With  this  con- 
trol, it  would  be  possible  to  fit  the  photographs  on  the  map 
into   their   proper   positions. 

It  is  not  possible  to  run  many  miles  with  aeroplane  pho- 
tographs and  expect  to  have  a  very  high  degree  of  accuracy 
in  the  resulting  maps,  and  here  1  wish  to  give  a  word  of 
caution  to  the  advocates  of  aeroplane  mapping,  that  every- 
thing cannot  be  expected  of  aeroplane  mapping.  The  devel- 
opment of  this  science  will  undoubtedly  be  rather  slow  for 
a  few  years.  After  it  has  been  developed  methods  numt,  of 
course,  be  thoroughly  tested  before  they  can  be  adopted.  It 
is  well  that  this  is  so  for  otherwise  haste  might  cause  mis- 
takes which  would  discredit  the  method  to  such  an  extent 
that  it   would   lake   years  to  recover. 

Aeroplane  Photography  as  Supplement  to  Usual  Methods  ' 
of  Hydrographic  Surveying. — The  coast  line  of  the  United 
Slates  has  been  mapped,  but  the  currents  and  waves  of  the 
oceans  cau.se  many  large  changes  in  the  shore  lino.  In  the 
case  of  Fire  Island  entrance.  Long  Island,  New  York,  this 
was  changed  in  position  about  4  miles  in  .lO  years.  The 
changes  are  so  rapid  that  frequent  resurveys  of  the  coast 
must  be  made  to  furnish  exact  and  reliable  information  to 
the  navigator.  It  is  also  necessary  to  revise  the  area  just 
back  from  the  coast,  for  roads  are  frequently  changed  In 
position  or  abandoned,  new  ones  are  established,  houses  are 
built  or  burned,  villages  spring  up.  woods  are  removed  or 
grow  over  what  were  vacant  fields  at  the  time  the  map  was 
made  and  all  of  these  changes  should  be  shown  for  the  use 
of  the  mariner.  The  question  arises  as  to  how  such  revision 
shall  be  made. 

From  the  experience  of  the  engineers  of  the  Coast  and 
Geodetic  Survey  the  revision  of  an  area  thai  does  not  need 
contouring  is  almost  as  expensive  and  take.-;  almost  as  much 
time  as  the  original  survey,  for  it  is  necessary  to  make  a 
test  of  the  position  of  each  feature.  It  is  here  that  the  aero- 
plane will  be  of  the  greatest  service,  for  if  a  portion  of  the 
shore  line  should  be  inspected  with  a  view  to  learning 
whether  or  not  the  map  of  it  should  be  revised,  we  could 
have  a  series  of  photographs  made  by  an  aeroplane  along 
the  coast,  and  a  comparison  of  the  photographs  with  the 
original  map  would  enable  one  to  locate  very  definitely  each 
area  within  which  are  new  features  or  where  old  ones  have 
changed.  It  is  believed  that  in  most  cases  the  details  on 
an  airplane  photograph  could  be  placed  on  the  map '  from 
the  photograph  with  all  of  the  accuracy  that  Is  needed  in 
the  topography  shown  on  the  coast  charts. 

If  is  a  debatable  question  as  to  whether  the  aeroplane 
photograph  made  over  a  water  area  will  show  any  outline 
of  dangers  to  navigation  when  the  plates  are  developed.  If 
they  are  shown,  there  is  a  vast  field  for  the  aeroplane  in 
making  photographs  over  water  areas  where  It  is  known 
that  many  obstructions  exist.  With  the  usual  surveying 
methods,  it  is  diflicult  at  times  to  locate  every  obstruction. 
One  or  more  on  any  char*  might  be  missed.  The  fact  has 
been  proved  a  number  of  times  -in  a  most  disastrous  way 
by  vessels  running  on  uncharted  rocks  both  along  our  east- 
ern and  our  wesiern  coasts  and  especially  in  Alaska. 

The  Coast  and  Geodetic  Survey  is  now  making  wire  drag 
survevs  of  all  doubtful  areas  along  the  coast  but  it  will  be 
many  years  before  the  bureau  can  assure  the  navigating 
public  that  all  obstructions  have  been  found   and  accurately 

charted.  ^  ..       „   < 

it  may  be  possible  that  an  aeroplane  photograph  will  in- 
dicate submerged  rocks  or  other  dangers  that  are  close  to 
the  surface  of  the  water.     It  would  be  a  question  of  dilTer- 
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eiices   in    shade  "in   tlie    photograph.      It   such   a   detection   of  lore  going  into  the  field  lo  do  the  contouring.     Much  of  the 

danger  can  be  made  then  one  must  be  very  cautious  to  make  worlv  of  the  topographer   bv   the   usual   methods   consists   in 

the    photographs   only    on    perfectly   clear   days.     Otherwise,  placing  the  topographic  features  on  the  map  in  their  proper 

the    cloud    passing    over    makes    its    shadow     on     the    water  location,  but  a  gi eat  deal  of  this  might  be  obviated  by  the  use 

which  might  show  on  the  photograph  and  cause  uncertainty  of  the  photographs.     Then  he  could  go  into  the  held  and  place 

a?  to  whether  the  spot  is  a  cloud  or  an  actual  obstruction.  the  contours  with  greater  rapidity  than  if  he  attempted  to  do 

There   are   many   hundreds   of  square   miles   of  area   along  so  previous  to  using  the  details  of  the  photographs, 

the   coast   that    consist   of   salt    marshes   with   many   streams  Aerophotographs   for    Revising    and    Bringing    Maps    Up   to 

of   little    or   no    importance    but    which    should    be    shown    in  Date.- -What   I   have   stated   above   in   regard   to  original  sur- 

their   proper   relation   to   other  topographic   features.      These  veys  by  aero-photography,  in  the  three  classes  of  high  grade 

marshes   can   be   photographed      from      aeroplanes      and     the  maps,    are    simply    opinions    or    prophecies.     These    are    the 

streams  running  through  them  would  probably  show  in  such  coast   charts,  the  contoured  maps  of  the  interior,  and  maps 

a  way  that   they  could  be  fitted  into  the  map  from  the  pho-  which  show  all  features  except  contours,  but  I  feel  confident 

tograph.     Here  might   be  a  large  saving  of  time  for  the  sur-  i"  stating  that  even  on  the  highest  grade  of  topographic  maps, 

veyor  in  the  field.  the  aerophotographs  can  be  used  to  a  great  degree  in  revis- 

There  are  other  cases  where  there  are  extensive  mud  i"?  and  bringing  up  to  date  maps  of  that  character  which 
fiats,  when  the  tide  is  low,  as  in  Jamaica  Bay,  New  York.  have  already  been  made.  Let  us  suppose  that  we  have  be- 
To  survey  the  outline  for  these  flats  is  rather  laborious,  with  fore  us  a  topographic  map  made  by  the  U.  S.  Geological  Sur- 
the  usual  instrumental  methods,  but  it  is  believed  that  it  ^'ev.  s.ay  ten  years  ago,  and  let  it  be  supposed  that  this  map 
might  be  possible  to  photograph  them  from  an  aeroplane  at  the  time  it  was  made,  was  absolutely  perfect.  The  map  is 
and  have  the  results  placed  on  charts.  It  will  undoubtedly  supposed  to  show-  the  contours,  woods,  streams,  houses,  and 
be  possible  to  get  these  located  on  the  charts  from  aeroplane  other  features  that  are  usually  represented  on  such  a  map. 
photographs  with  all  the  accuracy  that  is  necessary  for  the  In  the  ten  years  since  the  map  was  made,  it  is  reasonably 
navigator.  certain  that  some  changes  have  been  made  by  the  works  of 

In  making  photographs  from  the  water,  for  the  purpose  of  man-     It    is    iniprobable    that    natural    features    would    have 

discovering  obstructions  to  navigation  at  low  tide  it  will  be  changed,   such   as   streams,   woods   and   hills,   during   such   a 

necessary    to    have    some     means    to     properly     locate     pho-  short    period.     We   may   assume   that    new   roads    have    been 

tographic  features  on  the  chart.     This  probably  can  be  done  made,   old    buildings    torn    down,   or   have    burned,    and    new^ 

by  anchoring  two  or  three  small  boats  within  the  area  of  the  ones  erected,  wooded  areas  have  been  cleared,  and  brush  or 

photograph  and  locating  Ihem  with  relation  to  triangulation  young  trees  may  now  be  on  areas  that  were  bare  at  the  time 

stations.     The   location   could   be   done   in   the   usual   way   in  that  the  original  survey  was  made.     In  order  to  test  such  a 

which  the  sounding  boat  is  today  given  its  position,  that  is  map  and  learn  whether  it  was  up  to  date,  it  would  be  neces- 

i)y  taking  two  sextant  angles  simultaneously  from  a  boat  to  sary  by  the  usual  methods,  to  send  a  surveyor  into  the  field 

three  control  points.     It  can  readily  be  seen  that  if  two  or  to  go  over  the  area  in  great  detail.     Of  course  an  inspection 

three  aciurately  located  boats  are  clearly  shown  on  the  aero-  could    be    made    of   an    area    by    driving   over    it.   but    many 

plane  photograph,  it  will  be  possible  to  place  the  topographic  changes  might  be  overlooked  by  this  method  of  inspection, 

details  on  the  map  in  their  proper  positions.  How  much  simpler  and  more  reliable  it  would  be  to  send 

I  do  not  wish  to  convey  the  idea  that  the  aeroplane  photog-  an  aeroplane  over  the  area  in  question  and  make  a  series  of 

raphy  will  supersede  the  usual  methods  of  hydrographic  sur-  photographs      These   photographs   would    show   at    a    glance, 

veying.  but  it  would  supplement  those  methods  by  making  it  the  exact  areas  where  changes  in  the  features  had  occurred, 

po.ssibh  to  discover  channels  running  through  mud  flats,  also  and  if  the  changes  were  not  too  complicated   it   is   probable 

coral   heads,  shoals,   and   other  obstructions   which   might   be  that  we  would  be  able  to  place  the  new  features  on  the  map 

<"lose  to  the  surface  of  the  water  and  which  may  be  missed  directly  from  the  photographs.     The  process  would  be  to  fit 

by  the  usual  methods  of  conducting  hydrographic  surveying.  in  the  new  features  between  unchanged  old  features,  which 

There   has   been   a  rather  positive   statement    made   above  of  course  would  also  be  shown  en  the  photographs, 

th^t  the  aeroplane  can  be  used  to  advantage  in  the  work  of  In  w-hat  has  been  said  above,  it  has  been  assumed  that  the 

the  Coast  and  Geodetic  Survey.     This  is  undoubtedly  true  but  photographs  have  been  made  with  the  camera  vertical,  or,  in 

only  time  and  the  development  of  the  methods  can  show  just  other  words,   with   the   photographic   film  or   plate   in   a  hori- 

how  much  the  aeroplane  can  be  used  by  this  Bureau.  zontal    position.     It    is   only   in   this   way   that   absolutely   ac- 

Use   of  Aeroplane   in   Surveys   of   Interior  of  Country.— We  '""''ate   photographs   could   be  made.     If  the  camera   is  tilted 

now  come  to  the  thiid  class  of  maps  and  that  is  a  subject  on  *'''"™  *'»*'  vertical  at  the  instant  the  exposure  is   made,  then 

which  1  hesitate  to  express  an  opinion.     That  is  the  mapping  f^'^"'  ^^'i"  ^^  ^  distortion  of  the  photograph  so  far  as  the  map 

of  the  interior  of  the  countrv.     This  work  is  undertaken  bv  '^    concerned.     If   this    tilting   were    known,    then    the    photo- 

the  r.  S   Geological  Survey,  supplemented  to  a  certain  extent  ?''""''  ^""1"^  ^^  rectified  and  the  features  shown  on  the  map 

by    the    Corps    of    Engineers,    IT.    S.    Army.     The    Coast    and  '^'"^  *'^*^  ^ame  accuracy  as  if  the  plate  had  been  horizontal  at 

Geodetic  Survey  co-operates  with  those  two  organizations  to  "^"^  time  of  the  exposure. 

the  extent  of  furnishing  the  fundamental  horizontal  and  ver-  '*  '"^  ^^0Y>eA  that  methods  will  be  developed  for  holding  the 
Tical  control  for  the  surveys  and  maps  but  almost  all  of  the  cameia    in    a    vertical    position   at   the   time   of   exposure.     I 
actual  location  of  artificial  or  natural  features  is  done  by  the  '^"°^''  "f  "O"*'  ^°'^'  '"  "^f"  which  is  entirely  satisfactory, 
other    organizations.     Tt    is    understood    that    the    officers    of  Wages  of  Electric  RaTlwaTTnTpl^yes.  1906-1919.-The  .-iver- 
those  two  organizations  have  given  consideration  to  the  ques-  ^g.^  ,^^f^  p^,.  ,^^,„.  ^^.^.^^  ,,ainmen  on  the  electric  railwavs  in 
tion  of  map-making  by   aeroplane   photographs.     It   is  hoped  f,,ig  ^„„,.jr^,  ,^^^  23.03  ct.  in  1906  and  44.43  ct.  in  1919.     These 
that  aeroplane  surveying  can  be  developed  at  least  to  supple-  ^g^,,.^^  ^^,.^  ^^^^^  ^„  ^^.^^^^       i^   ,^y  approximatelv   60  com- 
ment  the  usual  surveyors  methods  in  mapping  the  interior  ^^^^^^^  ^^^,^^^  ^^,^,.  .,q„  ^^jj^^  ^j  ,,.^^i.   ^^^^      ^^^  following 
on  a  comparatively  large  scale  map  with  high  accuracy.  j^^j^  ^^^^^  j.,.^^  information  submitted  last  Julv  to  the  Fed- 
It  would  appear  that  it  the  aeroplane  photograph  will  be  of  p,.^,    ^,^^^,.5^   Railway  Commission   shows   the   average   rates 
so  much  assistance  m  the  topographic  work  along  the  shores  j^^j^j  j^^  ^j^^  period  1906-1919: 
cf  the  country  that  it  would  really  be  of  some  value  in  the  in-  '                                    ....              ^^^^ 
terior.  per  hour.                   Per  cent 

Whether  or  not  it  is  possible  to  make  contours  from  aero-  iaob'^'"^                                              via?,                   increase. 

plane  photographs  is  a  question  tliat  has  not  yet  been  decided.  liin?        2\.l\  4.69 

Many  persons  who  have  studied  the  question  claim  that  it  is  }|Jp^     ^\'y{  669 

impossible    to    locate    accurately    contours    from    aeroplane  liiin    ..........................  25.85                    12!24 

photographs.     Others    claim    that    they    can    be   located    wMth  ]^Jt     26.10  13.33 

great   accuracy.     The   chances  are  that   some  mean   position  i<ii3    .......V.................  27  74                    2o!4ri 

will   be   foimd   to  be   the   true   one.     It   is   possible   that    the  tjjji     ||J|  |jP 

stereoscopic    methods    can    be    applied    to    two    photographs  i9i6    .'.'.'.'.".'.'.'^'. .'.'.'.'.".'.'.'.'.".'."...  29.25                    27.01 

taken  by  two  cameras  on  the  same  aeroplane  or  by  cameras  t9i7    31.37  37.OK 

on  two  different  aeroplanes  together  to  obtain  a  rough  idea  of  i9]9    '......'.'.'.'.'.'.'.......'.......  44.43                    92.92 

the  configuration  of  the  country.  The  rate  per  hour  given  above  is  the  average  rate  of  all 

It  is  possible  that  the  topographer  would  be  able  to  place  companies  reporting,  based  on  that  paid  to  men  oldest  in  the 

the  topographic  details  on  his  map  from  the  photographs  be-  service. 

(68) 
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A     Su^^eSted      ForiTI      of     Cn*if-Plll«  "'  '^"^^  '^'"^  peicemagf  contiiicts.  Ijut  causes  bim  to  furii.sh 
n.     C»UggC»ieU      rorill     OI     \^OSt   riUS  the   use  of  hi.  equipmom   fcr  a   longer  period   without   pay 
Contract  ^^^^'  "'  '^"•^'■se.  is  nue  also  in  the  costpUinlump-8uni  melhod 
„•    „  "^"^  ""^  objections  to  the  latter  are:    (K   That   It  r«iuire«  a 
,.■       ^'         "-^"-J^':-  careful   estimate  of  all   quantities   In   the   Btructure  In   order 
lonsuitms  Eng.neer.  .,n.,„na,i,  , ,.  ,hat   the   contractor   may   arrive  at   the   proper  "luiup   sum' 
.here   has   been    much    discussion    recently   of   the   various  whereas   in    the   "cost   pins   unit    price"   fomi    no   •iurh   care- 
methods  oi   awarding  contracts,  all  of  which  is  very   whole-  Uil  estimate  is  required  as  the  unit  prices  take  carM  of  any 
some,  as   out   of   it   may   finally   bf   developed   a   form   which  increase  or  decrease   in  quantities.      (2)    Where   the  anioitnt 
will  be  more  or  less  universally  adopted.  ;hus  relieving  the  of  work  is  increased  or  diminished,  the  diUlculty  arlhHS.  often 
contractor,  as  far  as  possible,  of  all  elements  of  chance,  and  very   serious,  of  making  the   proper  increase  or  d.-«reaHe  In 
at  the  same  time  affording   proper  piotection   and   .justice  to  the  lump  sum.    CI)   Where  it  is  important  to  start   work  be- 
the  owner.  for«  idans  are  fully  completed,  the  cost-plns-luinp-Kutu-  method 
In   the  old   days  of  contracting   all   th<'   burden   was   placed  cannot   he   used   for  there   are   no   tneans   of  arrivini;   at  the 
on  the  contractor:    he  had  to  take  all  chances:    with   floods:  proper  liimp-sum. 

with  the  character  of  materials  encountered  in  e.\cavations:  The   disadvantages   1   see   to   the   method   sURges'ted   In   the 

with  the  whims  of  the  owner  as  to  changes  in  plans  and  as  i.^sue   of   .July   23rd,   are:    (1)    The   burden    is    placed   on   the 

to  suspending  work:    with   "anything  omitted    (through  own-  contractor  the  same  as  In  the  old   forms  for  he  Is  required 

er's  carelessness)  from  the  plans  and  specifications  but  neces-  to  guarantee  a  limiting  lump  sum  e.\penditiire  to  owner,  and 

sary  for  the  proper  completion  of  the  work"  in  the  owner's  must  take  all  chances  of  increases  in  cost  of  raaleriaU  and 

opinion:    with    the   increase   in   price   of   materials   and   labor  labor.     (2)    It   requires  a  careful  estimate  of  the  Job.  and  in 

:ind  many  other  unknown  conditions  that  might  arise.    These.  such  work  as  the  recent  war  emergencies  it  is  impossible  to 

together   with    the   old   "hit   or  miss"   fashion   of   bidding   re-  estimate  the  job   since   it   must   be   started   before   plan.s   are 

suited   in   the   contractor   either   making   an   unfair   profit   or  completed:    (3)    It  does  not  prevent  the  question  of  'extrag" 

going  broke  and  in  the  latter  case,  when  it  was  seen  that  the  rising  which  is  the  most  troublesome  point  In  settling  for  all 

contract  was  a  losing  one.  there  was  the  temptation  to  "sl;in  constniciion   work. 

the  job."  out  of  which  grew  the  opinion  among  a  considerable  .\ssuming  that   the   "lump   sum   for  complete  construction" 

number  of  people — in  some  cases  justified — that  contractors  and  the  "schedule  rates   for  all   materials   in   place"  are  un- 

were  grafters  and   crooks.    Especially   did   this  opinion   exist  satisfactory,  as  nearly  all   will  concede,  then   it   would   seem 

as  to  contractors  on  public  work.    With  the  development  of  that  the  advantages  of  the  cost-plus-unit-proflt   method  over 

ensiineering   and   the  entrance  of  the   engineer   into   the  cor-  all    other   cost    phis    forms   except    the   cost    plus    percentage 

tracting  field,  more  equitable  contracts  are  being  drawn  and  form,   the   vicious   effects   of  which   have   been   demonstrared 

the    work   of   estimating,    bidding,    contract    letting    and    con-  duiine  the  recent  war  emergency  work,  are  as  follows 

struction  is  on  a   more  scientific  and  businesslike   basis  and  Hi      It  relieves  the  contractor  of  all  undue  risk. 

the  contractor  of  today  ranks  among  the  best  business  and  '2)     It   thereby   lessens   the   cost   to  the  o^^ner  sino-   it   is 

professional  men  of  the  community.  not  necessary  to  include  anything  in  the  price  to  cover  such 

!f  we  can   develop   a   form   of  contract  that   will   offer  the  I'isks. 

maximum  amount  of  safety  to  the  contractor  and  at  the  same  (3)     It  prevents  any  arguments  over  the  question  of  extras 

time  insure  fairness  to  the  owner,  it  is  obvious  that  the  latter  (41     It  takes  care  of  the  question   of  rental  of  equipment 

will  be  able  to  pick  the  highest  type  of  builder,  will  get  the  in   case  quantities   are  increased  or  diminished,  since   there 

work   done   at   a   minimum   cost   and   there   will   be   no   more  ..ill  ho  a  corresponding  increase  or  diminution  in  the  profit 

bankrupt  contractors  to  cause  delay,  loss  and  inconvenience  through  the  medium  of  the  unit  prices, 

to  everyone  concerned.  ("))     It  requires  no  accurate  estimate  of  the  proposed  work. 

In    the    July    23rd    issue    of    Engineering    and    Contracting  (fi)     It  requires  the  minimum  of  labor  in  cost  keeping, 

a  well  known  engineer  contributes  an  enlightening  discussion  (7)     It  is  especially  adaptable  to  work  which  it  Is  desired 

of  a  number  of  different  forms  of  contracts  and  suggests  one  to  start  at  once  but  for  which  complete  plans  have  not  been 

form    as    especially    meritorious       He.     however,     omits     one  i)rei>ared.  such  as  the  recent   war  contracts.        It  Is  obvious 

method   that   has   been    used   extensively    and   which,   in    my  that   none  of  the  other  cost   plus  methods    (except  the  per- 

opinion,   is  the   best   of  any   so   far  suggested   although   it   is  uicious    cost    plus    percentage    form)    can    be    used    in    such 

similar   to  one   of  the  forms   he   discusses.        It   is  the  "cost  emoigencies  as  all  require  a  careful  estimate  of  the  quantity 

plus  unit   profit"  method.  of  work  to  be  done  before  the  contract  can  be  made. 

Everyone   will   concede   that   the   -lump    sum   for   complete  The   above   ideas   are   given    for   what    they   are   worth.      ! 

construction"    and    the    "schedule    rates    for   all   materials    in  know  that  in  the  cases  in  which  I  have  used  (he  method  that 

place"    methods    force    the    contractor    to    take    all    the    risk.  I   havp  outlined,  both  the  owners  and  contractors  were  well 

They  are,  therefore,  unjust  to  both  parties  as  the  contractor  satisfied    and    in   not   a    single   instance   did    the    bother.some 

must  either  add  a  large  amount  to  his  price  to  cover  these  question  of  "extras"  arise. 

uncertainties  or.  unless  he  can  stand  the  loss,  being  forced  11    would    he   well   worth    while    for   the    .\merican    .■^ociety 

to  abandon  the  job.  with  the  resulting  delays  and  exi)ense  to  of  Civil  Engineers  to  go  into  the  question  of  contract   forms 

the   owner.  with    the   view   of  using   its   prestige   to    \irge   the    universal 

The  question,  therefore,  ot  a  mutually  fair  form  of  contract  adoiJtion  of  a  standard  form,  keeping  in  mind  its  adaptabllity 

resolves   itself   into   some  cost-plus   method.  to  all  kinrts  of  work,  including  emergency  construction,  f.or 

In   the  "cost   plus  unit  profit"  form   the  contractor  is   paid  that    was   the   cause   of   so   much    recent    public    work    be'ng 

for  the  cost  ot  the  work  plus  a  unit  price  for  all  classes  of  l»t  on  the  cost  plus  percentage  basis. 

work  performed    thp  unit  prices  to  cover  the  use  and  depre-  There   was   so   much    adverse   criticism   of   the   percentage 

ciafio,n  of  equipment  plus  profit.  form  in  recent  war  work  that  a  bill  is  now  before  the  Con- 

\s   an    example   the   bids    on    a    concrete    bridge    would    be  -rrcss  prohibiting  the  use  of  any  cost   plus  form  of  contract 

received  at  cost  plus  the  following  unit  prices:  on  C.overnment  work.       Such  a  broad  prohn)itlon  would   un- 

nrv  earth  excavation,  per  cu.  yd questionably    be    a    gieat    disadvantage    to    the    construction 

Wet  earth  excavation,  per,  cu.  yd .■. . .  department  of  the  Government   and  the   various  engineerliig 

Drv  rock  excavation,  per  cu.  yd bodies  should   unite   with    the   Contractors    Societies,   not   in 

Wet  rock  excavation,  per  cu.  yd simply  opposing  the  pres.ent  bill,  but  in  offering  a  wise  and 

Cofferdam   lumbpr,   sheeting,   bracing,  etc..  practical  measure  in  its  stead,  )>rav.d.ng  for  some  equitable 

per    MBM                                                 •    •  •  cost-phis  form,  along  the  lines  I  have  suggested  above,  that 

Foundation    piling.'   per   lin.   ft could  be  used  by  the  Department  at  its  option,  especially  in 

Concrete,   per  cu.   yd emergency  work.       

Waternroofine  "ner'so   "vd'    "        $6,000,000,000  Invested   In   Electric  Rallways.-According  to 

Backfimn"    per  cu   yd         statistics  submitted  to  the  Federal  Electric  Railway  Commis- 

The   above  "form   \nZe^'  the'  contractor  against   loss   and  sion,  the  investment  in  the  electric  railways  of  this  coontry 

a,    the  'ame     ime   p'tects   the   owner   for   the   reason    that  amount  to  $6,00(1,000,000^     v^v'^t"  m.;"  6     comSniS    with 

an  increase  in  the  cost  of  the  work  not  only  does  not  cause  and  300,000  employes.    On  May  ol    l/*!-*'  «;  7'"7";^"-  ""^'^ 

anv  increase  in  the  contractor's  nrofit.  as  in  the  various  forms  a  total  mileage  of  .5.912.  were  in  the  hands  of  receivers. 
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The  Future  of  Traction  Companies* 

By  P.  J.  KEELEY, 
President.  Kansas  City  Kys.  i_'o..  Kansas  City.  Mo. 
In  my  mind  the  ultimate  solution  will  be  private  opera- 
tion and  ownership  with  municipal  supervision  of  service 
based  upon  the  cost  of  service  principle,  which  necessarily 
will  include  a  fair  return  to  capital  actually  and  honestly  in- 
vested in  the  public  service. 

The  cost-ofservice  plan  primarily  turns  upon  two  funda- 
mentals: First,  that  the  car  rider  shall  pay  only  for  trans- 
portation: second,  that  inasmuch  as  one  element  of  the 
cost  to  produce  is  a  fixed  return  upon  capital  value,  that 
such  capital  value  he  determined  and  agreed  upon  between 
the  company  and  the   municipality. 

To  some  extent,  from  the  standpoint  of  valuation,  the 
doors  of  the  past  have  been  closed,  and  the  entire  transpor- 
tation problem  is  in  a  fair  way  to  be  put  upon  a  present  and 
a  future  basis.  The  valuation  cycle  has  progressed  far 
enough  so  we  can  be  at  least  hopeful  that  the  standards  in 
many  cases  being  adopted,  and  which  include  the  points 
developed  in  the  recent  report  of  the  Valuation  Committee 
of  the  American  Electric  Railway  Association,  will  govern  the 
majority  of  future  valuation  proceedings.  Although  the  whole 
question  of  valuation  is  complex,  its  basis  of  common  hon- 
esty and  fair  dealing  is  becoming  universally  recognized.  We 
have  traveled  a  long  way  from  the  principles  established  in 
the  beginning  by  the  Wisconsin  Commission,  where  valua- 
tions for  rate  making  purposes  were  made  on  the  depreciat- 
ed physical  value  plus  some  additional  allowance  for  a  go- 
ing concern.  The  trend  of  rate  making  today  is  away  from 
the  idea  of  basing  rates  on  depreciated  value.  It  is  now 
recognized  that  it  is  a  physical  impossibility  to  keep  any 
property  maintained  to  a  condition  where  no  depreciation 
exists;  that  no  property  can  possibly  be  maintained  at  more 
than  SO  to  ftO  per  cent  of  its  cost  new  value,  and  that  when 
mnintained  to  that  condition  it  will,  as  far  as  the  public  is 
concerned,  be  giving  100  per  cent  service.  In  basing  rates 
on  the  depreciated  value  of  a  property  the  investor  is  not 
only  penalized  in  that  at  least  2u  per  cent  of  the  investment 
which  he  never  had  an  opportunity  to  recoup  is  being  con- 
fiscated, but  the  public  also  suffers.  From  the  latter  view- 
point, if.  in  determining  fair  value,  accrued  depreciation  is 
deducted,  in  the  future  the  rate  of  return  must  be  sufficient 
to  include  an  allowance  for  future  depreciation  accruals,  yet 
such  accruals  can  never  be  used  for  public  benefit,  since  it 
is  impossible  to  keep  the  property  maintained  at  more  than 
80  to  90  per  cent  physically  good.  Therefore  it  follows  that 
it  is  more  expensive  and  increases  the  cost  of  service  for 
the  public  to  pay  the  principal  by  paying  for  accrued  depre- 
ciation than  to  pay  interest  on  the  cost  new  value  without 
deducing  depreciation.  Furthermore,  it  is  now  recognized 
that  depreciation  charges  have  nothing  to  do  with  capital 
account  but   are  chargeable  directly  to  operation. 

The  Wisconsin  Commission,  which  first  originated  the 
principles  of  basing  rates  on  depreciated  value,  has  within 
the  past  year  abandoned  this  theory.  The  Buffalo  arbitra- 
tion fixed  values  entirely  on  the  cost  to  reproduce  new.  Tlie 
Missouri  Commission  has  similarly  expressed  itself  and  in 
a  recent  case  states  that  henceforth  all  valuations  in  Mis- 
souri for  the  purpose  of  rates  making  would  be  on  the  basis 
of  cost  to  reproduce  new.  This  position  is  economically  and 
morally  sound,  and  I  believe  is  one  which  will  be  made  the 
basis  for  all  future  valuations  of  traction  companies  for  rate 
making  purposes. 

From  every  present  indication  the  future  of  traction  com- 
panies lies  along  the  way  of  private  operation  based  on  the 
cost  of  service  with  sufficient  public  supervision  to  insure 
proper  costs  and  adequate  service.  The  car  rider  should  not 
be  made  to  pay  for  anything  but  transportation.  This  means 
traction  companies  shall  be  relieved  of  all  indirect  taxes, 
such  as  paving  charges,  sprinkling,  snow  removal,  and  other 
taxes  of  like  nature.  It  implies  a  fair  agreed  valuation  upon 
which  the  car  rider  will  pay  a  reasonable  return;  it  further 
implies  public  supervision  and  a  reward  to  management  for 
efficiency. 

There  can  be  no  proper  argument  advanced  why  transpor- 
tation should  be  furnished  at  less  than  It  cost  to  produce, 
and  the  deficit  made  up  by  taxation.  If  this  is  reasonable, 
then  it  is  reasonable  to  go  a  step  farther  and  say  that  trans- 
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portation    .siiould    be   as.iumed    by    the    municipality    and    fur- 
nished free  and  all  expenses  borne  by  taxation. 

The  street  railway  problem  is  in  some  ways  a  psychological 
one.  Although  the  fetish  of  the  5  ct.  fare  has  been  success- 
fully abandoned,  its  memory  still  lingers.  A  raise  in  rates 
has  generally  meant  that  there  is  a  loss  in  the  num- 
ber of  passengers  carried.  In  other  words,  in  order  to  reg- 
ister a  mental  protest  against  a  fare  increase,  many  peo- 
ple resort  to  the  sidewalks.  These  same  people,  however, 
do  net  refuse  or  object  to  paying  the  price  asked  for  any 
other  product,  and  in  no  other  line  of  business  other  than 
transportation  has  increased  price  meant  decreased  vol- 
ume. This  attitude  is  changing  and  will  continue  to  change 
for  the  better.  Just  as  soon  as  the  public  becomes  thoroughly 
convinced  that  in  order  to  have  urban  transportation  the 
cost  must  be  paid  by  the  car  riders,  our  short  hauls  will 
come  back.  Mixed  with  this  has  been  an  element  of  ill-will 
and  suspicion.  Politicians  and  newspapers  have  played 
upon  fare  increases  with  the  result  that  the  public  has. here- 
tofore thought  that  it  meant  an  additional  gouge.  There  has 
existed  in  the  public  mind  doubt  as  to  the  actual  cost  of  the 
service.  However,  this  should  be  temporary.  The  present 
national  investigation  will  clarify  -the  situation,  and  the  cost- 
of-3ervic?  plan  presupposes  a  new  basis  for  our  dealings 
Aith  the  public.  Service  costs  and  service  standards  will 
he  set  up  under  public  authority.  There  will  be  sufficient 
checks  and  safeguards  to  assure  the  riders  that  in  paying 
the  ruling  fare  they  are  only  paying  what  the  service  cost 
plus  a  fair  return  on  an  agreed  and  established  capital  in- 
vestment. 

Whether  or  not  a  satisfactory  solution  can  ever  be  made 
for  labor  is  a  question  that  will  always  be  doubtful.  If  the 
future  is  to  be  judged  by  tlie  experiences  of  the  past  24 
months  there  seems  to  be  no  way  of  satisfying  labor.  The 
demands  of  the  union  have  already  upset  settlement  after 
settlement  that  seemed  to  promise  results.  There  is  one 
element,  however,  in  the  situation  that  may  curb  further  un- 
reasonable demands,  and  that  is  public  opinion.  In  the  past 
the  public  in  paying  a  fixed  fare  was  very  little  concerned 
with  the  troubles  between  the  traction  companies  and  their 
eriployes  as  long  as  service  standards  were  maintained.  In 
general  the  public  sided  with  labor  for  the  simple  reason 
that,  paying  a  fixed  fare  and  receiving  good  service,  it  was 
not  directly  affected.  However,  under  the  cost-of-service 
plan  all  this  will  be  changed,  and  when  the  public  once  re- 
alizes that  further  wage  increases  and  work-day  changes 
are  immediately  reflected  in  the  cost  of  service,  public  opin- 
ion will  be  interposed  to  offset  unreasonable  demands.  It 
lias  frequently  been  said  that  many  of  the  troubles  of  public 
service  corporations  can  be  traced  to  "the-public-be-danined" 
attitude  of  a  decade  ago,  whether  this  is  true  or  not,  and  it 
win  be  very  interesting  to  see  what  will  be  the  result  of 
"the-public-be-damned"  attitude  of  labor. 

It  may  be  that  the  zone  system  is  the  solution  in  some 
localities,  although  as  yet  it  has  not  been  given  sufficient 
trial  in  the  United  States  to  draw  definite  conclusions.  The 
great  majority  of  our  cities  have  grown  upon  the  basis  of 
one  fare  and  it  will  be  an  extreiiiely  difficult  matter  to  change 
the  very  fundamental  upon  which  their  growth  was  predi- 
cated:  that   is.  the  one-fare  system. 

There  is  this  much  that  can  be  said  upon  the  future  of 
our  transportation  systems.  They  are  absolutely  essential 
to  the  growth  and  development  of  our  cities;  there  is  noth- 
ing todav  or  in  the  near  future  that  can  take  their  place: 
what  is  necessary  to  our  present  civilization  will  be  con- 
tinued and  maintained.  The  entire  industry  is  today  going 
through  a  settling  process  that  will  put  it  upon  a  more  se- 
cure and  stable  foundation  than  ever  before.  Being  removed 
from  a  local  status  to  a  national  one,  valuation  and  other 
standards  will  be  more  easily  adopted.  The  public,  to  the 
extent  that  it  will  be  given  a  more  direct  control  of  service 
and  have  the  assurance  that  it  is  paying  a  fair  price,  will  to 
that  extent   assume  the  responsibility  for  this  service. 

The  investor  will  find  a  future  that  will  assure  him  of  a 
fair  if  small  return  upon  the  money  he  has  actually  invested 
to  give  transportation  service  to  our  cities.  The  public  will 
be  satisfied  because  it  will  have  the  assurance  that  it  is 
paying  for  the  service  which  it  demands  a  fair  price  based 
upon  its  actual  cost  and  that  It  controls  more  or  less  di- 
rectly the  character  and  extent  of  its  service.  Labor  will 
be  made  to  realize  that  it  is  engaged  in  a  public  service  and 
that  public    welfare   must    be   considered.     It   will   be   paid   a 
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fair  wage  for  a  fair  day's  work  and  unreasonable  demands 
will  be  met  by  the  withdrawal  of  public  support.  The  door 
of  the  past.  I  believe,  will  be  closed  not  only  upon  obsolete 
valuation  methods,  but  upon  all  of  the  old  prejudices  which 
have  been  the  outgrowth  of  past  mistakes  and  past  policies. 
The  urban  transportation  industry  wi51  be  established  on  a 
bitsiuess  basis  in  which  it  will  receive  a  fair  price  for  a 
service  absolutely  essential  to  the  wellbeing  and  growth  of 
our  cities. 


Government  Control  of  Transportation  in 
England 

The  transportation  problem  in  England,  as  in  the  United 
States,  has  become  a  very  serious  one,  during  the  past  few 
years,  and  in  the  effort  to  solve  it  the  British  Government 
has  had  its  plan  for  transportation  control  adopted  by 
Parliament  after  a  remarkably  short  campaign,  writes  the 
European  editor  of  the  Railway  Age.  It  is  a  very  remarkable 
bill  which  has  been  passed  in  a  short  time  in  that  it  places 
under  the  control  of  one  man.  the  Minister  of  Transport, 
nearly  all  the  transportation  facilities  of  the  country,  in- 
cluding railways,  waterways  and  highways  of  every  descrip- 
tion, the  only  exceptions  being  that  in  the  case  of  docks  and 
highways  the  authority  of  the  minister  is  somewhat  re- 
stricted. 

The  reason  for  such  a  bill  passing  both  houses  of  Parlia- 
ment in  as  sliort  a  time  as  six  months  is  given  by  this  writer 
as  the  desperate  condition  of  transportation  and  the  fact 
that  as  no  different  plan  had  been  offered  it  seemed  to  be 
a  choice  between  this  plan  and  direct  nationalization  of 
transportation  facilities,  and  the  lesser  of  two  evils  was 
chosen.  In  spite  of  the  revolutionary  character  of  the  bill, 
the  administration  claimed  that  it  was  not  necessarily  a 
step  toward  nationalization  and  that  it  was  necessary  for  the 
government  to  take  this  step  in  order  to  tide  over  the 
handicap  and  distress  put  upon  transportation  by  the  war. 

The  bill  is  known  as  the  Ways  and  Communication  Bill  and 
is  to  remain  in  force  for  two  years:  by  the  end  of  that  time 
it  is  hoped  that  the  best  policy  for  future  control  can  be 
determined.  It  is  expected  that  expenses  may  be  reduced  by 
eliminating  qompetition.  pooling  equipment,  and  using  larger 
cars  and  locomotives. 

Thus  England  has  settled  for  two  years,  at  least,  its  trans- 
portation problem.  The  roads,  which  since  the  war  have 
been  marking  time,  may  now  expect  to  take  definite  action 
on  long  deferred  improvement  programs.  There  unquestion- 
ably will  be  a  development  in  electrification  of  the  roads, 
deferred  maintenance  will  be  systematically  taken  up.  stand- 
ardization will  be  given  consideration,  larger  cars  undoubt- 
edly used,  and  marked  changes  will  be  made  in  the  consoli- 
dation and  joint   operation  of  the  properties. 

Sir  Eric  Geddes.  who  is  Minister  Designate,  in  a  speech 
on  the  transport  bill  and  its  provisions,  has  stated  that  there 
will  be  an  elimination  of  services  simply  given  for  the  pur- 
pose of  competition.  The  private  freight  cars,  of  which  there 
are  about  700.000,  will  be  eliminated.  There  will  be  judicious 
electrification  where  the  decrease  in  the  cost  of  production 
bv  this  method  warrants.  The  rolling  stock  will  be  gradually 
brought  up  to  the  best  standard  and  the  loading  gage  will  be 
improved. 

In  this  speech  Sir  Eric  Geddes  outlined  his  proposed  or- 
ganization, stating  that  with  the  one  exception  of  roads 
(highways),  which  must  be  treated  as  a  separate  depart- 
ment, it  is  proposed  to^  organize  the  Ministry  in  different 
branches — civil  engineering. 
forth. 


lechanical  engineering,  and   so 


Texas  Has  Surveyors'  License  Law.— The  new  law  for 
licensing  land  surveyors  in  Texas,  which  goes  into  effect  on 
Oct.  21,  1919,  provides  for  the  creation  of  a  board  of  exam- 
iners consisting  of  the  State  Land  ronimissioner  and  two 
surveyors  who  shall  be  appointed  by  the  governor.  This 
board  will  prepare  questions  pertaining  to  land  surveying 
geaerally  ai»d  the  law  of  land  boundaries.  The  examinations 
will  be  conducted  by  the  county  boards  of  examiners  of  ap- 
plicants for  teachers'  certificates,  but  the  surveyor's  board 
will  grade  the  answers  and  issue  licenses.  A  surveyor's 
license  will  be  good  for  life,  unless  revoked  for  improper  con- 
duct. Applicants  will  pay  a  fc^e  of  $10.  Surveyors  who  have 
been  actually  engaged  in  the  field  for  1.5  years  may.  upon 
payment  of  a  fee  of  $2.  obtain  a  surveyors  license  without 
examination. 


Portable  Piledriver  Has  Mans 
Uses 

By  GEORGE  P.  PAUL. 

-\  portable  piledriver  that  can  be  converted  readily  so  an 
to  be  used  as  a  derrick  for  excavating  purposeB.  or  for  diK- 
ging  holes  for  telephone  posts,  has  been  perfected  by  Capi. 
Alexander  M.  Bellony,  Engineers.  U.  S.  A.  This  piledriver 
has  a  gross  weight  of  8.200  lb.,  is  mounted  on  trucks"  and 
can  be  quickly  transported  by  horses  or  a  motor  truck  to 
positions  where  its  use  is  required.  The  9.'iOll».  hammer 
with  which  it  is  equipped  permits  piles  to  be  driven  in  2G- 
ft.  leads.  On  the  main  stationary  frame  a  movable  frame 
is  mounted,  and  this  frame  in  turn  carries  the  A-frame  boom. 
the  hanging  leads,  the  engine  and  the  hoist.  When  the  ma- 
chine is  being  hauled  about,  the  boom  and  leads  fold  down, 
the  middle  of  the  folded  portion  being  supported  on  a  tim- 
ber cushion. 

The  A-frame  boom  is  pivoted  to  the  sides  of  the  upper 
frame.  The  leads  are  25  ft.  in  length,  with  a  spread  of  17 
in.  From  the  bottom  of  the  wheel  to  the  top  of  the  leads  is 
32  ft.,  making  it  possible  to  take  a  pile  nearly  30  ft.  in 
height  above  the  wheel  base.  A  locking  hanging  device  con- 
nects  the   leads   to   the   boom;    buffer   blocks   are   jtlared   at 
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the  upper  end  of  the  leads.  Sway  braces  are  used  to  stiffen 
the  leads,  the  inner  ends  being  pivoted  near  the  foot  of  the 
boom.  Besides,  there  is  a  lead  cable-stiffening  device.  This 
consists  of  two  hand  winches,  one  ''loUed  to  each  side  of  the 
upper  frame,  with  cables  reaching  from  the  winch  to  the 
leads.  These  cables  travel  through  spools  on  the  ends  of  the 
extension   track. 

At  the  front  and  rear  ends  of  the  lower  frame  Is  a  cir- 
cular track  that  extends  beyond  the  sides.  The  extended 
parts  of  the  track  fall  flat  to  the  sides  of  the  lower  frame 
whenever  the  rig  is  being  moved."  Five  rollers  are  placed 
at  each  end  of  the  upper  frame,  and  besides  a  pinion  i.s  pro- 
vided on  the  front  end  traveling  on  a  rack  located  on  the 
lower  frame.  The  center  of  the  frame  has  a  pivot  pin  that  / 
forms  the  rotatable  axis.  Thus  the  upper  frame  can  be  ro- 
tated to  any  desired  position.  This  makes  it  possible  to 
drive  a  straight  line  of  piles  in  a  length  of  25  ft.  wi*  an 
e;xtreme  reach  of  the  leads  of  16  ft.  This  saves  th?  mov- 
ing of  the  machine  and  merely  calls  for  the  turning  of  the 
upper  frame  and  the  adjusting  of  the  leads  and  boom. 

The  9.50-lb.  drop  hammer  is  operated  by  a  30-HP.  gas  en- 
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gine  located  on  the  front  end  of  the  upper  frame.  To  the 
engine  is  connected  the  hoist  operating  the  drop  hammer. 
The  different  uses  to  which  this  portable  rig  can  be  put  is 
making  the  outfit  a  favorite  for  army  engineering  work. 

The  Clyde  Iron  Works.  Duluth,  Minn.,  built  the  first  ma- 
chine and  tested  it  out  under  actual  working  conditions  on 
the  St.  Mary's  River.  Duluth.  and  on  the  Potomac  River,  at 
Camp  A.  A.  Humphreys.  Virginia.  The  Flour  City  Orna- 
mental Iron  Works,  Minneapolis,  has  built  21  of  these  ma- 
chines for  the  Army  and  the  Clyde  Iron  Works  has  built  12. 


Present  Causes  of  Unrest  and  Rad- 
ical Economic  Theories 

Not  New 

In  an  address  twii  weeUs  ago  at  the  Our  Country  First 
Conference  of  the  Illinois  Manufacturers'  Association,  Mr. 
Dorr  E.  Felt.  President  of  the  Association,  called  attention 
to  the  tact  neither  the  present  causes  of  unrest  nor  the  va- 
rious radical  economic  theories  were  new,  and  stated  that 
the  present  need  of  the  moment  is  sanity  and  sincere  co- 
operative effort  on  the  part  of  all  classes  of  Americans.  An 
abstract   of  his   address   folio ivs: 

Utopian  Theories  and  Artificial  Legislation. — At  present 
our  greatest  danger  rests  in  the  possible  acceptance  of 
Utopian  theories  and  the  attempt  to  apply  in  times  of  peace 
artificial  industrial  and  legislative  Pleasures  which,  no  mat- 
ter how  necessary  and  excusable  in  war  time,  are  not  prac- 
ticable under  peace  conditions  when  public  sentiment  will 
not  sanction  increased  national  indebtedness  and  excessive 
taxation.  Stimulants  and  palliatives  administered  during 
the  stress  of  war  may  be  disastrous  if  the  dosing  is  contin- 
ued  under   normal   conditions. 

The  proponents  of  most  of  the  so-called  new  thought  ideas 
w  ho  talk  so  much  about  looking  forward  are  not  taking  the 
trouble  to  look  backward  or  they  would  know  that  practically 
all  of  their  supposedly  new  discoveries  are  not  new  at  all 
and  have  been  tried  out  time  and  again  in  many  countries 
with  unhappy  results.  In  the  matter  of  prosperity,  legisla- 
tion will  not  take  the  place  of  honest  work  and  capable 
management. 

Arbitrary  price  fixing  during  peace  times  has  always  re- 
sulted in  the  stopping  or  restriction  of  production  and  ended 
in  conditions  of  great  distress  and  scarcity  of  the  necessi- 
ties of  life.  A  great  Roman  emperor.  301  years  after  Christ, 
attempted  to  reduce  the  cost  of  living  by  establishing  a 
maximum  price  on  nearly  1.000  commodities.  The  result 
was  stagnation,  higher  prices  and  bloodshed,  so  that  the 
producing  factors  of  society  had  to  start  all  over  again  to 
rebuild  in  normal  and  natural  ways. 

Profit-sharing  and  workers'  participation  in  management, 
which  began  in  Great  Britain  about  1835  and  culminated 
about  1885,  has  been  the  subject  of  numerous  official  re- 
ports in  England  which  treat  of  nearly  300  attempts  by  such 
means  to  eliminate  friction  between  employer  and  employed 
and  to  put  a  stop  to  restriction  on  output  by  the  workers. 
These  reports  show  that  in  a  majority  of  cases  such  eilorts 
were  a  complete  failure.  During  good  times  and  in  the  case 
of  firms  having  more  efticient  managers  than  their  competi- 
tors or  neighbors  such  arrangements,  in  some  cases,  seemed 
to  work  well:  but.  in  the  stress  of  hard  times  not  only 
was  the  friction  between  the  employer  and  employed  in- 
creased but  various  other  kinds  of  friction  developed.  For 
instance,  the  woj-kmen  blamed  the  selling  force  for  not  se- 
curing orders  acd  the  selling  force  alleged  that  the  work- 
men produced  inferior  goods  at  too  great  a  cost.  Each  craft 
involved  in  production  magnified  in  its  own  mind  its  own 
importance  to  the  industry  and  right  to  greater  participation 
in  the  profits 

Experience  with  Government  Promotion  and  Ownership  in 
1837.  -The  ereatest  panic  and  disaster  ever  experienced  in 
this  country  was  that  of  1837  following  a  period  of  great 
exFanjsion  and  prosperity  during  which  the  Federal  Govern- 
ment and  members  of  the  states  attempted  to  legislate  pros- 
perity to  every  one.  State  and  Federal  promotion  and  own- 
ership of  railroads,  canals,  banks  and  other  enterprises  had 
lyecn  the  order  of  the  day.  Some  states  projected  as  many 
as  half  a  dozen  railroads  each.  Speculation  and  struggle 
for  favoritism  ran  riot,  taking  the  place  of  honest  construc- 
tion and  production  in  many  parts  of  the  country,  ending 
in   prices   for  the  necessities  of  life  much  greater  in   propor- 


tion to  wages  than  at  the  present.  The  word  "profiteer"  had 
not  then  been  coined,  but  the  word  "extortionist"  was  in 
everybody's  mouth.  Great  mobs  gathered  in  Philadelphia,  New 
York,  Boston  and  other  cities.  New  York  warehouses  were 
broken  into  by  a  mob  which' distributed  flour  to  all  comers, 
immense  quantities  of  it  being  destroyed  and  spread  over 
the  pavement  of  the  streets,  the  sequel  being  immediate 
higher  prices  for  flour  resulting  upon  the  dissipation  of  the 
neces.iary  stocks  stored  by  men  who  were,  even  in  that  day, 
called   "hoarders." 

Will  it  bo  necessary,  as  a  result  of  false  teaching  by  men 
who  never  filled  a  pay  envelope  and  who  know  little  or  noth- 
ing from  a  practical  standpoint  of  economic  questions,  that 
this  generation,  now  so  prosperous,  will  have  to  learn  its 
lesson  which  common  sense  and  a  little  reading  of  history 
might  teach  without  the  dire  results  which  are  sure  to  fol- 
low if  we  put  into  practice  the  theories  promulgated  by  star 
gazers'.' 

Common  Sense  and  Ralnbovj'  Chasing. -There  is  not  as 
much  discontent  as  the  vendors  of  news  would  lead  us  to 
believe  and  most  of  what  there  is  is  manufactured.  The 
great  strikes  in  the  Northwest  and  in  Canada  were  called 
where  the  wages  were  abnormally  high  and  living  costs  and 
conditions  excellent.  This  has  been  true  in  the  case  of  many 
ether  recent  strikes  in  this  country.  There  has  always  been 
more  industrial  strife  during  prosperity  than  during  hard 
times 

It  would  be  disastrous  for  the  working  people  to  demand 
laws  conferring  on  them  special  privileges  and  at  the  same 
time  absolving  ihem  from  the  ordinary  responsibility  for 
their  own  acts.  In  France  they  have  just  passed  a  law  per- 
taining to  collective  agreements  between  employer  and  em- 
ployed which  provides  for  the  legal  enforcement  of  such 
agreements  and  the  right  of  either  association  to  sue  and 
be  sued. 

Much  academic  theorizing  is  leading  us  away  from  a  clear 
understanding  of  economic  truths.  We  are  in  danger  of 
dissipating  the  great  resources,  the  industrial  and  commer- 
cial abilitv  of  our  country.  Regardless  of  the  wild  socialistic 
and  levolutionary  ideas  which  have  been  preached  to  the 
l)eoi)le  of  Europe  during  the  last  12  months  by  the  most  en- 
ergetic and  widespread  propaganda  of  recent  times,  all 
classes  appear  now    to  be  recovering  their  sanity. 

The  ultimate  effect  of  the  necessary  interference  of  the 
Government  in  industry  and  transportation  for  the  success- 
ful prosecution  of  the  war  does  not  seem  to  be  considered 
by  many.  The  Government  had  to  procure,  regardless  of 
costs,  immense  quantities  ot  the  products  of  the  farm,  the 
mills  an.-l  the  factories,  at  a  time  when  many  men  were  be- 
ing withdrawn  from  their  usual  vocations.  The  result  is  a 
large  n^itional  debt  and  heavy  taxation.  During  war  a  coun- 
try must  mortgage  its  future,  and  the  payment  of  that  mort- 
gage is  sure  to  be  felt,  sooner  or  later,  by  every  one  of  its 
people.  Doubtless  America  will  feel  it  less  than  any  of  the 
other  countries  which  placed  large  armies  on  the  battlefields 
ot  Western  Europe. 

I  i  eiieve  that  if  we  exercise  common  sense  and  avoid 
chasing  the  rainbow,  the  effect  of  the  war  will  not  result 
in  any  great  hardship  in  America,  but  that  continual  rain- 
liow  chasing  and  agitation  will  result  in  grave  distress. 


Average  Wage  as  Basis  for  Contract  Price 
Adjustment 

.\s  a  means  for  reducing  the  element  of  chance  in  bidding 
under  the  present  unsettled  conditions  of  the  labor  market 
the  Northwestern  Association  of  General  Contractors  sug- 
gests that  contractors  be  permitted  to  base  their  prices  on 
a  sliding  scale  for  labor.  The  association  belieyes  that  a 
paragraph  in  contracts,  similar  to  the  following,  would  be 
fair  to  both  the  contractor  and  the  owner: 

This  price  is  based  on  an  averag'e  rate  of  wages  of  —  cents 
per  hour,  the  average  rate  per  hour  to  be  the'  rate  obtamert  pv 
rtividins  the  total  monthly  payroll  of  all  men  engaged  upon  tne 
work  bv  the  total  number  of  hours  shown  on  such  roll.  Monthly 
a'ljustnients,  based  upon  the  average  rate  per  hour,  are  to  be  made 
in  the  following  marner:  ,       „  .    ,  »     i,       . 

The  Contractor  will  present  to  the  Owner  a  statement  showini.' 
the  total  amount  of  hi.'!  pa>Toll  for  any  calendar  month,  together 
with  the  total  number  of  hours  on  this  roll,  and  the  average  rate 
per  hour  When  this  average  rate  exceeds  —  cents  per  hour,  the 
Contractor  is  to  receive  from  the  Owner  the  difference  between  the 
actual  averaft'e  rate  paid,  and  —  cents  per  hour,  multiplied  by  the 
number  of  hours  shown  on  the  payroll.     When  the  actual  rate  paid 

is  less  than  cents  per  hour,  the  Contractor  is  to  have  deducterl 

from  his  monthlv  estimate  an  amount  equal  to  the  difference  be- 
tween the  -actual  average  rate  per  hour  and  —  cents,  multiplied  by 
the  number  of  hours  shown  on  tht»  payroll. 
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How  to  Keep  the  Human  Machine 
in  Working  Order* 

By  DR  THOMAS  IJARLIXGTON. 
MKlkitie  has  opened  a  new  field,  particularly  in  prevention 
of  disease,  pnd  we  have  begun  to  consider  man  in  a  different 
lisht.  We  know,  and  have  known  for  a  long  time,  that  it 
pays  to  take  care  of  an  accident,  and  we  know  that  it  costs 
something  every  time  :»  man  loses  his  finger.  It  used  to  be. 
even  10  years  ago,  that  in  some  of  the  steel  plants  when  men 
became  injured  the  wound  would  become  septic  in  fully  ."id 
|)er  cent  of  the  cases.  Today  in  various  plants,  the  United 
States  Steel  Corporation.  Carnegie.  Cambria,  and  Youngs- 
town  Steel  &  Tube,  the  rate  is  only  one  out  of  a  thousand, 
and  in  the  Bethlehem  Steel  much  less  than  that.  In  the  big 
plant  at  South  Bethlehem  in  four  years  of  accidents,  takinu 
every  little  injury  into  consideration,  50  or  60  cases  a  day. 
there  have  been  only  two  cases  of  septicaemia. 

The  deaths  in  the  army,  both  from  disease  and  those  killed 
in  battle,  are  nothing  compared  to  those  who  become  ill  and 
die  in  industry.  And  how  have  we  looked  upon  the  man  in 
industry  and  in  the  army,  and  how  have  we  been  treating 
himV  We  think  that  hardship  hardens  a  man,  and  we  look 
at  the  brown  faces  of  *lie  men  that  have  come  from  abroad 
and  say  they  are  "hard  as  nails,"  but  I  am  thinking  of  all 
those  that  went  down,  of  many  deaths,  for  which  there 
seemed  to  me  to  be  no  necessity.  Given  a  well  man,  and 
you  have  absolute  control  of  him.     Why  should  he  get  ill? 

Relation  of  Efficiency  to  Health. — From  my  standpoint,  sflfi- 
ciency  depends  primarily  on  liealth  The  German  philosopher 
Munsterberg  said  it  depends  on  a  man's  psychology,  but  what 
does  psychology  depend  upon?  Flow  of  blood  to  the  brain, 
and  flow  of  blood  to  the  brain  varies  with  all  kinds  of  things, 
with  the  weather,  the  pressure  of  the  barometer.  Suppose 
your  liver  is  out  of  order.  Don't  things  have  a  green  and 
vrHow  hue?  Psychology  depends  on  health.  Efficiency  de- 
pends on  health,  and  it  pays  to  take  care  of  a  workman. 

.\s  a  matter  of  fact,  illness  in  industry  already  has  an  ef- 
fec  on  operating  costs  that  is  far  from  being  realized.  When- 
ever a  man  is  absent  from  his  work  because  of  illness,  it  is 
usually  necessary  to  have  someone  else  take  his  place.  The 
substitttle.  as  a  rule,  is  a  less  efficient  worker;  he  makes  a 
smaller  output;  for  the  day's  wages;  he  spoils  more  raw  mate- 
rial; he  requires  more  supervision  from  the  foreman,  who  is 
th\is  distracted  from  more  imiiortant  work;  and  procuring 
and  sending  the  substitute  to  the  work  needed  involves  a 
cost  and  usually  a  delay'  in  the  operations. 

Efficiency  depends  on  health,  and  health  depends  on  three 
things;  the  care  that  a  man  gives  himself,  the  care  that  industry 
gives  him.  and  the  making  and  enforcing  of  health  laws — city, 
state,  and  national.  What  can  people  do  for  themselves? 
Before  I  take  up  that  question  it  is  proper  that  I  state  that 
I  have  been  told  some  of  the  members  here  are  interested 
particularly  in  the  question  of  fatigue. 

Work  Seldom  Cause  of  Fatigue.— Fatigue  means  much  to 
a  wo-ker  If  a  person  catches  cold  it  is  when  he's  tired.  If 
you  catch  an  infectious  disease  it  is  when  you're  tired. 
Fatigue  lessens  resistance  to  disease.  Fatigue  is  the 
one  great  thing  in  this  world  that  we  want  to  avoid. 
What  makes  people  tired?  Work?  No.  Very  seldom. 
It  Isn't  work.  Cold  will  make  you  tired.  It  makes  every  cell 
in  the  body  work  fast.  A  great  many  things  make  fatigue,  but 
seldom  work.  That  is  a/ different  idea  from  that  which  most 
workmen  have.  How  do  people  get  tired?  Now.  to  know- 
that,  you  have  got  to  understand  a  lit-tle  physiology.  We 
must  understand  the  body.  Every  part  of  the  body  is  in  mo- 
tion all  the  time.  When  any  part  isn't  in  motion  in  the  body 
it  is  dead.  You  are  manufacturing  heat;  you  are  getting 
energy  all  the  time.  That  comes  from  your  food.  F'ood  goes 
into  the  body,  is  taken  up  and  stored  in  the  body,  and  you 
have  it  to  use.  It  is  then  burned  up  by  means  of  the  oxygen 
which  you  breathe.  All  the  time  in  the  body  there  is  a  break- 
in.2-down  process:  all  the  time  there  is  a  building-up  process. 
Energy  depends  first  upon  the  food  you  eat:  the  kind  of 
food,  whether  the  system  can  use  it  or  not,  whether  you 
digest  it  and  store  it  away.  Next  upon  the  oxygen  which  is 
carried  bv  the  red  blood  corpuscles,  the  hemoglobin  In  the 
blood      The   first  thing,  then,  in   the  question  of  fatigue  de- 
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P'riuls  upon  (he  character  of  the  food  thai  people  eal.  Kew 
persons  understand  that,  and  so  far  ai>  uorkmeo  are  con- 
cerned, few  of  them  or  their  wives  know  anything  about  feed- 
ing the  man,  and  any  old  thing  sots  in  the  lunch  basket. 
One  day  I  opened  2."iO  lunch  boxes  in  a  Carnegie  Steel  plant. 
The  first  bucket  opened  contained  a  whole  boiled  cabbage. 
How  nuich  C„H,,0,  did  lie  get  to  ukc  in  the  muscle;  how 
iiu.ch  energy  could  he  develop  from  that  cabbage?  The  next 
uiau  had  nothing  but  cake  and  honey.  He  got  all  the  C.H,,0,. 
but  what  did  he  get  to  make  up  for  the  Iobb  of  protein  and 
uius^cle  '     Nolliing,  and  he  was  thin. 

Energy  and  Food.— But  it  is  not  alone  a  question  of  the 
kind  of  food  that  ho  gets.  Does  the  man  digest  that  food? 
Was  it  mingled  with  bacteria  in  the  mouth  and  fermented  in 
the  stomach?  Did  the  sugar  split  up  Into  acids  in  the 
stomach  before  it  got  into  the  muscle?  Don't  you  see  that 
energy  is  the  converse  of  fatigue  and  fatigue  the  converse 
of  energy?  Energy  depends  first  upon  food  and  Its  diges- 
tion, its  absorption  and  utilization,  and  next,  how  are  you 
going  to  burn  it?  It  is  burned  with  the  oxygen.  Take  a 
drop  of  blood  from  a  man  and  examine  it  under  the  micro- 
scope and  we  find  that  he  has  a  5,000,000  blood  count.  Yeg, 
that  is  1  good  healthy  man.  It  is  up  to  normal.  The  next 
man  we  take  we  find  he  has  2,500,000  blood  count.  Doesn't 
it  take  twice  as  rapid  the  circulation  of  the  2,500,000  to  carry 
the  hemoglobin  as  with  the  man  with  the  5,000,000?  Yes. 
tlie  blood  has  to  work  twice  as  fast  because  he  has  anaemia 
What  does  anaemia  come  from?  Dark,  unvenlilated  roomH, 
infectious  disease,  poor  food,  lack  of  movement  '  from  the 
bowels,  bacteria  in  the  mouth,  in  the  tonsils. 

.Vext,  getting  rid  of  the  ash^s  of  waste.  And  how  do  we  do 
it?  The  blood  takes  it  up  and  takes  It  away.  If  a  oerson 
drinks  a  great  deal  of  water,  that  helps.  If  you  have  a 
shower  oath,  you  drive  the  blood  inside,  and  then  it  returns 
to  the  surface  again,  and  that  helps,  and  soon  you  get  rid  of 
all  fatigue,  and  the  waste  goes  out  through  the  kidneys.  Rut 
other  waste  produces  fatigue.  In  fermentation  we  have  bac- 
teria in  the  bowels  all  the  time.  In  fermentation,  particu- 
larly of  protein  food,  you  develop  certain  poisons.  These 
poisons  are  known  as  indol.  skatol,  niercaptan.  and  certain 
phenols.  The  la.-'t  develop  particularly  from  eggs  and  milk. 
The  most  common  poison  found  is  indol.  That  is  absorbed 
and  becomes  a  sulphate  in  the  system,  and  that  is  known  as 
indican.  When  you  have  a  urine  examination  you  see  so 
much  sugar,  so  much  albumen,  and  so  much  indican. 

To  show  you  how  it  works  and  how  a  lack  of  regularity  of 
the  bowels  produces  fatigue:  A  man  gets  up  In  the  morn- 
ing, and  he  hurries.  He  goes  to  work.  He  has  got  a  lot  to 
do.  and  the  small  amount  of  liquid  material  in  tlie  lower  part 
of  the  bowels  is  absorbed  and  the  desire  to  evacuate  the 
bowels  passes  off.  The  poison  is  taken  up  by  the  blood  and 
permeates  all  the  muscles  of  the  body,  and  the  man  becomes 
tired. 

This  has  been  proved  numerous  times  by  injecting  indol 
into  the  blood  of  perfectly  fresh  men,  birds  and  animals,  al- 
ways with  the  same  result,  fatigue.  The  man  has  only  about 
a  little  more  than  one-third  the  elficiency  of  the  other  man. 
so  far  as  his  actual  muscular  capacity  is  concerned.  If  the 
one  man  is  worth  Ji;  a  day.  this  man  is  worth  $2.30. 

Personal  Hygiene.— I  said  that  a  man's  efficiency  depends 
upon  what  he  can  do  fot*  himself.  Now.  among  the  maay 
things  of  personal  hygiene  besides  the  question  of  taking 
baths,  care  of  the  eye.  the  ear  and  the  nose  and  everything 
elsf  of  that  kind,  and  regulation  of  a  man's  meals,  there  we 
simple  things  like  the  brushing  of  teeth.  How  many  work- 
men in  the  factory  brush  their  teeth  eyery  ddy?  To  be  «m- 
oient  men  they  must  brush  tbcir  teeth  seven  times  a  day.  Do 
you  supuose  any  of  ycAir  workmen  know  that?  Not  a  one  of 
them  ivhv  must  thsy  do  it?  The  manufacturer  is  intT- 
ested  in  it  because  of  his  flutput.  If  I  had  a  factory  I'd  make 
Pverv  man  a  present  ^  a  toothbrush.  U  was  done  In  the 
armv  I  helped  to  ta^e  c»re  of  50,Tiii0  men.  aw)  had  to  talk 
to  them  Pneumonia  killed  some  of  them,  l»«e«i^  they 
didn't  brush  their  teeth.  What  did  they  do  with  the  tooth- 
brush' Used  it  around  the  edges  of  the  shoes  to  get  the 
mud  out.  What  is  the  first  thing  about  the  teeth?  We«-  w« 
need  them  tor  enunciation.  In  the  army  it  was  at-  1 
necessary  that  orders  should  be  distinct.  The  ch. 
food  means  a  lot  in  energy.  Still,  that  means  little  ror-psr^ 
with  some  nf  the  otjier  things.  In  the  mouth  are  forty-eigbf 
varieties  of  bacteria.  If  you  chew  the  food  without  bn»h- 
in"  the  teeth  vou  swallow  those  bacteria,  and  the  food  fer- 
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ments  iu  the  stomach,  and  often  it  passes  the  quarantine  ot 
the  stomach  and  goes  down  to  the  bowels. 

The  gastric  juice  of  the  stomach  will  keep  indefinitely,  but 
swallow  saliva  and  it  quielily  spoils  from  contamination  with 
the  bacteria  that  the  saliva  carries  down.  Do  you  know  that 
in  the  army  in  the  grip  epidemic  few  if  any  died  from  grip? 
They  all  died  from  pneumonia.  Why?  There  are  four  types 
of  pneumonia  germs.  Nearly  all  died  of  the  fourth  type. 
That  is  the  mouth  bacteria.  They  got  the  grip,  and  then  the 
pneumonia  bacteria  that  inhabited  their  mouth  and  grew 
there  went  into  the  lungs  and  killed  them.  If  they  had  all 
brushed  their  teeth  regularly,  many  of  them  would  have  lived. 
Many,  very  many  of  the  600,000  persons  that  died  in  the 
United  States,  would  be  alive  today  if  they  had  brushed  their 
teeth  in  that  epidemic.  But  that  is  little  compared  with  the 
other  thing.  A  tooth  dies,  but  you  do  not  always  know  it. 
At  the  root  of  that  tooth  there  comes  a  very  small  abscess. 
From  this,  bacteria  and  the  toxin  are  absorbed  in  the  system. 
Juot  the  same  as  in  the  tonsils.  The  tonsils  and  the  teeth 
make  over  90  per  cent  ot  our  infectious  disease.  The  poison 
may  go  into  the  heart,  producing  vegetation  of  the  valve;  or 
go  into  the  kidneys,  and  make  Bright's  disease;  or  go  to  the 
bladder  and  make  inflammation  of  the  gall  bladder.  Nearly 
all  rheumatism  comes  from  bad  teeth. 

Do  your  workmen  know  that  anaemia,  the  loss  of  the  red 
blood  corpuscles  which  carry  the  oxygen  to  the  tissues,  is 
•ften  due  to  abscesses  at  the  roots  of  the  teeth  or  old  roots 
in  the  mouth?  Have  you  got  a  dentist  in  every  factory  pull- 
ing out  those  old  roots?  No.  The  first  thing  I  did  at  Hog 
Island  where  I  was  consulting  surgeon  was  to  put  three  den- 
tists there. 

Deaths  from  shook  and  hemorrhage!  Men  die  in  a  few 
minutes  from  shock,  but  if  you  have  blood  to  inject  into  them 
right  away  you  often  may  save  them.  We  hired  three  men, 
and  gave  them  $1,200  a  year  apiece  and  fattened  them  up  and 
kept  them  raking  leaves,  and  when  a  man  got  injured  we 
took  some  blood  from  them  and  injected  it  into  the  injured 
person.  We  saved  three  men  worth  $5,000  each  according  to 
the  Pennsylvania  Compensation  Law  the  first  month — $15,000 
against  $300  in  the  first  month! 

"How  about  washing  ot  hands?  It  is  from  dirty  hands  that 
bacteria  get  into  the  mouth.  What  does  the  surgeon  do? 
Simply  wash  his  hands?  No.  He  puts  on  rubber  gloves, 
e^en  after  he  has  put  his  hands  into  absolute  alcohol  with 
bichloride.  Take  the  case  ot  "Typhoid  Mary."  How  did  she 
give  typhoid  to  twenty-eight  difl;erent  families?  Because  she 
had  typhoid  germs  on  her  hands.  Very  litt-le — but  it  gave 
disease.  Does  every  workman  wash  his  hands  before  he  eats 
lunch? 

There  is  one  thing  that  workmen  generally  do  not  know. 
The  man  who  does  not  sweat  does  not  live  as  long  as  the 
worker.  To  live  long  you  have  got  to  work.  Work  leads  to 
longevity.  The  rich  man  of  today,  what  does  he  do?  Does 
he  do  like  the  man  in  the  Bible  who  said,  "Now,  soul,  we  will 
enjoy  ourselves  and  eat,  drink  and  be  merry"?  The  rich 
man  today  builds  an  IS-hoIe  golf  course  and  works  like  the 
devil  to  keep  his  health.     Work  doesn't  hurt  anybody. 

That  is  what  we  have  got  to  teach  the  workman. 

We  have  in  the  neck  a  gland  called  the  thyroid.  We  have 
more  important  ones  over  the  top  of  the  kidneys,  little  thin 
glands  called  the  adrenals.  There  are  like  the  governor  on 
an  engine.  They  control  our  circulation.  If  you  lose  those 
glands,  you  die.  These  adrenals  throw  out  a  power fvU  drug. 
I  know  of  two  men  on  the  front  where  a  big  shell  burst  and 
adrenaline  was  thrown  out  so  that  every  hair  stood  on  end 
for  a  week.  A  grouch,  grief,  anger^  or  worry  are  ruinous  to  the 
body.  They  cause  adrenaline  to  be  thrown  out.  But  joy, 
love,  laughter  prolong  life.  What  does  that  mean?  It  means 
that  we  must  teach  the  employe  cheerfulness;  that  every 
man  shall  find  in  his  daily  work  his  greatest  happiness.  Just 
as  God  Almighty  fpund  happiness  in  the  creation  of  the  earth, 
we,  made  in  His  image,  must  find  our  happiness  in  our  daily 
work,  no  matter  what  that  work  is. 

We  now  come  to  another  side  of  it,  and  that  is  this: 
Cain's  answer  by  the  Garden  of  Eden  was,  "Am  1  my  brother's 
keeper?"  The  Bolshevists  and  the  Socialists  have  used  that 
for  a  great  while,  this  cry  of  the  brotherhood  of  man,  which 
means  nothing  to  that  class.  When  I  was  in  the  Department 
of  Health  we  had  1.S7  laws.  They  all  meant  one  law.  How 
can  you  translate  them  into  one  law?  The  man  that  loves  his 
neighbor  won't  spit  on  the  sidewalks.  He  won't  sell  his 
neighbor  bad  food.     He  won't  let  smoke  come  out  of  his  chim- 


ney.  He  won't  let  his  child  with  contagious  disease  run 
around  and  spread  the  disease.  That  is  the  thing  that  we 
must  teach  workmen — the  love  of  their  neighbors.  It  is  a 
great  thing  to  relieve  suffering.  It  is  a  far  greater  thing  to 
relieve  penury  and  crime,  so  we  can  say  with  Abou  Ben 
Adhem,   "Write  me  as  one  who  loves  his   fellow   men." 


Portable  Derrick  for  Raising  Poles 

A  portable  derrick  that  has  been  found  very  useful  in  rais- 
ing poles  for  electric  transmission  or  distribution  lines  is 
illustrated  below.  The  arrangement  was  devised  by  the  Pub- 
lic Service  Co.  of  New  Jersey  and  is  described  in  a  recent 
issue  of  the  Electrical  World.  It  consists  ot  a  four-pole 
wooden    structure,    the    top    cross-arms    ot    which    support    a 
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Derrick   Mounted   on   Low  Hung   Truck  for   Raising   Poles. 

mast.  At  the  top  of  this  mast  is  a  boom  cap  and  at  the  bot- 
tom there  are  eyelets  for  attaching  the  boom.  The  end  rope 
for  the  block  and  tackle  is  attached  to  the  end  of  the  boom 
and  runs  through  the  hole  in  the  boom  cap.  Poles  can  be 
brought  to  a  \ertical  position  by  means  of  an  arrangement 
for  rotating  both  mast  and  boom  about  the  mast  bearing  as  a 
center. 


Stopping  Waste  and  Leakage  in  Use  of  Compressed  Air. — 
An  instructive  lesson  in  compressed  air  economy  may  be 
learned  from  the  experiences  of  the  Bethlehem  Shipbuilding 
Corporation.  Ltd.,  at  the  Fore  River  yard.  Operations  had 
begun  there  with  150  to  160  riveting  gangs,  and  in  a  few 
months  ihe  force  had  increased  to  300  gangs,  but  even  with 
the  former  number  the  air  supply  was  often  short,  and  the 
pressure  would  go  down  to  50  lbs.,  instead  of  the  80  or  90 
which  should  have  been  maintained. 

When  the  shortage  had  become  critical,  seriously  delaying 
operations,  a  thorough  and  systematic  investigation  was 
started  by  direction  ot  the  general  manager.  Mr.  S.  W.  Wake- 
man.  A  twelve-man  patrol  was  sent  out  to  find  and  stop 
leaks  and  the  shops  were  policed.  All  leaky  hose  was  doc- 
tored or  discarded.  Blowing  snow  off  the  work  by  com- 
pressed air  was  stopped.  Posters  in  prominent  places  did 
effective  educational  work. 

In  a  short  time  the  air  consumption,  which  had  run  up  to 
60  cu.  ft.  per  min.,  per  riveting  gang,  was  brought  down  to 
nearly  30,  and  then  to  25  or  lower.  On  the  biggest  operating 
day,  Aug,  1,  1918,  there  were  315  riveting  gangs  at  work  in 
the  yard,  yet  the  pressure  held  steadily  up  to  90  lbs. 

.\ddition  of  two  5,000  cu.  ft.  electric  driven  compressors  in- 
creased the  previous  capacity  of  12,600  cu.  ft.  per  min.  by  pis- 
ton displacement  to  a  total  of  33.600  cu.  ft. 

Before  these  new  machines  were  put  in  a  1.000  cu.  ft.  com- 
pressor was  hired,  and  later  two  1,700  cu.  it.  machines  were 
borrowed  from  the  equipment  built  for  the  new  Squantum 
plant.  Except  for  these  two  temporary  additions,  however, 
the  old  installation  had  to  carry  the  load.  A  year  ago  the 
air  consumption  ran  up  to  11.000,000  cu.  ft.  in  24  hours;  the 
present  consumption  ranges  from  8,000,000  to  9,000,000  cu.  ft. 
in  spite  of  a  50  per  cent  increase  in  the  number  of  gangs 
working — Compressed  Air  Magazine. 
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Steam  Shovel  Operating  Kinks 

Useful  suggestions  for  getting  the  best  results  in  steam 
shovel  operations  are  given  in  a  recent  issue  of  Suceesstul 
Methods.     The  matter   following  is  taken   from  that  journal. 

The  output  of  a  steam  shove!  depends  mainly  on  the  en- 
ergy, skill  and  brains  put  into  the  work  by  the  operator. 
This  means  taking  good  care  of  machinery  and  operating  it 
with  judgment. 

A  loose  bolt  or  improperly  adjusted  gear  or  bearing  will 
produce  a  knock  which  is  the  forerunner  of  a  knockout. 
Make  temporary  repairs  yourself  so  that  the  shovel  will  con- 
tinue to  operate  until  such  times  as  permanent  repairs  can 
be  made. 

Wooden  platforms  used  for  shovels  etiuipped  with  broad 
wheels  may  be  made  as  shown  in  the  figure.  These  sec- 
tions are  moved  by  the  dipper  arm  with  the  aid  of  sling 
chain      An    expert    operator    will    lift,   swing   and    drop    the 
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Section  of  a  Shovel  Platform. 

track  sections  in  a  correct  position.  Make  the  platform 
sections   of  hard,   to\igh   lumber. 

Have  the  pitman  place  the  track  or  platform  according  to 
material  below.  This  prevents  trouble  and  reduces  wear 
and   tear. 

Turn  the  shovel  by  fraction  device  or  skidding.  Skid- 
ding can  of  course  be  done  only  on  a  platform.  To  skid  the 
shovel  the  platform  sections  under  the  shovel  are  chained 
together  and  the  near  rear  wheel  is  chocked  to  prevent  for- 
ward movement.  The  dipper  is  thrust  vertically  downward 
to  a  firm  bearing,  and  on  being  subjected  to  a  slight  pres- 
sure raises  the  boom,  taking  the  load  off  the  front  wheels. 
Manipulation  of  the  swinging  and  traction  levers  forward 
gives  thrusting  force  which  produces  a  lateral  slipping  of 
the  front  wheel  and  a  combined  lateral  and  forward  move- 
ment of  the  wheels  on  the  opposite  side  of  the  shovel.  The 
nearest  rear  wheel  turns  on  a  pivot  or  moves  backward 
slightly.  If  the  platform  is  slippery  the  shovel  may  be 
skidded  by  simply  setting  the  boom  and  operating  the  swing- 
ing engine  without  chocking  the  wheel.  Skidding  may  also 
be  done  on  a  dirt  foundation  by  feeding  4-ft.  plank  under 
the  wheels. 

Skidding  makes  it  possible  to  turn  the  wheels  of  the  shovel 
completely  around  in  the  minimum  time  and  to  proceed  in 
a  new  direction.     In  foundation  excavation  this  enables  the 


Method  of  Skidding  a  Shovel, 
shovel  to  turn  at  right  angles  or  completely  around  in  not 
more  than  3  minutes.  But  the  movement  must  be  effected 
with  good  judgment  and  care  to  prevent  injury  to  the  shovel. 
A  full  dipper  load  with  the  least  possible  effort  in  the 
shortest  time  is  the  primary  object  of  the  operator  The 
kind  of  material  dug  is  an  important  factor.  For  example, 
if  the  material  is  shale-like  clay  it  requires  slow  thrusting 
and  lifting  movements  in  order  to  give  enough  time  for  frac- 
turing the  material.  A  tough  but  soft  clay  may  be  peeled 
off  in  thin  slices.  Rock  excavation  calls  for  poising  big  frag- 
ments on  the  dipper  teeth  and  picking  up  the  smaller  frag- 


ments together.  The  operator  must  uhe  Iore«lghl  in  load- 
mg  each  dipperful  In  a  manner  that  will  prepare  the  way 
for  getting  a   succeeding  dipperful. 

When  the  boom  swings  low  the  "reuch"  Is  Increased  and 
the  "clear  lift"  is  decreased.  Adjust  the  boom  so  that  tho 
shovel  weight  and  the  dipper  load  will  balance  when  swing- 
ing. This  reduces  wear  on  the  machine,  lengthening  the 
boom  supports  increases  the  operating  wear.  Make  the  com- 
plete operation  of  digging,  swinging  and  unloading  one  con- 
tinuous movement.  Coast  the  dipper  to  relieve  the  boom 
and  engine  tor  a  short  distance  at  the  end  of  the  delivery 
swing.  This  frees  the  engine  cylinders  from  steam  and 
leaves  them  in  readiness  for  the  reverse  nu)veraent  which 
returns  the  dipper  for  reloading. 

Carelessly  effected  delivery  injures  cars  and  wagons,  es- 
pecially in  rock  excavation.  Common  sources  of  loss  of  time 
in  handling  the  shovel  are:  (1)  Failure  to  place  the  dip- 
per in  the  propor  position  for  digging;  (2i  not  stopping  the 
upward  movement  ol  the  dipper  immediately  after  it  is  filled: 
I  SI  lack  of  skill  in  adjusting  the  elevation  and  distance  of 
the  dipper  while  swinging  so  that  it  will  be  In  readiness  for 
delivery:  and  (4)  failure  to  release  the  dipper  door  imme- 
di.iti'ly  when  in  position  for  unloading. 


American    Association    of   Engineers    and 
Salaries  of  Railway  Engineers 

A  :i2-page  progress  report  issued  recently  by  the  railroad 
committee  of  the  American  Association  of  Fnglneers  con- 
tains the  entire  story  of  the  negotiations  which  have  been 
carried  on  by  the  Association  relative  to  increased  salaries  of 
railroad  engineers.  The  salary  case  of  the  railroad  profes- 
sional engineer  was  championed  tor  the  first  time  last  Octo- 
ber, when  the  Association  asked  the  Wage  Board  of  the  Ad- 
ministraiion  tor  a  hearing  at  which  the  claims  of  these  engi- 
neers might  be  presented.  This  hearing  was  finally  obtained 
last  March,  just  after  a  conference  had  been  held  in  Chicago 
by  the  Association  at  which  several  hundred  engineers 
adopted  schedules  of  salaries  for  various  positions  which 
were  underpaid.  The  hearing  resulted  in  favorable  action  by 
the  Wage  Board,  and  the  point  was  apparently  almost  reached 
where  the  Board  was  to  issue  a  wage  order  placing  new  salaries 
into  effect  over  the  entire  country.  The  movement  for  higher 
salaries  looked  like  a  complete  success.  Then  came  the 
blow.  The  administration  took  the  matter  out  of  the  hands 
of  the  Wage  Board.  The  Director  of  the  Division  of  Opera- 
tion advised  National  Headquarters  of  A.  A.  E..  however. 
that  regional  directors  had  been  given  authority  and  instruc- 
tions to  make  proper  adjustments  of  salaries  in  their  re- 
spective regions.  It  was  then  necessary  to  conduct  Inde- 
IJendent  negotiations  with  each  regional  director.  This  oc- 
cupied the  railroad  department  of  the  Association  for  almost 
three  months,  until,  finally,  the  Northwestern  Region  issued 
the  first  order  which  had  been  issued  in  any  region  and 
which  granted  increases  in  salaries  which  brought  the  new 
rates  approximately  up  to  those  which  had  been  recom- 
mended by  A.  A.  U.  Since  then  the  Eastern  Region  has  an- 
nounced that  its  new  rates  tor  professional  engineers  are 
ready  in  the  rough,  although  they  are  not  yet  printed  for 
distribution.  Results  are  expected  also  in  two  other  regiobs 
before  the  first  of  October  The  report  gives  a  resume  of 
the  history  of  the  case  to  date,  including  reproduction  of 
some  of  the  correspondence.  It  will  be  mailed  to  interested 
person.s  who  send  in  their  names  to  National  Headquarters 
at  63  East  Adams  St..  Chicago,  as  long  as  the  surplus  copies 
last. 


Cost  of  Renewing  Switches.  Ties.  Etc..  in  Ladder  Tracks. 
— Ladder  tracks,  especially  the  advance  end  of  receiving 
and  the  receiving  end  of  classification  yards  which  are  al- 
most continuously  occupied,  are  such  that  the  cost  of  re- 
newals and  maintenance  will  be  high  proportionately.  There 
is  a  considerable  unproductive  labor  time.  In  an  article  In 
tliM  Railway  Maintenance  Engineer.  Mr.  J.  B.  Baker,  Super- 
visor Pennsylvania  R.  R.,  states  that  the  average  cost  to 
renew  switches,  frogs,  guard  rails,  cross  and  switch  ties  in 
such  ladder  tracks,  inclu'linsr  labor  only,  is  approximately 
as  follows  r  •■ 
Switch    points    *lSn  I^'' ?"'"' 

Guard  rail's,' includinfc' plates  and  fastenings.,   4.50  per  guard    rail 

Switch  ties  in  stone  ballast  l-fO  per  switch  tie 

Cross  ties  in  stone  ballast 0.85  per  cross   tie 
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A  Portable  Tie-Treating  Plant 

Portable  machines  for  various  phases  ol:  construction  work 
have  long  been  familiar  to  engineers.  One  of  the  latest  in- 
.novations  in  this  line  is  a  portable  wood-preserving  plant 
mounted  on  railroad  cars.  Tliis  plant  is  described  in  the 
.Railway  Age,  from  which  fhi'  following  is  taken. 

The  Pennsylvania  R.  R.  has  been  using  a  tie  treating  plant 
for  the  past  IS  months  that  is  mounted  entirely  on  earn. 
This  Includes  not  only  the  retorts  but  the  adzing  and  bor- 
ing equipment  as  well,  so  that  the  complete  outfit,  ready 
for  immediate  use,  may  be  transported  to  the  points  of  prin- 
cipal tic  supply  and  thus  save  the  possible  back  haul  oc- 
curring where  ties  must  be  transported  from  the  wood  lots 
to  the  treating  plant  and  then  to  the  point  of  use  in  the 
track.  Such  a  plant  is  particularly  adaptable  to  districts 
wherein  a  large  proportion  of  the  ties  used  are  purchased 
locally  and  stored  along  the  right  of  way  to  season.  How- 
ever, the  distribution  of  ties  has  been  so  dislocated  in  re- 
cent months  that  the  plant  on  the  Pennsylvania  has  operated 
continuously  in  the  Mt.  Union  (Pa.)  tie  yard,  where,  in  191S, 
276,156  ties  were  treated,  adzed  and  bored  at  a  cost,  exclu- 
sive of  royalties,  rentals,  etc.,  of  $0.1211   per  tie. 

Essentially  the  plant  consists  of  a  car  housing  the  power 
plant  and  adzing  and  boring  machines,  two  cars  carrying 
tracks  on  which  the  retort  cars  travel  and  a  car  for  the 
treating  cylinders.  All  of  these  cars  are  built  specially  for 
their  particular  purposes  and  are  arranged  in  the  train  in 
the  order  named.  The  train  may  be  moved  from  one  locality 
to  another  as  any  other  train,  clearances  having  been  main- 
tained in  the  design  of  cars,  or  it  may  be  moved  locally 
under  its  own  powder,  the  adzing  and  boring  car  being 
equipped  with  the  proper  gearing  for  this  purpose. 

The  adzing  car,  in  addition  to  containing  the  adzing  and 
boring  machines  and  conveyors  located  in  one  end  of  the 
tar,  furnishes  space  for  a  eo-HR.  gas  engine,  a  stationary 
boiler  of  .50  HP.  for  generating  steam  for  the  operation  of 
the  pumps  on  the  treating  car,  fuel  storage  for  the  boiler, 
tanks   for  gasoline   and   kerosene,   etc. 

The  track  cars,  two  in  number,  are  .50  f(.  long  with  two 
tracks  for  the  tram  cars  on  their  deck,  with  two 
additional  tracks  raised  on  steel  frame  work  to  the  eleva- 
tion of  the  upper  cylinder  on  the  treating  car.  A  ball  bear- 
ing gravity  roller  conveyor  extends  alongside  the  adzing 
car  leading  from  the  machine  to  the  first  track  car.  which  is 
supplied  with  turntables  at  the  end  ad.ioining  the  adzing 
car.  Switches  at  the  end  of  the  second  car  adjoining  the 
treating  car  permit  flexible  operation  of  the  tram  cars,  it 
being  possible  to  discharge  from  either  cylinder  to  either 
s'de  of  the  track  car  as  occasion  demands. 

There  are  three  cylinders  on  the  treating  car,  two  along 
side  on  the  deck,  and  one  superimposed.  The  treating  car 
equipment  consists  of  two  pumps  and  the  necessary  gages 
and  valves,  one  a  low  pressure  pump  working  to  about  200 
lb.  and  used  for  pumping  creosote  into  the  cylinders,  and 
the  other  a  high  pressure  pump  (fioo  lb.)  used  for  treating 
purposes.  Steam  coils  carried  on  the  inside  of  the  cylinders 
through  which  all  exhaust  steam  passes  serve  to  heat  ihe 
cn^osote 

Each  cylinder  is  sujiplied  with  oil  sprinkling  or  spraying 
apparatvis  consisting  of  a  main  pipe.  2  in.  in  diameter,  run- 
ning the  full  length  of  the  cylinders  with  smaller  pipes  lead- 
ing into  the  cylinders  to  spray  the  creosote  over  the  ties. 
The  creosote  for  the  plant  is  furnished  in  tank  cars,  which 
are  spotted  beyond  the  cylinder  car.  and  which,  with  little 
trouble,  can  be  connected  up  with  the  pumping  apparatus 
on  the  treating  car. 

The  cylinders  are  4  ft.  in  diameter  and  63  ft.  long,  or  surti- 
cient  to  admit  seven  tram  cars  with  their  loads,  which 
average  100  ties.  Running  to  capacity,  the  outfit  is  capable 
of  treating  100  ties  per  hour. 

Under  normal  conditions  the  force  employed  consists  of 
two  men  on  the  treating  car,  one  to  run  the  pumps  and  one 
to  open  and  shut  the  doors  of  the  cylinders,  three  men  on 
the  adzing  and  boring  car,  including  an  engineman,  a  fire- 
man and  an  operator  at  the  adzing  and  boring  machine,  and 
eight  laborers.  Thr  engineer  is  in  charge  of  operations,  in- 
cluding  general    repairs,   and   ;  upervises   the   labor   forces. 

In  operation  the  ties  are  conveyed  from  the  ground  or  piles 
to  tlie  adzing  machine,  where  they  are  shaped  for  tie  plates, 
after  which  they  pass  on  to  the  boring  machine  and  then 
nut  to    the   gravity    roll    conveyor   leading   to   the   tram    cars 


ready  for  introduction  into  the  cylinders  for  treatment. 
When  in  use  along  the  right  of  way  the  operation  is  so 
planned  that  a  car  containing  untreated  ties  is  spotted  at 
the  adzing  car  and  the  ties  are  unloaded  on  to  the  conveyor. 
The  empty  car  may  then  be  shifted  slightly  ahead  to  the 
proper  position  for  receiving  the  ties  as  they  are  discharged 
from  the  cylinder.  As  noted  above,  however,  the  track  ar- 
rangement on  the  cars  permits  the  varying  of  this  cycle  to 
meel   different   conditions. 


R. 


Experience    of    C.    &    A.    R. 
With  Steel  Ties 

In  a  healing  conducted  recently  by  the  committee  on  in- 
terstate and  foreign  commerce  of  the  House  of  Representa- 
tives, officials  of  several  railroads  testified  as  to  their  ex- 
perience with  steel  ties.  For  the  Chicago  &  Alton  R.  R., 
Chief  Engineer  H.  T.  Douglas,  Jr.,  told  of  experience  with 
.300  Peerless  steel  ties  in  the  main  tracks  of  that  road  at  22d 
St.  and  Stewart  Ave.,  Chicago.  A  perspective  drawing  of 
this  tie,  reproduced  from  the  Railway  Review  is  shown  here- 
\\'\\h.  Other  information  taken  from  the  same  source  is  as 
follows: 

The  design  of  the  tie  is  very  simple,  consisting  in  a  steel 
T-shap'e  8  ft.  long.  12  in.  wide  on  base  and  5  in.  deep.  To 
take  the  bearing  of  the  rail  there  are  two  treated  oak  blocks. 


Peerless  Steel  Ties. 

each  51/2  in.  wide,  il  in.  deep  and  IS  in.  long  to  which  the 
rail  is  spiked  in  the  ordinary  manner:  if  desired,  a  tie  plate 
may  be  used.  What  is  equally  important  is  the  fact  that, 
supported  in  this  manner,  the  rails  are  insulated  from  the 
metallic  portions  of  the  tie,  so  that  the  operation  of  track 
circuits  is  not  disturbed. 

This  matter  of  insulation  of  the  rails  has  been  a  principal 
difficulty  in  adapting  numerous  designs  of  steel  and  rein- 
forced concrete  ties  to  main-line  track,  one  source  of  trouble 
being  the  breaking  down  of  specially  prepared  insulating 
material  under  pressure  of  traffic  and  through  deterioration 
from  the  weather.  The  method  here  used  is  essentially  the 
same  as  that  in  universal  track  construction,  the  rails  be- 
ing spiked  to  the  wood  blocks  after  the  usual  manner  of 
fastening  to  wooden  ties.  The  two  bearing  blocks  at  each 
rail  seat  are  securely  bolted  together  through  the  web  of  the 
steel  shape. 

The  ties,  being  broad  of  base,  are  spaced  14  to  the  33-ft. 
rail,  and  the  ballast  is  filled  in  to  Ihe  tops  of  the  same.  The 
design  is  such  that  the  tie  possesses  the  desired  strength 
and  rigidity  and  the  bearing  blocks  are  held  securely  in 
place.  In  the  line  drawing  illustration  two  patterns  of  tie 
ire  shown.  With  those  at  the  left  the  bearing  blocks  are 
held  to  gage  by  means  of  cliiJs  bolted  to  the  web  of  the  tie, 
and  the  web  is  run  full  height  all  the  way  out  to  the  end  of  the 
tie.  A  modification  of  this  design  is  seen  with  the  ties  lying  ad- 
jacent and  to  the  right.  Here  the  ends  of  the  tie  web  are 
cut  down  to  a  slope  and  the  bearing  blocks  are  held  to  gage 
by  tongues  of  metal  stamped  up  from  the  base  of  the  tie. 
A  third  design  is  where  there  \z  a  reduction  in  the  width  of 
the  base  of  the  tie  at  the  central  portion  of  the  same,  the 
idea  being  to  throw  the  principal  bearing  to  the  rail  seats 
and  ends  of  the  tie,  and  in  this  way  eliminate  a  tendency  to 
center  binding.  These  ties  have  been  in  service  Z'^  years, 
with  good  satisfaction.  They  were  designed  and  supplied 
bv  the  Tri-City  Steel  Co.  of  St.  l.ouis. 
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I'he  "Warfield"  Plan  for  Railroad 
Control 

Among  the  various  plans  proposed  tor  the  administration  of 
the  railroads  when  the  government  relinquishes  its  present 
control,  is  one  which  has  a  very  formidable  backing.  It  is 
sponsor-d  by  the  National  Association  of  Owners  of  Railroad 
Securities,  and  is  known  as  the  "Warfield"  Plan.  This  asso- 
ciation, through  its  president.  Mr.  S.  Davies  Warfield.  has 
presented  a  memorial  to  Congress,  outlining  its  plan.  This 
memorial  is  -hy  or  on  behalf  of  fifty  million  American  citi- 
zens owning  or  directly  interested  in  railroad  securities,  in- 
cluding over  nine  million  savings  depositors  in  the  m\itual 
savings  uanks  of  the  country,  the  thirty-three  million  citizens 
who  own  forty-six  million  policies  of  insurance  on  their  lives, 
and  the  millions  of  others  whose  investments  in  national  and 
."itate  banks  and  trust  companies,  fire,  marine,  and  surety 
companies,  largely  represent  railroad  securities:  also  uni- 
versities,   colleges,    trust    estates    and    individual    investors." 

A  very  brief  summary  of  the  important  points  in  this  me- 
morial is  as  follows: 

It  is  not  believed  that  merely  enlarging  the  powers  of  the 
Interstate  Commerce  Commission  will  protect  the  financial 
structure  of  the  railroads,  their  credit,  or  invite  further  in- 
ve.stments  in  their  securities. 

No  industry  can  survive  or  invite  additional  capital,  which 
Ts  a  whole  does  not  earn  a  reasonable  return  upon  its  in- 
vestment. The  Supreme  Court  of  the  United  States  has  just 
asserted  (Lincoln  Gas  case)  that  any  system  of  regulation 
which  forces  earnings  of  a  municipal  public  utility  below 
6  per  cent  would  be  contiftcatory  and  unconstitutional. 

The  Congress  of  the  United  States  has,  under  the  Com- 
merce clause,  imposed  a  system  of  regulation  upon  the  rail- 
roads which  has  stripped  the  individual  railroad  of  the 
constitutional  right  of  an  ade<iuate  return  and  has  depressed 
the  return  iii)on  the  nation's  railroad  investment,  as  a  whole, 
to  .1.22  per  cent  for  the  3-year  period,  191.5-1".  dropping  from 
•"•3.5  per  cent  in  1917  to  3.71  per  cent  in  191S  and  running  less 
than  2  per  cent  in  1919. 

The  conviction  is  expressed  that  the  strangulation  of  the 
railroads  can  be  prevented  only  through  a  mandate  to  the 
Interstate  Commerce  Commission  which  shall  require  that 
the  rate  level  be  adjusted  so  as  to  produce  the  minimum  pri- 
mai-y  distributable  return  of  not  less  than  6  per  cent  upon 
the  present  investment  in  the  railroads,  in  the  aggregate,  op- 
erating in  each  ot  the  three  classification  territories  of  the 
country,  and  that  a  reasonable  proportion  ot  the  earnings  be- 
.vond  that  primary  return  shall  be  retained  by  the  railroad 
earning  it,  as  incentive  to  efficiency  and  improvement  in  ser- 
vice, the  balance  to  be  disposed  of  in  the  public  Interest. 

If  rates  are  adjusted  to  the  level'  of  6  per  cent  on  the  prop- 
erty investment  in  the  railroads  devoted  to  public  use,  each 
railroad  would  receive  on  its  individual  property  investment 
only  such  proportion  of  6  per  cent  (allowed  on  the  combined 
property  investment  in  the  railroads  grouped  for  the  purpose 
of  computation)  to  which  its  efficiency  in  operation  and  cir- 
cumstances would  entitle  it.  Since  the  property  investment 
accounts  of  the  railroads  do  not  necessarily  reflect  the 
amount  of  securities  issue_d  by  them,  the  primary  return  of 
fi  per  cent  would  not  limit  dividends  necessarily  to  that  figure. 

Mr.  Warfield.  in  a  hearing  Ijefore  the  House  Committee  on 
Interstate  and  Foreign  C(>inmerce  on  the  details  of  his  plan, 
states  that  this  plan  of  the  association  as  embodied  in  the 
memorial,  has  signers  in  every  state  in  the  union  and  in  every 
urban  community:  that  they  include  5,000  investing  institu- 
tions, savings  banks,  life  insurance  companies,  trust  com- 
panies, etc.,  16  business  organizations  such  as  boards  of  trade 
and  chambers  of  commerce,  as  well  as  several  thousand  ship- 
pers and  individual  investors,  thereby  making  it  a  joint  ap- 
peal of  owners  and  users  of  railroads. 

Under  the  Warfield  plan  it  is  suggested  that  there  be  six 
Regional  Commerce  Commissions  to  correspond  with  the  six 
rate-making  regions  to  assist  the  present  Interstate  Com- 
morce  Com.mission  and  to  act  as  Boards  of  Conciliation  in 
the  matter  of  wages. 

It  is  claimed  that  the  basic  principle  to  be  met  in  any  legis- 
lation for  the  railroads  must  rest  on  the  limitation  of  excess 
earnings.  Everyone  familiar  with  railroad  operations  knows 
that  it  would  be  impossible  to  make  rates  to  suit  the  needs 
of  each  individual  railroad  of  the  country.     Further,  it  is  well 
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kncwn  that  If  rates  are  made  that  will  Rivi-  HUllicient  r^v.-nue 
to   permit    the   proper  performance   of  service  by   the   •  ureat 
bulk  of  railroads."  this  will  give  what  Ih  considered  ti»,  i,n,>h 
luene;,    to  the  more  prosperous  and  favorably  slin 
and  the  result  has  been  that  adequate  facilities  .,■ 
have  not  always  been  gl\en  the  public. 

Conlinning  his  testimony.  Mr.  WarHeld  states  that  hi,  ..  -., 
ciation  advocates  the  organization  of  the  .National  Hallways 
Association  with  trustees  composed,  of  the  Interstate  Com- 
merce Commissioners  and  rei)reKenl:illveK  of  the  rallroadu 
selected  from  various  sections  of  the  louiury.  the  commis- 
sioners being  the  majf)rity.  This  boanl  of  truHlceS  would 
have  the  decision  of  questions  relating  lo  conKolidatInn  of 
railroad  properties  and  joint  use  of  terminal  and  other  facil- 
ities. If  such  a  board  were  in  existence  today  it  would  have 
been  the  means  of  financing  the  eqiiipinenl  of  the  roads.  Un- 
der this  nian  the  railroads  would  only  be  required  to  own 
equipment  for  their  averag<'  business,  using  the  equipment 
of  the  association  for  extraordinary  demands. 


Dirt  Moving  With  Tractor  Drawn  \\  hoclt-d 
Scrapers 

One  of  the  latest  develoiuuents  in  the  earth  moving  field 
is  the  use  of  tractors  for  hauling  wheeled  scrapers.  Thi-  Wil- 
liam llunbar  Co.,  Cleveland.  O..  is  successfully  employing  out- 
fit;; of  this  kind  for  yrading  around  industrial  plants  and  for 
foundation    wo:k.     On   one   of   its   recent   jobs,    involving   the 


Tractor  Wheeled  Scraper  Outfit  on   Foundation  Work. 

excavation  of  a  basement  12  ft.  deep  and  200  ft.  across,  with 
a  maximuir.  haul  of  about  200  ft.,  this  company  found  that 
one  No.  2>4  Western  wheeled  scraper  and  a  1-man  12  hp. 
Cleveland  "Cletrac"  tractor  could  move  as  much  dirt  as  three 
leam-hauled  wheeled  scrapers.  .A  portion  of  the  excavation 
from  the  basement  was  removed  in  team-drawn  dump  wagons 
In  this  case  the  traclcu-  was  used  in  place  of  snatch  tea-ms 
for  helping  the  load  out  of  the  pit.  The  Dunbar  Co.  also  em- 
ploys its  tractor  in   hauling  dump  wagons. 


Fellowships  in  Highway  Engineering,  University  of  Michi 
gan. — The  Detroit  Kdison  To.  has  rt»uewed  a  fellowship  sus- 
pended during  tli<'  war.  This  fellowship  pays  the  holder  J.500 
per  year  with  an  allowance  of  $100  for  expenses.  It  will  be 
continued  for  the  years  1!»19-l!ii'ii  and  I92ii.lft21.  The  inves- 
tigation will  be  the  subject  of  moderate  cost  country  roads. 
K.  D  Chapin  i^f  Detroit.  President  of  the  Hudson  .Motor  <'ar 
Co..  also  has  renewed  the  fellowship  given  by  him  prior  to  th"- 
v.ar.  This  fellowship  is  offered  to  provide  for  the  study  o( 
hard  surface  roads  and  pavements.  It  pays  the  sum  of  $-5oa 
to  tht  holder,  with  an  allowance  of  $100  for  expenses.  It  i-: 
available  for  the  year  19191920.  Appointments  of  1919-192"' 
Fellows  have  not  been  made.  All  candidates  applying  up  to 
Oct.  10th  will  be  considered.  A  Fellow  must  have  a  bachelor's 
agree  in  civil  engineerir-  from  a  college  of  recognized 
standing.  He  must  enroll  as  a  candidate  for  the  degree  of 
mastei  of  science  in  engineering  and  be  in  re.sidence  at  the 
universiiy  for  eieht  months. 
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Making  Explosives  Safe 

Danger  in  the  handling  of  explosives  is  largely  a  matter 
of  degree.  Rare,  indeed,  are  the  explosives  accidents  which 
cannot  be  prevented  by  proper  care.  The  precautions  that 
should  be  taken  are  outlined  by  Mr.  C.  B.  Willis  in  an  .article 
in  the  September  Dn  Pont  Magazine,  from  which  the  matler 
following   is  abstracted. 

Dynamite  Storage  IVI;\gazine. — The  character  of  the  build- 
ing in  which  the  explosives  are  to  be  stored  is,  of  course,  a 
fundamental  element  in  what  might  be  called  "static  safety" 
in  explosives  work.  The  old  idea  of  constructing  a  massive 
building  of  heavy  walls  for  explosives  storage  has  been  found 
to  be  mistaken.  Indeed,  experiments  have  proven  that  the 
lighter  a  building  can  l)c  constructed— with  due  regard,  of 
course,  'o  stability — the  better  it  is  for  explosives  storage. 
The  logic  of  this  is  apparent  when  it  is  remembered  that  the 
building  would  receive  the  maximum  force  of  any  explosion 
and  that  the  greatest  menace  tc  life  and  property  in  an  ex- 
plosion is  flying  material.  Consequently,  a  building  con- 
structed in  such  a  manner  as  to  reduce  to  a  minimum  the 
size  and  number  of  missiles  is  the  ideal  from  the  safety 
standpoint. 

The  best  modern  practice  In  explosives  storage  calls  for 
br.ildings  of  biick,  hollow  tile  cr  wood,  constructed  with  a 
double  wall.  The  interstices  are  filled  with  dry  sand  or  a 
weak  mortar  cement.  Wooden  buildings,  of  course,  must 
be  covered  with  sheet  iron  to  protect  against  fires.  Great 
care  must  be  exercised  to  see  that  all  weeds  and  grass  in  the 
vicinity  of  the  magazine  ar?  kept  cut.  This  precaution  is 
necessary  to  combat  the  danger  of  "grass  fires"  during  the 
late  fall  and  winter  months. 

As  ne.irly  all  explosives  are  susceptible  to  moisture,  the 
magazine  should  be  so  located  that  perfect  drainage  can  be 
secured,  and  the  building  so  constructed  that  perfect  ventila- 
tion i.=  obtained. 

Where  it  is  possible  to  do  so.  magazines  should  be  erected 
on  a  site  protected  by  higher  ground  or  heavy  timber  and 
remote  from  any  residences.  If  this  is  not  practicable  and 
if  dwellings  are  near  the  magazine,  artificial  protective  bar- 
riers must  be  built.  Such  barriers  are  usually  constructed 
of  heavy  timbers  firmly  set  up.  The  side  of  the  barrier  away 
from  the  magazine  is  terraced  with  dirt  to  the  top  of  the 
barricade.  As  it  is  decidedly  unsafe  to  store  caps  or  electric 
caps  with  dynamite,  it  is  absolutely  necessary  to  have  sep- 
arate magazines  tor  the  two  classes  ot  material.  Such  build- 
ings should  be  at  least  100  ft.  apart. 

As  to  the  distance  to  be  allowed  between  a  magazine  and 
inhabited  dwellings,  the  Bureau  of  Mines  recommends  that 
a  magazine  to  contain  a  maximum  ot  20,000  lb.  should  be 
1,055  ft.  from  dwellings,  if  the  magazine  is  barricaded,  and 
double  that  distance  if  not  thus  protected.  In  the  case  of  a 
magazine  to  contain  40,noo  lb.  the  distance  should  be  1,"40 
ft.  for  barricaded  buildings,  and  double  that  distance  for 
nou-barricaded   buildings. 

The  number  of  employes  in  dynamite  magazines  should 
be  limited.  No  one  except  the  foreman  or  blaster  should 
have  access  to  the  keys  of  the  magazines.  The  necessary 
rules  for  the  sate  handling  of  explosives  should  be  promi- 
nently displayed  in  each  magazine  for  the  guidance  of  em- 
ployes. The  Dn  Pont  Company  will  furnish  copies  ot  these 
rules  printed   on   cloth. 

Care  of  Magazines  and  Contents. — Whenever  it  becomes 
necessary  to  make  repairs  to  the  interior  of  a  magazine, 
all  the  explosives  should  be  removed  from  the  building  and 
stored  where  they  will  be  kept  dry.  If  black  powder  has 
been  stored,  the  magazine  floor  should  be  washed  before 
starting  work;  it  dynamite  has  been  stored,  the  floor  should 
be  examined  carefully  for  grease  spots.  If  any  are  found, 
it  is  possible  that  they  were  caused  by  nitroglycerin  which 
has  leaked  out  of  its  container.  As  a  precaution  against 
this  possibility,  the  suspected  spots  should  be  neutralized  by 
applying  to  them  generously,  with  a  broom,  brush  or  mop, 
a  solution  consisting  of  one  half  gallon  of  water,  one  half 
gallon  of  wood  alcohol,  and  two  pounds  of  sodium  sulphide. 
If  repairs  are  to  be  made  to  the  outside  of  the  building  and 
are  likely  to  cause  sparks,  the  explosives  should  be  removed 
before  the  work  is  started. 

The  condition  of  the  explosives  stored  is  another  im- 
portant factor.  High  explosives  consist  ot  sensitive  chem- 
icals absorbed  in  a  non-explcsive  base.  The  purpose  of  this 
base  is  to  separate  the  particles  of  the  chemicals  and  make 


them  safer  to  handle  and  more  adaptable  to  commercial 
purposes.  Under  improper  storage  or  continued  storage  for 
long  periods,  the  liq'iid  ingredients  of  the  dynamite  will  leak 
out  of  the  base  and  be  absorbed  by  the  box.  Continued 
storage  of  explosives  in  this  condition  will  eventually  cause 
the  liquid  to  leak  out  on  the  floor.  Explosives  in  such  condi- 
tion are  a  serious  menace  and  should  be  destroyed  without 
delay. 

To  accomplish  this  safely,  the  explosives  should  be  re- 
moved to  a  safe  distance  from  the  magazine  and  taken  out 
of  the  boxes.  Then  the  cartridges  should  be  split  open  and 
spread  on  the  ground  so  as  to  make  a  continuous  train.  In 
order  to  insure  proper  burning  of  the  powder,  it  should  be 
saturated  with  coal  oil.  Fire  should  then  be  applied  at  one 
end  of  the  line.  The  empty  boxes  are  really  more  dangerous 
than  the  deteriorated  dynamite,  and  even  greater  care  must 
be  used  in  disposing  of  them.  The  best  way  is  to  pile  up 
the  boxes,  a  few  at  a  time,  and  saturate  them  with  oil.  Fire 
may  be  applied  by  the  use  of  shavings,  straw  or  paper.  The 
reason  for  the  use  of  such  mediums  in  igniting  the  bonfire 
is  that  the  person  who  does  the  work  should  be  at  a  safe 
distance  before  the  fire  reaches  the  boxes.  Where  consider- 
able quantities  of  spoiled  explosives  are  to  be  destroyed,  it 
is  wise  to  call  upon  the  manufacturer  for  assistance  and 
advice. 

A  mther  common  practice  is  to  allow  the  worKmen  to 
take  the  empty  explosives  boxes  home  with  them  This 
should  not  be  allowed.  All  boxes  should  be  destroyed. 
Another  unsafe  practice  in  some  magazines  is  to  allow  partly 
filled  boxes  to  remain  open.  In  this  state  the  explosives 
absorb  moisture  moie  readily  and  also  present  an  easy  target 
for  stray  sparks. 

Loading  Bore  Holes. — The  first  consideration  in  loading  is 
the  preparation  of  the  primer.  This  consists  in  placing  the 
cap  and  fitse  or  electric  blasting  cap  in  the  cartridge  of 
dynamite  that  is  to  be  used  for  exploding  the  main  charge. 
This  work  should  be  intrusted  to  none  but  a  careful  and  com- 
petent man.  A  small  house  where  this  work  can  be  done 
at  a  distance  from  the  magazines,  is  desirable.  Under  no 
circumstances  should  it  be  done  in  the  storage  magazine  or 
thawing  house. 

In  loading  holes  of  small  diameter  and.  in  rare  instances, 
larger  holes  made  by  a  well  drill,  blasters  sometimes  cham- 
ber or  "spring"  the  holes  by  firing  small  charges  of  dyna- 
mite in  the  bottom  without  tamping.  In  almost  every  in- 
stance where  this  is  done,  niore  than  cue  springing  shot  must 
be  made  before  the  chamber  is  large  enough.  A  charge  of 
dynamite  so  fired  makes  the  stone  very  hot.  and  sometimes 
the  blaster  fails  to  allow  sufTicient  time  for  the  hole  to  cool 
off  before  attempting  to  load  another  springing  shot  or  even 
the  full  load.  It  is  quite  possible  to  cause  a  premature  ex- 
plosion  under   such   conditions. 

Considerable  trouble  is  siunetimes  encountered  in  leadinj. 
well  drill  holes,  tiirough  the  dropping  of  loose  stones  on  the. 
tamping  block.  These  stone=  often  become  wedged  between 
the  block  and  the  side  of  the  hole.  There  is  danger  w  this, 
especially  where  the  dynamite  cartridges  have  been  split 
open  and  the  loose  powder  poured  dow-n  the  holes.  Such 
situations  may  be  met  in  various  ways.  Many  blasters  feel 
that  the  safest  and  ourest  procedure,  in  such  eases,  Is  to 
lower  another  loading  block  and  drive  the  wedged  one 
down.  With  a  view  to  avoiding  this  annoyance  entirely,  some 
loaders  use  tunnel-shaped  zinc  tubes  of  the  same  diameter  as 
the  bore  hole. 

In  loading  large  blasts,  especially  in  well  drilled  holes,  it 
is  customary  to  ins.ert  at  least  two  electric  blasting  caps, 
one  near  the  bottom  and  the  other  near  the  top.  To  over- 
come the  possibility  of  a  misfire  and  its  attendant  dangers, 
most  blasters  insert  an  extra  electric  blasting  cop.  but  do 
not  connect  it  with  the  blasting  machine.  The  idea  of  this 
procedure  is  that  should  the  wires  from  both  the  other  caps 
be  cut.  there  is  still  a  possibility  that  the  third  one  may 
escape  undamaged;  then,  by  connecting  that  one  to  the 
blasting  machine,   the   hole   can   be   exploded. 

There  is  nothing  more  provoking  to  the  operator  than, 
after  a  shot  is  connected  ancT  the  workmen  at  a  safe  distance, 
to  have  the  shot  tail  to  fire.  In  the  ma.iority  of  such  cases, 
improper  connections  of  the  electric  equipment  are  to  blame. 
In  making  connections  tor  electric  blasting,  care  should  be 
taken  that  all  wires  to  be  connected  are  bright  and  clean.  It 
considerable  water  is  present,  connections  should  be  pro- 
tected  with    tape.       If   the   connections   are   not  taped,   they 
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sliould  lujl  be  permitted  to  rest  on  a  bare  ntone  or  in  water, 
as  a  short  circuit   may  result. 

The  wires  leading  from  the  .shot  to  the  hlastiUK  machine 
or  power  circuit  should  be  kept  in  good  condition  and  dry. 
Such  wires,  when  they  come  from  the  factory,  are  iirotected 
with  heavy  insulation.  If  this  insiilation  be  broken,  there  is 
danger  of  the  circuit's  grounding.  Sometimes  the  trouble  is 
due  to  a  cut  .vire  in  a  boie  holf\  For  detecting  such  condi- 
tions before  the  shot  is  attempted,  the  blaster  can  quickly 
determine  by  means  of  a  galvanometer,  whether  or  not  there 
is  trouble  on  the  circuit  and,  if  so.  just  ■where  the  trouble 
is.  It  is  both  dangerous  and  worrisome  to  have  some  shots 
go  off  and  others  fail.  Most  frequently,  under  such  circum- 
stances, those  holes  that  do  fire  shake  up  the  stone  to  such 
an  extent  that  it  is  practically  impossible  to  fire  those  that 
missed.  Then  the  operator  is  put  to  the  trouble,  expense 
and  danger  of  digging  out  around  a  charge  of  unexploded 
dynamite. 

P'use  is  another  Important  element  in  safety.  The  fuse 
manufacturers  make  fuse  with  varying  burning  speed.  A 
certain  brand  of  fuse  will  burn  at  a  certain  speed,  and 
another  brand  may  burn  faster  or  slower.  Therefore,  it  is 
wise  for  the  operator  to  oonftne  his  purchases  to  one  good 
brand  and  grade. 

The  "human  equation"  is  of  extrem'e  importance  in  ex- 
plosives woik.  It  is  difficult  to  get  men  to  exercise  proper 
caution  in  lighting  charges.  After  they  have  been  at  the 
work  for  some  tinie  without  getting  hurt,  they  are  inclined  to 
take  chances  in  lighting  too  many  fuses  at  a  time.  In  train- 
ing a  new  man  in  the  use  of  explosives,  it  is.  therefore,  neces- 
sary, first,  to  remove  his  fear  of  them,  and  later,  after  he 
has  used  them  for  a  short  time,  {o  go  back  and  teach  him 
to  be  afraid  of,  or  at  least,  to  respect  explosives.  To  those 
who  are  making  constant  use  of  explosives,  a  reliable  and 
careful  powder  wan  is  an  almost  invaluable  asset  both  to 
purse  and  peace  of  mind. 


Labor  Unrest  and  Some  Remedies* 

By   CHARLES   PIEZ 
President  I^ink-Btlt  Co..  Chicago. 

If  the  Plumb  plan  is  any  gauge,  then  nationalizing  the  rail- 
roads, nationalizing  the  mines  and  the  industries  does  not 
mean  government  ownership  and  operation  in  the  ordinary 
acceptance  of  the  word,  but  purchase  out  of  public  funds, 
with  an  absolute  surrender  on  the  part  of  the  public  of  every 
form  of  control  and  direction  to  the  employes,  without  pov/er 
of  revocation.  I  am  referring  to  the  Plumb  plan  as  a  symp- 
tom rather  than  as  a  possibility,  but  it  shows  the  character 
of  the  malady.  And  when  organized  employes  of  the  rail- 
roads tie  up  traffic  in  four  states,  and  subject  the  public  to 
loss  and  discomfort  merely  for  the  purpose  of  influencing  a 
decision  in  a  trolley  strike  with  which  the  Railroad  adminis- 
tration was  in  nowise  affiliated,  it  indicates  that  popular  gov- 
ernment, if  its  representatives  lack  courage,  can  be  absolutely 
under  the  domination  of  an  organized,  selfish  and  unscrupu- 
lous minority. 

I  commend  the  President'  of  the  United  States  and  the 
Railroad  Administration  highly  for  the  sound  and  courageous 
attitude  taken  in  the  southwestern  railroad  strike.  But  I  re- 
gret that  his  position  was  coupled  with  a  promise  to  raise 
wages  if  the  Administration's  efforts  to  reduce  the  cost  of 
living  proved  futile.  If  the  high  cost  of  living  is  due  to 
profiteering  by  merchants,  manufacturers,  employes,  farmers 
or  workers,  then  the  gov;ernment  ought  to  be  able  to  reduce 
it.  But  if,  as  is  more  likely,  investigation  proves  that  the 
high  cost  of  living  is  due  to  economic  causes  beyond  the  con- 
trol ot  this  nation,  to  world-wide  reduction  of  output  to  a 
point  far  below  present  world  demands,  then  it  will  he  un- 
wise, to  say  the  least,  to  meet  the  situation  by  a  general 
wage  increase,  unless  that  increase  is  justified  by  a  corre- 
sponding increase  in  effort  and  output.  For  if  our  premise  is 
correct,  then  the  only  way  out  of  the  difficulty  is  to  produce 
more  and  consume  less      Nothing  else  will  do. 

I  am  opposed  to  government  by  coercion,  by  threat  and 
intimidation,  because  it  is  subversive  of  the  popular  will.  I 
am  opposed  to  the  general  strike,  that  un-American  instru- 
ment of  labor  oppression,  because  it  attempts  to  win  its 
point,  not  by  its  merit,  but  by  putting  an  entire  community 
to  such  inconvenience,  trouble  and  loss  that  the  public  will 
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insist  on  a  scttlemenl  rather  than  .submit  lo  fu-ther  pri-ssuri.-. 

Certainly  such  procedure  has  no  place  in  a  democracy,  aod 
it  will  have  no  place  if  Ma.xor  HanBon's  jiiethodK  at  Seattle 
be  used  as  a  precedent. 

New  Terms  of  Foreign  Origin — New  terms  have  crept  Into 
our  language  thai  carry  wilh  ihem  a  threat  and  a  menace. 
Bolshevism,  the  dictatorship  of  the  proletariat,  the  direct 
actionist,  the  Soviet,  the  solidarity  of  labor.  They  are  of 
foreign  origin  and  receive  but  scant  liospitaliiy  from  Anierl- 
can-born  workmen.  I  have  no  fear  that  Bolshevism  will  lake 
root  here,  but  1  do  feel  that  even  the  .American-born  workman 
subordinates  himself  too  readily  to  the  domination  of  his 
union  leaders,  and  that  he  is  w^orkinR  on  the  theory  that  loy- 
alty to  the  union,  and  not  loyalty  to  the  public  Interest,  is 
his  first  duty. 

The  union  is  supposed  to  be  a  form  of  democracy , controlled 
by  the  will  of  the  majority;  but  there  are  few  cases,  indeed. 
in  which  the  free  and  iinrestricled  views  of  the  majority  pre 
vail.  .Meetings  are  subject  to  the  same  plays  and  tricks  as 
pc.'litical  meetings,  and  rumors  of  packed  meetings,  coercion, 
intimidation,  and  other  misuses  of  power  are  by  no  means 
rare. 

The  meeting  hall  of  the  Boilermakers"  I'nion  at  Seattle  Is 
reported  to  hold  'JOO  men.  The  membership  of  this  union  is 
said  to  be  1.5,000.  The  vote  to  strike  wa.s  taken  last  January 
at  a  late  hour  by  men  present  in  the  hall,  so  that  a  majority 
of  ipproximatoly  K  per  cent  of  the  membership  determined 
the  polic .'  nnd  action  of  the  other  94  per  cent.  And  such  is 
the  loyalty,  or  the  habit,  of  the  members,  that  the  '.»4  per  cent 
:iccepted  the  vote  as  binding,  although  private  polls  of  several 
large  ,?roups  showed  a  large  majority  against  the  strike.  I 
believe  there  is  no  doubt  that  the  Seattle  strike  was  decided 
upon  and  enforced  by  a  minority;  that  it  was  not  the  result 
of  free  registration  of  the  will  of  the  majority,  after  a  full 
discussion.  Members  of  unions  will  learn  sooner  or  later 
that  it  is  through  such  action  as  that  that  conlidence  in  their 
responsibility  to  carry  out  an  agreement  is  lost,  and  that 
unionizalion  of  industrial  processes  is  looked  upon  as  a  step 
toward  business  demoralization  and  ruin,  by  many  employers. 

It  is  to  the  interest  of  the  sane  rank  and  file  of  .he  unions 
to  see  to  it  that  pledges  and  agreements  be  kept  in  both  spirit 
and  letter:  that  methods  and  practices  like  systematic  reduc- 
tion of  output  be  discarded,  so  that  public  sympathv.  which 
heretofore  has  been  unstintingly  given  to  the  aims  and  as- 
linations  of  labor  organizations  be  not  forfeited  through 
wrong  and  harmful  methods. 

More  Pay,  Less  Work — The  unsettled  conditions  Incident  to 
the  war  and  the  general  desire  on  the  part  of  labor  to  get 
a  large  share  of  the  profits  of  industry,  have  resulted  in 
some  marked  reductions  of  output.  I  have  it  on  good  author- 
ity, in  two  of  the  large  cities  of  the  country,  and  we  may 
assume  this  condition  to  be  fairly  general,  that  while  for- 
merly from  K-iOO  to  2, .500  common  brick  laid  in  the  wall  per 
day.  depending  upon  the  kind  ot  work  engaged  in.  represented 
a  fair  day's  work  for  a  bricklayer,  today  it  is  impossible  to 
obtain  more  than  from  'lOO  to  1,00"  brick  laid  under  the 
same  conditions.  While  this  reduction  has  taken  place  over 
a  number  of  years,  the  heaviest  shrinkage  In  output  has 
occurred  during  the  past  year  and  a  half.  And  this  reduction 
in  efficiency  is  by  no  means  confined  to  bricklayers,  but  Is 
characteristic  of  some  of  the  other  building  trades  as  well. 

The  complete  unionization  of  the  clothing  industry  is  being 
accompanied  by  an  abolition  of  the  piece  rale  system  and  by 
a  reduction  in  the  daily  output  per  worker  as  well.  Is  ll  not 
timely  to  suggest  a  national  investigation  to  determine  to 
what  extent  a  reduction  of  average  output  has  tended  to 
raise  the  price  of  certain  commodities? 

With  such  evidence  as  this  before  us.  can  we  doubt  for  a 
moment  that  the  insistence  on  the  continuance  of  the  "open 
shop"  principle  in  industry  is  made  in  the  public  interest? 

Greater  production,  greater  thrift  and  frugality  are  the 
most  effective  factors  in  reducing  prices,  but  increased  pro- 
duction cannot  be  achieved  unless  wages  be  based  on  output 
instead  ot  on  hours  worked. 

The  last  two  years  have  witnessed  a  wide  extension  of  the 
N  hour  day.  and  if  that  has  carried  with  it  a  corre.spondlng 
reduction  in  output,  and  a  proportionate  increase  in  pay  per 
hour,  a  verv  considerable  increase  in  cost  of  commodities  is 
accounted  for. 

Wages  Based  on  Output— I  recognize,  of  course,  that  the 
objection  of  certain  unions  to  piece  work  is  well  justified 
because  of  past  abuses  of  this  method  of  wage  payment   but 


(79) 


338 


Eiif/iiiccriin/  (iiul  <  'out idiiiiig  fur  September  17,  I'Jl'J. 


there  can  be  no  question  of  the  fairness  ynd  soundness  of 
paying  a  man  for  the  amount  of  work  turned  out,  providing 
the  unit  or  piece  rate  of  compensation  is  fairly  and  equitably 
determined,  and  its  permanency  guaranteed.  To  meet  the 
present  urgent  demand  for  increased  production  we  can 
hardly  leave  it  to  the  individual  operator  to  determine  what 
output  a  fair  day's  work  shall  represent:  for  we  will  sink 
inevitably  to  the  capacity  of  the  least  experienced  and  least 
ambitious,  lor  our  standard. 

Wages  based  on  output,  under  safeguards  that  will  correct 
and  prevent  abuses,  should  be  accepted  by  organized  labor 
in   industries  where   this  practice  has   been  discarded. 

There  is  no  doubt  that  a  considerable  part  of  industrial 
unrest,  and  its  companion,  industrial  shirking,  grew  out  of 
the  exaggerated  notions  of  profits  which  the  intense  indus- 
,  trial  activity  during  the  war  was  supposed  to  yield.  No  ac- 
count was,  of  course,  taken  of  the  outlay  for  buildings  and 
special  equipment  which  had  to  be  paid  for  out  of  profits, 
nor  of  the  heavy  inroads  which  federal  taxes  made  on  the 
.gross  return.  During  the  Seattle  strike,  agitators  stated  in 
open  meetings  that  the  largest  shipyard  in  Seattle  Vas  earn- 
ing $60  per  man  per  day,  out  of  which  the  man  received  $6. 
The  statement  was,  I  was  told,  widely  accepted  as  repre- 
senting the  exact  situation,  and  yet  the  facts  were  these: 
The  yard  employed  1.5,000  men,  who,  according  to  the  state- 
ment, earned  for  the  yard  the  small  sum  of  $S10,OiiO  profit 
per  day,  or  $2.50.000.0(10  per  year.  This  represented  over  four 
times  the  total  annual  output  of  the  yard,  and  more  than  two 
and  a  half  times  the  value  of  the  contracts  held  by  it.  Pub- 
licity of  the  facts  is  not  a  bad  remedy  to  apply  in  such  a 
case. 

Another  and  not  an  inconsiderable  part  of  present-day  Un- 
rest is  due  to  thp  nonfulfillment  of  expectations  growing  out 
of  the  winning  of  the  war.  It  was  predicted  that  victory 
would  bring  in  a  new  order  of  things,  new  social  conditions, 
new  relations  between  employers  and  employes  in  industry. 
Statements  of  this  character  were  largely  idealisiic.  and  re- 
ferred to  an  extension  of  rights  and  privileges  to  the  down- 
trodden races  of  Europe,  rather  than  to  any  promise  of  an 
increase  in  material  advantages  to  our  own  citi/.ens.  But 
many  people  built  high  hope.^  on  this  rhetorical  groundwork, 
and  there  is  naturally  keen  disappointment  that  the  armistice 
was  not  followed  by  an  immediate  improvement  in  the  status 
and  income  of  the  individual.  This  was  to  be  expected.  To 
change  from  the  excitement,  the  intense  interest  and  the  stim- 
ulus of  war  to  the  commonplace  and  comparatively  humdrum 
conditions  of  peace,  required  a  mental  read,iustment  of  our 
people  that  could  not  be  accomplished  without  manifestations 
of  discontent  and  distrust.  It  will  take  time  to  complete  the 
change,  but  in  the  meantime  we  have  a  much  more  critical 
industrial  body  to  placate  and  satisfy,  and  we  must  look  for 
a  remedy  to  allay  unrest  and  convince  the  workers  they  are 
receiving  their  fair  share  of  the  profits  of  industry. 

Remedies  for  Allaying  Unrest — Let  us  admit  in  the  :arst 
place  that  the  industrial  problem  is  a  complicated  one  that 
will  yield  to  no  particular  formula,  and  that  where  there  are 
so  many  suggested  remedies  there  is  probably  no  single  and 
specify  remedy. 

The  democratization  of  industry  is  glibly  spoken  of  as  one 
of  the  remedies,  and  the  interpretation  placed  on  this  phrase 
ranges  from  the  establishment  of  shop  committees  with  au- 
thority in  matters  affecting  the  employment  relations,  to 
the  complete  control  of  the  industry  by  ;he  employes.  I 
am  not  at  all  impressed  with  the  idea  that  by  democratizing 
industry  we  can  solve  labor  difficulties  and  maintain  the 
liealth  and  prosperity  of  the  enterprise  as  well. 

Competitive  industry  isn't  a  social  or  charitable  affair,  it  is 
a  conflict,  and  leadership  is  required  to  bring  success.  Just 
as  the  nation  realized  that  arbitrary  power  must  be  con- 
centrated in  the  hands  of  the  President  of  the  United  States 
to  make  the  nation's  resources  and  facilities  effective  in  time 
of  war,  so  to  keep  industry  strong  and  sound  it  is  necessary 
to  place  in  the  hands  of  the  individual  that  runs  it  positive 
and  complete  authority.  No  competitive  business  that  I  know 
of  was  ever  successfully  and  profitably  run  by  an  executive 
committee  or  other  form  of  divided  authority.  Democratiza- 
tion that  goes  so  far  as  to  in.lect  a  foreign  and  discordant  ele- 
ment into  the  management  of  an  industry,  that  reduces  and 
splits  up  the  authority  of  the  executive  (and  I  believe  those 
to  be  the  aims  of  the  proponents 'of  this  suggestion),  will 
either  kill  industry  or  reduce' it  to  So  moribund  a  condition 
that  it  will  have  to  be  kept  alive  at  the  public  expense.' 


The  prosperity  of  the  country,  the  opportimities  for  em- 
ployment, depend  on  keeping  industry  in  a  strong,  healthy 
shape.  Co-operative  production,  a  form  of  completely  democ- 
cratized  industry,  has  been  demonstrated  a  failure.  Govern- 
mental operation,  another  form  of  the  same  kind  of  nianage- 
mf  nt,  has  certainly  not  proved  a  success.  Let  us,  therefore. 
resist  any  experiment  or  tendencies  that  will  weaken  and 
ultimately  destroy  the  vigor  and  sticcess  of  .American  indus- 
)  ry 

Profit  Sharing  as  a  Means  for  Improving  Employment  Rela- 
tionship— Another  suggestion  lo  improve  the  employment  re- 
lationship has  been  profit  sharing,  and  new  expei'iments  are 
iieiuy  fried  at  every  hand.  I  am  highly  interested  in  the 
results,  but  as  a  means  of  allaying  unrest  and  satisfyin.g  the 
worker,  I  am  afraid  most  of  these  experiments  are  fore- 
doomed tr)  failure.  The  schemes  that  succeed  will  succeed 
liecause  of  the  personality  of  the  man  behind  them,  and  not 
because  of  the  merit  of  the  schemes.  Profit  sharing  as  it  is 
usually  applied,  involves  payment  to  the  deserving  and  the 
undeserving:  to  the  ambitious,  energetic,  useful  employe, 
and  to  file  laggard  who  succeeds  in  just  getting  by.  It  is  apt 
to  result,  therefore.  In  general  dissatisfaction,  and  a  lowering 
of  the  standard  of  efficiency.  Many  plans  have  been  tried, 
but  a  small  fraction  survive.  The  profits  of  the  average  in- 
dt'.stry  are  rarely  sufficient  to  make  the  amount  distributed 
to  the  individual  large  enough  to  stimulate  and  retain  his 
interest,  and  only  exceptional  industries  like  that  of  Mr.  Ford 
can  continue  to  make  really  effective  distribution.  I  like 
Mr.  Ford's  plan,  for  if  consists  in  paying  high  wages  and  in- 
sisting that  the  employes  earn  them.  My  own  conviction  is 
that  tlie  best  system  for  profit  sharing  consists  in  the  oppor- 
tunity for  earning  liberal  wages  for  a  standard  amount  of 
work  performed,  and  that  extra  effort  and  output  or  extra 
quality  ought  to  entitle  the  man  to  earn  wages  in  considera- 
ble excess  of  the  prevailing  rates.  This  gives  the  man  an  im- 
mediate additional  return  on'  work  that  is  within  his  own 
control,  and  does  not  force  him  to  wait  until  the  end  of  the 
year  for  an  indefinite  share  in  an  uncertain  profit. 

Labor  as  Part  Owner  of  a  Business — The  idea  of  taking 
labor  into  partnership  is  offered  as  another  remedy.  It  sounds 
alluring,  but.  like  profit  sharing,  is  another  one  of  those 
schemes  it  is  difficult  to  make  workable  and  permanently  ef- 
fective. In  the  first  place,  the  average  industry,  with  an 
investment  of.  say.  $2,000  per  employe,  rarely  earns  in  normal 
times  as  much  as  $1  per  employe  per  day.  When  the  return 
for  capital  invested  is  set  aside  and  provision  is  made  for 
necessary  additions  and  extensions,  there  is  little  or  no  cash 
to  divide,  and  there  is  general  disappointment  among  the 
jiartners.  If  any  division  is  made,  it  must  be  made  in  stock, 
or  its  equivalent — it  can't  be  made  in  cash. 

Interest  in  the  ownership  of  a  business  undoubtedly  has  a 
steadying,  stabilizing  effect,  but  this  interest  must  be  earned 
tliro\igh  thrift  and  sacrifice,  and  not  demanded  as  a  ri,ght. 
I  will  not  admit  that  the  success  of  the  industry  I  am  at 
the  head  of  has  been  gained  at  the  expense  of  our  wage- 
earners,  that  its  continued  growth  has  been  due  wholly  to 
them,  and  that  its  capital  and  surplus  have  been  accumu- 
lated by  withholding  from  the  men  a  part  of  their  .iust  earn- 
ings. 

Our  industry,  like  many  other  American  industries,  started 
through  the  ingenuity,  invenfivenes  and  business  sagacity  of 
men  who  entered  a  new  and  untried  field.  It  grew  through 
the  thrift  and  enery  of  these  same  men.  They  weathered  its 
storms,  stayer!  with  it  through  its  discouragements,  and  kept 
it  in  the  van  by  the  constant  addition  of  new  and  useful  de- 
velopmentp.  and  by  the  addition  of  capital  for  the  use  of 
which  they  mortgaged  their  future.  There  are  no  wrongs  to 
be  righted,  no  redress  to  make,  and  no  moral  justification 
for  turning  over  title  to  part  of  our  business  to  our  present 
wage-earners.  I  say  this  in  full  recognition  of  the  splendid 
and  valuable  services  rendered  by  some  of  our  employes, 
because  1  feel  that  full  compensation  was  given,  not  onl.\ 
tor  daily  tasks  performed,  but  for  sugge.-^tions  and  extra 
services  that  were  useful  to  the  corporation. 

And  yet  I  am  strongly  convinced  that  a  real  pecuniary  in- 
terest by  the  employes  in  an  industry  is  a  good  thing,  pro- 
vided that  interest  is  paid  for.  Partnership  must  carry  with 
it  a  sense  of  responsibility  in  the  pecuniary  success  of  the 
venture,  and  cannot  be  helpful  or  effective  if  it  represents  an 
association  in  which  one  partner  is  purely  interested  in  se- 
curing, all  he  can  for  himself,  without  thought  of  the  contin- 
ued strength  and  success  of  the  venture.     I  am  in  favor  of 
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opening-  up  the  opporuiniiy  for  acquirinj;  a  stock  interest  in 
an  industry,  to  every  workman  wiiose  lengtli  anil  character 
of  service  justlties  it.  ami  who  lias  the  nerve  to  as.sunie  tho 
responsibility  to  pay  lor  that  interest  in  cash.  And  when 
the  stock  acquired  by  workmen  and  employes  reached  a 
proper  volume,  I  would  gladly  welcome  a  representative  o( 
their  choosing,  as  a  member  of  the  board  of  directors. 

Representation  on  the  board,  except  on  the  basis  of  stock 
interest,  would  not  and  could  not  bring  about  the  purpose 
which  the  proponents  of  this  suggestion  have  in  mind,  but 
would  impair,  if  not  ultimately  destroy,  the  very  life  of  the 
industry. 

I  believe  that  the  biggest  problem  industrial  management 
faces  today  is  the  labor  and  production  probletn:  that  it  tran- 
scends in  importance  (he  sales  and  the  financial  problems, 
.iiul  that  it  is  worthy  of  the  exclusive  and  direct  attention  of 
the  chief  executive. 


Heat  Treatment  of  Track  Materials 

Mr.  C.  Ji.  Brouson.  in  a  paper  presented  at  the  June  meet- 
ing of  the  New  York  Chapter  of  the  American  Steel  Treat- 
ers'  Society  gives  a  resume  of  some  of  the  later  develop- 
ments in  the  treatment  of  steel.  The  following  notes  are 
taken  from  his  paper: 

The  funamental  basis  for  successful  heat  treatment  is 
sound  steel.  This  implies  not  only  structural  soundness  and 
freedom  from  blow  holes,  pipes  and  inclusions,  but  chemical 
and  physical  homogeneity  as  well.  Heat  treatment  of  un- 
sound steel  probably  does  more  harm  than  good,  for  even 
the  best  steel  is  put  to  a  severe  test  during  the  quenching 
operation,  while  unsound  or  segregated  metal  may  be  easily 
fractured    or   weakened. 

Probably  for  general  service  requiieinents,  where  prop- 
erly designed  sections  are  used,  it  will  be  a  long  time  be- 
fore the  present  efficient  plain  carbon  basic  open  hearth 
steel  rails  will  be  replaced  as  standard  for  most  of  the  roads 
in  this  country.  Hasic  open  hearth  rail,  under  our  present 
elongation  and  exhausted  ductility  test,  making  it  possible 
to  obtain  nearly  all  the  ductility  due  to  the  chemical  com- 
position, is  a  wonderfully  efficient  product  with  a  low  rate 
of  failure,  and  moderate  rate  of  wear. 

The  simplest  process  for  heat  treatment  of  rail  steel,  of 
course,  is  the  air-cooling  method  introduced  by  one  manu- 
facturer. This  consists  of  an  air  blast  blown  from  numerous 
small  openings  in  a  straight  pipe,  and  directed  against  the 
top  surface  of  the  rail  head:  the  blast  being  maintained  lor 
about  two  minutes,  after  which  'he  rail  is  allowed  to  an- 
neal in  air. 

Patents  have  been  issued  to  one  company  covering  a  com- 
bined oil  and  water  treatment,  which  consists  in  passing  the 
finished  hot  rails,  head  down,  into  a  series  of  quenching 
vats  so  constructed  and  regulated  that  the  head  only  is  treated 
in  the  first  oil  bath;  passing  them  to  the  second  vat  where 
the  head  is  immersed  in  water  and  the  web  in  oil.  In  the 
third  val  both  head  and  web  are  in  water,  which  completes 
the  process. 

One  manufacturer  found  it  neces'-ary  to  redesign  the  stand- 
ard section  to  heat-treat  successfully  rails  made  of  Mayari 
steel  A  section,  similar  to  the  present  "B"  type  100-lb.  rail, 
was  used  as  a  basis,  and  to  this  was  added  21  lb.  by  provid- 
ing very  generous  fillets  between  head,  web  and  base,  and 
also  increasing  the  thickness  of  the  latter. 

The  only  alloy  heat-treated  rails  which  have  been  made 
and  purchased  in  large  numbers  are  manganese  steel  rails. 
Those  of  early  manufacture  developed  breakages  with  great 
frequency,  but  this  ditficulty  has  since  been  overcome,  as 
a  number  of  changes  in  manufacture  were  introduced.  The 
New  York  Central  purchased  several  hundred  tons  of  these 
rails  foiir  years  ago.  and  since  that  time  ihey  have  carried 
over  100.000,000  tons  of  traffic  without  one  failure  and  at  a 
remarkably  low  rate  of  wear— an  exceptionally  good  record 
From  present  indications,  they  should  outlast  plain  carbon 
;:teel  rails  in  the  ratio  of  10  to  1. 

The  wonderful  toughness  inherent  in  manganese  steel 
makes  its  use  particularly  inviting  for  rails  on  curves.  Our 
present  practice  is  to  place  them  on  the  high  side  of  curves 
with  plain  carbon  rails  opposite,  generally  reversed,  curve 
worn  high  rails,  which  make  the  best  combination.  The 
susceptibilitv    to    flow    prc-hihits    their   use   on    the   low   side 
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of  curves,  especiall>  where  the  tendency  Ui  widen  and  Jlat- 
tei>  under  the  wheels  of  present  improper  contour  is  very 
great. 

The  6-in  .  liLi-lb.  Dudley  type  rail  is  the  only  on»r  which 
the  New  York  Central  R.  R.  has  had  rolled  In  manganise 
steel.  This  is  a  broad  head,  stiff  section,  posKi-HsIng  hifih 
mechanical  properties  which  are  necessary  when  iiKlne  metal 
with  such  low  elastic  limits.  .\ny  road  coniempliiiini;  the 
purchase  of  manganese  rails  Is  advised  against  ordt-rln?; 
them  rolled  in  light  sections,  for  the  combination  of  the 
low  elastic  limit  and  deficient  mechanical  propertieK  make 
it  easy  for  them  to  acquire  nermanent  sets  in  service,  creat- 
ing rough  riding  track,  and  may  eventually  l)e  the  cause  of 
deiailments.  Manganese  rails  injured  by  truck  derailments 
from  causes  other  than  roughness  of  track,  are  badly  bent 
out  of  shape,  although  Ihey  remain  unbroken.  It  is  neces- 
sary to  scrap  the  rails,  as  they  cannot  he  straigbiened  by 
any  known  method. 

The  composition  specified  for  rail  tteel  Is  as  follow* 


Carbon  1.00  to    1.35 

Manganese     10.50  to  15.00 


Phosphorus,  max    . . 
Sulphur   Not  .->ii.-i 


Two  heat-treated  track  materials  that  are  purchaxed  In 
large  quantities  are  rail  splice  bars  and  track  bolts  Splice 
bars  are  niadi-  to  the  folloiving  chemical  and  physical  re 
quirements: 

Carbon     0.45  to  0.55Elastlc   limit    as.oon  • 

.Mangaiifsc     0.30  to  O.SOEnong.    In    2    In 12  p«r  <->'iit  imii 

I'liospborus.     max 0.U4 

In  manufacture,  the  bars  are  sheared  to  length,  reheated 
(0  about  S00°  C.  hot  punched  and  quenched  at  700  C.  or 
over,  then  subsequently  reheated  or  withdrawn  from  the  oil 
bath  for  tempering.  The  high  elastic  limits  obtained  place 
them  r)!i  the  same  level  as  rail  steel  so  far  as  physical 
strength  is  concerned,  and  increase  their  resistance  against 
permanent  sets,  and  sagging  at  the  joints. 

Track  bolts  when  heat-treated  show  elastic  limils  of  70.- 
00'"  lb.  and  over  when  made  of  about  0  30  carbon  steek  These 
liigh  limits  provide  additional  strength,  against  stretching 
when  tigiitened  with  the  trackman's  wrench,  and  becom- 
ing loose  due  to  the  transmission  of  stress  at  the  rail  ends, 
and  the  impacts  from  wheel  loads.  The  usual  process  for 
heat  treating  consists  in  rolling  the  threads  hot.  then  al- 
lov.ing  the  bolts  to  drop  into  a  bath  of  oil  and  finally  dis- 
cba'ged  into  a  hopper  from  an  endless  chain.  Heat-treated 
bolts  ;:ie  in  extensive  use  and  giving  satisfactory  service. 


Logging  Locomotive  Transported  on  Truck 
and  Trailer 

The  Clipper  Shingle  Co.  of  BelliPfiham.  Wash.,  found  it 
necessary  to  move  a  logging  locomotive  from  one  of  its 
timbi'r  claims  to  another  between  which  there  was  no  con- 


10-Ton  Tractor  Transporting  Locomotive. 

necting  railroad.  With  the  aid  of  a  derrick  the  locomotive 
was  lifted  from  its  tinicks.  and  mounted  upon  a  10-ton  Gar- 
ford  tractor  and  trailer,  as  shown  in  the  illustration,  and 
hauled  over  rough  forest  roads  to  the  scene  of  its  future 
operations;  :  . 

) 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
HydrauHc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


How  the  American   Railway   Ex- 
press Co.  Secures  Greater  Serv- 
ice from  Its  Motor  Trucks 

At  the  present  time  the  seven  or  eight  separate  express 
cou^ianies  merged  into  the  American  Railway  Express  Co. 
are  garaging  and  maintaining  :!,313  motor  vehicles-~the  larg- 
est fleet  in  the  world.  Of  these  vehicles  1,940  are  of  the  gaso- 
line type,  and  1,373  of  the  electric  type,  ranging  from  the 
.5-ton  freight  carrying  truck  to  the  single  passenger  motor 
car.  The  fleet  is  made  up  of  53  different  makes  of  vehicles. 
The  system  for  taking  care  of  this  plant  is  described  by  Mr. 
B.  K.  Rhoads,  Assistant  General  Superintendent  of  the 
American  Railway  Express  Co.,  in  the  August  100%  Maga- 
zine, from  which  we  quote  as  follows: 

About  12  years  ago  the  then  various  railroad  express  com- 
panies decided  that  motor  trucks  had  become  sufficiently  re- 
liable as  freight  carrying  vehicles  to  be  employed  in  their 
business,  and  purchased  a  small  number  tor  use  at  a  few 
of  the  larger  eastern  cities. 

Four  years  later  the  experience  of  the  company  with  which 
I  was  then  connected  lead  them  to  instruct  their  operating 
department  managers  to  employ  motor  trucks  throughout 
the  country  in  the  large  cities,  or  elsewhere  if  conditions 
warranted,  and  whenever  additional  vehicles  were  necessary 
at  these  ofllces,  agents  were  expected  to  requisition  motor 
trucks  instead  of  horses  and  wagons.  This  led  to  the  plac- 
ing of  one  or  two  motor  trucks  here  and  there  throughout 
the  entire  United  States  in  cities  of  moderate  size,  and  in 
greater  numbers  in  the  larger  cities. 

In  a  short  lime  this  policy  was  changed,  and  the  trucks 
scattered  about  in  small  numbers  were  concentrated,  and 
either  added  to  the  fleets  in  the  large  cities  or  placed  at 
smaller  points  in  sufficient  number  to  entirely  replace  the 
horses  and   wagons. 

It  was  not  an  operating  condition  that  brought  about  this 
change:  it  was  maintenance  and  garaging  conditions  that 
compelled   it. 

At  offices  where  we  had  but  one  or  two  trucks  we  could 
not  afford  to  employ  competent  inspectors  and  repairmen: 
our  drivers  were  not  experienced  in  such  duties,  and  the 
garage  owners  or  operators  did  not  or  could  not  satisfac- 
torily meet  the  situation.  Regular  traveling  inspectors  were 
not   considered   economical   or  entirely   satisfactory. 

Therefore  we  concentrated  the  motor  vehicles  where  we 
could  afford  te  employ  our  own  inspectors,  garagemen  and 
repairmen.  As  fast  as  the  trucks  reached  their  first  over- 
haul period  we  made  permanent  exchanges  of  newly  over- 
hauled and  painted  vehicles  from  the  offlces  where  we  main- 
tained our  own  shops  tor  other  trucks  needing  overhaul  in 
the  nearby  cities,  and  thus  we  concentrated  our  overhaul- 
ing so  that  the  volume  of  work  enabled  us  to  employ  com- 
petent men.  specialize  their  work,  and  increase  their  effi- 
ciency. 

Co-operation  Between  Operating  and  Maintenance  Depart- 
ments.— Anyone  associated  with  maintenance  of  motor  vehi- 
cles realizes  the  value  of  close  co-operation  of  the  operating 
and  maintenance  forces.  The  driver  is  the  first  one  to  ob- 
serve faults  that  need  correction  and  if  We  can  get  and 
keep  him  interested  in  his  work,  he  will  by  practice  soon  be 
able  to  intelligently  describe  his  troubles  in  writing  for  the 
attention   of  the   repairman. 

When  we  first  began  the  operation  of  motor  vehicles 
double  shifting  was  permitted.  The  result  was  disorder  and 
inefficiency   iu  operation,   inspection   and   maintenance. 

Drivers  became  dissatisfied  over  their  failure  to  secure 
the  same  vehicle  daily,  lost  interest  in  careful  and  econom- 


ical handling  of  the  equipment  and  in  the  reporting  of  me- 
chanical faults:  it  was  no  longer  possible  to  have  one  in- 
spector cover  the  same  10  to  12  trucks,  and  he  lost  inter- 
est and  could  not  properly  follow  up  his  work;  repairmen 
lost  interest  and  became  negligent  because  it  was  impossi- 
ble for  the  inspectors  to  check  them  up,  give  them  full 
credit  tor  good  work  or  to  criticize  them  for  poor  work,  so 
that  in  a  comparatively  short  time  the  double  shifting  was 
discontinued  and  was  not  permitted  again  until  the  unusual 
conditions  at  the  outbreak  of  the  war  forced  us  out  of  our 
chosen   path 

With  the  motor  vehicle  equipment  confined  to  single  shifts, 
each  unit  in  the  hands  of  a  regular  driver  and  relief  equip- 
ment on  hand  to  the  extent  of  6  per  cent  of  the  vehicles 
needed  tor  daily  use,  there  was  marked  improvement  in 
the  inspection,  maintenance  and  operation,  and  a  satisfac- 
tory continuity  of  service  was  easily  maintained  so  that  dur- 
ing peak  periods  at  various  seasons  of  the  year  it  was  pos- 
sible for  several  months  at  a  time  to  operate  as  high  as  97 
per  cent  or  98  per  cent  of  the  motor  vehicles. 

At  all  except  the  largest  offices  our  garage  and  repair  shop 
superintendents  also  hire  and  fire  the  drivers.  The  operat- 
ing deiiartment  really  should  control  this  class  of  men.  but 
importance  of  the  maintenance  feature  is  conceded  by  all 
of  us.  and  therefore  the  drivers  are  controlled  by  those  re- 
sponsible for  the  maintenance  and  inspection. 

At  the  larger  points  where  the  plan  just  referred  to  can- 
no*  be  followed,  we  try  to  maintain  very  close  co-operation 
between  the  supervising  heads  of  the  operating  and  main- 
tenance  departments. 

In  New  York  City  we  garage  and  maintain  1,043  motor 
vehicles  made  up  of  gas  and  electric  street  trucks,  elec- 
tric industrial  trucks  and  taxicabs,  in  seven  garages,  three 
overhaul  shops  and  two  paint  shops.  There  of  these  ga- 
rages are  one-story  buildings  while  the  others  range  from 
three  stories  to  11.  the  largest  being  at  44th  St.,  where  the 
inspection  and  running  repair  work  is  specialized  to  a 
greater   extent    than    elsewhere. 

Inspection. — In  this  building  doormen  record  numbers  of 
vehicles  and  the  time  they  leave,  as  well  as  guard  the  side- 
walk crossings  to  prevent  injuries  to  passersby,  and  vehicle 
inspectors  here  give  a  superficial  examination  of  the  vehi- 
cles and  their  accessories.  The  same  record  of  numbers 
and  time  and  a  similar  examination  is  made  at  the  incom- 
ing door  as  vehicles  return  to  the  garage. 

The  result  of  these  inspections  is  transmitted  to  the  in- 
spectors on  the  various  garage  floors  who  thoroughly  ex- 
amine each  vehicle  after  its  period  of  work.  The  drivers 
as  they  reach  the  garage  floors  or  leave  their  vehicles  are 
required  to  enter  in  a  record  book  maintained  for  the  pur- 
pose, any  faults  they  have  found  with  their  vehicles.  The 
drivers  report,  the  result  of  the  door  inspection  and  the 
floor  inspection  are  all  taken  into  account  by  the  running 
repair  foreman  in  assigning  the  work  of  the  running  re- 
pairmen 

Repairs. — It  is  our  practice  to  make  carburetor  and  mag- 
neto adjustments  and  strictly  minor  running  repairs  at  the 
various  garages  on  the  floors  where  they  are  garaged :  a 
vehicle  requiring  anything  more  than  this  is  sent  to  one 
floor  where  we   maintain   a   running   repair  shop. 

In  this  shop  more  extensive  running  repairs  are  attended 
to.  including  all  pit  work  and  the  exchange  of  worn  or 
broken  units  for  others  that  have  been  repaired.  This  sub- 
stitution of  complete  units  such  as  motors,  steering  units, 
transmissions  and  axles  is  employed  to  a  considerable  ex- 
tent, especially  in  connection  with  makes  or  models  of  ve 
hides  where  the  number  in  service  justifies  our  carrving  in 
our  stockroom  a  supply  of  such  units  overhauled  and  ready 
for   use   in   an   emergency.     It   enables   us   to   avoid    holding 
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vehicles  out  of  service  in  order  that  such  parts  may  be  taken 
out.   repaired   and   replaced. 

In  this  connection  1  call  attention  to  the  necessity  as  we 
see  it  of  con?tdering  the  direct  bearing  that  loss  of  time  in 
operation  of  a  motor  vehicle  his  upon  the  rate  of  mainte- 
nance cost:  that  is.  if  you  have  iiroper  co-operation  between 
the  maintenance  and  operating  departments,  a  hi.s^h  main- 
tenance cost  in  one  direction  may  be  justified  if  it  results 
in  continuity  of  service  and  therefore  a  lowering  of  aver- 
age operating  costs. 

General  Overhaul. — In  considering  the  question  of  gen- 
eral overhauling  or  rebuilding  of  motor  vehicles,  one  must 
first  determine  when  such  work  should  be  done.  The  close 
attention  v\  e  are  required  to  give  to  inspection  and  running 
repairs  has  made  the  regular  periodical  overhaul  unneces- 
sary, and  the  time  for  such  work  is  determined  by  the  con- 
dition of  the  truck  in  each  case.  This  plan  also  enables 
us  to  determine  usually  in  advance  whether  the  overhaul 
is  to  be  partial  or  complete. 

After  these  preliminary  steps,  our  next  consideration  is 
facilities  for  performing  the  work.  Naturally  with  such  a 
large  and  mixed  fleet,  we  must  necessarily  have  a  completely 
equipped   machine   shop. 

The  number  of  overhauls  to  choose  from  enables  us  to 
select  trucks  m  lots  of  approximately  .50  at  a  time  of  the 
same  make  and  so  far  as  possible  the  same  model,  and  either 
purchase  or  manufacture  in  advance  the  parts  regularly  re- 
quired. With  the  exception  of  the  past  year  or  two  of  very 
unusual  conditions,  we  have  experienced  little  or  no  delay 
in  buying  from  manufacturers  or  their  agents  the  parts 
needed. 

Our  ability  to  pick  a  comparatively  large  number  of  trucks 
of  the  same  model  and  make  for  overhaul  at  one  time  gives 
us  another  advantage  over  many  operators,  in  that  it  re- 
duces the  amount  of  stock  we  are  obliged  to  carry  through- 
out the  year  and  makes  it  necessary  to  carry  certain  kinds 
only  immediately   preceding  overhaul. 

Disassembling  Inspection. — Next  in  importance  comes  the 
method  to  be  followed  in  performing  this  work.  Careful 
preparation  in  advance  so  far  as  material  is  concerned  is 
of  first  importance  and  the  first  one  or  two  vehicles  disas- 
sembled are  usually  a  reliable  guide  to  indicate  whether 
our  advance  preparation  has  been  adequate;  that  is.  where 
we  find  extensive  wear  making  complete  replacement  neces- 
sary in  the  first  one  or  two,  the  same  condition  usually  ob- 
tains throughout  the  balance  of  the  trucks  to  be  overhauled. 
We  confine  our  disassembling  work  to  one  fioor  where  a 
minimum  number  of  experienced  men  with  a  sufficient 
number  of  helpers  has  greatly  reduced  former  costs  in  this 
branch  of  the  work. 

After  the  disassembling  has  been  completed  the  parts  are 
cleaned  in  soda  tanks  with  a  minimum  loss  of  time  as  com- 
pared with  the  former  method  of  scrubbing.  Then  follows 
a  period  of  inspection  which  is  highly  specialized  and  is  one 
of  the  most  important  steps  in  the  entire  overhauling  proc- 
ess. Here  we  require  a  man  acquainted  with  practically 
every  model  of  motor  vehicle  overhauled  in  his  shop  to 
.iudge  from  knowledge  ripened  by  experience  as  to  where 
to  draw  the  line  between  repairing  of  old  parts  and  substi- 
tution of  new  ones. 

Some  years  ago  I  was  interested  to  note  that  both  in  our 
own  shops  and  in  qutside  overhaul  shops  the  total  expenses 
of  a  complete  overhaul  were  divided  approximately  on  the 
basis  of  60  to  70  per  cent  labor,  and  40  to  30  per  cent  ma- 
terial, and  from  a  hast^  examination  of  recent  records  it 
appears  that  today,  with  a  much  higher  cost  for  both  ma- 
terial and   labor,  these  general   percentages   still   obtain. 

The  importance  of  this  point  must  be  fully  appreciated 
bv  the  man  who  determines  whether  an  old  part  may  be 
repaired,  knowing  that  it  may  not  remain  usable  until  the 
next  overhaul  period  and  must  therefore  be  replaced  m  the 
meantime,  or  whether  a  new  part  should  be  substituted,  and 
in  this  connection  he  must  also  have  directly  in  mmd  the 
accessibility  of  any  s.uch  part  in  the  event  that  it  must  be 
replaced  bv  the  running  repair  department. 

This  question  of  various  parts  requiring  repair  or  replace- 
ment between  overhaul  periods  is  one  to  which  we  require 
our  mechanical  superintendents  to  pay  particular  attention. 
Manufacturers  as  a  rule  fully  appreciate  this  point  but  it  is 
also  a  possible  source  oi  increased  maintenance  cost  that 
cannot  be  detected  by  even  the  closed  analysis  ot  monthly 
reports. 


Replacement  and  Repair  of  Parts.— linniedlately  after  this 
inspection  has  hei'ii  complt-tt-d  in  our  (liHHembllnK  room, 
orders  are  placed  for  the  repair  or  repluconienl  of  purin. 
with  the  approximate  date  for  their  delivery  to  the  usHem- 
bling  room  specified. 

The  repairs  are  then  carried  on  in  Heparate  departments 
where  various  branches  of  the  work  are  asslRned  to  individ- 
ual experts.  Here  again  we  have  developed  economleH  thai 
are  not  ordinarily  possible  such  as  slight  redesigning  of 
parts  or  substitution  of  cheaper  for  more  expensive  metals 
which  at  the  same  time  satisfactorily  meet  our  require- 
ments. 

A  large  proportion  of  the  total  work  of  our  overhaul  shop 
is  devoted  to  the  manufacture  of  parts;  this  can  be  carried 
on  continuously  so  that  the  over-production  during  the  com- 
paratively slack  overhaul  periods  provide  adequate  supply 
for  the  peak  periods  in  the  overhaul  work. 

We  find  that  a  very  small  proportion  of  parts  coBt  more 
to  manufacture  than  to  buy  from  an  outside  manufacturer. 
Tlie  only  cases  where  we  manufacture  such  parts  are 
emergencies. 

We  have  about  nine  central  points  that  carry  from  $40.- 
000  to  $12.1.000  worth  of  material  for  distribution  to  the  sur- 
rounding territory. 

!!y  highly  specializing  the  work  of  mechanics  in  our  re- 
pair shoi)  we  have  benefited  in  various  directions.  Certainly 
a  man  performing  the  same  class  of  work  day  after  day 
finds  it  more  irksome  than  a  variety  of  duties,  but  he  is  also 
inclined  to  develop  improvement  and  call  attention  to  prac- 
tical means  of  reducing  our  costs. 

A  simple  illustration  of  this  point  was  the  recommenda-. 
tion  and  adoption  of  a  lock  washer  of  a  type  not  commonly 
known  or  used,  but  that  developed  a  remarkable  value.  .\ 
maintenance  man  can  easily  realize  the  effect  of  such  an 
apparently  insignificant  detail  upon  maintenance  costs  hav- 
ing in  mind  the  excessive  vibration  motor  trucks  are  sub- 
.iected  to. 

21be  possession  of  our  own  welding  equipment  is  also  a 
distinct  advantage  in  various  ways.  Many  parts  that  are 
very  expensive  to  replace  are  built  up  by  the  acetylene 
welding  process.  I  recall  one  instance  where  a  part  cost- 
ins  $9  is  commonly  repaired  by  this  process  at  an  expense 
of  $l..iO.  The  saving  of  time  necessary  for  disassembling 
parts  and  sending  them  to  outside  welders,  securing  their 
return  and  reassembling  them  is  also  a  very  important  item. 
As  an  extreme  example  I  cite  the  case  of  a  3-ton  truck 
where  a  cracked  cylinder  was  welded  without  removing  the 
cylinder  from  the  motor  or  the  motor  from  the  truck.  This 
may  be  regarded  by  many  welding  experts  as  impossible 
or  at  least  a  doubtful  practice,  but  in  not  only  one  but  In 
every  case  where  we  have  attempted  it  we  have  been  com- 
pletely successful. 

After  repairs  or  replacement  of  the  various  parts  have 
been  completed,  they  are  gathered  at  a  definitely  scheduled 
time,  which  we  are  generally  able  to  adhere  to.  upon  the 
assembling  floor  where  the  complete  truck  Is  prepared  for 
road  test  and  return  to  service 


Cost  of  Cleaning  Yard  Tracks 

The  receiving,  classification  and  advance  yard  tracks  i|i 
a  freight  terminal  are  generally  and  uniformly  difficult  to 
maintain  because  of  their  almost  constant  use.  and  in  the 
case  of  mineral  yards  because  of  the  great  quantity  of  ma- 
terial spilled  and  shaken  from  the  cars  onto  the  tracks.  Rail 
and  splice  materials  aie  never  of  the  best,  and  add  consid- 
erablv  to  the  wear.  Ties  are  apt  to  be  of  Inferior  size  and 
allowed  to  remain  beyond  their  useful  life  limit.  -Mainte- 
nance work  is  generally  done  in  the  form  of  renewals.  I  e.. 
when  a  particular  track  absolutely  requires  attention  ar- 
rangements are  made  to  obtain  the  use  of  it  and  it  Is  then 
renewed  and  practically  rebuilt.  Ballast  Is  usually  of  cin- 
der or  gravel,  which  is  not  difficult  to  handle,  but  after  a 
few  years'  service  becomes  practically  impervious  and  offers 
verv'poor  opportunities  for  drainage.  I>rainage  is  usually 
of  the  surface  type  and  is  seldom  adequate,  resulting  in  bad 
pumping  track. 

Policing  of  these  yard  tracks  is  difficult  and  apt  to  he 
dangerous.  It  should  be  done  frequently,  but  such  is  un- 
usual with  the  result  that  accumulations  are  large,  necessi- 
tating the  services  of  a  work  train  and  a  large  number  of 
men      In   most    yards   the   practice    is   to    gather   or   scrape 
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l\\<:   dirt   into   piles   in   places   wlieie   it   can   be   reached   by   a 

work  train.     The  dirt   may  he  piled   in  an   inter-track   space, 

but  it  is  pieferable  to  locate  the  dht  piles  in  an  open  space 

if  possible      The  cost   per   1,000   lin.   ft.  of  track   covering   a 

single  cleaning,  including  the  gathering  of  the  dirt  into  piles 

and    hauling   away   by   work   train,   will    lie   about    $10.     This 

figure,  states  Mr.  J.  B.  Baker.  Supervisor  Pennsylvania  R.  R., 

in  an  article  in  the  Railway  Maintenance  Engineer,  will  vary 

somewhat  with   the  class  of  yard   and  kind  of  dirt,   and  the 

annual   cost   per   1.000   lin.   ft.   of  track   of   periodic   cleaning 

win  be  about  as  follows: 

Annual  Cost 
Type  of  Yard.  Frev|ueiK-y  of  I'er  1.000  ft. 

Classiflcation  Yard —  Cleaning.  of  track. 

Merchandise    freiKht     ...Every    six    months    $20 

Mixed  freight  Every  four  months    35 

Mineral  freight    Every   two  months    60 


Form   for   Comparison  of   Labor   Charges 

The  accompanying  illustration,  reproduced  from  the  Rail- 
way Maintenance  Engineer,  shows  a  foi-m  devised  in  the 
office  of  the  director  of  the  Allegheny  region,  United  States 
Railroad  .Administration,  tor  the  daily  and  cumulative  tabula- 
tion of  labor  engaged  in  maintenance  of  way  work.  The 
form  was  put  into  effect  on  the  roads  in  that  region  on  A|jril 
1.  This  report  is  prepared  for  the  use  of  supervisory  officers 
in  checking  the  actual  labor  employed  in  comparison  with 
that   estimated  in  the  monthly   budgets,  and  authorized.     On 
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Front  and    Back  of    Labor  Time    Record   Card. 

one  side  is  the  daily  report,  while  on  the  reverse  side  is  the 
cumulative  report  from  the  first  of  the  month  up  to  and  in- 
cluding the  date  shown  on  the  first  side.  By  means  of  this 
report  the  supervisors  are  able  to  inform  themselves  daily 
of  the  adherence  of  their  forces  to  the  scheduled  program  and 
to  detect  and  correct  excesses  or  deficiencies  before  the  end 
of  the  month.  The  illustration  shows  a  typical  report  made 
out  on  one  supervisor's  district  in  this  region. 


Time  Statement  Prevents  Pay  Day  Kicks 

On  many  construction  .iobs  protests  by  employes  that  their 
time  has  not  been  properly  kept  or  their  pay  is  short  are  a 
fruitful  source  of  vexation.  If  the  records  are  in  order,  set- 
tlements should  be  capable  of  rapid  verification  or  correction. 
A  good  method  of  avoiding  disputes  is  to  give  the  employes 
a  detailed  statement  of  the  amount  of  his  earnings  with  any 
deductions  therefrom,  and  allow  him  to  consider  it  before 
receiving  his  money.  A  time  statement  that  meets  this  re- 
quirement is  illustrated  in  a  recent  bulletin  of  the  U.  S. 
Bureau  of  Mines  in  "Cost  Keeping  for  Small  Metal  Mines." 
One  of  these  statements  is  handed  the  employe;  if  it  is 
correct  he  signs  and  passes  it  to  the  paymaster  and  receives 
his  pay  envelope,  on  the  face  of  which  is  a  carbon  copy  of 
the  statement.  The  result  is  that  the  company  retains  a 
receipt  tor  the  payment,  and  the  employe  a  copy  of  the  state- 
ment that  he  has  signed.  The  time  statement  is  made  up  in 
pads,   a    convenient    size   being   :i%    by    7    ins.     A   convenient 


size  for  the  paper  pay  envelope  is  3%  by  7  ins.  The  state- 
ment on  the  face  of  the  envelope  is  filled  in  as  carbon  copy 
of  the  "time  statement." 


TIME    STATEMEN 

T. 

No 

CO. 
for 

PAY    ENVELOPE. 

In   account   with 
A.\IERIC.\N   MINING 

In  account  with 
AMERICAN  MINING  CO. 
for 

Earnings. 
B\*.  .  .shifts  at  $ 

Earnings. 

By.  .  .shifts  at  f 

By. .  .shifts  at  %. 
By. .  .shifts  at  $ 
By. .  .shifts  at  $ 

By   

By   

By    

Total   earninf,'s 
Charges 

H\ .  .  .shifts  at  $ 

By. .  .shifts  at  % 

By.  ..shifts  at  I 

By     

BV     

Bv     

Charges. 
For  doctor    

For  board    

For  room    rem     

For  board   ... 

For .. 

For 

For     

For 

For 

For   cash   advanced    . . . . 

For  cash  advancetl   - 

Total   charges    

Balance  as  i)er  pa\' 
roll    '. 

Total  charges    .  . 
Balance  as  per  pa> 

Received    payment    in 
the  above   services     . . 

full    for 

(Sign    here) 
Xot    neRotialilf. 

Form   for  Stijtement 

of   Earnir 

gs   and    Amount   of    Pay    Due. 

Personals 

George  J.  Kuss,  formerly  deputy  chief  of  the  fire  de^partment 
ol  .New  ^■ork  I  Mty.  aiitl  later  as.«ociated  with  the  Bureau  of  Fire 
ITevcntion  of  that  city,  has  opened  consulting  engineering  ofRces  at 
ti4  u.  Broadway.  New  York,  and  will  specialize  in  tire  prevention 
and  fire  pi-otection. 

Capts.  John  Maher,  George  B.  Farlow.  .loseph  M.  Lewis,  Pau; 
W.  Elmore  tmd  I-ieuts.  W.  B.  Maurer,  J.  "W.  Purdy  and  J.  D. 
Stemm  have  been  discharged  from  military  service  and  reported 
for  duty  as  assistant  engineers.  Baltimore  &  Ohio  R.  R..  Western 
-Lines,  at  Cincinnati.  O. 

A.  B.  Hargis,  engineer  in  charge  since  October.  191T,  of  the 
(-'amp  McC'lellan.  Ala.,  organization  of  Morris  Knowles.  Inc..  Su- 
pervising Engineers,  completed  his  work  at  this  camp  in  the  earl>- 
summer  and  was  recently  transferred  to  the-  Pittsburgh  office,  con- 
tinuing his  connection   with   these  engineers. 

M.  A.  Long  h,is  resigned  as  assistant  to  the  chief  engineer  and 
architect  of  the  Baltimore  &  Ohio  R.  R.  and  will  engage  in  general 
engineering  and  construction  work  at  1523  Munsey  building,  Balti- 
more. Md..  under  the  name  of  The  M.  A.  Long  Co.  The  first  piece 
of  construction  work  on  which  iVIr.  Long  will  be  engaged  \\ill 
he  the  design  and  construction  of  the  McCormick  building.  Light 
and  Barre  streets.  Baltimore.  This  is  to  be  an  8-story  reinforce". 
I  oncrete  structure,  having  a  floor  space  of  55.000  square  feet  au'.l 
will  cost  *1, 500, 000.  Mr.  Long  has  been  connected  with  the  Balti- 
ni-ore  &  Ohio  R.  R,  for  the  past  20  years,  during  which  time  he_hcis 
handled  a  number  of  important  pieces  of  building  construction, 
among  otb-^rs  being  the  design  and  construction  of  the  large  te,'- 
niinal  warehouse  of  the  railroad  at  Cincinnati,  O. :  Baltimore,  M(^.: 
Pittsburgh.  Pa.,  and  New  York;  piers  at  Locust  Point,  station 
buildings  r.t  Clrafton,  'tt".  Va. ;  Wlieeling,  ^V.  Va,,  and  Pittsburgh. 
P,\. ;  coal  handling  plants  at  Deshler.  O.;  Elsmere  Junction.  VxA  . 
Voder.  Pa.,  and  ciher  points:  thawing  sheds  at  Baltimore,  Md..  :mi.1 
Xew  ^'o^k,  N.  Y. :  icing  and  cold  storage  plants  and  rest  houst .«. 
V  M.  C.  A.  buildings,  shops  and  engine  houses  at  Grafton,  W.  Va.; 
Parkersburg,  W.  Va. :  Cincinnati,  O.,  and  Chicago,  111.  He  also 
superintended  the  construction  of  the  Baltimore  &  Ohio  general 
'tftice  builvling  at  Baltiniore  and  Charles  streets,  Baltimore    Md 


Industrial  Notes 

L^roy  A.  Kling  lias  organized  the  Leroy  A.  Kling  Advertising 
Co..   with  offices  in.  the  Consun"'ers'   Building-,   Chicag-o,  III. 

i'he  Buoyrus  Co..  Soutn  Milwaukee.  ^Vis  ,  has  opened  a  Cleve- 
land. O..  office  at  SOS  American  Trust  building.  This  office  will 
bv'  in  cliarg"e  of  B.  G.  Lewis,  forinerly  with  the  New  York  office 
of  the  Bucyrus  Co..  and  more  recently  president  of  the  New 
Jersey  Slag'  Products  Co..  Dover.  X.  J. 

The  Williamsport  Wire  Rope  Co..  Williamsport,  Pa.,  has  es- 
tablished a  brancli  office  and  warehouse  at  Chicago  under  the 
direction  of  C  M.  Ballard,  formerly  connected  with  the  Williams- 
port  organization  at  Cleveland.  O  The  Chicago  office  is  located 
at  122  S.  Michigan  avenue  and  the  warehouse  at  755  "W.  Quincy 
street.  The  new  Chicago  branch  is  the  latest  step  in  the  develop- 
ment of  the  "WiilianiKpcrrt's  distribution  organization. 


Trade  Publications 

The  followine.'  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently. 

Cable  ways. — Blaw-Knox  Co.,  Pittsburgh.  Pa.  16-page  bulletin 
devoted  to  "Blaw"  automatic  single  rope  cableways. 

Drill. — Sullivan  Maciiinery  Co..  Chicago.  111.  32-page  booklet  on 
Sullivan  hammer  drills  and  Sullivan  rock  drills. 

Rock  Crushers. — Allis-Chalmers  Manufacturing  Co.,  Milwaukee. 
Wis.  20-page  bulletin  illustrating"  and  describing  the  Pairmount 
type   crusher. 

Locomotive  Cranes. — Ball  Engine  Co..  Erie,  Pa.  Bulletin  show- 
ing u.^es  t©  which  Erie  Type  B  locomotive  cranes  can  be  put;  also 
.gives  output  of  machine,  working  ranges,  lifting  capacity,  etc. 

Steam   Shovels.  Cranes,  Dredges,   Etc. — The  Osgood  Co..  Marion.* 
O.     32-pag-e  catalog  of  steam  shovels,  cranes,  clamshell  outrits  ann 
dredges.     Contains    general    descriptions    and    tables    of    dimen.*;ion;> 
of  the  inachines.     Numerous  construction  views  are  also  sriv^i. 
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at  4>I.5U  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  tht»e 
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Roads  and  Streets— 1st  Wednesday 

(a)  Roads 

(b)  StreeU 


ic)   Street  Cleaning 

(d>   Municipal    MiscellanieB 


Waterworks  and   Hydraulics— 2nd  Wednesday 

(a)  Waterworks 

(b)  Sewers    and    Sanl 

tatlon 

(e)    Management   and    Office 
System 


(c>   Irrigation    and    Drainage 
(d)    Power    and    Pumping 


Railways  and   Excavation — 3rd  Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  (d)   Railways.   Steam   and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
System 

Buildings  and  Structures^-4th  Wednesday 

(a)  Buildings  (c)   Harbor   Structures 

(b)  Bridges  (d)    Miscellaneous  Structures 

(e)   Properties  of  Materials 
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The  Fallacy  of  Urging  Greater  Pro- 
duction of  Every  Class  of 
"Goods"  and  Service 

Tlie  public  is  being  deluged  with  economu:  advice  from 
every  source,  from  the  President  down  to  the  ward  politician: 
from  the  editor  of  the  greatest  daily  to  the  humorist  of  (he 
smallest  weekly.  For  a  time  we  were  told  that  high  prices 
were  due  to  the  abnormal  demand  for  goods  created  by  war 
conditions,  and  we  were  advised  to  reduce  consumption  of 
all  things  save  the  barest  necessities.  .\o\v  we  are  still  told 
to  economize,  in  the  face  of  the  fact  that  production  has 
greatly  decreased  in  nearly  all  lines  save  farming.  But  in 
the  same  breath  greater  productivity  of  everything  is  urged 
as  the  panacea  for  high  prices!  "Produce  moi-e  and  con- 
sume less"  may  be  a  good  econon'ic  policy  for  an  individual, 
provided  all  other  indi- 
viduals do  not  follow 
the  same  policy,  but  it 
spells  economic  disas- 
ter where  all  Individ-  ^ 
uals  follow  it. 

Pew  economists  think 
clearly  enough  to  dis- 
tinguish at  all  times  be- 
tween individual  econ- 
omy and  social  econ- 
omy. \  policy  that  may 
enrich  an  individual 
niay  impoverish  a  na- 
tion. Take,  as  an  ex- 
treme illustration,  the 
brigandage  policy  of 
Pancho  Villa.  To  him 
and  his  associates  it 
brings  wealth,  but  to 
the  rest  of  Mexico  it 
brings  poverty.   Not  less 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  '  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


disastrous  would  it  be  to  a  nation  were  all  men  as  miserly  as 
Russell  Sage  was  reputed  to  be. 

Fully  90  per  cent  of  all  tiiat  is  produced  is  consumed  al- 
most at  once,  the  remaining  10  per  cent  going  to  Increase 
the  working  capital — railways,  highways,  plants,  buildings, 
tools,  etc.  In  other  words,  a  normally  prosperous  nation  im- 
mediately consumes  nine-tenths  of  all  it  produces.  Hence 
it  is  contradictory  to  counsel  national  restriction  of  consump- 
tion and  national  increase  of  production  at  the  same  lime. 
Yet  that  is  precisely  what  the  V.  S.  Council  of  National  De- 
fense has  recommended  in  the  report  that  we  abstracted  in 
our  issue  of  Sept.  3. 

The  same  report  contains  several  other  glaring  inconsist- 
encies. For  example,  it  attributes  the  continuance  of  high 
prices  to  reduced  production  since  the  war  ended.  Yet  it 
gives  statistics  showing  that  farm  production  for  191 H  has 
been  greater  than  for  the  abnormally  great  year  of  191S.  while 

food  exports  have,  do- 
creased.  In  other  word.^i. 
.\merica  has  more  food 
per  capita  now  than  It 
had  a  year  ago,  yet  the 
retail  food  prices  re- 
main substantially  'he 
same.  Clearly,  then, 
high  prices  of  foods 
can  not  be  attributed 
to  decrease  in  food  pro- 
duction. 

t'ndaunted  by  this 
fact,  the  report  ascribes 
the  high  price  of  shoes 
and  textiles  to  the  2.5 
per  cent  decrease  in 
their  production  that 
has  occurred  during  the 
first  half  of  1919.  com- 
pared with  the  first  half 
of  1918.  But  if  decreased 
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production  ot  clothing  lias  kept  prices  up,  and  if  increased  pro- 
duction of  foods  has  also  kept  prices  up,  is  there  not  some- 
thing wrong  with  the  theory  that  high  prices  are  mainly  de- 
pendent on  decreased  production?  Is  it  not  more  probable 
that  food  is  produced  in  as  large  quantities  as  ever  because 
people  insist  on  eating  heartily,  whereas  clothing  is  being 
produced  in  smaller  quantities  because  many  people  are  mak- 
ing their  old  clothes  last  longer?  If  so,  it  will  be  idle  advice 
lo  increase  all  production;  first,  because  increased  production 
of  food  is  not  necessary,  and  would  result  in  waste;  second, 
because  increased  production  of  clothes  will  not  give  enough 
underpaid  people  the  income  needed  to  buy  both  food  and 
clothes  in  ample  quantities. 

The  economists  who  wrote  the  report  for  the  U.  S.  Council 
of  Defense  certainly  have  confused  the  need  of  greater  annual 
productivity  per  man  with  greater  annual  productivity  of  all 
goods.  It  is  a  very  common  error  to  reason  that  because 
greater  annual  productivity  per  worker  is  a  desideratum. 
therefore  greater  annual  production  of  every  sort  of  goods  is 
to  be  desired.  To  illustrate  the  absurdity  of  such  an  infer- 
ence, take  the  case  of  drinking  water.  Each  person  needs 
about  50  gallons  of  water  per  day  for  domestic  purposes. 
More  than  that  is  simply  waste.  Yet,  under  the  theory  that 
general  productivity  of  all  things  is  desirable,  it  would  be 
relatively  easy  to  supply  100  gal.  per  diem  per  capita  for  do- 
mestic purposes,  with  practically  no  increase  in  the  number 
of  employes  of  a  water  works  plant.  Relatively  slight  in- 
crease in  the  size  of  the  plant — the  pumps,  engines,  etc. — 
would  double  the  water  delivered  daily  to  each  consumer. 
But  to  what  useful  end? 

About  4  lb.  of  solid  food  per  day  per  person  suffices,  and 
we  in  America  are  getting  all  of  that  and  more.  Why,  then, 
urge  farmers  to  greater  productivity?  The  farmers  are  too 
keen  to  glut  the  market  so  as  to  lower  prices  without  increas- 
ing their  own  net  income.  Even  the  Japanese  gardeners  of 
California  know  that  much  of  economics,  for  they  have  been 
destroying  their  surplus  garden  truck.  The  fruit  associations 
and  other  farm  organizations  are  altogether  too  well  informed 
to  produce  much  more  than  can  be  readily  absorbed  by  the 
markets.  So  the  President  may  as  well  shout  into  an  empty 
rain  barrel  as  to  urge  American  agriculturists  to  increase 
their  production. 

Does  it  follow  from  the  foregoing  facts  that  "greater  pro- 
ductivity" is  a  futile  preachment?  Not  at  all,  if  the  term 
"greater  productivity"  is  properly  understood  and  correctly 
defined,  which  it  rarely  is.  While  there  are  some  things  that 
we  now  produce  in  great  abundance,  notably  food,  there  are 
other  things  that  we  lack,  notably  adequate  education,  ade- 
quate housing,  adequate  transportation,  and  adequate  amuse- 
ments. The  primary  object  of  greater  productivity  per  man 
per  hour  is  to  release  men  for  employment  in  occupations 
that  will  yield  an  abundance  of  the  things  that  we  now  lack — 
houses,  roads,  railways,  amusement  grounds  and  places,  edu- 
cation. Increasing  the  annual  productivity  of  each  worker  is 
obviously  in  the  interest  of  all  workers,  but  only  when  it  is  so 
managed  that  the  output  of  each  class  of  goods  does  not  ex- 
ceed the  demand  for  that  particular  class.  If  farmers  and 
manufacturers  follow  the  advice  of  President  Wilson  and 
others  who  are  now  urging  a  general  increase  in  production, 
nothing  but  disaster  will  come  to  most  of  those  that  act  upon 
the  advice. 

When  the  war  came  to  its  sudden  end,  nearly  a  year  ago, 
we  urged  the  economic  necessity  of  huge  expenditures  for 
public  works.  Altogether  inadequate  amounts  have  been  ap- 
propriated for  such  purposes.  Railway  and  public  utility  com- 
panies have  added  next  to  nothing  to  their  plants  in  five 
years.  The  same  holds  true  of  municipalities.  Aside  from 
roads  construction  there  has  been  comparatively  little  spent 
for  works  of  a  public  or  semi-public  nature.  Railways  and 
public  utilities  generally  had  been  starved  by  public  repres- 
sion for  many  years  before  the  war.  The  inflation  of  the 
currency  during  the  war  put  the  finishing  touch  to  their 
troubles.  Cities  limited  as  they  are  by  antiquated  charters 
and  laws,  can  not  bond  themselves  for  large  enough  sums  for 
adequate  improvements.  The  federal  government  has  made 
no  move  to  improve  rivers  and  harbors,  or  to  irrigate  and 
drain  lands  on  a  large  scale.  Its  miserly  federal  appropria- 
tions for  road  work  have  been  insufficient  to  give  employment 
to  many  men. 

When  great  railway  and  public  utility  companies  are 
financially  unable  to  improve  their  plants,  when  cities  are 
doing  little  construction  and  the  federal  government  is  doing 


less,  how  can  politicians  hope  to  persuade  private  corpora- 
tions and  individuals  to  build  plants  and  houses,  and  "get 
busy"  generally?  Let  the  government  set  a  proper  example. 
L,et  cities,  counties  and  states  add  greatly  to  their  "plant" — 
their  paved  highways,  their  school  buildings,  their  amusement 
grounds  for  old  and  young,  their  sewer  and  water  systems. 

Let  prompt  action  be  taken  one  way  or  the  other  as  to  the 
currency.  If  it  is  decided  not  to  attempt  to  deflate  the  cur- 
rency, then  let  the  decision  be  voiced  in  a  law,  and  coinci- 
dently,  let  the  salaries  and  wages  of  all  public  servants  be 
increased  fully  CO  per  cent  above  the  prewar  level.  Also 
let  propaganda  be  started  to  secure  a  similar  increase  for 
every  class  of  private  employe.  In  short,  let  the  entire  nation 
come  to  the  new  standard  of  value  as  quickly  as  possible. 
The  strike  of  policemen  in  Boston  is  merely  symptomatic  of 
-the  general  unrest  among  millions  of  men  who  have  received 
no  wage  increase  corresponding  to  the  50  per  cent  increase 
in  currency  and  bank  deposits,  to  say  nothing  of  the  70  per 
cent  increase  in  the  cost  of  living. 

Following  a  prompt  decision  as  to  the  currency,  propaganda 
should  be  started  to  increase  the  productivity  per  man-hour 
in  every  occupation,  with  the  definite  object  of  releasing  men 
for  occupations  that  will  yield  products  for  which  the  demand 
exceeds  the  supply.  Coincidently.  advertising  and  other  edu- 
cational methods  should  be  used  on  a  large  scale  to  create  de- 
mands for  sensible  things.  First  among  these  sensible  things 
we  would  place  better  education.  Far  as  we  have  gone  in 
America  to  provide  free  education  for  the  masses,  we  are  as 
yet  only  on  the  threshold  of  educational  achievement.  Con- 
trast the  average  workman  with.  say.  the  average  civil  engi- 
neer, if  you  would  appreciate  the  gulf  that  exists  between 
what  we  have  yet  done  in  an  educational  way  and  what  we 
may  still  do. 

The  ultimate  goal  is  greater  leisure  for  all,  better  education 
and  training  that  will  not  only  bring  this  leisure  but  habits 
that  will  make  it  most  enjoyable.  Against  the  coal  miners 
who  are  asking  for  a  6-hour  day  and  a  o-day  week,  let  us  not 
shoot  our  arrows  of  derision.  Let  us  agree  with  them  that 
their  desire  is  a  worthy  one — when  it  can  be  obtained  by  all 
American  workmen.  And  let  us  show  them  that  while  it  is 
not  to  be  attained  at  once,  it  is  already  within  the  sight  of 
anyone  that  is  not  blinded  by  habit  or  prejudice.  First,  how- 
ever, all  workmen  must  be  taught  to  speed  up;  and  all  em- 
ployers must  be  taught  to  share  up.  This  need  not  be  an  in- 
terminable task.  Ten  years  of  well  directed,  vigorous  effort 
might  bring  it  to  pass. 


Why  Engineers  are  More  Judicial 
Than  Lawyers 

By  training,  and  perhaps  by  instinct  also,  most  lawyers  are 
strongly  partisan.  By  training,  and  perhaps  by  instinct  also. 
most  engineers  are  judicial.  Yet  lawyers  occupy  nearly  all 
judicial  positions  in  public  life,  because  of  their  ability  as 
public  speakers  and  "mixers,"  aided  by  the  popular  belief 
that  it  is  the  peculiar  function  of  lawyers  to  interpret  laws 
as  well  as  to  make  them.  Like  many  another  common 
fallacy,  this  one  has  sprung  from  failure  to  define  terms 
carefully. 

A  law  IS  a  rule  for  the  guidance  of  conduct,  supported  by 
an  authority  having  the  power  to  punish  Its  infringement. 
A  lawyer  is  one  whose  profession  it  is  to  defend  or  prosceute 
alleged  infringers  of  the  law.  and  to  guide  clients  so  as  to 
avoid  litigation.  It  does  not  follow,  therefore,  that  a  lawyer 
is  necessarily  a  maker  of  laws,  although  it  does  follow  that 
he  should  be  a  reliable  interpreter  of  their  meaning.  The 
training  in  precise  use  of  language  is  one  of  the  advantages 
that  the  average  lawyer  has  over  the  average  engineer,  both 
in  drafting  and  in  interpreting  a  law.  On  the  other  hand,  the 
economic  and  scientific  training  of  the  average  engineer  gives 
him  a  marked  advantage  over  the  average  lawyer  in  decid- 
ing what  a  law  of  an  economic  nature  should  prescribe.  If 
the  engineer  is  also  well  trained  in  the  use  of  words,  his 
knowledge  of  the  full  significance  of  technical  terms  gives 
him  an  advantage  in  drafting  a  law  wherein  such  terms  are 
used. 

In  rendering  judicial  decisions  in  cases  of  a  technical  or 
economic  nature — such  as  appraisal  and  rate  cases,  tax  cases, 
patent  cases,  etc. — an  engineer  is,  as  a  rule,  better  equipped 
than  a  lawyer  to  reach  a  fair  decision;  for  in  such  cases  an 
Interpretation  of  the  meaning  of  a  law,  or  a  decision  as  to 


(56) 


Fiifliucrriiifj  and  Contracting  for  Scptemher  2-1.  J919. 


345 


what  law  applies,  is  usually  not  involved,  whereas  the  fair- 
ness of  the  decision  almost  invariably  rests  upon  a  correct 
interpretation  and  weighing  of  the  data  submitted  in  the  evi- 
dence. The  weighing  of  technical  and  economic  data  is  a 
matter  of  daily,  almost  hourly,  occupation  on  the  part  of  all 
engineers,  excepting  those  whose  duties  are  of  a  purely 
routine  nature. 

In  each  field  of  human  activity,  the  most  competent  weigh- 
ers of  evidence  that  pertain  to  that  field  are  the  men  whose 
occupation  has  involved  systematic  study  and  practice  in  that 
particular  field.  Doctors  are  the  best  judges  of  symptoms 
of  disease,  even  as  civil  engineers  are  the  best  judges  of  eco- 
nomic tacts  of  an  engineering  nature.  Every  careful  student 
of  logic  knows  this  to  be  true,  and  any  thinking  man  can 
readily  satisfy  himself  that  it  is,  if  he  will  merely  review  the 
instances  of  errors  made  by  those  who  enter  a  new  field  of 
activity — the  "greenhorns." 

Due  to  the  wide  range  of  the  laws  that  they  are  called  up- 
on to  interpret  for  clients,  lawyers  are  prone  to  believe  that 
theirs  is  the  one  profession  that  trains  a  man  to  think  cor- 
rectly on  every  mundane  subject.  Consider  the  cocksure- 
ness  of  the  average  politician,  bearing  in  mind  that  the  aver- 
age politician  is  a  lawyer.  From  the  President  down  we  see 
the  greatest  self-confidence  in  answering  any  and  every  eco- 
nomic question,  almost  offhand.  In  contrast,  note  the  reserve 
of  a  great  scientist  or  engineer  when  a  new  economic  prob- 
lem is  presented  for  his  consideration,  even  though  the  prob- 
lem is  one  that  falls  within  his  specialty.  And  if  it  lies  out- 
side his  realm  of  every  day  thought,  note  his  extreme  reti- 
cence about  even  undertaking  its  solution. 

It  has  been  pointed  out  by  psychologists  that  children  and 
ignorant  men  are  prone  to  jump  to  conclusions.  They  are 
called  emotional,  because  of  the  ease  and  rapidity  with  which 
they  form  judgments.  On  the  other  hand,  mature  men,  and 
particularly  those  that  are  recognized  as  great  men,  are  much 
more  deliberate  in  forming  judgments.  They  are  called  un- 
emotional, or  judicial.  A  scientific  training  develops  the 
judicial  faculty  or  habit  in  the  highest  degree:  whereas  a 
legal  training  falls  far  short  of  such  an  accomplishment.  An 
engineer,  for  example,  w\ants  an  abundance  of  data  before 
he  decides.  A  lawyer  usually  is  ready  to  decide  as  soon  as 
he  has  read  the  law  and  listened  to  his  client's  statements. 
Lacking  adequate  data,  an  engineer  wants  to  experiment  to 
secure  the  facts  needed  to  form  a  correct  judgment.  Lacking 
adequate  evidence,  the  average  lawyer  is  prone  to  trust  to 
his  wit  and  his  persuasive  tongue.  The  one  seeks  a  "correct 
solution"  of  each  problem,  while  the  other  seeks  a  "victory" 
in  eveiT'  contest. 

In  the  present  public  discussion  of  the  proposed  law  to 
administer  the  railways  under  the  "Plumb  plan,"  lawyers  on 
both  sides  are  illustrating  their  proclivity  for  solving  an  eco- 
nomic problem  by  mere  argument.  Plumb,  himself  a  lawyer, 
makes  no  effort  to  investigate  available  data,  but  indulges  in 
such  misstatements  as  this: 

"I  have  been  uttering  before  the  Interstate  Commerce 
Committee  of  the  House  of  Representatives  this  charge;  The 
railroad  executives,  whose  securities  are  over  one-third  below 
par  on  the  market,  are  conspiring  to  get  a  law  through  Con- 
gress guaranteeing  6  per  cent  dividends  on  all  these  secur- 
ities, good  and  bogus — and  half  of  them,  according  to  the 
valuations  of  the  Interstate  Commerce  Commission,  are  worth- 
less— as  though  their  value  was  at  par.  No  one  has  had  the 
hardihood  to  deny  that  charge." 

Where  are  Interstate  Commerce  Commission  valuations 
that  show  that  "half  the  railway  securities  are  worthless"? 
The  I.  C,  C.  has  not  yet  rendered  a  single  decision  as  to  the 
value  of  any  railway,  and  has  published  the  engineers'  esti- 
mates of  physical  property  values  on  but  a  few  small  rail- 
ways.    So  much  for  Mr.  Plumb's  data. 

On  the  other  side  of  the  controversy  lawyers,  like  Senator 
Pomerene.  cite  the  government  deficits  in  railway  operations 
as  evidence  that  "deniocratization  of  the  railways"  is  an  eco- 
nomic failure,  in  spitfe  of  the  fact  that  this  "democratization" 
is  not  what  the  "Plumb  plan  "  calls  for.  In  short,  data  that 
have  no  real  bearing  on  the  problem  are  cited  as  conclusive 
evidence 

Lack  of  economic  training  combined  with  lack  of  a  scien- 
tific training  that  develops  the  judicial  habit  account  largely 
for  the  fact  that  lawyers  are  not  as  competent  judges  as  are 
engineers.  This  is  true  in  general,  but  it  applies  with  spe- 
cial force  where  the  judging  relates  to  economic  matters. 


Why  Mr.  Newell  Should  Personally 

Urge  the  President  to  Appoint 

an  Engineer  on  the  I.  C.  C. 

Frederick  H.  Newell,  president  of  the  American  A««ocla- 
tion  of  Engineers,  has  written  President  Wilson  urging  him 
to  appoint  an  engineer  to  fill  the  vacancy  In  Interstate  Com- 
merce Commission.  The  association  would  do  well  to  have 
Mr.  Newell  see  the  President  in  person,  for  a  vocal  presenta- 
tion of  reasons  is  invariably  more  persuasive  than  a  written 
argument. 

About  a  year  ago  the  editor  suggested  to  the  governor  of 
Nevada  that  an  pngineer  should  be  appointed  to  fill  a  va- 
cancy on  the  State  Public  Utilities  Commission.  The  gov- 
ernor, himself  an  engineer,  replied  that  the  commission  em- 
ployed a  competent  engineer,  and  that  there  seemed  to  be 
no  real  need  of  having  an  engineer  on  the  commission.  Never- 
theless, he  ultimately  did  appoint  an  engineer.  In  doing  so 
he  was  probably  influenced  by  the  argument  that  a  technical 
case  is  usually  best  decided  by  a  technical  court.  This,  we 
believe,  is  the  strongest  single  reason  why  a  public  service 
commissioner  should  be  a  technically  trained  man. 

Not  long  ago  the  Engineers'  Club  of  Sacramento  asked  the 
governor  of  California  to  appoint  an  engineer  on  the  rail- 
road commission.  The  governor,  although  he  had  once  been 
an  engineer,  refused  to  make  such  an  appolnment  because 
he  feared  that  an  engineer's  mind  would  be  made  up  in  ad- 
vance of  any  hearing  as  to  the  value  of  public  utility  prop- 
erties. Probably  the  governor  thought  that  an  engineer  com- 
missioner would  be  inclined  to  supervise  the  appraisal  work 
of  the  engineers  of  the  commission,  and  thus  come  to  have 
an  opinion  favorable  to  their  findings  prior  to  bearing  the 
testimony  of  the  engineers  of  the  public  utility  companies. 
It  is  not  to  be  denied  that  there  is  foundation  for  such  a  fear. 
provided  the  engineer  commissioner  is  of  the  type  that  tends 
to  usurp  the  functions  of  other  people.  But  is  it  not  a  suffi- 
cient answer  to  such  an  objection  to  slate  that  the  governor 
need  not  appoint  an  engineer  of  that  type?  There  are  nu- 
merous engineers  of  judicial  temperament,  even  as  there  are 
numerous  lawyers  that  lack  such  a  temperament.  A  man's 
temperament  is  not  necessarily  indicated  by  the  profession 
to  which  he  belongs. 

The  ideal  service  commissioner  should  be  courageous,  ju- 
dicial, fair,  and  sufficiently  versed  in  the  technical  and  prac- 
tical details  of  public  utility  financing,  construction  and  opera- 
tion to  avoid  serious  errors  in  rendering  a  decision.  In  this 
last  named  qualification,  engineers,  as  a  class,  lead  every 
other  class.  Among  the  40,000  engineers  that  are  members 
of  national  engineering  societies  there  are  thousands  that 
possess  the  three  remaining  essential  qualities  of  the  ideal 
public  service  commissioner. 

Mr.  Newell  himself  is  a  splendid  example  of  the  Judicially 
minded,  fair  and  courageous  engineer.  Hence  his  particular 
fitness  for  the  task  of  convincing  the  Presideni  by  personal 
appeal,  as  above  suggested. 


Difference    Between    Heartwood     -and 
Sapwood 

In  over  300,000  tests  which  have  been  made  at  the  Forest 
Products  Laboratory.  Madison,  Wis.,  on  the  various  species 
of  wood  grown  in  the  United  States,  no  effect  upon  the  me- 
chanical properties  of  wood  due  to  its  change  from  sapwood 
into  heartwood  has  ever  been  noticed.  Any  difference  In 
the  strength  of  heartwood  and  sapwood  can  usually  be  ex- 
plained by  the  growth  and  density  of  the  wood. 

In  other  than  mechanical  properties,  there  are  differences' 
between  heartwood  and  sapwood  which  have  an  Important 
bearing  on  their  use  for  various  purposes.  The  sapwood  of 
most  American  species  is  considerably  less  resistant  to  decay 
than  the  heartwood.  and  where  the  wood  is  used  without  pre- 
servative treatment  in  situations  which  favor  decay,  the  sap- 
wood  is  likely  to  have  a  much  shorter  life.  In  these  pariirular 
cases,  therefore,  strength  requirements  may  have  an  indirect 
bearing  on  the  choice  between  heartwood  and  sapwood,  inas- 
much as  wood  infected  w-iih  decay  is  likely  to  have  its 
strength  properties,  particularly  that  of  shock  resistance, 
greatly  reduced. 
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Erroneous  EconomicArticles  in  the 
Daily  Press  and  How  to  Re- 
duce Their  Number 

By    HALBERT    F.   GILLETTE,   Editor. 

When  will  American  daily  papers  come  to  realize  Ihat  it 
is  an  economic  crime  to  publish  articles  on  economic  sub- 
jects by  authors  that  lack  adequate  economic  knowledge? 
Probably  not  until  scientific  and  professional  men  go  to  the 
editors  and  publishers  of  daily  papers  and  show  them  the 
blunaers    that   non-technical   authors   are   constantly   making. 

As  an  illustration  of  the  sort  of  current  literature  that  is 
reprehensible  because  of  its  technical  errors  I  will  cite  a  re- 
cent article  in  the  Los  Angeles  Times  by  Frederick  .1.  Has- 
kin.  Mr.  Haskin's  theme  is  the  high  cost  of  retailing  prod- 
ucts. He  gives  the  following  examples  to  illustrate  the  point: 
No.  1,  "a  certain  popular  safety  razor  which  sells  for  $5  is 
made  at  a  shop  cost  of  one-tenth  of  that  amount."  No.  2,  it 
costs  0.5  to  0.75  ct.  per  kilowatt  hour  to  generate  electricity 
from  coal,  but  "the  public,  in  most  places,  may  have  to  pay 
10  ct.  per  kilowatt  hour."  No.  3,  "the  shop  cost  of  making  a 
high-grade  typewriter  to  sell  for  $100,  is  estimated  by  ex- 
perts at  from  $12  to  $18  each."  No.  4,  an  electric  motor  that 
sells  for  $G  can  be  made  for  $L 

It  is  apparent  that  Mi'.  Haskin  does  not  know  the  mean- 
ing of  the  technical   term   "shop  cost,"   for  he   says: 

"Shop  cost  includes  labor,  materials,  interest  on  the  actual 
in\estmpnt  in  machinery,  and  the  amount  involved  in  the 
deterioration  of  the  machinery.  It  does  not  include  the  salar- 
ies of  executives,  and  other  purely  administrative  expenses. 
It  is  the  actual  cost  of  making  the  article.  ' 

As  a  matter  of  fact  "shop  cost"  includes  no  "overhead 
costs'' — not  even  interest,  depreciation  or  taxes  on  the  plant. 
Usually  the  "overhead  costs"  of  manufacturers  equal  or  ex- 
ceed the  "shop  costs."  In  the  case  of  the  $5  safety  razor,  the 
major  part  of  the  cost  is  the  cost  of  advertising  and  the  dis- 
count to  the  retail  dealers.  I  was  told  several  years  ago 
(by  a  man  who  knows)  that  the  cost  of  selling  a  $5  safety 
razor  was  $2.  Mr.  Haskin  states  that  the  sales  company  that 
markets  this  razor  pays  the  m.anufacturer  $2  a  razor.  If, 
then,  the  selling  cost  and  discount  is  $2  more,  the  profit  to 
the  selling  company  is  not  more  than  $1.  If  the  "shop  cost" 
of  the  razor  is  50  ct.,  it  is  probable  that  the  overhead  costs 
are  another  50  ct.,  making  a  total  "manufacturing  cost"  of 
$1.  The  resulting  $1  profit  made  by  the  manufacturer  would 
be  properly  regarded  as  very  great,  were  it  not  that  the  razor 
is  patented.  Moreover,  this  was  the  first  safety  razor  ever 
manufactured  and  sold  in  large  quantities.  Prior  to  its  use, 
millions  of  men  either  spent  15  ct.  for  a  shave  or  butchered 
their  faces.  At  15  ct.  a  shave  three  times  weekly,  the  cost 
of  being  shaved  is  $2,3.40  a  year,  to  say  nothing  of  the  value 
of  the  time  lost  waiting  to  be  shaved.  So  the  man  that  pays 
$5  for  the  safety  razor  saves  its  full  price  in  less  than  .3 
months.  But  in  order  to  induce  the  average  man  to  make 
an  annual  profit  of  more  than  400  per  cent  on  his  $5  invest- 
ment in  a  safety  razor,  it  was  necessary  to  conduct  a  great 
educational  campaign.  The  cheapest  way  to  educate  the- 
average  man  to  buy  a  given  thing  is  by  advertising.  So,  even 
though  it  costs  $2  per  razor  to  advertise  it,  the  cost  of  edu- 
cating men  to  use  a  safety  razor  is  very  moderate  compared 
with  the  saving  affected  by  its  use.  Surely  the  inventor  of 
the  safety  razor  is  entitled  to  $1  a  razor  during  the  17- 
year  life  of  his  patent.  Not  less  certain  is  it  that  the  man 
at  the  head  of  the  sales  company  is  entitled  to  another  dol- 
lar per  razor  for  the  novelty  of  his  Idea  in  marketing  the 
razor  in  great  numbers  by  liberal  advertising.  Mr.  Haskin 
says  of  this  man: 

"It  is  said  that  the  man  who  designed  and  first  made  this 
razor,  for  less  tlian  half  a  dollar,  intended  to  sell  it  for  a 
dollar.  He  could  have  made  a  nice  profit  at  that  figure,  and 
could  have  done  a  certain  amount  of  advertising,  which  is, 
of  course,  absolutely  necessary.  His  business  associate  ex- 
pressed the  opinion  that  the  razor  could  be  sold  for  much 
more  than  a  dollar.  The  inventor  disagreed.  They  ended 
by  forming  two  corporations — a  manufacturing  company  and 
a  sales  company.  The  sales  company  bought  the  output  of 
the  manufacturing  company  at  $2  for  each  razor,  and  sold 
the  razors  for  $5  each.  Moreover,  it  sold  millions  of  them 
all  over  the  world.     African  chiefs  and  South  Americans  and 


Russians  have  corroborate<l  the  judgment  of  the  sales  man- 
ager that  the  public  would  pay  $5  for  a  50-cent  razor,  just 
as  quickly  as  it  would  pay  $1." 

The  "business  associate"  who  conceived  the  idea  of  put- 
ting a  $5  price  on  this  invention,  and  who  had  the  courage 
to  plan  and  the  ability  to  execute  a  great  selling  campaign, 
is  as  much  entitled  to  reward  as  the  inventor  himself.  The 
public  is  prone  to  overlook  the  gain  that  it  realizes  from  the 
exercise  of  brains  by  such  men  as  the  man  who  conceived 
and  executed  the  great  idea  of  educating  millions  of  men  to 
use  a  safety  razor.  Mr.  Haskin  not  only  overlooks  this  eco- 
nomic factor  entirely,  but  fails  even  to  see  that  the  inven- 
tor of  the  safety  razor  was  entitled  to  a  liberal  reward. 

Passing  to  Mr.  Haskin's  second  example,  we  have  another 
sort  of  economic  blunder  on  his  part.  It  is  true  that  electric 
current  could  be  generated  for  about  three-quarters  of  a  cent 
per  kilowatt  hour  pi-ior  to  the  war,  but  only  where  the  "load 
factor"  was  very  high,  the  plant  large,  and  the  price  of  coal 
low.  Now  it  happens  that  the  average  householder  has  a 
very  low  "load  factor,"  since  he  uses  current  only  about  :! 
hours  out  of  the  24,  and  even  then  not  ordinarily  up  to  the 
capacity  of  his  lamps,  etc.  Nevertheless,  there  is  the  annual 
interest,  depreciation  and  taxes  on  the  meter,  wires  and  poles 
that  serve  him.  entirely  independent  of  the  number  of  hours 
that  he  uses  the  current.  Reading  a  customer's  meter,  bill- 
ing him,  bookkeeping,  interest,  depreciation  and  repairs  on 
the  meter  and  service  wire  from  the  street  to  the  house 
amount  to  about  $7.50  per  residence  customer  per  year  (at 
pre-war  prices).  But  the  average  residence  customer  uses 
only  250  kilowatt  hours  per  year,  so  that  this  "service  cost" 
alone  amounts  to  3  ct.  per  kilowatt  hour.  To  this  must  be 
added  the  cost  oi  generating  current  at  the  low  station  load 
factor  (say,  15  per  cent)  attributable  to  residence  custom- 
ers or  about  2.5  ct.  per  kilowatt  hour.  And  to  this  must  be 
added  the  cost  of  distributing  the  current  also  at  this  low- 
load  factor,  or  about  2  ct.  per  kilowatt  hour.  This  makes  a 
total  prewar  cost  of  7.5  ct.  per  kilowatt  hour  for  the  average 
residence  customer  of  a  steam-electric  plant,  allowing  7  per 
cent  interest  on  the  investment.  The  reader  is  referred  to 
pages  62  to  82  of  the  Handbook  of  Mechanical  and  Electrical 
Cost  Data,  by  Gillette  and  Dana,  for  a  detailed  analysis  of 
the  costs  of  generating  and  distributing  current  to  different 
classes  of  customers. 

To  Mr.  Haskin  the  gap  between  a  generating  cost  of  n.S 
ct.  per  kilowatt  hour  (at  a  50  per  cent  station  load  factor) 
and  an  S  ct.  per  kilowatt  hour  charge,  a  residence  customer 
(at  a  15  per  cent  station  load  factor)  seems  to  indicate  either 
woeful  economic  management  or  profiteering,  for  he  says: 

"It  may  be  argued  that  the  other  9  ct.  (the  difference  be- 
tween a  1  ct.  cost  of  generating  and  a  10  ct.  price)  is  cost  of 
distribution,  but  the  argument  will  hardly  hold.  It  costs  less 
to  distribute  electric  current  over  a  wire  than  it  does  to  dis- 
tribute other  commodities  By  auto  or  horsepower.  Yet,  al- 
most any  commodity  can  be  distributed  in  the  latter  way  for 
far  less  than  900  per  cent  of  its  value.  And,  besides,  the 
companies  that  supply  the  Government  current  at  2  cents  are 
not  losing  money.  This  discrepancy  between  shop  cost  and 
selling  price  represents  economic  waste,  and  is  a  large  fac- 
tor in  the  high  cost  of  living.  There  is  no  intention  here  to 
fix,  or  even  suggest  blame  for  this  waste.  It  may  be  due  in 
part  to  the  charging  of  excessive  profits  by  the  manufac- 
turer, the  wholesaler,  the  retailer,  or  all  three.  It  may  be 
due  in  part  to  wasteful  and  inefficient  methods  on  the  part 
of  one  or  all  of  these  factors.  It  may  be  due  primarily  to 
the  fact  that  our  whole  industrial  system  is  loosely  and  in- 
efficiently organized." 

Mr.  Haskin's  attempt  to  reason  by  analogy  between  the 
cost  of  distributing  electric  current  by  wire  and  haiiling 
commodities  by  auto  truck  is  an  excellent  illustration  of  'his 
lack  of  knowledge  of  industrial  economics.  Yet  he  evidently 
is  one  who  seeks  to  reform  economic  ills!  But  I  blame  such 
economically  uneducated  writers  less  than  I  blame  the  period- 
icals that  publish  their  deceptive  illustrations  and  inferences. 
Perhaps  we  should  carry  the  blame  still  farther  back,  and 
place  it  upon  the  shoulders  of  engineers  and  other  econo- 
mists who  fail  to  point  out  to  editors  of  daily  papers  and 
magazines  the  economic  blunders  made  by  their  contributors. 
Engineering  societies  have  been  derelict  in  their  public 
duty  in  not  attempting  to  persuade  the  public  press  to  elimi- 
nate economic  articles  by  non-technical  men.  unless  such 
articles  have  been  edited  by  men  competent  to  judge  their 
truth.    . 


(58) 


Eufinicfiiiif/  and  Contracting  for  Septfrnln-r  U4,  1919. 


347 


Preservation  of  Timber  With  Zinc    '"'''^"-''^^^  ^^  "'""y  engineers  th..  proposed  m*.a«ure«  «.,„id 

oe  enacted  speedily.  L'nfoilunately.  many  Ipslslatorit  have 
not  come  Into  close  contact  with  patent  lltlKutlon.  and  fail 
to  realize  the  crude  condition  of  our  laws  r„le„g  advised 
ot  ihi.s  by  their  constituents,  and  impressed  by  them  with 
tiK-  necessity  of  revision,  enactment  will  probably  tall  or 
lie  indefinitely  postponed,-  Kdilorlul  in  Knslneorlng  and  MIn- 
ins;  Journal. 


Chloride  by  the  Steeping 
Process 

Frequently  small  amounts  of  timber  are  to  be  used  under 
conditions  that  favor  decay,  when  it  is  inexpedient  to  have 
the  timbers  treated  at  a  commercial  treating  plant,  and  yet 
where  a  simple  and  inexpensive  preservative  treatment  is 
desired.  Coal-tar  creosote  is  easily  applied,  but  this  pre- 
servative may  be  objectionable  on  account  of  its  color  or 
odor,  or  the  possible  fire  risk  involved.  It  is  in  such  cases 
that  the  zinc-chloride  steeping  process  may  be  used  to  ad- 
vantage. 

The  steeping  process  can  not  be  expected  to  make  wood 
as  durable  as  impregnation  under  pressure,  because  the  ab- 
sorption and  penetration  ot  the  preservative  are  usually  not 
as  thorough.  Furthermore,  a  water-soluble  preservative  like 
zinc  chloride  can  not  be  recomn'ended  for  timbers  which 
are  exposed  continuously  or  frequently  to  the  leaching  action 
of  standing  or  running  water. 

If  the  timbers  are  to  be  used  where  there  is  little  leaclt- 
ina  action  of  water,  even  if  they  are  in  direct  contact  with 
damp  ground,  the  zinc-chloride  treatment  may  be  expected 
to  add  more  than  enough  to  their  length  of  lite  to  justify  the 
cost  of  treatment.  It  should  be  borne  in  mind,  however, 
that  much  better  results  and  usually  greater  economy  can 
be  obtained  by  the  use  of  timber  thoroughly  treated  under 
pressure,  and  commercial  treating  plants  should  be  employed 
whenever  conditions   permit. 

About  the  only  special  apparatus  required  in  the  steeping 
process  is  a  sheet  iron,  wood  or  concrete  tank  long  enough 
so  that  the  largest  sticks  to  be  treated  can  be  submerged  in  it. 

Only  absolutely  sound  timber  should  be  used  and  it  should 
be  thoroughly  seasoned  before  treatment.  If  the  wood  is 
seasoned  but  wet  from  snow  or  rain,  it  should  be  dried  out 
again   before   treating. 

The  timbers  should  be  cut  to  final  dimensions  and  all 
boring  and  framing  done  before  treatment  if  possible.  In 
case  it  is  necessary  to  cut  into  the  timbers  after  treatment, 
all  faces  exposed  by  the  cutting  should  be  painted  with  two 
coats  of  hot  coal-tar  creosote,  or  with  two  coats  of  a  strong 
solution  of  zinc  chloride. 

Zinc  chloride  can  be  purchased  either  in  solid  form  or  in 
a  .50  per  cent  water  solution.  For  treatment  by  the  steeping 
process  it  should  be  dissolved  in  water  to  form  a  5  per  cent 
solution.  This  can  be  done  l)y  mixing  5  lb.  of  the  solid  zinc 
chloride  and  95  lb.  of  water,  or  10  lb.  of  the  50  per  cent  so- 
lution and  90  lb.  of  water.  The  solid  form  absorbs  the  water 
from  the  air  rapidly  and  will  soon  dissolve  itself  in  this  way. 
It  should,  therefore,  be  mixed  in  solution  as  soon  as  the 
package  is  opened. 

As  the  timbers  are  being  piled-into  the  vat,  stickers  should 
■be  placed  between  the  courses,  so  that  the  preservative  solu- 
tion will  be  able  to  reach  every  part  of  each  stick. 

It  is  customary  to  allow  the  wood  to  soak  1  day  for  each 
inch  of  thickness  and  1  .additional  day.  Thus,  a  1-in.  plank 
should  soak  2  days,  one  C-in.  thick  7  days,  a  12-in.  timber  n 
days,  and  so  on.  Longer  steeping,  however,  would  probably 
result  in  better  absorption  and  penetration  of  preservative, 
and  when  time  is  not  an  important  factor,  it  would  oe  ad- 
visable to  use  a   longer  soaking  period. 

If  the  timbers  are  to  be  used  in  contact  with  the  ground,  in 
damp  places,  or  in   places   where  slight   shrinkage   would   be 
objectionable,   they    should    be   seasoned 
after  treatment  before  being  used. 


tor   a    week   or   two 


Coatings   That    Prevent  End  Checking  of 
Timber 

Wood,  whether  in  the  form  of  logs,  lumber,  timber,  ^huped 
blanks  or  veneer,  will  split  and  check  at  the  ends  during  sea- 
soning if  drying  is  allowed  to  go  on  at  a  natural  rate  through 
the  end  grain.  To  retard  the  rate  of  drying  from  the  ends,  ii 
IS   necessary   to  cover  them   with  some   protective  coating. 

The  law  of  end  coatings,  in  simple  terms.  Is  that  the  harder 
and  greener  the  wood,  the  more  effective  must  be  the  coat- 
ing. In  its  experiments  to  determine  the  practicability  of 
various  coatings  and  end  dips,  the  Forest  Products  I,ab 
oratory  found  the  following  to  be  true: 

Paint  is  convenient  to  handle,  but  is  of  low  effect Ivenesii. 

White  lead  is  convenient  to  handle,  and  is  of  medium  effec- 
liven^ss. 

Lorac,  a  commercial  compound,  is  convenient  to  handle, 
and  is  of  considerable  effectiveness. 

Kosin-lampblack  is  inconvenient  to  handle,  but  Is  ot  high 
effectiveness. 

Rosin-lainpblaek  is  made  according  to  the  following  for- 
mula: 

Clear  grade  rosin.  (Jo  parts  by  weight. 

Lampblack,  1   nart   by   weight. 

'i"he  rosin  should  be  n>elted  but  not  allowed  to  boil  or  froth.. 
The  lampblack  should  then  be  thoroughly  stirred  in.  The 
ends  of  the  sticks  should  be  dipped  in  this  molten  mixture 
to  a  distance  of  about  Vj  in.  When  hard,  the  coating  should 
be  smooth,  free  from  bubbles,  shiny,  and  an  eighth  of  an  inch 
thick  over  the  end. 

If  the  stock  is  to  he  subjected  to  rough  handling  which 
might  cause  the  coating  to  chip  when  cool,  linseed  oil  may 
be  added,  in  the  proportion  of  1  to  l.'j  by  weight,  but  this  will 
have  a  tendency  to  make  the  coating  excessively  soft  In  the 
kiln  a(   temperatures  above  l.SO'   F. 

Standard  Wage  of  $1  Per  Hour  in  Chicago  Building  Trades. 
— Following  the  settlement  of  the  carpenters'  strike  in  Chi- 
cago, a  new  scale  of  %\  per  hour  has  been  agreed  upon  for 
the  following  classes  of  labor  In  the  Chicago  building  trades: 

Sopt.  :'i. 

1918. 
movem 


Wage 
Sept.  21).  I 
Trades.  1918.    \     Trades. 

.\sbestos  workers   $0.7614  .Machinery 


Bafe 


I'oilerrnaUerj 

Brieklayers  

Carpenters   

("ement  finishers 

I'r.^iii  la>'ers   

IClectricians  

roievator  constructors. 

rixture   han&ers    

Casfitters    

'  llaziers   

Hoisting  engineers 

ironworkers,  ornamental.. . 
Ironworkers,  structural . . . . 
Ironworkers,  architectural. 
I.athi-rs    


.80 

.87  <i- 

.80 

.80 

.68^; 

.87  V. 

.87 

.siH 

.84  \ 
.75 
.87  fe 
.80 

.871. 

..<7V. 
.SO 


and   rlKKers    70 

Marljle  workers    76 

Marble  workers,  mosaic. . .     .71 

MachlnlstH    86 

Plasterers    *«'. 

Painters 75 

Plumbers    S4'' 

Roofers,  slale Wi 


Itoofers,    eonipoHlliun. 

Roofers,  tile 

Sprinkler  nttem 

Sheet    metal    workern. 

Steamdlten*   

Stoneouttem   

Tile  sellers   

Tuck  pointers 


.77W 

.KO 

.80 


Improving  the  Patent  Office 

Mining  and  metalluigical  engineers  will  be  interested  in 
noting  the  progress  being  made  by  Engineering  Council  in 
its  efforts  to  strengthen  the  Patent  Office.  With  the  co-op^ 
eration  ot  the  National  Research  Council  and  the  staff  of 
the  Patent  Office,  remedial  legislation  has  taken  form,  and 
three  bills  have  beeA  introduced  bearing  on  this  question 
H  R.  5011  detaches  the  Patent  Office  from  the  Department 
of  the  Interior  and  simplifies  the  procedure  of  the  courts 
with  reference  to  assessment  of  damages  or  profits  tor  in- 
fringement. H.  R.  5012  establishes  a  single  Court  of  Patent 
Appeals,  and  H.  R.  7010  increases  the  force  and  salaries  in 
the   Patent  Office.  ,     ,•  , 

If    legislators    realized    the    importance    of    the    proposed 

(59) 


Architects  Can  Join  American  Association  of  Engineers. — 
The  executive  committee  of  the  American  Association  of  Kn- 
gineers  has  rendered  a  decision  that  the  constitution  of  the 
association  does  not  prohibit  the  admission  of  architects, 
and  announces  that  the  applications  of  architects  will  be 
considered  hereafter  as  in  the  same  status  as  applications 
from  engineers.  Those  architects  who  have  previously  ap- 
plied for  membership  and  whose  applications  could  not  be 
accepted  on  account  of  the  apparent  exclusion  of  archltecU 
by  the  constitution,  may  now  re-enter  their  applications  for 
membership. 

Seventy-eight  Per  Cent  Capacity  of  Structural  Shops  Con- 
tracted for  in  August.  The  records  ot  the  Bridge  Builders' 
and  Structural  Society  as  collected  by  its  secretary,  show 
that  during  the  month  of  August.  1919.  78%  per  cent  of  the 
entire  capacity  of  the  bridge  and  structural  shops  of  the 
country  was  contracted  for. 
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Some  Notes  on  Indeterminate 
Structures 

By  GEORGE  PAASWELL, 
Consulting  Engineer,  212  West  Fordham  Road,  New  York  City. 
The  analysis  of  the  two  following  structures  has  been  oc- 
casioned by  the  investigation  of  the  strength  of  existing  work, 
with  a  view  to  ascertaining  the  actual  stresses  in  the  mem- 
bers. Literature  is  very  meager  on  the  subject  and  it  may 
be  worth  while  to  record  the  actual  results  obtained. 

Continuous  Girder  with  Fixed  Ends. — A  beam  resting  upon 
four  supports  as  shown  in  Pig.  1,  has  fixed  ends  and  carries 
a  uniform  load  of  w  per  foot.  The  condition  of  fixed  ends 
implies  this  one  terminal  condition,  namely,  that  the  tangent 
to  the  elastic  curve  at  the  support  is  horizontal.  The  fixed 
ends  may  then  be  replaced  by  structures  as  shown  in  Fig.  2. 
the  beam  being  simply  extended  to  form  a  symmetrical  beam 
about  the  fixed  support.  The  theorem  of  three  moments  is 
now  applied  as  follows:  Over  the  first  three  supports 
Mb  +  4Mn  +  Mi,  =  — wa  '2. 

or,        2M. +  Mb^ — wa=4 (1) 

Again,  over  the  next  three  supports, 

w 

aM„  -f  (2a  +  3b)M>,  = (a' +  b=)    (2) 

4 
From   (1)  and   (2),  the  values  of  the  two  moments  are  found 
to  be  upon  placing  aE=kL;  b  =  jL: 
wL-'    k'  +  3k=j  —  f 

M.=: 


true   reactions   are   easily 
applicable  to  any  type  of 


With   the 
found. 

The  above  method  is,  of  course 
loading. 

Stresses  in  a  Framed  Bent  with  Center  Supports. — The  an- 
alysis of  the  structure  shown  in  Fig.  3  is  quite  complex,  un- 
less note  is  taken  of  the  configuration  of  the  elastic  curve. 
For  symmetrical  loading,  the  only  character  of  loading  con- 
sidered here,  the  tangent  at  C  is  horizontal.  Reversing  the 
assumption  made  in  the  previous  note,  the  condition  of  con- 
tinuity at  C  is  replaced  by  a  fixed  support  at  C.  It  is  then 
necessary  to  treat  the  simple  shape  shown  in  Fig.  4,  To 
apply  this  frame  to  the  one  under  discussion,  it  must  be  un- 
derstood that  whenever  a  load  is  placed  upon  the  frame  in 
Fig.  4,  a  symmetrically  placed  load  is  assumed  on  the  portion 
of  the  completed  figure  omitted. 

Assume  a  load  as  placed  in  Fig.  5.     The  method  of  the  the- 
ory of  least  work  is  used  here.     The  moments  between  the 
points  A,  B,  C,  are  as  follows: 
From  O  to  h :   M,  =  Hx  +  M. 

O  to  a:  =Hh  -f  M  -f  Vx. 

a  to  b:  =Hh -4- M -f  Vx  — P  (X  — a). 

By  taking  moments,  the  value  of  V  is 
h  b  — a 

V  =  — H hP 

b  b 

The  work  of  the  moment  is  expressed  by  the  relation 

Work  = /    M=dx. 


2EI 


/' 


The  fundamental  principle  of  the  theory  is  that  the  deriva- 
tive of  the  expression  for  the  work,  with  respect  to  a  force 
that  does  no  work  (e.  g.  a  force  applied  at  a  fixed  point)  is 
zero.  By  a  principle  of  the  integral  calculus,  it  is  permissible 
to  differentiate  under  the  integral  sign  with  respect  to  a 
quantity  not  the  variable  of  the  integrand.  This  latter  prin- 
ciple simplifies,  to  a  large  degree  the  algebraic  analysis  in 
reducing  the  expressions. 

Determining  the  expression  for  the  work,  using  the  mo- 
ment equations  as  found  above  and  then  differentiating  this 
expression  before  integrating,  with  respect  to  M  and  H,  two 
equations  result: 

^(Work)       If'',,,,,,,       .... 

-       '    ">*  ■  ■"-^-^- ■  •   ■     iM-t-Hhl  1-f  IK  I- 


rfH 


=  --  f  (M-i-Hx)xdx  +  ^ 
rf(Work) 


rfM 


if 


rM-t-Hx)dx-Hf- 


p 


.^ 
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When   the  expressions  are  integrated  and  solved  the  values 
of  M,  H,  V  are  (V  is  found  from  the  relation  given  before): 
a=(b  — a)            Ij 
M  =  P : 


H: 


b  hi,  +  bl, 

a(b  — a)  (b  — 2a) 


bh 


[- 


a(b- 


hl.  H 
-2a) 


bl. 


I, 


] 


b  hi.  -f  bL 

To  apply  the  above  to  a  uniformly  distributed  load  of  in- 
tensity w,  replace  P  by  w  da  and  integrate  between  the  limits 
of  O  and  b.     To  apply  to  a  triangular  distribution  of  loading. 


b 
(60) 


)i"-4,/: 


-Px 


1_  /•''aO-.-x) 


■O- 


Pxdx-t- 


dx-O. 


Evfiinefrinri  (iml  Cinifrartinfi  for  S<iitrnil/ti  :.'l,  tuin. 


»i- 


a 
with  maximum  intensity  p  at  C,  replace  P  by  —  p  and  inte- 

b 
grate  between  the  same  limits. 

Kor  a  side  loading  as  shown  in  Fig.  6,  note  that  by  inter- 
changing the  wall  dimensions  and  functions,  the  above  equa- 
tions can  be  used  here.  It  is  necessary  to  express  the  mo- 
ment. H  and  V,  in  terms  of  the  corresponding  functions  at 
the  other  terminal  to  get  the  moment,  horizontal  and  ver- 
tical forces  at  B  for  this  case.  A  table  of  these  functions 
for  the  several  types  of  loading  follows: 

bl,  hi, 

Replace  the  expression by   A.   and  by   B. 

hli  +  bl,  hi,  -1-  bl. 

Form   of  Loading.  Figure.  M 

a=  (b  —  a) 

Concentrated   load    P   on    roof    5       PA    

b= 

a-  ih  —  a) 

Concentrated   load   P  on   side   wall....       fi       — PB h 

h- 

L'niform   load   w  on   roof    7  Aw    b=/12 

Triangular   loading  upon   roof 8  A    pb-/20 

I'niform   load  v  on  sidewall    9  — B  vh-/12 

TrianjETiilar  loading:  upon   sidewall 10  — B    qh- '20    ■ 


in  which  V  is  the  volume.  L  the  leiiglli.  uiul  A,.  A,  and  A» 
the   two  end  areas  and   the   middle  area,   respectively      This 
formula   is   correct   for   poles   of   regular  Hhape   or   for   thoNe 
either  larger  or  smaller  in  the  middle  than  at  either  end 
The  second  is  the  mean-end-area  formula, 
V    ^  L(A,  +  A:) 


in  which  V  is  the  volume.  L  the  lenstb.  and  A.  and  A;  the 
two  end  areas,  in  this  formula  the  pole  in  aKsumed  tu  be  a 
frustum  of  a  parabaloid,  but  having  a  buHal  area  equal  lu 
the  average  of  the  areas  of  its  two  ends.  Volumes  may  be 
more    rapidly    calculated    by    this    formula,    but    valuen    are 
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PA 


(b  — 2a) 


1  +  B 


I  h  —  a  I   <  h  —  2a  I 

O 

A     pb- 

60      h 

ph/2 
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[-^        1 


a  ( h  —  at  I h  —  2a ) 
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Calculating  the  Volume  of    Piles  and 
Poles 

To  determine  the  amount  of  preservative  per  cubic  foot 
of  wood  absorbed  by  piles  and  poles  during  treatment,  an 
accurate  estimate  of  the  volume  of  the  pieces  is  necessary. 
The  most  practical  way  of  finding  the  volume  of  such  timbers 
is  to  measure  the  diameter  at  a  number  of  points  and  cal- 
culate the  volume  from  a  formula  or  volume  table. 

The  volume  table  which  follows  is  the  so-called  "Santa  Fe" 
table,  revised  and  expanded  by  the  Forest  Products  Labora- 
tory. It  is  absolutely  correct  only  for  poles  of  uniform  taper, 
but  errors  from  sources  such  as  irregular  shape  and  large 
checks  may  be  diminished  if  circumference  measurements 
are  taken  at  short  intervals  and  the  volume  of  each  short 
section  is  computed  separately.  In  using  the  table,  an  at- 
tempt should  be  made  to  secure  the  average  diameter  of 
ends   which  are   not    true   circles. 

The  values  in  this  table  were  calculated  by  the  cone-frus- 
tuni   formula: 

V  =  0.2niS   L    (D-'  +  d-+dD) 


144 
where  V  is  the  volume,  L  the  length,  D  the  top  diameter,  and 
d   the   butt  diameter.     The   middle  diameter   is   obtained   by 
averaging  the  two  end  diameters. 

Two  other  formulas  are  offered  below,  either  of  which  will 
give  results  sufficiently  accurate  for  ordinary  purposes.  One 
is  the  prismoidal  formula. 

V  =  L(A,  +  4A™  +  A;) 
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somewhat  large  for  poles  other  than  those  which  are  larKer 
in  the  middle  than  at  either  end. 


An  Engineer  on  the  I.  C.  Commission 

While  the  idea  is  not  new.  Engineering  Council  ha.s  taken 
the-;  initiative  in  suggesting  to  the  President  that  he  appoint 
an  engineer  as  a  member  of  the  Interstate  Commerce  Com- 
mission.    This  suggestion  has  much  to  commend  It.  not  be- 
cause of  the  recognition  it  might  give  to  the  engineering  pro- 
fession but  because  of  the  opportunity  it  would  afford  to  give 
to  the   Commission   the   experience  and   the   analytical   point 
of  view  of  one  technically  trained  and  familiar  with  the  con- 
struction of  railways,  the  relation  of  standards  of  construe 
tion   such    as    gradients   and    curvature   and   of   maintenance 
on  operation,  and  the  development  of  facilities  lo  meet  public 
demands.     At   present   much    of   the    work   uf   the   Interstate 
Commerce   Commission   is  directly   or  indirectly   of  an   engi- 
neering nature.     This  is  particularly  true  of  valuation  work. 
but  ii   also  applies  to  the  co-ordination  of  existing  facilities 
and  the  enlargement  of  the  existing  plants  to  care  for  grow- 
ing traffic  adequately,  etc.     If  the  Commission   is  to  do  con- 
structive  work   in   the   future   in   co-operating   with   the   car- 
riers  in    the    development   of    the    transportation   system    of 
the  country  to  meet  the  needs  of  the  traveling  and  shipping 
public  it  will  be  necessary  to  give  more  attention  to  matters 
of  this  character  than  has  been  done  in  the  past      At  pres- 
ent  the   perscnnel    of   the   Commission    is   drawn    principally 
from   the  legal   profession,   while  only  one  of  the   members 
has  worked  for  any  considerable  period  on  a  railway,  facu 
which  have  frequently  been  offered  as  an  explanation  of  lU 
failure  to   recognize   many   practical   aspects   of   the   railway 
problem.     It   has  long   been  contended   that   an   indu.siry   as 
large  and  as  vital  to  the  country's  welfare  as  the  railways 
should   be   regulated   by  those   who  know   its  problems   first 
hand,    just   as    the    administration    of    the    Federal    Reserve 
Banking  System  is  properly  in  the  hands  of  men  trained  In 
the  banking  business.    It  should  be  possible  for  the  President 
to  find  engineers  in  this  country  of  sufficient  breadth  of  vision 
and  knowledge  of  the   publics   needs   and   of  first  hand  ac- 
quaintance  wilh   the   problems   of   railway    management    to 
qualifv  for  such  an  appointment.     Surely  they  can  be  found 
when  men  such  as  Goethals  and  Hoover  have  been  found  to 
meet  other  needs   in   puhl.ic   life,   and   men   such   as   Samuel 
Rea.  Julius  Kruttschnitt.  Samuel  M.-Pelton  and  W.  B.  Storey 
have  been  promoted  from  engineering  to  executive  positions 
on  the  railways  themselves.— Editorial  in  The  Railway  Age. 

Payment  for  Estimating.— As  a  part  of  its  plan  for  a 
thorough  study  of  payment  for  estimating  and  the  develop- 
ment of  a  fair  and  practical  policy  with  reference  to  this  im- 
portant subject,  the  Associated  General  Contractors  has  in- 
vited representatives  of  the  American  Institute  of  Archi- 
tects and  the  Engineering  Council  to  meet  in  -  ^'^'"f  cnn- 
ference  soon. 
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Enginecriufj  and  Contracting  for  September  24,  1919. 


Observations  on  Government  Hous- 
ing, and  on  Town  Planning  and 
Housing  in  General 

In  an  address  before  the  eonventiun  of  National  Associa- 
tion of  Real  Estate  Boards,  Atlantic  City,  June  27,  1919,  Mr. 
William  E.  Shannon  made  ni.iny  definite  statements  that 
landscape  gardeners  and  town  planners  may  well  take  to  heart. 
Incidentally  it  proves  again  that  we  do  not  have  to  consult 
musty  European  books  on  the  subject  or  American  copies  of 
them;  that  the  ways  of  the  European  is  not  the  way  of  an 
American;  that  we  have  plenty  of  good  examples  at  home  to 
work  upon. 

Among  other  things  he  said; 

The  personnel  of  the  United  States  Housing  Corporation 
was  as  high  as  in  any  bureau  of  the  Government.  It  was 
composed  of  men  who  were  successful  leaders  in  their  re- 
spective businesses  and  professions,  but,  with  certain  excep- 
tions, amateurs  in  the  business  of  industrial  housing.  They 
were  in  the  main  full  of  theoretical  European  ideas,  always 
looking  to  England  and  Germany  for  example  and  not  realiz- 
ing or  appreciating  the  fact  that  the  American-born  indus- 
trial worker  resented  bein.s;  patronized  by  his  employer  or 
subsidized  by  his  Government.  With  the  exception  of  the 
secretary,  the  director  and  those  of  the  engineering  pro- 
fession they  seemed  to  think  more  of  what  Germany  had 
done,  and  what  England  was  going  to  do  than  what  America 
liad  already  accomplished,  which  made  it  doubly  hard  for 
the  experienced  realtors  to  direct  them  into  the  right  chan- 
nel. 

I  also  fully  realized  that  our  public  ofBcials  change  office 
with  too  much  rapidity  to  give  a  question  of  this  kind  (Gov- 
ernment control  of  the  home)  the  solidity  of  continuous 
thought  and  management  so  necessary  to  its  success.  The 
idea  should  be  rejected  in  this  country  because  the  whole 
subject  properly  falls  under  the  local  initiative  and  enter- 
prise as  regards  time  to  build,  what  to  build,  w^here  to  build 
and  terms  suitable  to  the  people  of  that  section.  A  home 
and  its  construction  and  purchase  is  inherently  a  local  prop- 
osition, and  can  best  be  handled  from  beginning  to  end  by 
the  local  people.  Ours  in  one  of  the  largest  countries  in  the 
world  stretching  3.000  miles  east  and  west  and  1,500  miles 
north  and  south,  with  all  the  differences  in  climates  and 
tastes  these  figures  imply,  thus  giving  us  here  a  far  more 
difficult  problem  to  handle  than  would  be  the  case  in  Eng- 
land. It  is  this  fact  that  has  brought  forth  our  various  types 
of  houses,  perhaps  not  up  to  the  European  standard  of  so- 
called  architectural  perfection,  but  far  more  comfortable  and 
healthier  to  live  in. 

Now  as  to  this  beautifully  painted  picture  of  European 
housing,  which  they  (the  Housing  Bureau)  had  in  mind,  and 
of  which  so  many  people  write  and  talk  and  so  few  really 
know  about. 

I  desire  to  state  that  the  German  system  would  not  be 
permitted  by  the  independent  thinking,  self-respecting, 
American  workmen  to  exist  in  this  country.  For  this  coun- 
try such  a  system  is  wrong,  the  layout  is  wrong,  the 
design  is  wrong,  and  its  long  payment  plan,  which 
in  some  cases  is  as  much  as  50  years,  is  for  no  other  pur- 
pose than  to  keep  the  citizens  from  owning  property  in  fee, 
for  as  I  was  frankly  told,  "as  long  as  the  Government  owned 
the  mortgage  on  a  man's  home  that  man  would  do  as  bid- 
den." In  the  question  of  housing  we  have  nothing  to  learn 
from  Germany  except  that  which  would  be  bad  for  our  citi- 
zenship. 

In  England  I  found  rather  a  different  state  of  affairs,  the 
manufacturer  taking  the  place  of  the  Government,  but  with 
about  the  same  results.  "The  Master"  with  great  show  ap- 
pears as  if  he  is  desirous  of  having  "his  workmen"  own  their 
homes,  generally  in  the  hollow,  while  he  lives  on  the  hill, 
but  the  very  small  monthly  payment  spread  over  years  of 
time  keeps  the  man  from  securing  his  home  in  fee.  because 
death,  accident,  or  a  convenient  strike  throws  him  out. 

The  architectural  exterior  effect  seems  to  be  considered 
by  the  English  philanthropist  far  more  important  than  the 
interior  comfort.  The  roof  must  be  just  right,  otherwise  it 
would  be  unsightly  from  his  home  on  the  hill.  A  thatched 
roof  in  Ann  Hathaway  style  is  considered  ideal,  though  it 
permits  of  only  a  2x2-ft.  bedroom  window,  but  the  occupant 
must    not   complain — because    this   is    architecturally    correct 


and  his  cottage  has  been  sold  to  him  at  much  less  than  cost, 
with  an  interest  rate  far  less  than  current.  A  cottage  built 
so  close  to  the  ground  that  it  could  not  have  cellar  ventila- 
tion is  raved  over  as  a  thing  of  beauty,  though  it  gives  the 
occupant  tuberculosis  by  living  in  it. 

The  street  layout  of  the  English  "Village  Beautiful'  for 
this  country  is  also  all  wrong.  Their  design  is  to  have  many 
blocked  streets  for  the  purpose  of  seclusion,  and  those  that 
are  open  must  be  as  crooked  as  possible,  even  where  the 
topographical  features  of  the  land  do  not  demand  it. 

Those  so-(^alled  "Town  Planners"  (landscape  gardeners  of 
the  Bureau)  from  the  appearance  of  their  town  designs  must 
have  secured  their  experience  in  this  work  from  old  books 
on  Landscape  Architecture  published  by  the  monks.  Their 
plans  were  mostly  of  the  de  Medici  period,  when  towns  were 
built  for  defense,  when  streets  were  on  angles  and  curves 
so  thf-y  could  be  defended  with  the  weapons  of  the  day  from 
the  rush  of  invading  hordes.  They  did  not  appreciate  that 
Benjamin  Franklin  planned  a  town  in  this  country  not  de- 
signed for  defense,  but  with  straight,  broad  streets  so  that 
God  could  purify  ever  corner  with  His  sun  and  fresh  air,  and 
they  did  not  seem  to  know  that  later  came  the  great  French- 
man. L'Enfant,  who  assisted  by  Washington  and  Jefferson, 
improved  the  plan  of  Philadelphia  in  the  design  of  the  Na- 
tion's capital  by  putting  in  diagonal  avenues.  From  that 
date  to  this  America  has  broken  away  from  the  European 
idea  of  town  planning,  and  I  think  it  is  safe  to  say  we  are 
not  going  back  to  it. 

1  now  make  the  positive  statement  that  whether  they  are 
a  row.  semi-detached  or  detached  homes,  this  country  pro- 
duces the  best  built,  best  ventilated,  brightest  and  most  com- 
fortable workmen's  homes  of  any  of  the  nine  foreign  coun- 
tries which  I  have  seen,  and  that  this  country  sells  these 
homes,  with  rare  exceptions,  on  the  safest  terms  for  the 
occupant's   good   of  any   country   in   the   world. 

The  reason  that  America  produces  the  best  small  homes 
is  because  America  is  the  only  nation  that  ha.s  made  it  a 
business  to  do  so.  It  is  in  this  country  that  you  will  find 
the  American  homes,  homes  on  top  of  hills,  homes  with  real 
windows,  wide  doors,  ventilated  cellars,  roots  with  air  space, 
and  modern  sanitation;  and  because  of  unrestricted  compe- 
tition, at  prices  that  this  Government  did  not  and  cannot 
accomplish. 

The  plan  was  very  simple;  merely  as  a  war  measure  for 
the  Government  to  release  materials  to  the  local  builder  and 
through  the  local  banks  to  assist  him  in  building  loans,  per- 
mitting the  local  builder  to  use  his  characteristic  plans  as 
to  that  individual  location;  all  construction,  rents  and  sales 
to  be  conducted  by  local  talent  under  Government  super- 
vision. 

This  plan  being  rejected  and  the  so-called  uplift  plan  of 
England  and  Germany  being  in  part  adopted  as  an  undefined 
policy,  the  next  step  of  the  theorist  was  to  start  creating 
separate  "ideal  villages."  These  theorists  are  very  able 
magazine  writers  and  wonderful  in  getting  up  Government 
publications  with  their  names  engraved  on  each  plate  show- 
ing "Architectural  Gems"  that  were  never  built,  as  designed. 

When  one  realizes  that  "ideal  villages"  meant  separate 
communities  requiring  additional  streets,  sewer,  water,  light, 
sidewalk,  grading  and  macadam,  in  fact  millions  of  tons  of 
materials  to  add  to  the  congestion  of  the  already  over- 
burdened railroads  of  a  country  at  war,  and  the  employment 
of  additional  thousands  of  men  for  the  purpose  of  installing 
these  utilities  when  labor  was  so  scarce,  you  can  readily 
understand  why  the  realtors  at  the  Housing  Corporation  took 
the  positive  position  against  the  architectural  and  "town 
planning"  divisions  of  the  bureau,  that  this  procedure  should 
not  be  continued. 

It  was  by  this  decision  that  homes  for  the  industrial  war 
workers  were  located  in  select  sections  away  from  the 
"works,"  but  where  previously  installed  transportation  sys- 
tems, schools,  churches,  amusement  and  underground  utili- 
ties were  to  be  found,  and  the  creating  of  separate  villages 
where  workmen  and  their  families  were  to  be  isolated  under 
so-called   "esthetic   surroundings"   was   discontinued. 

I   am   of  the   opinion    and   I  know   you 

know  that  the  workmen  centers  in  this  country  have,  with 
a  few  possible  exceptions,  proven  a  failure.  They  became 
known  as  the  "mill  town."  and  that  means  the  American- 
born  industrial  worker  will  not  permit  his  family  to  live  in 
a  "mill  town"  separated  from  all  except  those  of  his  own 
craft,  and  he  is  right  in  not  doing  so. 


(62) 


Engineering  and  Cinitiactinii  for  Septemher  :i4,  lif]9. 


351 


It  is  proposed  to  urge  Congress  to  authorize  a  commis- 
sion to  visit  Europe  for  the  purpose  of  studying  the  Euro- 
pean system  of  housing  with  the  view  of  its  adoption  in  this 
country.  I  trust  Congress  in  its  wisdom  will  refuse  this  re- 
quest, as  this  recently  imported  idea  is  not  for  the  welfare 
of  our  Republic 


Plank  Floor  for  Highway  Bridges  and  Rail- 
ing Hub  Guard 

.Many  old  brid.^es  on  Michigan  trunk  line  highways  have 
been  taken  over  and  refloored  under  the  plans  of  the  State 
Highway  Department.  This  work  often  required  entirely  new 
steel  stringers  as  well  as  new  floor  plank.  Where  new  wood- 
en floors  are  placed,  heavy  furring  strips  are  first  built  se- 
curely to  the  top  of  each  stringer.  The  floor  planks  are 
nailed  to  these  furring  strips  at  every  intersection.    This  sys- 
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Standard    Plan   for   Creosoted    Plank   Floor  Showing    Hub   Guards  on 
Railing. 

tem.  states  Mr.  C.  \V.  Dewart,  Brid.s;e  Engineer  of  the  Depart- 
ment, in  the  1917-lS  biennial  report  of  the  State  Highway 
Commission,  when  properly  installed  materially  reduces  ihe 
vibration  and  sway  of  the  trusses  and  also  enables  the  string- 
ers to  carry  a  much  greater  load  without  rupture  or  turning 
over.  With  this  construction  it  has  been  found  advisable  to 
leave  off  the  curbs  on  the  wooden  floors  and  to  place  a  hub 
guard  on  the  railway.  By  this  plan  the  floors  are  kept  clean 
and  their  life  increased.  A  standard  plan  of  the  Department 
for  creosoted  plank  floor  for  18  ft.  or  less  roadway  and  steel 
stringers  is  shown  in  the  accompanying  drawing.  The  bill 
of  lumber  for  15-ft.  panel  and  16-ft.  roadway  is  as  follows: 


Size 

Xo.     and  lenigth-    Finish. 

15     3"xl2"xlij'-0"     Sisie 

2     3"x  S"xl6'-i3"     Sisie 

3"x  6"xl6'-n"     Sisie 

2     3"x  6"xl6'-0"     Si.'^ie 


Ft. 

B.Jl.      Treatment. 
T20,  15  lb.  -^reo.sote 

t:r    Xone  • 

.  .      15  lb.  creosote 
4S     Xone     


Re- 
L.oeation.       marks. 

.Flooring CI 

..Hut)  guarr" (=i 

.FuninK    strips     ('» 
.Railing    (') 


'Lensrth  equal  to  wirtth  of  roadway.  .'l-<'"&'»'\/'''"'?,'u '°„P^r^/; 
paint.  3  white  coats.  »One  for  each  stringer.  <l.ent,-lh  equal  to 
lianel-paint,  3  white  coats. 

Method  of  Facilitating  Adjustment  of  Anchor  Bolts.— In 
setting  anchor  bolts  in  the  foundation  piers  for  the  new-  via- 
duct built  in  connection  with  the  widening  of  Michigan 
Ave.  in  Chicago,  the  Oreat  Lakes  Dredge  and  Dock  Co.,  con- 
tractors, used  the  following  method  to  provide  play  .n  the 
bolts.  A  section  of  old  stove  pipe  6  in.  in  diameter  and  about 
8  in.  long  was  placed  over  each  bolt  as  the  concrete  was 
poured.  This  provided  3-in.  play  in  any  direction  for  each 
anchor  bolt.  After  the  bolts  are  bent  to  fit  the  holes  in  the 
steel  bearing  plate  which  goes  on  top  of  the  piers,  concrete 
is  placed  around  the  bolts  filling  the  holes  made  by  the  pipe, 
and   the   bearing  plates   placed  in   position. 


Herbert  Hoover,  Engineer' 

Here  at  last  we  have  the  e.vaniple  of  an  eiiglueer  who  I)  pi- 
fies  the  modern  deflnition  of  engineering  which  1h  thus  writ- 
ten in  large  letters  on  the  wall  of  the  engineern  library  In 
.New  York:  "Engineering,  the  art  of  organizing  and  direct- 
ing men.  and  controlling  forces  and  materials  of  Nature  for 
the  beneflt  of  the  human  race."  How  well  this  uiudeHl  mining 
engineer  has  shown  that  he  has  the  art  of  "orgunizlng  and 
directing  men."  Of  the  many  thousands  working  for  him. 
here  and  abroad,  it  is  said  that  not  only  have  they  given  hiiu 
loyal  support,  not  only  are  they  glad  to  work  for  him,  but 
every  man  of  them  would  lake  off  his  coat  and  light  fur  him. 
How  well  he  has  shown  his  capacity  for  "controlling  forces 
and  materials  of  Nature  for  the  benefit  of  the  human  race." 
This  definiti<m  of  engineering  would  have  been  amazing  40 
years  ago.  The  civil  engineer  was  then  a  surveyor,  a  mathe- 
iratician  and  a  bridge  designer;  the  mechanical  engineer  an 
educated  mechanic,  a  designer  and  draughtsman;  the  electri- 
cal engineer  was  unknown  outside  of  the  school  and  the 
laboratory;  while  the  mining  engineer  was  a  combination  of 
the  geologist  and  that  kind  of  a  chemist  who  could  tell  how 
much  phosphorus  there  was  in  a  steel  rail.  1  make  this 
statement  with  apologies  to  Alexander  Holley.  who  in  bis  day 
was  the  one  and  only  mining  engineer  known  beyond  the 
fence  of  the  workshop  or  mine. 

But  the  engineer  is  at  last  coming  into  his  own.  We  see 
the  dawn  of  a  new  day;  truly  there  is  a  new  order  of  things: 
The  great  centers  of  the  world  are  now  industrial  centers. 
The  prosperity  and  strength  of  nations  in  peace  and  war  rest 
now  upon  the  factory  system,  the  shops,  the  railways  and 
steamships,  the  mines,  the  smelters  and  the  public  works. 
And  who  is  responsible  for  this?  Who  plans  and  executes 
these  things?  It  is  the  engineer,  civil,  mining,  electrical,  me- 
chanical, cheuiical  and  automotive.  Such  captains  of  Indus- 
try are  by  education  and  experience  best  fitted  tn  steer  the 
ship  of  state. 

The  place  for  the  engineer  is  not  in  the  dark  confines  of 
the  hold  below,  but  on  the  upper  deck,  yes,  on  the  bridge 
We  are  told  that  practically  all  the  executive  heads  of  the 
organization  for  the  relief  of  Belgium  were  engineers.  Who 
like  an  engineer  is  as  well  trained  by  education  and  experi- 
ence to  meet  emergencies?  He  must  be  prepared  for  ex- 
traordinary conditions.  He  must  foresee  these  conditions 
and  be  ready  to  act  quickly.  .-^  mine  manager,  usually  a 
mining  engineer,  when  told  that  a  pump  has  broken  down  in 
the  mine,  cannot  wait  for  the  common  remedies,  but  must 
provide  in  advance  for  experts  and  appliances  to  be  on  the 
spot  at  once  and  cure  the  trouble  pnmiptly.  Is  not  this  the 
one  thing  above  all  others  which  enabled  America  to  play  so 
important  a  part  in  the  war?  Was  it  not  the  spirit  of  the 
engineer,  his  capacity  to  do  things  and  do  them  quickly" 
Surely  the  war  was  not  won  by  money,  for  the  enemy  was 
never  financially  embarrassed. 

I  think  we  shall  all  agree  that  the  basic  strength  of  the 
Allies  throughout  the  war  was  in  the  never-dying  morale  of  all 
the  people,  including  the  armies,  arraigned  against  Oermany. 
But  what  would  this  strength  have  availed  us  but  for  the  re- 
sources behind  the  lines.  .Modern  war  resources  are  mainly 
coal  and  iron  and  the  capacity  to  put  these  things  to  prac- 
tical use  on  a  large  scale.  The  mines  would  avail  little  but. 
for  the  works  and  the  works  might  avail  little  but  for  the 
men.  the  engineers  who  direct  them  on  modern,  scientific 
lines   of  high    efficiency.  ,,,.,, 

And  so  America,  through  its  engineering  and  industrial 
strength  helped  to  save  the  world  from  calamity.  Now  what 
individual  best  exemplifies  this?  Food  played  an  imporUnl 
part  in  the  war.  We  have  heard  the  cry,  that  food  will  win 
the  war  Surelv.  without  food  no  war  could  be  won.  It  was 
Mr  Hoover  who  took  care  that  there  should  be  no  food  short- 
age He  did  more— he  taught  thrift  to  millions  of  people  in 
all  walks  of  life  and  in  all  parts  of  the  world.  He  Preached 
the  gospel  of  the  clean  plate.  But  it  is  not  only  In  food  that 
our  guest  stands  as  an  exarnple  of  achievement,  he  typifies 
the  engineer,  the  executive,  the  man  behind  the  gun^  It  is 
easy  to  see  things  that  lie  directly  before  us.  but  the  best 
executive  is  one  who  builds  his  fences  around  the  future,  who 
anticipates  trouble  before  it  comes. 
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Effect  of  Vibration,    Jigging   and 
Pressure  on  Concrete* 

By  DUFF  A.  ABRAMS. 

Professor    in    Charge.    Structural    X^iterials    Research    Laboratory. 

Lewis   Institute,   Chicago. 

An  experimental  study  of  the  effect  of  vibration  and  pres- 
sure on  fresh  concrete — on  its  strength  and  other  properties — 
is  of  interest,  in  view  of  the  frequent  use  of  such  devices  as 
hand-hammering  of  forms,  or  air-hammering,  jigging  or  vibra- 
tion as  an  aid  in  placing  concrete.  Such  methods  are  par- 
ticularly applicable  to  the  construction  of  reinforced  con- 
crete ships  and  houses,  where  thin  sections  and  a  multiplicity 
of  reinforcing  members  are  of  common  occurrence.  .Tigging 
or  vibrating  machines  are  frequently  used  in  concrete  prod- 
ucts plants.  The  effect  of  pressure  on  fresh  concrete  is  im- 
portant in  certain  problems  of  concrete  design. 

These  tests  were  made  as  a  part  of  the  experimental  studies 
of  concrete  and  concrete  materials,  being  carried  out  through 
the  co-operation  of  Lewis  Institute  and  the  Portland  Cement 
Association,  The  series  included  GOO  compression  tests  of 
6-in.  X  12-in.  concrete  cylinders  at  the  age  of  28  days.  All 
specimens  were  made  from  the  same  materials  at  the  same 
time,  consequently  direct  comparisons  may  be  made  between 
any  two  sets  of  tests. 

The  Portland  cement  used  consisted  of  a  mixture  of  equal 
parts  of  four  brands  purchased  from  Chicago  dealers.  The 
cement  conformed  to  all  the  requirements  of  the  Standard 
Specifications  and  Tests  for  portland  cement  of  the  American 
Society  for  Testing  Materials. 

In  general  the  aggregates  consisted  of  sand  and  pebbles 
from  the  Chicago  Gravel  Co.'s  pit  near  Elgin,  III,  In  one 
group  of  tests  crushed  limestone  was  used  as  coarse  aggre- 
gate. Sieve  analysis  and  miscellaneous  tests  of  aggregates 
are  given  in  Table  I. 

The  "fineness  modulus"  of  an  aggregate  may  be  used  as  a 
measure  of  its  size  and  grading.  It  is  the  sum  of  the  per- 
centages in  the  sieve  analysis  divided  by  100. 

The  sieve  analysis  is  expressed  in  terms  of  weight  or 
volume  coarser  than  each  of  the  Tyler  standard  screen  sieves 
which  were  used.  The  sizes  of  sieves  and  fineness  modulus 
of  the  aggregates  are  also  shown  in  Table  1.  Low  values  of 
fineness  modulus  correspond  to  small  size  and  high  values 
to  the  coarse  sizes  of  aggregate. 

Test  Specimens.— All  test  pieces  used  in  the  tests  consisted 
of  C-in.  X  12-in.  cylinders  which  were  stored  in  damp  sand  for 
28  days.  The  concrete  for  each  specimen  was  proportioned 
separately  and  mixed  by  hand  with  a  bricklayer's  trowel,  In 
a  shallow  metal  pan.  The  forms  consisted  of  12-in.  lengths 
of  cold-drawn  steel  tubing,  split  along  one  element.  Each 
form  stood  on  a  machined  cast-iron  base  plate.  A  smooth 
top  was  formed  by  means  of  neat  cement  and  plate  glass. 

Unless  otherwise  noted,  the  specimens  were  molded  by 
the  "standard"  hand-puddling  method  before  subjecting  them 
to  vibration,   jigging   or  pressure.     This   method   consists   of 

*From  a  paper  presented  at  the  annual  meeting'  of  American 
Concrete  Institute,  June,  1919. 


TABLE  I.— MISCELLANEOUS  TESTS  OF  AGGREGATE. 
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puddling  the  fresh  concrete  in  the  metal  form  in  4-in.  layers 
by  means  of  25  strokes  with  a  %-in.  round  steel  bar  and  level- 
ing off  with  a  trowel.  This  method  has  been  in  use  for  sev- 
eral years  in  our  research  work  and  has  been  found  lo  give 
uniform  results  for  difterent  operators.  The  strength  of  the 
concrete  produced  by  this  method  of  molding  is  used  as  a 
basis  for  comparison  for  all  other  methods  of  treatment  in- 
cluded  in   this  investigation. 

The  mixture  is  expressed  as  one  volume  of  cement  to  a 
given  number  of  volumes  of  mixed  aggregate.  A  1 :  .j  mix 
expressed  in  this  manner  is  about  the  same  as  the  ordinary 
1:2:4  mix.  The  exact  equivalent  of  the  latter  will  vary  with 
the  size  and  grading  of  the  aggregates. 
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Fig.  1. 


-Effect  of  Vibration  Produced  by  Electric  Motor  on  Strength 
of   Concrete. 


The  water  content  of  the  concrete  is  expressed  in  terms 
of  the  relative  consistency  and  the  "water-ratio."  A  relative 
consistency  of  1.00  (normal  consistency)  is  of  such  plas- 
ticity that  the  concrete  of  usual  mixes  will  slump  %  in.  to 
1  in.  if  the  metal  form  is  withdrawn  by  a  steady  upward 
pull  immediately  after  molding  the  cylinder  by  the  standard 
method.  A  relative  consistency  of  l.Kl  contains  10  per  cent 
more  water  than  normal  consistency.  The  water-ratio  is  the 
ratio  of  volume  of  water  to  volume  of  cement  in  the  batch. 
The  weight  of  cement  was  assumed  as  94  lb.  per  cubic  foot. 
For  one  mix  pnd  given  concrete  materials  the  relative  con- 
^■islency  and  water-ratio  may  be  used  interchangeably. 

In   the   hand-molded   specimens   the   method   of  placing   the 
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Fig.   2. —  Effect   of   Consistency   on    Strength   of   Jigged    Concrete. 

concrete  was  varied  by  changing  the  number  of  strokes  of 
the  puddling  bar,  using  layers  of  difl:erent  thickness,  etc. 
Hand-tampers  2  in.  and  5  in.  in  diameter  were  also  used.  In 
one  set  of  tests  the  form  was  struck  with  a  steel  bar  after 
molding   by   the   standard    puddling   method. 

Methods  of  Making  Test, — In  the  vibration  tests  the  cyl- 
inder mold  was  bolted  to  a  light  timber  table  and  the  con- 
crete specimen  molded  by  the  standard  hand-puddling  method 
described  above. 

Violent  vibration  was  produced  by  holding  a  small  electric 
motor  frame  against  the  side  of  the  steel  form  containing  the 
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concrole  mixture.  The  motor  carried  an  eccentric  flywheel, 
weighed  12  lb.,  and  ran  about  l.OUd  r.p.m  The  time  of  vibra- 
tion varied  from  5  seconds  to  1  minute. 

The  jigging  tests  were  made  on  a  machine  which  consisted 
of  a  framework  carrying  a  metal  table  about  4  It.  wide  and 
8  ft.  longj  weighing  about  700  lb.  The  table  was  raised  by 
means  of  belt-driven  cams  on  two  longitudinal  shafts.  The 
rate  and  height  of  drop  could  be  varied  over  a  wide  range. 
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Fig.    3. — Effect    of    Consistency    on    Strength    of    Jigged 
Each   Value   is  Average  of  20  Tests. 

In  most  of  the  tests  the  machine  was  run  for  20  seconds  at 
100  drops  per  minute,  0.1  in.  drops.  However,  each  of  these 
factors  were  varied  with  the  other  two  constant. 

All  specimens  were  molded  by  the  standard  hand-puddling 
method  before  pressure  was  applied.  Pressures  up  to 
10  lb.  per  square  inch  were  obtained  by  piling 
weights  on  top  of  a  loose-fitting  cover  plate.  Pressures  of 
25  lb.  and  50  lb.  per  square  inch  were  applied  by  weighted 
levers.  Pressures  of  100  lb.  to  500  lb.  per  square  inch  were 
obtained  by  placing  the  freshly  molded  specimen  in  a  test- 
ing m.achine.  The  spring  facilitated  maintaining  a  constant 
pressure.  For  all  pressures  the  time  of  application  varied 
from  1.5  minutes  to  16  hours. 

The  metal  forms  were  fairly  tight  and  permitted  little 
leakage  of  water  under  ordinary  conditions.  For  the  wetter 
concretes  the  joints  were  scaled  with  paraffin.  In  the  pressure 
tests  the  water  expelled  was  collected  by  means  of  sponges 
and  weighed.  It  should  be  noted  that  this  water  was  almost 
clear. 

Test  cylinders  were  made  in  sets  of  five  on  different  days. 
One  specimen  of  each  form  was  made  before  starting  the 
second  round.     The  strengths  platted  in  curves  are  the  aver- 


average  values  are  reported.  It  will  b«-  iioii-d  tn.n  in.-  sumd 
ard"  hand-puddled  concrete  (average  of  15  tesls)  Ih  use<J  as 
the  basis  of  comparison. 

A  comparison  of  the  relative  effecta  of  puddling  1:6  ploallc 
concrete  with  a  steel  bar  and  tamping  with  lampeni  of  dif- 
ferent weight  and  size  Is  given  in  Table  II. 

The  effect  of  vibration  with  electric  vibrator  Ih  shown  In 
Fig.  1.  Vibrating  for  about  30  seconds  caused  no  appreciable 
effect  on  the  strength  of  concrete  which  had  been  pudiiU-d  io 
place  by  hand.  The  tests  indicate  that  hand-puddllog  (If 
thoroughly  done)  is  just  as  effective  as  vibration  In  placing 
concrete.  In  other  words,  concrete  which  completely  fllls 
the  form  is  not  improved  by  vibration.  This  should  no.t,  how- 
ever, be  construed  as  meaning  that  vibration  in  not  effective 
in  causing  concrete  to  find  its  way  Into  intricate  form  work 
and  around  the  reinforcing  bars. 

The  effect  of  jigging  is  shown  in  Figs.  2  to  5.  The  jigging 
method  used  was  one  which  would  be  applicable  to  concrete 
products  plants.  The  tests  show  that  In  general,  jigging  of 
concrete  which  has  been  placed  by  puddling  is  Injurious  to 
the  strength.  The  improvement  for  the  small-sized  aggre- 
gates is  probably  due  to  the  fact  that  the  puddling  method  Is 
not  so  satisfactory  for  this  condition. 
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Fig.  4.— Effect  of  Size  of  Aggregate  on  Strength  of  Jigged  Concrete. 
age  of  five  entirely  independent  tests.  In  this  way  minor  va- 
riations in  materials,  proportions,  manipulation,  etc.,  are 
eliminated.  In  the  case  of  the  "standard"  hand-puddled  speci- 
mens which  are  used  as  a  basis  of  comparison,  three  sets  of 
five  specimens  were  made  in  different  parts  of  the  series. 

Data  from  the  Tests.— Most  of  the  data  of  the  tests  will 
be  found  platted  in  graphical  form  in  the  illustrations.  Other 
results  are  taken  up  in  the  conclusions  that  were  drawn.   Only 
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-Effect   of   Grading  of  Aggregate   on   Strength   of  Jigged 
Concrete. 


T\BLE  II— EFFECT  OF  PUDDLING  AND  TAMPINfJ  rOXCRETE 
SPECIMENS. 
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Compressive 
strength. 
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Treatment    of    coiurete. 


2680 


2800 
2710 
2840 


96  VI  stroki'  around  piTlmelor  form  fur 
each  4-ln.  layer  of  concrete.  uaInK 
!^-ln.  stff-1  bar. 
100  25  strokes  diHtrltiutfd  over  Hoctlon  for 
each  4-ln.  layer,  using  H-ln.  atcel 
bar. 
(Standard  method.) 


1:5 
1:5 
1:5 
1:5 

1:5 


1:5 


2780* 
2810 


50  strokes  distributed  ov.t  si-ctlon  for 

each  4-ln.  layer,  using  »i-ln.  bar. 

12  strokes  on   cich   3-ln.   layer,  using 

2-lb.  tamper  2  In.  In  diameter. 
12   .strokes   on   each    G-ln.    layer,   uainc 

2-lb.  2-ln.  tamper. 
12   strokes   on    first    3-ln.    layer,    using 
2-lb.    2-ln.    tamper,  forms  then   niled 
before       tamping     again       with       li 
strokes. 
12   strokes   on    first    3-ln.    layer,    uslni; 
2-lb     2-ln.    tampi-r.    remaining    con- 
crete settled  bv  lapping  form  ll(.1itly. 
25  strokes  distributed  over  section  fur 
.each    4-ln.     layer     with     2-Ib.     2  In. 
tamper.     - 
"5  strokes  distributed  over  section  for 
each    4-in.     layer     with     2-lb.     5-m. 
tamper. 
Standard    method    of    molding,    except 
form  struck  3  light  blows  with  steel 
bar  after  puddling  each  4-in.  layer. 
ComDrc<!sion  tests  of  6-ln.   x   12-ln.   eyllnders. 
.\^"  of  test    2S  days:  stored  in  damP  ".a-^:  t^'*<'//'?^i,   ,„ 
AlCTeEat(2-Sand  and  pebbles  from  Elgin.  III.,  (faded  ,"-1^,  l"- 
SaS  ?alSris  the  average  of  5  tests  made  on  different  daja. 
FincnefS   rr.odulus   of  aggregate— 5.. 5. 
Relative    consistency — 1.60. 

•This  value  is  used  as  a  basis  for  comparison 
-  obtained,  and  in  the  cu^^•es  shown. 
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The  tests  of  concrete  setting  under  pressure  are  of  inter- 
est in  tliat  they  reveal  the  reason  for  increased  strength  due 
to  this  treatment.  The  concrete  strengtli  is  increased  due 
to  the  fact  that  some  of  the  original  mixing  water  is  forced 
out.  The  higher  the  pressure,  the  more  water  is  removed, 
hence  the  higher  the  strength. 

Summary  and  Conclusions. — The  tests  gave  conclusive  re- 
sults on  many  phases  of  the  effect  of  vibration,  jigging  and 
pressure.  In  some  instances  the  effect  is  entirely  different 
from  what  accepted  opinion  would  suggest.  A  brief  summary 
of  the  tests  follows: 

Varying  the  number  of  strokes  from  12  to  50  on  each  4-in. 
layer  in   the  standard   method   of  hand-puddling  with  a   %-in. 
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Fig.    6. —  Effect    of    Pressure    on    Strength    of    Concrete, 
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bar  had  little  influence  on  the  compressive  strength  of  ordi- 
nary plastic  concrete. 

in  general,  the  tamping  methods  used  gave  lower  strengths 
than  hand-puddling. 

A  tamper  of  large  diameter  for  a  given  weight  was  less  ef- 
fective than  one  of  smaller  diameter. 

Increasing  the  thickness  of  the  layer  from  4  in.  to  0  in. 
caused  a  falling  off  in  sti'ength  of  about  12  per  cent  for  tamped 
concrete. 

Tamping  or  puddling  the  first  4-in.  layer  only,  caused  a  fall- 
ing off  in  strength  oc  10  per  cent  to  13  per  cent.  • 

Striking  the  metal  form  with  a  steel  bar  after  the  comple- 
tion of  molding  by  standard  method  had  no  effect  on  the 
strength  of  concrete. 

The  "standard"  method  of  hand-puddling,  using  25  strokes 
with  a  %-in.  steel  bar  for  each  4-in.  layer  of  concrete  in  a  G- 
in.  X  12-in.  cylinder,  is  recommended  for  laboratory  tests  of 
concrete. 

Vibration  of  the  specimen  after  molding  by  means  of  an 
electric  hammer  running  at  l,(lflO  r.p.m.  had  little  influence 
on  the  strength  of  the  puddled  concrete  up  to  a  period  of 
about  30  seconds.  If  continued,  there  was  a  steady  falling  off 
in  strength;  alter  45  to  60  seconds  the  strength  was  only  90 
per  cent  of  that  produced  by  the  standard  method  of  pud- 
dling. 

In  general,  jigging  in  any  manner  witli  the  apparatus  used 
reduced  the  compressi\e  strength  of  the  concrete  regardless 
of  the  height  of  drop,  rate  or  duration  of  treatment.  Excep- 
tions were  found  in  the  dry  mixes  and  those  made  of  aggre- 
gates of  the  smaller  sizes. 

There  was  little  difference  in  the  effect  of  jigging  due  to 
the  (juantity  of  cement  iised. 

In  the  very  dry  mixes  the  strength,  due  to  jigging  2€  sec- 
onds, was  increased  about  25  per  cent. 

The  welter  mixes  (relative  consistency  1.10  to  1.25)  were 
reduced  in  strength  3  per  cent  to  0  per  cent  by  jigging. 

Pebbles  and  crushed  limestone  as  coarse  aggregate  gave 
essentially  the  same'  results  in  the  jigging  tests. 

The  concretes  for  finer  aggregates  showed  a  material  in- 
crease in  strength  with  jigging  in  both  1:5  and  1:3  mixes. 

For  aggregate  coarser  than  about  %  in.,  jigging  reduced  the 
strength  from  3  per  cent  to  10  per  cent. 

•  The  grading  of  the  aggregates   (for  a  given  maximum  size) 
had  little  influence  on  the  effect  of  jigging. 


The  greater  the  drop  the  greater  the  reduction  in  strength 
for  1:5  concrete.  For  a  drop  of  %  in.  the  strength  was  re- 
duced 12  per  cent. 

The  faster  the  rate  of  jigging  the  lower  strength  of  1:5  con- 
crete. Using  IV^-in.  aggregate  at  150  r.p.m.  the  strength  was 
reduced  about  13  per  cent. 

The  strength  of  1:5  concrete  fell  off  rapidly  with  the  dura- 
tion of  jigging.  After  2  to  3  minutes  jigging  the  strength  was 
reduced  about  20  per  cent  as  compared  with  standard  method 
of  hand-puddling. 

Allowing  the  concrete  to  stand  for  a  period  of  time  before 
jigging  increased  the  strength  to  a  slight  extent.  The  maxi- 
mum increase  was  found  at  2  hours  to  4  hours. 

The  application  of  a  pressure  of  1  lb.  per  square  inch  dur- 
ing the  jigging  process  (equivalent  to  a  head  of  1  ft.  of  fresh 
concrete)  gave  the  sanie  strength  as  standard  hand-puddling. 

Molding  the  cylinders  by  the  standard  method  on  the  jig- 
ging table  while  it  was  in  motion,  gave  the  same  strength 
as    standard    hand-puddling    without    jigging. 

The  compressive  strength  of  concrete  was  increased  by 
pressure  applied  immediately  after  molding.  For  pressure 
of  200  to  500  lb.  per  square  inch  the  increase  was  20  per 
cent  to  35  per  cent. 

The  duration  of  pressure  as  between  15  minutes  and  16 
hours  produced   no  difference  in  strength. 

There  was  a  steady  reduction  in  the  water-ratio  of  the  con- 
crete with  the  application  of  pressure. 

The  application  of  pressure  increased  the  strength  of  con- 
crete in  accordance  with  the  quantity  of  mixing  water  ex- 
pelled. 

The  tests  of  concrete  subjected  to  pressure  showed  the 
usual  relation  between  compressive  strength  and  water-ratio. 
The  strength  is  increased  because  the  water  is  expelled.  In 
other  words,  pressure  produces  a  drier  concrete,  and  conse- 
quently gives  higher  strength.  This  makes  it  clear  why  the 
duration  of  pressure  has  no  influence  on  the  result. 

The  indications  of  the  vibrations  and  jigging  tests  should 
not  be  misinterpreted.  The  tests  show  that  after  the  con- 
crete js  properly  placed  these  methods  of  treatment  do  no 
good  and  may  be  harmtiil  if  too  severe  or  too  long  continued. 
However,  there  can  be  no  doubt  of  the  value  of  such  methods 
for  getting  concrete  into  place  in  intricate  forms  and  around 
reinforcing  bars.  The  tests  are  of  value  in  showing  that  this 
is  the  only  desirable  function  6f  such  treatments.    The  eighth 
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Fig.   7. —  Effect  of   Q'uantity   of   Mixing   Water   on    Strength   of 
boncrete. 

test  series  in  Table  II  shows  the  ill  effects  of  lack  of  com- 
pactness in  the  concrete.  Here  the  strength  was  reduced 
13  per  cent,  due  to  failure  to  tamp  or  puddle  the  top  9  in. 
of  the  cylinder.  It  is  impracticable  to  duplicate  in  a  com- 
pression test  piece  the  performance  of  air  hammers  and 
other  similar  methods  of  vibrating  when  used  on  reinforced 
concrete  work. 

The  tests  show  that  with  jigging  high  strength  may  be 
secured  with  drier  mixes  than  would  be  feasible  otherwise. 
It  is  a  matter  of  common  experience  that  concrete  of  drier 
consistency  (and  consequently  higher  strength)  can  be 
placed  by  means  of  jigging  or  vibration  than  would  be  possi- 
ble by  the  usual  methods. 
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Building   Construction  Under  the 
Cost-Plus-Fixed-Fee  Contract 

By    A.    K.    WELLS 
President  Wells  Brotliers  Construction  Co.,  Clil<aKo. 

If  a  half  dozen  stinet  urchins  are  caught  by  a  burly  repre- 
sentative of  the  law  while  engagen  in  the  pastime  of  shoot- 
ing craps,  the  law  against  gambling  acts.  Law  makers  have 
recognized  that  gambling  is  au  unnecessary  evil  and  have, 
so  far  as  possible,  put  a  stop  to  it.  Yet  an  owner  and  a 
contractor  can  gamble  with  a  million  times  the  stake  of  the 
street  urchins  without  fear  of  the  law  and  it  is  done  con- 
stantly under  the  guise  of  the  lump-sum  contract. 

For  under  its  terms  the  contractor  agrees  that  for  a  cer- 
tain sum  of  money  he  will  guarantee  the  owner  against  all 
the  unknown  conditions  involved  in  putting  up  a  structui-e. 
Whether  he  makes  his  figured  profit  or  whether  he  loses  so 
heavily  as  to  be  put  out  of  business  rests  partly  on  his  ability 
to  figure  costs,  but  largely  on  his  luck  in  failing  to  mee-t 
those  conditions  which  would  increase  costs. 

Both  parties  to  this  contract  stand  to  gain  or  lose.  If 
the  job  costs  20  per  cent  more  than  estimated  the  owner 
gains  to  the  other's  loss.  If  conditions  make  considerable 
saving  possible,  then  the  contractor  gains  to  the  owner's  loss. 

Many  contractors  who  in  times  past  have  built  extensively 
in  our  field  are  no  longer  operating.  Others  have  taken 
their  place.  Perhaps  the  ma.jority  of  the  missing  firms  are 
those  who  were  expected  not  only  to  build  according  to  spe- 
cifications and  within  the  time  limit,  but  to  gamble  that  their 
costs  would  fall  within  a  fixed  contract  price.  Gambling 
against  variables  such  as  the  forces  of  nature  and  the  con- 
ditions of  labor — they  lost.  In  many  cases  their  failure  in- 
volved an  added  investment  on  the  part  of  the  owner  or 
possibly  the  surety  company.  It  is  certain  that  no  one  gained 
throu,eh  the  failure. 

The  contractor  is  an  expert  retained  to  assemble  certain 
materials  into  a  finished  structure.  The  question  being  asked 
today  is  "should  the  contractor  insure  the  owner  that  his 
structure  will  not  exceed  a  definite  contract  price."  In  com- 
petitive bidding  the  cost  of  this  insurance  is  paid  generally 
b.v  the  low  bidder  out  of  profits  or.  as  frequently  happens, 
out  of  his  capital,  for  the  reason  that  he  is  more  likely  to 
get  the  contract  as  he  scales  down  his  allowance  for  con- 
tingencies. In  fact,  the  man  whose  bid  includes  a  safe  allow- 
ance for  insurance  against  higher  costs  cannot  expect  to 
obtain  work  under  the  competitive  bidding  system.  The  in- 
evitable result  is  the  bankruptcy  of  many  contractors  and 
an  additional  cost  to  the  owner  or  the  sui'ety  company  to 
cnu^plete  the  unfinished  contract.  This  situation  has  come 
to  such  a  point  that  surety  companies  are  refusing  to  write 
suret.v  bonds  on  fixed  price  contracts  except  under  specially 
favorable  conditions  and  frequently  recommend  to  owners 
the  cost-plus-a-fixed-fee  contract. 

But  from  the  owner's  standpoint  is  it  not  preferable  to 
know  in  advance  what  a  certain  project  will  cost?  It  is  true 
that  a  careful  estimate  is  due  him.  It  should  be  made  by  a 
reliable  contractor  and  checked  by  owner's  architect  and 
engineer.  Such  a  figure  should  be  more  satisfactory  than  a 
competitive  bid  which  does  not  necessarily  show  the  cost  of 
the  building  but  only  what  some  contractor  is  willing  to 
gamble  is  the  cost  of  the  job. 

An  issue  of  bonds  for  an  oflSce  building  or  other  structure 
can  as  well  be  based  upon  a  careful  pi-elirainary  estimate  in 
either  case  It  can  only,  run  below  the  estimate  under  the 
fost-plus-fixed-fee  plan.  Is  not  the  owner  entitled  to  the 
possible  saving? 

Additional  financing  may  be  an  unfortunate  necessity  but 
is  there  reason  why  the  contractor  should  be  asked  to  un- 
der-write  the  accident  of  greater  cost? 

At  the  Chicago  meeting  of  the  Associated  General  Contrac- 
tors of  America, »Nov.  21,  1918.  this  type  was  discussed  and 
Brigadier-General  R.  C.  Marshall,  Jr.,  chief  of  the  construction 
division  of  the  U.  S.  War  Department,  pointed  out  the  fault 
of  the  usual  pre-war  "basis  of  contract.  He  showed  the  im- 
possibility on  recent  War  Department  work  of  asking  for 
competitive  bids,  because  speed  was  the  essence  and  de- 
tailed plans  and  specifications  were  never  complete  at  the 
time  when  construction  must  start.  On  such  work  it  was, 
therefore,  out  of  the  question  for  a  contractor  to  bid  on  a 
fiat  contract  price  basis.  It  would  not  have  been  fair  to  either 
side.     As  a   result  there  was  developed  a  form   of  contract 


known   as   the   cost-plus-sliding  sral.-r.-.-   contract. 

General  .Marshall  said  that  early  in  the  sprlDR  of  1S18  the 
program  of  work  before  the  construction  dlvlBion  was  hu  ex- 
tensive that  it  seemed  advisable  to  have  the  merltB  of  thiH 
form  of  contract  again  passed  upon  and  a  committee  of  em- 
inent business  men  unqualifiedly  endorsed  this  form  of  con- 
tract. In  General  Marshall's  own  words  at  the  conven'lon  of 
general  contractors: 

"No  contractor  should  be  called  upon  nor  permllled  to 
undertake  the  performance  of  any  contract  Ihut  wltliln  the 
four  corners  of  the  paper  upon  which  it  appears  Is,  or  may 
be  written  the  financial  bankruptcy  of  the  contractor.  It  in 
unjust,  it  is  inequitable,  it  is  uneconomic.  The  great  lesson 
of  this  war  on  the  subject  of  the  relationship  between  the 
contractor  and  the  owner  is  the  cost-plus  contract.  This  rep- 
resents the  only  equitable  basis  under  which  a  contractor 
may  perform  constructive  and  economic  services  for  the 
owner.  It  is  the  only  form  of  contract  which  affords  protec- 
tion to  both  parties.  To  me  all  the  energies,  the  thought  and 
the  experience  of  this  country  within  its  own  continental 
lines  during  the  past  year  and  one-half  of  this  world  struggle 
shall  have  been  in  vain  unless  out  of  It  shall  grow,  us  a  per- 
manent institution,  solidifying  the  economic  relationship  be- 
tween  the  contractor  and   owner,   the  cost-plus  contract." 

We  have  been  operating  under  this  plan  almost  exclusively 
tor  several  years.  We  know  that  it  is  possible  to  convince 
most  business  men  of  the  perfect  fairness  of  the  cost-plus 
rontract  and  among  our  clients  are  several  who  would  be 
the  last  to  tie  themselves  up  with  us  on  any  basis  of  contract 
likely  to  be  unfair  or  dangerous.  We  have  built  on  this  basis 
for  Montgomery  Ward  &  Co..  four  successive  times;  tor  the 
Robert  Simpson  Co.,  Ltd.,  Toronto,  five  separate  buildings 
and  for  the  William  Davies  Co..  Ltd..  Toronto,  six  buildings. 
For  these  firms  we  have  been  able  to  start  actual  construc- 
tion much  earlier  than  otherwise  would  have  been  possible. 
which  means  early  occupancy.  The  reason  for  this  is  that 
we  can  start  the  foundations  just  as  quickly  as  the  foundation 
plans  are  complete  and  further  design  and  construction  may 
go  on  coincidentally. 

Money  tied  up  during  construction  earns  nothing  until  the 
l)uilding  is  ready  for  occupancy  and  the  interest  often  amounts 
to  a  considerable  sum.  When  we  have  opportunity  to  work 
with  the  owner,  architect  and  engineer  from  the  very  In- 
ception of  plans  and  when  we  begin  foundations  as  soon  as 
the  general  contour  of  the  building  and  equipment  are  de- 
termined upon,  we  are  able  materially  to  cut  down  the 
period  during  which  the  owner's  capital  is  unproductive.  I'n- 
der  the  lump-sum  contract  it  is  necessary  that  the  plans  be 
complete  before  bids  ai-e  taken,  which  may  delay  occupancy 
tor  months  and  without  occupancy  a  building  Jnveljtnienl  Is 
poor  as  a  dividend  producer. 

Hut  while  speed  is  of  first  in'portance  in  niu8'  bulhflng 
contracts,  yet  fairness  to  both  parties  is  an  equa^y  kwkI 
reason  for  its  general  adoption  and  on  that  basis  our  i-nm- 
pany  is  now  operating  almost  exclusively.  We  feel  that  the 
owner  should  reap  any  benefit  we  are  able  to  bring  about. 
To  give  us  incentive  to  make  such  savings  we  ask  a  mod- 
erate percentage  of  that  saving  under  the  estimated  cost. 
Our  standard  contract  calls  for  a  return  to  the  owner  of  »<• 
per  cent  of  such  savings,  all  of  which  would  have  accrued 
wholly  to  the  contractor  under  the  lump-sum  plan.  We, be- 
lieve 1(1  per  cent  of  the  savings  to  be  an  adequate  incentlvt> 
for  the  contractor.  We  have  almost  invariably  made  sav- 
ings for  the  owner  below  the  estimated  cost  on  our  cost-plus 
contracts  and  such  savings  have  not  been  through  the  padding 
of  preliminary  estimates  but  through  changes  or  economics 
in  construction  made  with  the  consent  of  owner,  architect 
and  engineer,  which  produced  either  a  structure  more  adapt- 
able to  its  purpose  or  of  lower  cost  with  equal  value.  Such 
changes  could  be  made  only  with  difficulty  under  the  lump- 
sum contract,  as  the  average  owner  is  averse  to  changing 
original  specifications  because  of  the  generally  high  cost  of 
"extras"  or  divergence  from  the  original  basis  of  bidding. 

The  cost-plus-flxed-fee  basis  has  been  adopted  for  the  major 
manufacturing  and  merchandising  operations.  Automobile 
makers  do  not  gamble  with  a  fixed  price,  but  from  season  to 
season  vary  their  selling  prices  according  as  costs  rise  or  fall. 
There  is  less  of  general  price  advertising  than  before  the 
war  and  now  many  standard  articles  of  commerce,  once  fixed 
as  to  price  like  the  Ingersoll  dollar  watch,  are  today  on  a  new 
basis  and  tomorrow  may  be  higher  or  lower  according  as 
costs  dictate. 
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Preliminary  Work  for  Construction 

of  1,000    Ft.    Concrete   Arch 

at  Montgomery,  Pa. 

In  preparing  for  the  construction  of  a  reinforced  concrete 
arch  bridge  over  the  West  Brancli  of  the  Susquelianna  river 
at  Montgomery,  Pa,,  the  contractors  were  confronted  with  a 
variety  of  problems. 

It  was  desirable,  in  the  interest  of  economy,  to  obtain  the 
gravel  from  the  river  bed  and  to  separate  the  sand  from  the 
gravel,  and  to  carry  the  waste  sand  to  an  approach  till  which 


% 


Barge   and    River   Trestle. 

was  a  part  of  the  work.  Some  of  the  gravel  was  oversize  for 
concrete  and  required  crushing, 

■Sand  was  obtainable  from  a  local  bank  about  %  mile  from 
the  work  and  could  be  transported  directly  by  dump  cars  to 
the  foot  of  the  bins. 

To  do  the  river  work  two  derrick  barges  were  built.  Each 
barge  consisted  of  a  pair  of  barges,  14  ft.  by  42  ft.,  strength- 
ened with  three  solid  longitudinal  bulkheads.  These  twin 
barges  were  fastened  together,  with  2  ft.  separation,  making 
a  barge  St)  ft,  by  42  ft,,  and  equipped  witli  hoisting  engine, 
swinging  engine,  clam  shell  bucket  and  centrifugal  pump. 

Sixty-toot  booms  were  used  and  a  trestle  built  across  the 
river  parallel  to  the  bridge  site  and  67  ft.  from  the  center 
line.  One  track  from  the  trestle  led  to  the  mixer  and  another 
to  a  trestle  from  which  the  sand  and  gravel  were  dumped. 
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Crusher,    Elevator,   Stone    Bin.   Material   Trestle   and    Hopper. 

The  gravel  and  sand  bin  was  placed  directly  on  a  line 
with  the  trestle  across  the  river.  The  bin  is  a  tour-story  struc- 
ture, 16  ft,  by  24  ft.  and  50  ft,  high.  On  the  extreme  top  Is 
a  revolving  screen,  12  tt,  lone,  fed  by  a  60  ft,  elevator.  From 
this  screen  the  sand  and  gravel  are  carried  by  chutes  into 
their  respective  bins.  Directly  under  the  bins  is  the  mixing 
floor.  In  the  center  is  a  steel  measuring  box  which  is  charged 
by  chutes  from  the  bins.  Cement  is  carried  to  this  floor  from 
a  cement  house  adjoining,  by  an  inclined  track,  a  small  car 
hauled  by  wire  rope  furnishing  the  transportation  means. 


The  base  of  the  measuring  box  discharges  directly  into  the 
mixer  and  the  mixer  dumps  directly  into  buckets  waiting 
on  track  adjacent,  from  whence  the  concrete  is  moved  to  the 
trestle  and  placed  in  the  forms  by  the  derrick  barge.  The 
mixer  is  a  1-yd.  cube  mixer,  steam  driven, 

A  10-ton  locomotive  crane,  equipped  with  clam-shell,  han- 
dles all  material  after  it  is  dumped  from  the  material  trestle. 
The  material  is  placed  in  a  hopper  8  ft,  square,  about  20  ft. 
above  the  ground.  If  it  is  desired  to  wash  out  the  sand, 
water  is  turned  on.  which  attacks  the  sand  as  it  is  leaving 
the  hopper,  and  water  and  sand  pass  through  a  grating  of 
parallel  bars  and  into  a  trough  and  thence  to  the  fill.  The 
balance  ot  the  material  is  carried  to  the  crusher  and  fed 
into  the  elevator  and  carried  to  the  top  of  the  bins.  Power  for 
the  crusher  and  elevator  is  supplied  by  a  30  hp,  electric  mo- 
tor. If  it  is  not  desired  to  wash  out  the  sand  the  operation 
is  the  same,  excepting  that  no  water  is  supplied  and  the  bars 
are  covered  with  a  steel  plate  and  all  material,  both  sand  and 
gravel,  passes  through  the  crusher. 

The  following  tabulations,  adapted  from  the  rule  book  of 
ing  County,  Pennsylvania.  It  is  1,028  ft.  long,  with  nine 
arches  and  "V  shaped  abutments.  Each  arch  has  two  ribs, 
carrying  spandrel  walls  and  supporting  a  slab  roadway,  paved 
with  wood  blocks.  Provision  is  made  for  future  trolley  track. 
Gas  and  electric  mains  will  be  part  of  the  structure  and  orna- 
mental light  fixtures  on  pylons  at  the  piers  are  part  of  the 
decorative  scheme.  The  bridge  was  designed  by  Mark  C. 
Krause,  Consulting  Engineer,  Williarasport,  Pa,  The  contrac- 
tor is  the  Walter  R,  Cliffe  Co.,  Philadelphia,  Pa,  Capt.  PYank 
C,  Smythe  i.s  engineer  for  the  contractor. 


Safe   Loads   on   Planks    and    Tinibers^{for 

Scaffolds,  Falsework  and  Other 

Structures 

The  following  tabulations,  adapted  from  the  rule  book  of 
the  McClintic-Marshall  Construction  Co,  have  been  issued 
by  the  Construction  Section  of  the  National  Safety  Council, 
to  show  the  loads  that  may  be  carried  safely  on  planks  and 
timbers  in  scaffolds,  falsework  and  other  structures.  The 
loads  are  for  yellow  pine  in  good  condition.  For  timber  of 
poorer  grades  the  loads  must  be  reduced: 

.S.\FE   LOADS    (IN    TONS)    OX    TIMBER  USED    AS   A    COLUMN, 
POST  OR  BRACE. 


Size, 
tx  4  . 
6x  6  . 
Sx  S    . 


6 

9 
29 
51 

10x10    80 

12x12    115 

14x14    156 


8 

7 

21 

51 

SO 

115 

156 


10 

6 

19 

51 

SO 

115 

156 


12 

5 

17 

36 

80 

115 

156 


Length  in  Feet. 

16       20       24       2S'       32 


13 
30 
54 
85 
156 


9 

25 

48 

77 

112 


5 

20 

41 

69 

102 


15 
35 
61 
94 


10 
29 
54 
85 


40 


16 
38 
67 


.50        60 


19 
45 


with  maximum  stress 


The  unit  stress  allowed  is  1.600    (1-1  '60d) 
1.200, 
S.VFE  LOADS  (IN  POUNDS)  ON  PLANK  FOR  SCAFFOLDS,  ETC, 

Span  in  Feet, 

12         11         16         18         20         22         24 

250       200       165 

300       240      200 

720       600      500 


Size, 

4 

6 

S' 

10 

2x10  . 

,.  870 

570 

415 

310 

2x12  . 

..1.000 

6S0 

500 

370 

3x14  , 

.  ,2,400 

1,660 

1,150 

900 

These   are   safe   loads  concentrated  at  center 
formlv  distributed  ;oads,   the  figures  may  be  doubled 

1,600, 


155 

420      350      300      250 

of  span.      For  uni- 

Unit  stress 


SAFE  LOADS  (IN  POUNDS)  ON  TIMBER  USED  AS  A  BEAM. 

Span  in  Feet. 


Size,   4 

2x  4.  705 
4x  4.  1,410 
4x  6.  3,200 
6x  6.  4,800 
6x  S,  8,500 
Sx  8,11,300 


6 

465 
930 
2,100 
3.200 
5,650 
7,500 


S 
340 
680 
1.660 
2,360 
4.200 
5,600 


10 
270 
550 
1,240 
1,850 
3.340 
4.4o0 


12 
220 
440 
1.030 
1,550 
2.760 
3,660 
8.200 


14 
180 
390 


1,300 
2.320 
3.100 
7.100 
9.600 


16 

155 

310 

730 

1,100 

2,000 

2,660 

6,100 

S-,400 


Sxl2,li.,100  16.900  12,600  10,000 

Sxl4, 22,200  22,100  17,300  13.700  11.400 

3x16,25,400  25,300  22,600  1,S,000  14,900  12,700  11,000 
10x10,19,800  14,600  11,000  ■  8.700  7.200  6.100  5,300 
10x12,23,800  21.000  15,800  12.500  10.400  S.900  7,600 
10x14,27,800  27,700  21,600  17.200  14.200  12.100  10.,-|00 
12x12,28.600  25,400  19.000  15,000  12.500  10.600  9,200 
12x14.33,400  33,200  25,900  20,600  17,000  14,600  12,600  11,000 
12x16,38,200  38,000  33.700  27,000  22.300  19,000  16,500  14,600  13,000  10.500 
14x14,39,000  38,800  30,200  24,000  19.900  17,000  14,700  12. 900  11.500  9.350 
These  ai-e  isafe  loads  concentrated  at  center  of  span.  For  uni- 
formly distributed  loads,  the  figures  may  be  doiicled.  but  must  not 
exceed  the  values  given  in  the  table  under  "span  4  ft."  Unit 
stress  1.600, 


640 
960 
1.750 
2,330 
5.400 
7.400 
9,800 
4.600 
6.700 
9.200 
SMOn 


20 


560 
840 
1.640 
2,060 
4,800 
6,500 
8,600 
4,100 
6.000 
8,200 
7.200 
9.800 


24 


1.220 
1.630 
3,800 
5.300 
7.000 
3, SOU 
4.800 
6.600 
6,800 
900 


Chicago  Carpenters'  Strike  Settled. — The  carpenters'  strike 
which  has  tied  up  building  operations  in  Chicago  for  the 
past  10  weeks,  was  settled  Sept.  19  and  the  men  returned 
to  work  Sept.  22.  The  demand  of  the  carpenters  tor  a  wage 
of  $1  per  hour  was  granted.  The  agreement  provides  that 
no  further  change  in  wages  of  these  men  is  to  take  effect 
prior  to  June  1,  1920. 
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FilticillP   Phpnr^mpnil    in    l\/f<:it<il«  change  of  the  general  BChc-me  of  InUTiml  struiture,  bul  under 

railgUe    riieilUUieild   in    iVieiaiS  .mlicieiuly  heavy  stress  there  appearH  gradual  hreakdcwu  of 

The  phenomena  of  fatigue  failui-e  have  recently  given  rise  the  crystals  In  the  structure, 
to  some  perplexing  problems  in  connection  with  the  design  When  a  ductile  metal  is  .lefornied  cold  the  first  deforma- 
and  service  of  airplane-engine  crankshafts,  the  hulls  of  steel  tion  occurs  in  the  particular  grains  which  either  lake  the 
ships,  axles  and  shafts  in  railway  cars,  motor  cars  and  trucks,  most  stress  or  have  the  lowest  elastic  limit.  Oeforinatlon 
and  other  machine  parts.  The  question  whether  structural  takes  place  by  the  slipping  of  one  portion  of  the  grain  with 
parts  subjected  to  repeated  stress  are  in  danger  of  fatigue  reference  to  other  portions.  This  slipping  Is  shown  by 
failure  has  been  discussed  at  considerable  length.  The  dan-  the  appearance  of  lines  called  "slip  bands"  or  "slip  lines" 
ger  of  fatigue  failure  seems  to  be  an  unimportant  factor  extending  across  crystals  and  Indicating  planes  of  cleav- 
in  determining  the  safety  of  structural  parts,  with  the  possi-  age.  As  the  load  is  increased  deformation  proceeds  and 
ble  exception  of  parts  subjected  to  reversal  of  stress.  The  other  slip  bands  are  formed,  the  law  being  that  the  moHt 
reason  for  this  is  probably  found  in  the  relatively  small  num-  easily  deformable  grains  first  show  slip  bands.  Gradually  the 
ber  of  loadings  which  most  structures  are  called  upon  to  most  favorable  planes  of  slip  are  exhausted,  and  further  slip- 
withstand,  and  in  the  fact  that  most  of  the  loadings  are  be-  page  can  take  place  only  with  the  addition  of  more  load. 
low  the  maximum  working  value.  On  the  other  hand,  the  The  failure  in  ductile  metals  subjected  to  repealed  stress 
danger  of  fatigue  failure  is  a  major  factor  in  determining  takes  place  with  substantially  no  general  deformation.  There 
the  safety  of  many  machine  parts.  is,  however,  considerable  local  deformation  over  microscopic 

In  a  progress  report  printed  in  the  September  Journal  of  areas,  evidenced  by  the  appearance  of  many  slip  bands  on 
the  American  Society  of  Mechanical  Engineers,  the  com-  a  polished  surface  of  the  metal  after  the  application  of  re- 
mittee on  Fatigue  Phenomena  in  Metals,  which  is  acting  peated  stress.  These  slip  bands  appear  after  a  small  num- 
under  the  joint  auspices  of  the  Engineering  Foundation  and  ber  of  reversals  of  stress  with  relatively  large  loads,  and 
the  Division  of  Engineering  of  the  National  Research  Coun-  may  not  appear  at  all  with  slight  loads.  The  slip  bands 
cil,  gives  an  interesting  summary  of  the  available  facts  and  may  first  appear  either  In  the  interior  of  a  grain  or  at  the 
theories  relating  to  fatigue  failure.  The  matter  following  grain  boundary.  As  the  number  of  applications  of  stress 
is  abstracted  from  the  report.  increases   more   slip   bands   appear,   and    those    first   appear- 

The   problem   of  fatigue   of   metals   engaged   the   attention  ing  usually  lengthen  and  widen.     Under  the  microscope  and 

of  engineers  70  years  ago,  in  connection  with  car  axles  and  with    normal    illumination     the     general     surface     becomes 

members   of   iron   railway   bridges.     In   these   earlier  experi-  blacker  as  the  number  and  width  of  the  slip  bands  increase. 

ments  several  facts  seem  noteworthy.     The  prime  object  of  In    ductile    metals    fatigue    failure     is     almost     exclusively 

the  investigators  was  to  deduce  laws  of  fatigue  for  railway  through    the    grains    themselves  rather  than    at    the    grain 

bridges  and  car  axles.    The  problem  of  fatigue  in  high-speed  boundaries,  and  the  first  slip  bands  to  appear  do  not  neces- 

machine  parts  had   not  then  appeared.     These  investigators  Harily  form  a  part  of  the  final  path  of  rupture.    Failure  seems 

carried  their  tests  far  enough  to  cover  the  number  of  repeti-  to  take  place  by  the  uniting  of  slip  bands  into  cracks.    When 

tions  required   by   the   structures   of  their  day  and   assumed  the  Hrst  grain  develops  a  crack  extending  across  its  entire 

that   having   done    so    they    had    established     an     endurance  width,    added    stress    promotes   the   extension   of   this   crack 

limit.      Reading    their    conclusions    carefully,    the    statement  into  adjacent  grains  on  both  sides,  although  the  orientations 

does  not  seem  to  be  made  that  material  which  passed  their  of  these  grains  may  be  and  usually  are  such  that  the  crack 

tests   would    stand    an    infinite   number   of   repetitions.     The  must  extend  itself  at  an  angle  to  that  in   the  initial  grain. 

term    generally    used    is    "indefinite'    or    "very    large."    and  The  general  tendency  is  for  these  slip  bands  to  follow  the 

the   number   corresponding   is   from    lO.OOn.OdO    to    sO.OOO.OfMj.  lines  of  cleavage  of  the  particular  grain  in  which  they  occur. 

For    the    problem    which  they  investigated  their  tests  seem  Often   incipient   fracture   is   found   in   many   grains  adjacent 

to  give  safe  guides  for  practice,  but  today,  with  the  advent  to  the  final  path  of  rupture,  indicating  that  had  rupture  not 

of  modern  high-speed  machinery,  some  parts  of  which  must  taken  place  where  it  did,  it  would  have  soon  taken  place  in 

be  as  light  as  possible,  and  the  extension  of  the  fatigue  prob-  some   other  adjacent  part. 

lem  to  such  members  as  the  cranks  and  the  connecting  rods  Such    observations   by    means   of   the   microscope   Indicate 

of  gas   engines   and  the   shafts  of  steam   turbines,  the   num-  that   localized   deformation   is   the   primaiT,-   cause  of  fatigue 

ber  of  repetitions   of  stress  which  a  machine   member  may  failure  in  ductile  metals,  but  it  does  not  necessarily  follow  that 

be   called   upon   to   undergo   is    very    much    increased.     This  the   formation  of   one   slip   band   under  repeated   stress   will 

fact  is   illustrated   by   Table   I,   which   gives   a   statement   of  indicate   eventual   fracture   if  the  loading   is  continued;    one 

the    approximate    service    required    from    various    structviral  grain   may   appear   to   have  a   greatly   reduced    elastic   limit 

and  machine  members.  because  of  internal  strains  or  peculiarly  unfavorable  orienta- 

The    Phenomena   of   Fatigue    Failure. — A  fatigue   failure   of  tion.     It  is   not  certain  that   there   is  a   limiting  load   below 

i   metal,   whether  it  occurs  in  a  test  specimen  or  in  a  ma-  which  fatigue  failure  will  never  take  place. 

chine  part,  is  characterized  by  suddenness,  lack  of  warning.  When  the  action  of  metal  under  repeated  stress  is  consid- 

apparent  brittleness  of  material,  and,  in  many  cases,  a  frac-  ered  from  the  viewpoint  of  the  internal  strains  and  accom- 

ture  with  a  crystalline  appearance  over  a  part  of  its  surface.  panying  stresses  in  the  material,  a  radical  difference  is  seen 

This  crystalline  appearance  led  to  the  old  theory  that  in  the  behavior  of  material  under  static  load  and  under  re- 
under  repeated  stress  metal  "crystallized,"  changing  from  peated  load.  In  a  general  way  we  may  consider  any  struc- 
a  ductile  "fibrous"  structure  to  a  brittle  "crystalline"  one.  tural  or  machine  part  as  subjected  to  static  conditions  If 
This  theory,  however,  has  been  quite  thoroughly  demolished  the  load  on  it  is  apolied  gradually  and  is  not  repeated  more 
as  a  result  of  study  of  the  structure  of  steel  under  the  mi-  than  a  few  hundred  times;  the  part  may  be  considered  as 
croscope.  As  revealed  by  the  microscope  the  structure  of  subjected  to  fatigue  if  the  load  on  it  is  applied,  say,  oro 
all  metals  used  for  structures  and  machines  is  crystalline.  hundred  thousand  times  or  more;  and  for  intermediate  con- 
any  'fibrous"  structure  ^being  caused  by  inclusions  of  non-  ditions  of  loading  the  phenomena  characteristic  of  both 
metallic  imnurities  (for  example,  slag  in  wrought  iron).  Mi-  kinds  of  loading  would  be  present 
croscopic    examination    of    metals    under    stress     shows     no  We   must   look    upon   steel   as   flUed    with    a   multitude   of 

minute  flaws.     These  flaws  are  developed   in   the   solldifica- 

TABLE  I— APPROXIMATE  SERVICE  jaEQUlRED  OF  VARIOUS  ^  ^^     material.     In  static  testing,  steel  under  stress  of 

MK]VrRT7Ttc;    OF    STRTTTl'Ri;S     \NP    MACHINES    bUB-  i.ivij    i^*    i-    ^                                         ,             ^,                          .    ^                       .     i      41^ 

lECTED  TO  RBPKATBD  STRESS.  about    half  its  ultimate   strength   pas.ses   into  a  semi-plastic 

.Approximate  condition,  in  which  there. Is  a  gradual  flow  of  the  material. 

repeTitk)nsof  Under  such  conditions  the  small  fliws  have  almost  no  effect 

Part  of  structure  or  macliine.                      f}:Z^P  '"„"^S'  upon   the   flow  or  upon  the  Static  strength.     When   steel  Is 

th6%tnfctur.;  loaded   to  moderate  stresses  the  yielding  is  almost  entirely 

or  machine.  elastic    but  in  general  a  small  portion  of  it  is  inelastic,  en- 

^^^!ki^ic?^^:^v-i>e^V::^V-\V.V.       &sZ-'^l  ergy   being  taken   up   by   the   steel   itself.     If  the   specimen 

Railroad   rail,   locomotive   wheel   loads .'ioo.oflo  ^^^  ^,g   loaded  a  great  number  of  times   without   neat  loss 

LvXlen'^n^craSafT'''     ■•.:•.:;•.:■.;:::::;:::::■.:       IsSoS"  its   temperature   wm   increase.     U   it  is   set   vibrating    in   a 

Car  axle.?   ^ '. Jn'nSn'ffi  chamber  free  from  air  it  will  stop  vibrating  in  a  short  time. 

UnesZfttag?fshoS^"'''''^f^ :::::::::::::  :::':;^  ssHKoo  due  to  the  absorption  of  energy,  it  such  cases  the  stress- 
steam  engrine.  piston  rods,  connecting  rods  and  crank-  Strain  curve  appears  to  be  Straight  and  the  curve  for  the  re- 
stl^^lfurwne  ;.,^at,^^•^endfn.■siresJes■::;::::::;::::::.5:SQS:ao2?  moval  of  the  load  may  be  practically  identical  with  that  for 
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llie  auplication  of  load,  but  still  these  other  effects  show 
loss  of  energy  in  the  steel  itself. 

In  considering  the  phenomena  of  fatigue  failure  it  nia> 
be  well  to  call  attention  to  the  fact  that  there  is  an  inter- 
mediate type  of  failuie  of  ductile  material  In  which  both 
plastic  action  and  the  development  and  spread  of  micro- 
scopic flaws  are  present.  Such  failures  sometimes  occur  In 
staybolts,  boiler  sheets  between  rivet  holes,  and  other  parts 
occasionally  subjected  to  very  severe  local  distortion. 

Localized  Stresses  Under  Static  Loading  and  Under  Im- 
pact Loading. — When  a  machine  member  or  structural  part 
is  loaded  gradually  a  stale  of  strain  and  accompan.\  ing  stress 
is  set  up  throughout  it.  In  a  general  way  the  distribution  of 
stress  is  similar  to  that  given  by  the  theory  of  elastic  ac- 
tion which  serves  as  a  basis  of  our  formula  for  computing 
stress  and  strain.  There  are,  however,  many  deviations  from 
this  distribution  due  to  non-homogeneity  of  the  materia! 
and  to  Irregularities  in  outline  such  as  projecting  corners, 
scratches  and  tool  marks.  When  load  is  applied  the  general 
behavior  of  the  piece  as  indicated  by  careful  measurements 
of  stretch,  compression,  twist,  or  flexure  conforms  to  that  re- 
quired by  the  common  theory  of  elastic  action,  but  there 
are  doubtless  many  localized  strains  which  cannot  be  de- 
tected, even  by  the  use  of  delicate  micrometer  measurements. 

Under  impact  loading,  which  is  merely  loading  applied  in 
a  very  short  space  of  time,  the  action  is  somewhat  similar 
to  that  under  static  loading,  e.xcept  that  ductile  material 
may  offer  a  higher  resistance  to  very  rapid  fracture  than  it 
does  to  fracture  occurring  gradually  through  a  period  of  sev- 
eral minutes.  Impact  fracture,  moreover,  may  emphasize 
somewhat  the  localized  stresses  set  up  at  places  where  the 
structure  of  the  material  is  non-homogeneous,  or  at  places 
where  there  are  sharp  notches  or  deep  scratches  in  the  sur- 
face of  the  piece.  Under  slowly  applied  load  there  is  oppor- 
tunity for  considerable  adjustment  and  equalization  of  stress 
after  the  yield  point  is  passed;  under  impact  load  there  is 
probably  less  equalization  on  account  of  the  rapidity  of  the 
action,  and  hence  the  localized  stresses  are  higher  and  more 
effective  in  causing  failure.  This  explanation  of  the  action 
under  impact  is  given  here  because  repeated  stresses  also 
emphasize  the  effect  of  high  localized  stress,  though  for  an 
entirely  different  reason. 

Tests  and  Criteria  for  Fatigue  Strength.-  It  was  formerly 
the  common  opinion  that  the  determination  of  the  elastic 
limit  of  a  material  by  means  of  a  static  test  in  a  testing  ma- 
chine gave  a  reliable  test  for  the  fatigue-resisting  qualities 
of  the  material,  and  that  the  material  could  withstand  an 
infinite  number  of  repetitions  of  stress  lower  than  this  elas- 
tic limit.  Tests  at  various  laboratories,  however,  have  quite 
thoroughly  disproved  this  idea,  and  have  thrown  grave  doubts 
on  the  reliability  of  the  elastic  limit  as  an  index  of  fatigue 
strength.  The  term  "elastic  limit"  has  always  been  rather  loose- 
ly used,  and  covers  several  quite  different  stresses.  The  value 
determined  for  the  elastic  limit  for  any  material  depends  on 
the  sensitiveness  of  instruments  used  and  the  accuracy  of 
plotting  results,  and  the  elastic  limit  as  determined  by  such 
a  test  in  a  testing  machine  is  determined  by  the  average 
behavior  of  the  material  over  a  considerable  length,  while 
the  process  of  fatigue  failure  may  be  gping  on  over  a  sec- 
tion so  small  that  it  does  not  appreciably  affect  the  read- 
ings of  the  measuring  instruments  used.  In  several  labora- 
tories comparative  repeated-stress  tests  of  different  materials 
have  shown  higher  fatigue  resistance  for  the  material  with 
the  lower  elastic  limit. 

It  has  been  proposed  by  various  experimenters  to  compare 
the  fatigue-resisting  qualities  of  different  metals  by  short- 
time  tests  with  stresses  well  beyond  the  yield  point  of  the 
material.  Such  tests  are  quickly  and  easily  made.  Under 
such  stresses,  however,  the  action  of  the  material  is  partly 
a  plastic  flow.  Such  tests  give  good  promise  of  determining 
fatigue  strength  and  toughness  under  occasional  overload 
for  parts  such  as  staybolts,  which  in  their  ordinary  service 
are  subjected  to  rather  severe  distortion,  but  it  is  not  at  all 
certain  that  such  tests  give  a  reliable  index  of  resistance  of 
machine  parts  under  ordinary  working  stresses. 

It  has  been  proposed  by  various  laboratories  to  compars 
the  fatigue  strengths  of  various  materials  by  comparing  their 
life  under  repetitions  or  reversals  of  some  standard  stress, 
usually  less  than  the  elastic  limit  of  the  material  as  deter- 
mined by  a  static  test.  A  somewhat  similar  standard  pro- 
posed is  to  determine  the  stress  which  will  cause  failure 
under  a  given   number  of  reversals.    Standard   stresses  pro- 


posed for  steel  are  38,0U0  lb.  per  square  inch  (reversal)  and 
:;;5,00(i  lb.  per  square  inch  (reversal).  One  million  reversals 
has  been  proposed  as  a  standard  "life."  These  two  types 
of  test  approach  working  conditions  more  closely  than  do 
the  short-time,  high-stress  tests  described  above.  How- 
ever, they  determine  only  one  point  on  a  S-N  diagram  for 
a  material  and  do  not  indicate  how  fatigue  endurance  changes 
with  change  of  stress. 

A  comparative  study  of  fatigue  strengths  of  various  ma- 
terials can  be  made  from  a  S-N  diagram  plotted  on  logarith- 
mic paper.  Up  to  about  l,OOti,flOO  repetitions  of  stress  loga. 
rithmic  S-N  diagrams  tall  quite  closely  along  straight  lines, 
and  from  the  ordinates  and  slopes  of  these  lines  the  behavior 
of  materials  under  various  intensities  of  stress  can  be  stud- 
ied. Tests  may  conveniently  be  made  with  stresses  at  about 
the  yield  point  of  the  material,  at  stresses  about  20  per  cent 
lower,  and  at  one  or  two  intermediate  stresses. 

Various  other  possible  tests  have  been  proposed  for  deter- 
mming  the  fatigue-resisting  strength  of  a  material,  but  no 
test  has  been  proved  to  be  of  sufficient  reliability  to  be  ac- 
cepted as  a  standard.  A  number  of  tests,  however,  seem 
worthy   of  experimental   study. 

The  rate  of  dying  out  of  vibrations  in  a  "tuning  fork"  speci- 
men of  the  material  has  been  suggested  as  a  possible  index  of 
fatigue  strength.  It  is  assumed  that  the  gradual  dying  out 
of  vibration  is  due  largely  to  loss  of  energy  spent  in  inelastic 
action  in  the  material,  and  that  such  inelastic  action  is  a 
measure  of  the  fatigue  weakness  of  the  material.  Test  data 
are  lacking  to  determine  the  value  of  this  test,  but  it  seems 
worthy   of  study. 

Tests  of  magnetic  permeability  have  also  been  proposed  to 
locate  internal  flaws  in  the  material  and  thus  indicate  its 
relative  fatigue  strength.  The  entire  subject  of  the  correla- 
tion of  the  magnetic  and  the  mechanical  properties  of  iron 
and   steel  is  a  promising  field  of  investigation. 

The  rise  of  temperature  under  repeated  stress  has  likewise 
been  proposed  as  a  measure  of  fatigue  resistance.  The- 
oretically, if  a  specimen  is  subjected  to  reversed  elastic 
stress  no  change  in  temperature  should  take  place,  and  it 
has  been  proposed  to  determine  the  endurance  limit  for 
metals  at  that  stress  which  causes  the  first  noticeable  rise 
in  temperature  after  some  thousand  or  more  reversals.  A 
practically  difficult  in  using  this  test  is  to  secure  proper 
heat  insulation  for  the  specimen.  This  test  seems  worthy 
of  study,  however,  especially  if  employed  in  an  inertia  type 
of  testing  machine. 

The  detection  of  the  appearance  and  growth  of  "slip  lines " 
in  a  specimen  subjected  to  repeated  stress  gives  some  prom- 
ise of  furnishing  a  reliable  test  for  fatigue  strength.  Slip 
lines  appear  long  before  fracture  occurs,  and  if  their  ap- 
pearance or  the  rate  of  their  spread  can  be  shown  to  be  an 
index  of  fatigue  strength  it  seems  possible  that  a  feasible 
laboratory  test  may  be  devised.  The  search  for  slip  lines 
over  any  considerable  area  would,  however,  be  very  tedious. 

Impact  tests,  usually  on  notched  bars  in  bending,  have  been 
proposed  as  an  index  of  fatigue  strength.  The  actions  under 
impact  failure  and  under  repeated  stress  are  very  different, 
the  first  giving  a  sudden  break  of  the  entire  cross-section 
of  the  specimen,  and  the  second  a  gradually  developing  frac- 
ture. Both  failures,  however,  seem  to  be  affected  by  local- 
ized flaws  or  irregularities  in  outline,  and  though  no  definite 
correlation  between  fatigue  strength  and  strength  to  resist 
impact  has  been  established,  yet  such  tests  are  worthy  of 
study.  Repeated-impact  tests  have  also  been  proposed  to  de- 
termine fatigue  strength,  but  whether  such  tests  have  any 
advantage  over  short-time  tests  under  non-impact  loads  is 
not   known. 

In  all  tests  to  determine  fatigue  strength  it  is  of  the  high- 
est importance  to  secure  uniformity  of  surface  finish  between 
the  different  specimens  to  be  compared.  Probably  this  can 
best  be  done  by  polishing  the  surface  of  the  specimens  where 
failuie  is  expected. 

There  is  today  no  short-time  test  accepted  as  a  standard 
test  for  fatigue  strength;  but  the  development  of  such  a 
test,  and  the  establishment  of  its  reliability,  would  unques- 
tionably be  of  very  great  service  to  testing  engineers. 

Localized  Stress  and  Its  Influence  In  Producing  Fatigue. — 
The  ordinary  formulae  and  methods  of  analysis  used  in  com- 
puting the  fiber  stress  in  a  machine  part  or  structural 
member  are  based  on  the  assumption  that  the  material  is 
homogeneous  throughout,  and  that  the  cross-section  of  the 
member  is  either  constant  or  that  it  changes  its  dimensions 
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so  regularly  and  gradually  that  there  is  no  appreciable  lo- 
calized fiber  stress  at  sections  of  rapid  change.  For  struc- 
tures and  machines  of  ductile  material  subjected  to  not  more 
than  a  few  hundred  loadings,  such  assumptions  are  reliable, 
because  localized  stresses  do  not  appreciably  affect  the  gen- 
eral deformation  of  a  member,  nor  do  they  under  ordinary 
working  conditions  cause  trouble  before  the  member  has 
been  subjected  to  some  thousand  or  more  repetitions  of  load. 
For  nearly  all  parts,  however,  high  localized  stresses  are 
present.  Internal  flaws  may  cause  such  localized  stresses. 
This  is  shown  by  mathematical  analysis  of  stress  in  plates 
with  noles  in  them  and  by  direct  experiment  on  such  plates. 
External  irregularities  of  outline  may  cause  localized  stress. 
Under  bending  or  twisting  a  member  with  a  sharp  re-en- 
trant angle  in  its  outline  theoretically  develops  an  infinite 
stress  at  the  root  of  the  angle,  and  actually  both  mathe- 
matical analysis  and  direct  experiment  -show  that  very  high 
localized  stress  may  be  caused  by  sharp  grooves  or  scratches 
on  the  surface  of  a  machine  part  or  structural  member. 

It  has  been  stated  above  that  for  parts  subjected  to  a  lew 
loadings  localized  stresses  are  not  of  great  significance  The 
case  is  quite  different,  however,  for  parts  subjected  to  thou- 
sands of  loadings.  High  localized  stress  may  cause  a  crack 
to  start,  either  directly  or  by  "cold-working"  the  material 
where  the  localized  stress  exists  until  the  material  becomes 
brittle.  This  crack  forms  an  extension  of  the  discontinuity 
of  the  material  which  caused  it.  and  under  repeated  stress 
tends  to  spread  still  more  rapidly.  This  tendency  is  illus- 
trated by  the  action  of  a  piece  of  plate  glass  in  which  a 
crack  has  started.  In  most  cases  under  any  repetition  of 
load  the  crack  spreads,  and  will  cause  final  fracture  of  the 
glass.  A  fatigue  failure  under  repeated  stress  is  a  progres- 
sive failure.  This  spreading  of  cracks  to  cause  failure  ex- 
plains why  under  fatigue  even  ductile  materials  snap  short 
off.  Failure  does  not  involve  plastic  flow  of  considerable 
masses  of  metal,  but  only  of  microscopic  masses  near  the 
crack  and  final  fracture  comes  suddenly  just  as  if  the  mem- 
bers were  cut  half  off  by  means  of  a  saw  cut  and  then  bent. 
The  importance  of  avoiding  localized  high  stress  in  mem- 
bers subjected  to  repeated  stress  can  hardly  be  overempha- 
sized. Homogeneity  of  internal  structure,  smoothness  of  ex- 
ternal surface  and  avoidance  of  sudden  changes  of  cross- 
section  may  be  more  important  in  the  construction  of  ma- 
chine parts  subjected  to  repeated  stress  than  is  high  static 
strength  of  material. 

Shoulders  of  crankshafts  and  of  axles,  keyways  in  shafts, 
screw  threads,  and  rivet  holes  are  examples  of  locations 
where  high  localized  stress  is  liable  to  occur. 

Formulae  for  Designing  Parts  Subjected  to  Repeated  Stress. 
—All  formula?  which  have  been  proposed  for  designing  parts 
subjected  to  repeated  stress  depend  upon  extrapolation  from 
test  results  and  should  therefore  be  regarded  as  tentative. 
Their  use  is  justified  only  on  the  ground  of  necessity.  Parts 
must  be  designed  to  resist  repeated  stress,  and  even  formula- 
derived  from  a  confessedlv  inadequate  experimental  basis 
seem  better  than  mere  guesswork.  Two  types  of  formula 
have  been  used. 

In  manv  discussions  of  data  of  repeated-stress  tests,  it  is 
assumed  that  there  exists  some  definite  "endurance  limit, 
that  is,  some  stress,  greater  than  zero,  which  can  be  repeated 
an  infinite  number  of  times  without  causing  failure  of  the 
material.  If  such  a  limit  exists  it  is  certainly  lower  tnan 
the  elastic  limit  of  the  material  as  determined  by  static  tests 
for  actual  failures  of  materials  have  occurred  under  repeated 
nominal  stresses  as  low  as  one-quarter  of  the  elastic  limit 
as  determined  bv  a  static  test.  Examination  of  test  data 
indicates  that  the  endurance  limit  is  an  assumption  rather 
than  a  proved  fact.  It  is  usually  determined  by  plotting  a 
diagram  with  stresses  as  ordinates  and  number  of  repetitions 
producing  failure  as  abscissae  and  estimating  the  stress  for 
which  the  diagram  seems  to  become  borizontal.  Various 
other  methods  have  been  proposed,  but  all  involve  this  as- 
sumption. 

In  1910  a  paper  presented  before  the  American  Society  tor 
Testing  Materials  pointed  out  that  an  examination  of  the 
results  of  numerous  series  of  repeated-stress  tests  >ndicates 
that  lor  nearly  all  the  range  covered  the  law  of  resisUnce 
to  repeated  stress  may  be  expressed  by  the  equation: 

o  ^^  KN"'"  

in  which  S  is  the  maximum  unit  stress  developed  in  the  test 
piece,   N   the   number  of   repetitions   of   stress   necessaiy   to 


cause  failure,  and  K  and  in  are  cunKtants  depending  on  iUh 
material  and  somewhat  on  the  manner  of  making  the  wm. 
This  is  known  as  the  "exponential  e(iaation  for  repealed 
stress." 

Another   form    of   expression    for   the   above   equation,   and 
frequently   more  convenient.  Is: 

log  S       log  K  — ni  log  X 12  J 

If  the  logaritlims  of  Sand  X  are  plotted,  or  if  the  values  of  S 
and  N  are  plotted  on  logarithmic  croBs-nectlon  paper.  Equa- 
tion [2]  is  represented  by  a  straight  line.  Fig.  1  shows  tho 
S-N  diagram  given  by  a  series  of  repealed-streHS  teBtg.  In 
Fig.  7a  ordinary  co-ordinates  are  used,  but  in  Fig.  7b  the  co- 
ordinates are  logarithmic.  For  large  values  of  N-  the  ex- 
ponential equation  gives  in  many  cases  values  of  S  smaller 
than  the  observed  values;  in  other  words,  the  exponenlial 
formula  seems  to  err  on  the  side  of  safety. 

It  will  be  noted  that  the  use  of  the  exponential  formula  In- 
volves   the    assumption    that   any    stress     If     repeated     ofttni 


1      eo 

M 

to 

TO 
W 
50 

.- 

« 

^1-  " 

>^ 

^ 

^^-'.            1 

1^^ 

-_ 

rC€ivi03i^bonf 

^ 

r 

ejr 

^3 

J^^in 

laoA 

30 

— 

•  - 

x_ 

>^ 

k. 

~ 

sw<  lAL  im// 

vonc 

: — : 

r — 

JO 

- 

— 

- 

- 

— 



End 

'fl/)hih 

hf 

E        '" 

i 

u 

0 

(OJeoM 

^i^ 

J"*"« 

ID' 

b' 

ho"— 

ho'    ■«• 

Numbei-  of-  Hspetitions  of  Sfrtl»(N)  KtceMOrjjto  Cagj«  Foilwrf 

Fig.   1 — Stress-Strain   Diagram. 

enough  will  eventually  produce  failure  of  the  material.  Thus 
while  both  the  endurance  limit  and  the  exponential  formula 
;ne  based  on  extrapolation  from  known  data,  the  exponential 
formula  seems  to  be  an  assumption  on  the  safe  side.  The 
working  stresses  as  developed  by  the  two  methods  do  not 
differ  greatly  except  for  members  subject  to  more  than  lO.uOO,- 
Oon  repetitions  of  stress.  Above  that  number  the  exponenlial 
formula    requires    lower    working   stress,    but    even    then    the 

stresses  given  by  the  exponential  formula  are  not  imprac- 
ticably low. 

While  nothing  but  tentative  forniulie  can  be  proposed 
now.  some  features  which  a  satisfactory  formula  for  fatigue 
strength  should  include  may  be  noted.  It  is  probable  that 
such  a  formula  for  any  material  will  not  depend  on  ordinary 
;static  qualities  of  the  material  such  as  elastic  limit  or  ten- 
sile strength.  It  may  depend  on  some  form  of  elastic  limit 
determined  after  the  material  has  been  put  in  a  "cycle"  or 
"normalized"  state  by  a  number  of  reversals  of  stress.  Such 
a  formula  will  quite  probably  contain  factors  dependent  on 
the  surface  finish  of  the  part  and  upon  the  uniformity  and 
regularity  of  its  crystalline  structure.  It  will  contain  a  fac- 
tor dependent  on  the  range  of  stress  during  a  cycle.  Such 
d  formula  may  contain  a  factor  dependent  on  the  probable 
number  of  repetitions  of  stres.-^  which  the  part  may  be  ex- 
pected to  wiihstand  during  a  normal  period  of  service,  or 
the  result  mav  be  an  "endurance  limit"— a  stress  which,  the 
part  is  capable  of  withstanding  so  many  times  that  even  for 
•!  odern  high-speed  machinery  the  number  of  repetitions  may 
•le  regarded  as  infinite. 

Preventing  Discarding  of  Goggles  in  Hot  Weather.-A 
no\el  and  effective  method  of  counteracting  the  hot  weatner 
inclination  on  the  part  of  workmen  to  discard  goggles  has 
come  to  the  attention  of  the  National  Safety  Council  in  the 
Plant  of  one  of  its  members,  the  Aluminum  Castings  to.  of 
rieveland  O.  This  company  found  that  on  hot  days  many 
workmen  were  tempted  to  lay  aside  their  goggles  when  the 
len-  became  steamy  or  clouded  from  perspiration.  To  ellm  nate 
this  dangerous  practice  the  firm  gave  the  men  neat  wiping 
cloths  about  4x6  in.  each,  which  may  convenienUy  be  carried 
in  th-"  goggle  case.  Each  cloth  carried  the  printed  message: 
•Use"  this  cloth  to  keep  your  goggles  clean'  and  a 
safetv  slogan  of  which  the  following  are  examples:  Gog- 
t'es  save  vour  eyes."  "CK,ggles  are  to  protect  your  eyes- 
not  vour  cap."  "You  can't  see  with  a  glass  eye-wear  your 
go'4s  todav."  -Take  care  of  your  eyes-your  gogg  es  w. 
do^U  •     "What  would  you  take  for  your  eyes?   Think  it  over. 
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A  Recording  Extensometer  and 

the  Measured  Stresses  in  A 

Concrete  Hull* 

The  dead  weight  of  the  hull  of  a  leinCorced  concrete  ship 
is  a  limiting  factor  in  the  cairyiug  capacity  and  the  economic 
operation  of  the  ship.  No  studies  have  ever  been  made  of 
the  forces  which  a  ship  must  resist  or  of  the  stresses  devel- 
oped under  the  actual  conditions  of  service.  In  order  there- 
fore to  determine  the  possibility  of  reducing  the  weight  to  the 
absolute  limit  consistent  with  safety,  the  Concrete  Ship  Sec- 
tion of  the  Emergency  Fleet  Corporation  determined  upon  a 
comprehensive   study   of   this    problem,  viz..  the  stresses  in  a 


Fig.    1 — Strainagraph    Set    Up    as    It    Was    on    Concrete    Ship, 
vessel   during   launching   and   under   actual   conditions   of   ser- 
vice. 

Recording  pressure  gages  to  determine  the  depth  of  flota- 
tion and  buoyancy  were  obtained  in  the  open  market  and 
could  be  modified  for  use  in  the  hull  without  much  difficulty. 

Recording  strain  gages  or  extensometers  called  straina- 
graphs,  however,  were  not  on  the  market,  as  a  whole,  but  the 
recording  mechanism  as  made  for  the  "pressuregraphs"  was 
utilized.  Speed  was  the  essential,  and  a  Boston  firm  deliv- 
ered eight  machines  fifteen  days  after  receipt  of  order. 

The  strainagraph  is  an  extensometer  equipped  with  a  time 
recording  device.  The  recording  end  is  fastened  at  one  point 
of,  say.  a  deck  beam:  the  end  of  rod  extending  from  this  is 
fastened    to   another    point    of   the    beam.     A    strip    of   paper 


Fig.  2 — Recording  Gage  Box  of  Strainagraph. 


♦From  a  paper  by  FVanklin  H.  McMillan.  Resfarcli  Engineer,  Con- 
crete Ship  Section,  Emergency  Fleet  Corporation.  Philadelphia,  pre- 
sented at  the  annual  meeting  of  the  American  Concrete  Institute, 
June,   1919. 


driven  by  a  spring  and  subsequently  by  a  motor  passed  under 
a  recording  pen  whose  motion  is  induced  by  the  extension  on 
contraction  of  the  concrete  between  the  two  points  of  the 
support  The  multiplication  of  the  strain  as  recorded  is 
about  140,  but  must  be  determined  for  each  instrument  in 
place,  and  is  easily  accomplished  by  the  use  of  an  ordinary 
Ames  extensometer. 
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Fig.   3 — Location    of    Instruments   on   the   "Atlantus.' 


AMERICAN     Continuous     RECOROir 


American    Steam    gauce     A     VAi.vz 


Fig.  4 — Specimen  Strainagraph   Record. 
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*     Valve    M'F'o.,    Co-    Boston.    Mass 
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Fig.    5 — Specimen    Records    from    Strainagraph. 
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A/umhor-  nf  .-iecnnds  after  sTarPng 
Fig.    6 — Longitudinal    Stresses   on    "Atlantus"    Launching. 

In  addition  to  recording  a  continuous  line  giving  the 
changes  of  length  between  the  predetermined  points,  another 
pen  operated  by  a  magnet  is  capable  ot  placing  its  mark  on 
the  paper  strip.  In  operation,  say  during  the  launching  of 
a  vessel,  pressuregraphs  are  put  on  the  lower  part  ot  the  hull 
communicating  with  the  outside,  strainagraphs  are  placed 
near  the  upper  and  lower  side  of  hull  tor  longitudinal  launch- 
ing, as  indicated  in  Fig.  3.  The  driving  mechanism  motors 
are  all  interconnected,  so  that  by  means  of  resistances  their 
speed  can  be  regulated.  The  "magnetic"  pens  are  on  another 
circuit  in  connection  with  a  clock,  giving  two  impulses  at 
each  minute  and  a  single  one  at  10-second  intervals.  A  tele- 
graph key  gives  a  further  chance  to  identify  the  minutes. 
Simultaneous  records  are  thus  obtained  of  pressures  and 
strains  in  predetermined  places  of  the  hull.  Using  the  ordi- 
nary modulus  of  elasticity  of  steel  or  concrete,  strains  are 
easily  changed   into  stresses. 


Remarkably  smooth  curves  were  obtained.  FIrs  4  anu  5 
are  specimens  of  records.  Fig.  (,  hHows  the  coniput.-d 
stresses. 

An  examination  of  this  curve  shows  that  hoRKinR  stresses 
(that  is,  tension  in  the  deck)  began  to  develop  as  soon  as  the 
hull  started  to  move  and  these  increased  until  about  the  9lh 
second.  Following  this  will  be  seen  a  partial  return  to  a 
condition  of  no  stress  and  then  a  further  increa.se  to  about 
the  18th  second.  From  the  18th  to  the  2L'd  second  there  was 
a  sharp  decrease  in  the  stresses  to  very  nearly  zero  at  all 
points  and  n  quick  return  to  the  condition  in  which  It  re- 
mained in  quiet  water. 

The  stress  during  the  first  12  or  15  seconds  was  due  to 
a  slis.-ht  vertex  in  the  ways,  due  to  irregularities  in  con- 
struction, over  which  the  hull  had  to  pass.  From  (he  ItJtb 
second  the  stress  was  due  to  the  hogging  of  the  ship  over 
the  end  of  the  ways.  This  reduced  to  almost  no  stress  from 
the  18th  to  the  22d  second  as  the  buoyancy  at  the  stern  in- 
creased. From  the  2.5th  second  to  the  end  of  the  record 
the  hogging  stresses  are  due  to  the  normal  hogging  mo- 
ment in  the  hull. 

The  variation  in  stress  along  the  ship  at  the  18th  second 
is  shown  in  Fig.  7.  The  data  for  these  curves  were  obtained 
from  the  curves  similar  to  Fig.  C.  This  figure  shows  also  the 
position  of  the  ship  on  the  ways  and  the  observed  drafts  for 
that  instant.  Similar  curves  for  the  22d  and  32d  seconds  are 
shown  in  Figs.  8  and  9.  These  show  respectively  the  condi- 
tions at  the  time  of  lowest  stress  and  under  the  final  hogging 
moments. 

The  most  interesting  feature  of  this  test  is  the  comparison 
of  the  resisting  moment  as  determined  from  the  strainagraph 
records  with  the  applied  moments  as  calculated  from  the 
observed  drafts.  This  comparison  is  shown  in  Fig.  10  for 
the  three  sections  where  measurements  were  made  at  both 
top  and  bottom.  The  calculated  moments  were  obtiiined  by 
the  usual  calculations  based  on  known  weights  and  buoy- 
ancies. 

In  calculating  the  resisting  moments  from  the  stainagraph 
data  the  same  assumptions  were  made  as  were  used  In  the 
preparation  of  the  design  of  the  ship.  These  include  those 
usual  in  the  common  theorj'  ot  flexure  and  the  further  as- 
sumption that  the  bulwarks  and  bridge  deck  did  not  add 
to  the  resisting  moment.  It  should  be  noted  here  that  the 
bridge  deck  and  bulwarks  were  cast  separately  from  the 
hull  and  expansion  joints  were  provided  about  25  ft.  apart. 
All  the  indications  from  the  data  point  to  the  reasonable- 
ness of  these  assumptions  and  until  further  data  is  obtained 
from  the  behavior  of  this  ship  at  sea  it  seems  fair  to  accept 
them. 

These  calculations  for  resisting  moment  were  made  for  a 
beam  of  homogeneous  section,  giving  to  the  steel  area  a 
weight  equal  to  the  ratio  of  its  modulus  of  elasticity  to  that 
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Figs    7   8  and  9— Launching  Data  at  Different  Periods  of  Launching    of  -'Atlantus." 
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of  the  concrete.  Tests  of  31  cylinder  specimens  from  various 
parts  of  the  ship  show  an  average  value  of  2,5Cll,000  for  the 
modulus  of  the  concrete.  A  ratio  of  12,  therefore,  wao  used 
on  these  palculations  both  for  weighting  the  steel  area  and 
in  reducing  deformations  in  the  concrete  to  equivalent 
stresses.  The  assumption  as  to  the  homogeneity  of  the  sec- 
tion is  considered  fair,  as  the  maximum  tension  did  not  ex- 
ceed 500  lb.  per  square  inch,  and  there  was  no  evidence  of 
tension  cracks  after  the  launching. 

Referring  now  to  Fig.  10:  The  real  significance  of  the 
agreement  between  the  two  sets  of  curves  will  be  appre- 
ciated. These  curves  represent  the  moments  in  the  ship  dur- 
ing the  critical  period  of  launching  as  determined  by  two 
independent  sets  of  measurements  of  a  widely  different  char- 
acter. One  set  of  curves  gives  the  calculated  applied  mo- 
ments based  on  water  pressure  observations,  and  the  other 
set  of  curves  gives  the  measured  internal  moment  of  resist- 
ance based  on  measured  deformations  in  the  hull. 

In  regard  to  section  32,  it  may  be  said  that  the  curve  of 
■ipplied  moments  at  the  forward  end  of  the  hull  cannot  be 
determined  as  accurately  as  elsewhere  because  of  the  un- 
certainty  in   the  distribution  of  the  reaction  from   the  vi^ays. 

In  the  light  of  these  considerations  it  may  be  stated  that 
the  results  are  very  satisfactory  and  show  a  high  degree  of 
reliability  in  the  instruments.  They  also  give  a  fair  indica- 
tion of  what  may  be  expected  in  future  tests  where  it  will 
be  possible  to  eliminate  some  of  the  uncertainties  encoun- 
tered   here. 


Flat    Panels   and    No    Surface   Checks   by 
Maximum-Humidity  Method 

It  panels  are  over-dried  their  tendency  toward  warping  and 
twisting  is  greatly  increased.  The  lower  the  moisture  con- 
tent the  more  the  warp.  The  short  time  required  for  dry- 
ing panels  varying  from  a  few  hours  for  thin  panels  to  a  few 
days  for  thick  ones,  makes  it  impracticable  to  make  actual 
determinations  of  moisture  content  to  decide  when  the  ma- 
terial  has   reached   the  desired   degree  of  dryness. 

An  automatic  method  of  insuring  the  proper  moisture  con- 
tent in  dried  panels  is  proposed  by  the  Forest  Products  Lab- 
oratory. This  is  what  may  be  called  the  "maximum  humidity 
method,"  in  which  the  relative  humidity  of  the  air  in  the 
kiln  or  drying  room  is  regulated  so  as  to  remain  at  the  high- 
est level  which  will  permit  the  wood  to  dry  to  the  desired  de- 
gree (and  no  further)  in  a  reasonable  length  of  time.  By  this 
method  checking  of  face  veneer  is  also  prevented. 

The  maximum-humidity  method  lends  itself  to  the  most 
convenient  and  economical  handling  of  the  panel-drying  op- 
eration. As  there  is  little  danger  of  over  drying,  the  stock 
may  be  left  in  the  drying  chamber  for  any  reasonable  length 
of  time  beyond  the  minimum  required.  Thus,  thin  panels 
and  thick  panels  may  be  taken  from  the  press  and  placed 
in  the  kiln  at  the  same  time,  and  removed  at  the  same  time, 
even  though  the  thin  panels  dried  much  quicker. 

For  panels  made  up  of  normally  dry  veneer,  a  kiln  tem- 
perature of  120°  F.  throughout  the  drying  period  is  a  good 
schedule  to  follow.  If  with  this  temperature  the  humidity  is 
maintained  at  46  per  cent,  the  panels  will  come  uniformly  to 
a  final  moisture  content  of  about  8  per  cent  within  a  rea- 
sonable drying  period.  If  the  same  temperature  is  used 
and  the  humidity  is  maintained  at  57  per  cent,  the  panels 
will   not  dry  appreciably  below  10  per  cent. 


Moisture    Absorption     Through     Varnish 
Same  for  Different  Species  of  Wood 

In  experiments  made  by  the  Forest  Products  laboratory, 
it  was  found  that  varnishes  do  not  entirely  prevent  the 
transmission  of  moisture  into  wood  but  merely  retard  it,  and 
that  apparently  there  is  no  difference  in  moisture  absorption 
through  the  coating  due  to  the  species  of  wood  used. 

The  panels  used  in  the  experiments  were  of  yellow  birch, 
Ijasswood.  red  gum,  African  mahogany,  white  ash,  white  pine, 
Sitka  spruce,  southern  yellow  pine,  bald  cypress,  incense 
cedar,  white  oak,  western  yellow  pine.  Port  Orford  cedar 
and  sugar  pine. 

Three  coats  of  high-grade  spar  varnish  were  applied  to  4 
panels  of  each  species.  Two  panels  of  each  species  were 
brush-coated  and  2  were  dipped  by  a  special  dipping  ma- 
chine designed  to  secure  an  even  coating.  The  panels  were 
allowed  to  dry  72  hours  between  coats  and  10  days  after  the 
tiuHl  coat  before  they  were  given  the  moisture-resistance  test. 

The  moisture-resistance  test  consisted  in  exposing  the 
panels  for  17  days  to  a  humidity  of  95-100  per  cent,  or  in 
an  atmosphere  practically  saturated  with  moisture. 

At  the  end  of  this  test,  it  was  found  that  all  the  brush- 
coated  panels  had  absorbed  beween  5  and  (J. 5  grams  of  mois- 
ture per  square  foot  of  surface,  and  the  dipped  panels  between 
4  and  ii  grams.  Such  variations  in  amount  of  absorption  as 
appeared  could  easily  have  been  due  to  inequalities  in  the 
application  of  the  varnish.  It  was  quite  noticeable  that  the 
(lipping  process  produced  a  more  moisture-resistant  coating 
than    lirushing. 
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Fig.    10 — Comparison    of    IVIeasure    and    Calculated    Stresses    on    "At- 
.antus"    During    Launching. 


Co-ordination  of  Government  Agencies  for  Map  Making. — 
President  Wilson  has  advised  Engineering  Council  that  he 
was  arranging  a  conference  to  consider  the  advisability  of 
co-ordinating  the  work  of  the  several  agencies  of  the  Gov- 
ernment which  are  charged  with  map  making.  In  calling 
the  President's  attention  to  the  need  of  such  action  Engi- 
neering Council  pointed  out  that  the  official  map  work  of  the 
United  States  is  now  being  prosecuted  by  12  separate  and 
distinct  Federal  agencies,  the  majority  of  which  are  making 
maps  for  special  purposes,  which  maps  are  of  little  value 
for  any  other  purpose,  and  we  are  confident  that  if  the  ag- 
gregate efforts  of  Government  were  co-ordinated  on  the 
making  of  a  base  map  of  suitable  accuracy  and  scale,  it 
would  serve  for  all  Governmental  as  well  as  private  pur- 
poses and  could  be  adapted  without  great  expense  to  any 
special,  or  unusaial   purpose-  - 
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Common  Errors  in  Municipal 
Finance 

Errors  in  municipal  finance  are  usually  the  result  of  care- 
lessness, ignorance  or  politics,  and  while  the  A.  B,  C's  of 
municipal  finance  are  common  knowledge  and  very  sinaple, 
the  above  abuses  are  bound  to  occur  unless  diligence  is  ap- 
plied at  all  times.  In  a  recent  issue  of  Pacific  MunicipaliUes 
Mr.  A.  R.  Hebenstreit.  City  Manager  of  Albuquer(iue.  N. 
Mex.,  points  out  these  errors  usually  manifest  thetnselves  in 
either  of  the  following:  First,  Crude  Financial  Legislation; 
second,  Lack  of  Modern  Accounting  Methods,  including  a 
real  budget  systein;  third,  Improper  Handling  of  Bond  Is- 
sues and  Certificates  of  Indebtedness;  fourth,  Failure  to 
Properly  Regulate  Public  Utilities  and  Public  Utility  Fran- 
chises; fifth,  Inability  to  take  Advantage  of  Competitive 
Purchasing.  The  following  is  quoted  from  Mr.  Hebenstreit's 
article: 

Crude  Financial  Legislation. — This  is  often  brought  about  by 
an  effort  on  the  part  of  a  well  meaning  legislature  to  arrest 
or  curb  the  actions  of  public  officials  who  have  previously, 
unknowingly  or  willfully  abused  good  business  practice. 
Oftentimes  financial  legislation  is  effected  by  the  influence 
of  large  corporations,  who  oppose  certain  classes  of  legisla- 
tion for  selfish  reasons  and  launch  other  legislation  of  less 
merit  tor  the  same  reasons.  Oftentimes  legislators  will  legis- 
late to  effect  a  particular  locality  which  has  come  to  its  at- 
tention, neglecting  to  ascertain  the  full  import  of  that  legis- 
lation to  other  localities.  I  believe  it  is  the  duty  of  munici- 
palities to  keep  their  legislature  informed  of  local  conditions 
so  as  to  have  their  legislators  represent  them  intelligently. 
This  can  be  accomplished  best  by  an  organization  of  a  state 
league  of  municipalities  in  each  state  in  the  Union  and  these 
states  in  turn  organize  a  national  league  of  municipalities 
for  the  purpose  of  representing  municipalities  in  national 
legislation. 

Lack  of  Modern  Accounting  Methods.— Lack  of  proper  ac- 
counting methods  in  a  municipality  or  in  any  business  is 
the  cause  of  bankruptcy  or  wastefulness  in  a  large  percent- 
age of  cases.  Detailed  knowledge  of  every  financial  trans- 
action, no  matter  how  trivial,  will  oftentimes  avoid  unneces- 
sary expenditures  and  with  the  proper  utilization  of  the 
budget  system  will  cause  the  city  officials  to  anticipate  the 
needs  of  the  city  and  make  necessary  provisions  for  same.. 
The  budget  system  must  be  utilized  properly,  otherwise  it 
is  more  of  a  hindrance  than  an  advantage.  For  instance,  in 
the  state  of  New  Mexico,  the  law  requires  that  the  expendi- 
tures for  the  ensuing  year  shall  be  budgeted  for  approval. 
Howevei.  when  it  comes  to  budgeting  the  income  of  a  mu- 
nicipality, the  budget  system  is  entirely  discarded  by  an  ar- 
bitrary rule  which  says  that  no  municipality  will  levy  be- 
yond a  certain  limit.  In  other  words,  we  have  a  budget  for 
expenditures  but  no  budget  for  revenue.  The  budget  sys- 
tetu  in  the  state  of  New  Mexico  is.  therefore,  useless.  It  is 
hoped  through  the  efforts  of  the  New  Mexico  League  of  Mu- 
nicipalities to  submit  to  the  next  legislature  a  workable  bud- 
get system  for  municipalities. 

Improper  Handling  of  Bond  Issues.-Bond  issues  are  op- 
noted  bv  the  conservative  element,  although  recommended 
by  the  more  progressive  element.  It  is  a  well  known  fact 
that  bond  issues  are  legitimate  and  equitable  when  made 
to  pay  the  cost  of  a  permanent  improvement;  and  when  the 
sinking  funds  necessarv  to  retire  the  bond  issue  are  dis- 
tributed over  a  period  of  time  so  that  all  of  the  future  gen- 
erations deriving  benefits  from  the  permanent  improvement 
will  assist  equally  in  paying  for  that  Improvement.  The 
usual  n-ethod  adopted  by  municipalities,  and  which  in  my 
opinion  is  one  of  the  greatest  mistakes  that  can  be  made, 
is  neglecting  to  establish  sinking  funds  for  the  retirement 
of  the  bonds  immediately  after  the  public  improvement  is 
available  for  use  to  the  people;  also  failure  to  extend  the 
payments  over  a  period  of  time  approximately  three-fourths 
of  "the  recognized  life  of  the  permanent  improvement.  Com- 
mon practice  is  to  postpone  the  first  sinking  fund  require- 
ments for  a  period  of  10  to  1.5  years  so  as  to  relieve  the  pres- 
ent generation  even  though  that  generation  will  have  the 
use  of  the  permanent  improvement.  Mistakes  are  also  made 
in  extending  the  period  of  the  bond  issue,  far  beyond  the 
life  of  the  improvement.  To  illustrate  this  last  point,  I  have 
knowledge  of  one   bond   issue  which   provided  for  payments 


over  a  period  of  2<i  to  ."(>  years,  altliough  the  life  of  llie  uiruc- 
lure,  when  originally  built  whh  not  more  than  15  year*  and 
should  not  have  been  bonded  for  a  period  of  more  than  1" 
years.  Another  mistake  often  made  In  ntuie  lawn  rf-lative 
to  bond  issues,  is  that  they  require  a  bond  election  to  be 
held  at  a  general  election.  Thin  Ik  absolutely  wrone.  (or  th*- 
reason  that  other  political  issues  oftenliines  cloud  (he  real 
issues  relative  to  the  bond  election  and  many  limes  a  meri- 
torious bond  issue  is  defeated  because  of  the  ability  of  one 
political  faction   to  defeat  another. 

Certificates  of  indebtedness  are  only  of  value  where  it  is 
impossible  to  have  a  bond  Issue  at  limes  other  ihan  at  a 
general  election  or  where  the  improvement  coniemplaled  Is 
a  district  matter  rather  than  that  of  the  entire  city.  Tlw 
issuance  of  certificates  of  indebteilness  for  a  communr 
provement  in  my  opinion  is  poor  practice  unless  made  m-  ■ 
sary  by  the  inability  of  the  governing  body  to  call  a  bond 
issue  election.  The  governing  body  must  have  the  power 
to  issue  certificates  of  indeblerlness  in  the  operation  of  pub- 
lic utilities  because  if  a  major  improvement  is  contemplated 
there  are  very  few  businesses  capable  of  tinanclni;  such  an 
improvement  out  of  one  year's  earnings.  II  is  then  neces- 
sary that  such  improvements  be  spread  over  a  period  of 
years  by  issuance  of  certificates  or  until  such  time  as  a 
bond  issue  can  be  floated. 

Failure  to  Properly  Regulate  Franchises.  Public  utIlllleR 
and  public  utility  franchises  should  be  al  all  limes  under 
full  supervision  of  the  governing  body  of  the  municipality 
in  order  that  their  operation  and  construction  may  be  reg- 
ulated and  the  granting  of  franchises  should  be  made  a 
matter  of  income  to  the  city  in  return  for  the  benefits  de- 
rived by  the  public  utility  from  the  city.  By  ihls  I  do  not 
mean  that  public  utilities  should  be  mililated  againsi  by 
any  governing  body  of  any  municipality  but  that  the  Kov- 
erning  body  should  have  the  power  to  regulate  that  public 
utility  so  as  to  guarantee  a  fair  earning  power  and  lo  pro- 
tect  the  citizens  against  ex^sssive  rates. 

Competitive  Buying,— It  is  unnecessary  lo  go  into  deUll 
with  reference  to  competitive  buying.  Kveryone  knows  the 
advantage  of  competition  in  securing  a  maximum  amount  of 
service  for  the  money  expended.  However,  there  are  limes 
when  public  advertising  for  bids  is  not  the  best  method. 
Oftentimes  business  concerns  will  make  better  prices  when 
they  know  that  their  prices  are  not  to  be  n'ade  public.  Again 
when  public  advertising  is  utilized  there  is  oftentimes  a 
tendency  to  accept  the  lowest  bid  regardless  of  quality  of 
goods  or  integrity  of  the  bidder.  If  these  two  defects  .-an 
be  avoided,  competitive  buying  will  save  many  dollars  to 
municipalities. 

The  above  points  are  touched  upon  with  the  Idea  of  merely 
calling  them  to  the  attention  of  persons  who  may  minimize 
their  importance  and  further  development  of  these  views 
will  reveal  to  the  readel-  countless  other  abuses  which  are 
oftentimes  unintentional. 


Engineers  on  Regulatory  Commissions 

Regulatory  commissions  would  undoubtedly  be  very  weak 
an  inefficient  institutions  if  they  were  without  competent 
ensineering  advice.  Of  course  Ihey  secure  the  services,  of 
engineers,  but  usually  as  members  of  the  employed  stalT.  Th^ 
Engineering  Council  has  advanced  in  a  new  quarter  the  just 
plea  that  engineers  .should  be  appointed  members  of  the 
commission,  where  they  will  have  authority  to  act  as  well 
as  to  advise.  J.  Park  Channing,  president  of  the  council, 
has  written  to  President  Wilson  asking  that  when  a  va- 
cancy on  the  Interstate  Commerce  Commission  is  filled  con- 
sideration be  given  to  the  appointment  of  an  engineer.  His 
purpose  is  expressed  as  'not  to  further  the  interest  of  any 
individual  or  group,  but  solely  to  serve  the  nation  by 
strengthening  one  of  its  most  important  regulatory  bodies.' 
If  the  appeal  meets  with  the  approval  of  President  W  llson. 
it  will  lead  to  an  excellent  opportunity  for  some  engineer  to 
prove  the  usefulness  of  the  profession  in  this  vital  branch 
of  public  service.  Public  affairs  are  very  close  indeed  to 
private  affairs  in  these  times  and  the  best  enemeenng 
thought  and  ability  of  the  country  is  essential  to  stablo  prog- 
ress under  the  conditions  following  the  end  of  war.  The 
Eneineering  Council  speaks  for  a  large  circle,  and  its  plea  Is 
founded,  not  on  selfishness,  but  on  appreciation  of  the  Im- 
portance of  balanced  commissions  to  weigh  the  problems 
which  touch  all  ranks.-Editorial  in  Electrical  World. 
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The  Engineer  and  Public  Affairs* 

By  HOWARD  C.  PARMELEE. 

One  of  the  fundamentals  in  advertising  is  that  if  you  say 
a  thing  often  enough,  you  will  not  only  convince  all  who 
hear  you,  but  ultimately  you  will  believe  it  yourself  It  is 
on  some  such  principle  as  this  that  I  propose  to  discuss  a 
subject  that  has  been  the  theme  for  manv  presidential  ad- 
dresses during  the  year,  hoping  always  that  if  the  world  is 
told  often  enough  of  the  need  for  engineers  in  civil  and  po- 
litical life,  the  people  will  be  convinced,  and  engineers  them- 
selves will  finally  believe  it. 

Human  e.xperience  has  shown  clearly  that  there  are  com- 
pensations for  many  incidents  which  in  themselves  seem 
wholly  disastrous  and  without  recompense;  and  so  it  is  that 
out  of  the  admitted  cataclysm  of  war  which  has  engulfed 
the  world  has  come  a  definite  demand  for  engineers,  a  keener 
appreciation  of  their  service,  and  a  belated  recognition  of 
their  need  in  business  and  government.  I  have  reason  to 
believe  that  this  recognition  is  a  world-wide  as  well  as  a 
voluntary  tribute,  and  that  it  offers  the  engineer  an  advan- 
tage which  he  must  grasp  it  he  would  retain  it.  Had  he 
the  tradition  or  the  training  of  the  lawyer,  he  would  not 
only  accept  this  position  of  eminence  from  those  who  are 
willing  to  accord  it,  but  would  exercise  his  gift  of  speech 
to  persuade  the  remainder  that  no  mistake  would  be  made 
in  committing  to  his  care  the  conduct  of  the  world's  affairs. 
But  our  engineer  has  been  so  unused  to  the  limelight  that  he 
is  likely  to  shrink  from  the  public  gaze  and  retire  modestly 
to  his  laboratory  or  works.  Being  the  lineal  descendant  of 
the  artisan,  and  having  long  been  accepted  in  the  public 
mind  as  a  glorified  mechanic,  he  will  be  apt  to  retire  all 
to  readily  to  the  background.  He  needs,  as  never  before, 
the  support  and  encouragement  of  the  professional  society 
to  give  him  that  solidarity  and  community  of  interest  which 
will  enable  him  to  stamp  his  influence  on  the  affairs  of  the 
world. 

I  think  we  may  justly  claim  to  have  established  a  profes- 
sion of  engineering,  although  some  may  contend  that  we 
still  have  merely  a  "procession  of  engineers."  By  definition, 
a  profession  is  that  calling  or  occupation  which  one  pro- 
fesses to  understand,  a  vocation  in  which  a  professed  knowl- 
edge of  some  department  of  science  or  learning  is  used  by  its 
practical  application  to  the  affairs  of  others.  Formerly,  the- 
ology, law  and  medicine  were  specifically  known  as  "the  pro- 
fessions," but  I  think  we  may  fairly  claim  to  have  estab- 
lished engineering  on  a  more  solid  and  scientific  basis  than 
any  of  them.  Theology  has  been  almost  wholly  speculative, 
the  law  technical,  and  medicine  empirical.  Each  has  been 
irrational,  and  all  have  gained  prestige  by  claiming  it. 

On  the  score  of  service  to  humanity,  also.  I  think  that  en- 
gineering may  fairly  claim  professional  standing.  The 
achievements  of  engineers  in  all  parts  of  the  globe  are  ac- 
cepted evidence  of  their  ability,  but  tradition  causes  us  to 
halt  at  this  recognition,  as  though  the  only  field  in  which 
an  engineer  could  accomplish  anything  was  in  the  design 
and  construction  of  some  great  work.  Such  things  are  well 
enough  in  themselves,  but  in  the  meantime  the  affairs  of 
business  and  government  are  left  to  men  of  limited  train- 
ing and  narrow  vision,  and  those  things  which  are  funda- 
mental in  our  national  life  are  suffering  from  the  lack  of 
vital  direction,  which  engineers  could  give. 

We  have  sometimes  heard  it  said  of  an  individual  that 
"he  may  be  a  good  engineer,  but  he  is  no  business  man." 
1  resent  the  implied  difference.  An  engineer  is  a  manager, 
one  who  carries  a  project  to  conclusion  in  an  efficient  manner. 
I  might  consent  to  such  a  statement  as  "he  is  a  good  mathe- 
matician, but  no  business  man,''  or  "he  is  a  good  surveyor, 
or  assayer.  but  no  business  man."  but  I  must  contend  that 
if  he  is  a  good  engineer,  he  will  be  a  business  man.  The 
war  has  brought  out  few  more  striking  incidents  of  man- 
agement than  the  direction  of  the  commission  for  relief  in 
Belgium  by  Herbert  C.  Hoover,  an  engineer  of  technical 
achievement  in  his  profession.  This  commission  handled 
until  near  the  close  of  1916,  $22T,n0O,fl00  worth  of  supplies, 
keeping  alive  a  population  of  9.00(1.000  and  operating  with 
an  overhead  expense  of  but  three-quarters  of  1  per  cent  of 
the   gross   cost.     Such   is   engineering   efficiency   in   business, 

•FYom  the  presidential  addres.s  at  the  annual  meetinsr  of  the 
Colorado  Scientific  Society,  Dec.  6,  1916.  In  order  to  comply  with 
tne  g'overnmenfs  request  to  conserve  oaper.  the  acidiess  was  not 
pubhshed  by  the  Society  until  June,   1919. 


organized  in  an  emergency,  and  administered  under  con- 
stant stress.  What  might  such  ability  accomplish  applied 
under  the  normal  conditions  of  business,  with  ample  time 
for  planning  and   execution? 

The  engineer  is  entitled  to  recognition  not  only  as  a  pro- 
ducer but  as  a  director  of  policy.  Hitherto  he  has  accepted 
the  responsibilities  of  operation  and  production,  while  the 
control  of  the  enterprise  was  in  the  haads  of  a  banker  or 
merchant.  Under  these  conditions,  the  work  of  the  engineer 
might  be  ever  so  efficient,  and  yet  the  enterprise  might  fail 
through  ignorant  management  in  the  executive  or  selling 
department.  Complete  control  on  the  part  of  the  engineer 
might  avoid  such  a  catastrophe  and  relieve  himself,  as  well 
as  his  associates,  of  inevitable  embarrassment.  I  think  that 
engineers  are  coming  to  demand  this  form  of  control,  being 
willing  to  accept  responsibility  if  they  are  also  given  au- 
thority. Any  form  of  dual  control,  with  the  responsibility 
still   resting  on   the   engineer,   is   intolerable. 

The  modern  engineer  can  bring  to  bear  on  business  all  of 
the  general  essentials  to  success.  Organization  is  his  forte 
and  management  his  specialty.  With  him  the  handling  of 
men  and  supplies  is  a  matter  of  scientific  procedure  and  the 
keeping  of  accounts  and  unit  costs  a  prime  necessity.  Plainly 
the  ability  of  such  a  man  should  not  be  confined  wholly  to 
the  details  of  operation  or  production,  but  should  be  requi- 
sitioned on  the  board  of  directors  or  the  executive  commit- 
tee. 

Perhaps  it  is  more  in  the  realm  of  government  of  civic 
and  political  activity  that  the  engineer  is  yet  to  receive  his 
highest  recognition.  Certainly  it  is  in  this  field  that  he  must 
strive  most  earnestly  for  a  hearing  and  for  a  chance  to  apply 
his  methods.  The  strongest  traditions  are  gainst  him,  and  he 
is  handicapped  by  a  lack  of  familiarity  or  intimate  relation 
with  political  organizations.  There  is  no  question,  however, 
that  his  ability,  viewpoint,  and  methods  are  sadly  needed. 
Accustomed  to  considering  propositions  on  their  merit,  and 
having  an  abhorrence  of  waste  and  inefficiency,  he  would 
be  less  likely  to  yield  to  political  expediency  in  matters  of 
great  consequence.  I  doubt  it  "pork  barrels"  would  appeal 
to  engineers  having  ethical  standards  as  high  as  our  states- 
men would  probably  assume  for  themselves. 

There  is  probably  a  growing  demand  for  fewer  lawyers  and 
more  engineers  in  our  civic  and  political  life.  There  has 
never  been  a  time  in  our  national  history  when  technical  and 
engineering  advice  was  more  needed  in  matters  affecting 
our  industrial  growth  and  welfare.  The  intricacies  of  the 
dyestuff  tariff,  for  example,  could  not  be  reckoned  with  in- 
telligently by  lawyers  and  merchants,  nor  can  the  revision 
of  the  mining  law  be  sanely  undertaken  by  men  who  merely 
own  stock  in  mining  companies. 

Popular  impression  prevails  that  governmental  depart- 
ments are  not  on  an  efficient  basis,  and  engineers  can  ren- 
der a  service  to  the  country  by  expressing  that  opinion  in  a 
manner  so  forceful  as  to  show  Congress  the  light. 

Our  legislatures  and  city  councils  are  no  less  in  need  of 
engineering  advice  than  is  Congress,  while  state  and  mu- 
nicipal affairs  generally  are  subject  to  abuse  and  need  cor- 
rection. Town  planning  and  management  are  engineering 
problems-  of  first  rank,  wholly  beyond  the  scope  of  politics 
and  above  the  grasp  of  politicians.  Numerous  departments 
of  government  depend  upon  technical  direction  for  their  suc- 
cessful operation  and  for  the  economic  handling  of  funds. 
In  such  things  engineers  should  not  only  take  an  active  part, 
but  should  advise  those  in  authority. 

Some  attention  also  may  be  profitably  turned  to  the  daily 
press  of  this  country.  There  is  no  more  potent  force  in 
spreading  information  or  creating  public  opinion.  In  tech- 
nical and  engineering  matters,  however,  it  is  woefully  ig- 
norant and  in  need  of  sound  advice.  If  we  could  encourage 
the  editors  of  our  dailies  to  consult  with  engineers  and 
scientists  on  pertinent  topics  before  publishing  their  dis- 
patches or  writing  their  editorials  we  would  prevent  the  dis- 
semination of  a  lot  of  things  that  are  not  so  and  avoid  the 
ridicule  which  inevitably  is  heaped  upon  newspaper  science. 
I  admit  there  are  other  things  wrong  with  our  newspapers, 
which  engineers  cannot  correct,  and  I  am  not  recommend- 
ing that  engineers  become  editors  of  our  dailies,  for  I  doubt 
if  we  would  have  much  in  the  way  of  newspapers  under  such 
direction;  but  I  do  think  it  is  possible  to  encourage  a  closer 
co-operation  between  newspapers  and  engineering  of  scien- 
tific societies,  so  that  the  public  would  get  more  exact  in- 
formation on  technical  matters. 
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Comparative  Strength  of  Old  and    The  Organization  of  a  Lahoratory 
New  Douglas  Fir  Timbers  for  Industrial  Research* 


Tests  of  large  size  Douglas  fir  timbers  that  have  had  3G 
years'  service  in  the  frame  of  the  former  city  hall  of  Oak- 
land, Cal..  have  been  made  in  the  testing  laboratories  of  the 
civil  engineering  department  of  the  University  of  California. 
The  results  of  these  tests  and  comparisons  with  tests  of  fresh 
cut  Douglas  fir  are  given  by  Jlr.  Arthur  C.  Alvarez  in  Bulle- 
tin 2,  Volume  2,  of  the  engineering  publications  of  the  Uni- 
versity.   Mr.  Alvarez's  conclusions  include  the  following; 

For  compression  parallel  to  the  grain,  comparing  results  of 
2x2-in.  specimens  free  of  defects,  all  reduced  to  12  per  cent 
moisture,  the  elastic  limit  of  the  long-used  timber  is  about 
85  per  cent  of  that  of  the  freshly-cut  material,  but  the  maxi- 
mum crushing  strength  of  the  former  is  3%  per  cent  greater 
than  that  of  the  latter. 

The  modulus  of  elasticity  of  long-used  timber  in  one  case 
is  twice  as  great  as  that  of  freshly-cut  Douglas  fir.  In  the 
other  case,  when  the  reduction  to  12  per  cent  moisture  is 
made,  the  moduli  of  elasticity,  are  equal.  The  ultimate 
strength  of  the  2x2-in  specimens  show  that  the  long-used 
timber  surpasses  the  freshly-cut  timber  by  about  360  lb.  per 
square  inch,  or  9  per  cent,  at  the  elastic  limit,  and  by  1.6-10 
lb.  per  square  inch,  or  33  per  cent,  at  the  maximum  crushing 
load.  A  similar  comparison  for  the  largest  sizes  shows  that 
the  former  are  stronger  by  300  lb.  per  square  inch,  or  9  per 
cent,  at  elastic  limit,  and  by  940  lb.  per  square  inch,  or  22 
per  cent,  at  the  maximum  crushing  load.  This  comparison 
shows  that  the  static  compressive  strength  parallel  to  the 
grain  of  air-seasoned  timber  may  increase  in  time  during 
use  under  favorable   conditions. 

The  results  for  longitudinal  shear  on  2x3-in.  or  lV2x3-in. 
areas  show  that  the  long-used  timber  is  stronger  than  the 
freshly-cut  material  by  698  lb.  per  square  inch,  or  85  per  cent. 
This  shows  how  greatly  the  longitudinal  shearing  resistance 
of  small  sections  of  Douglas  fir  wood  fibre  may  increase  with 
age,  provided  defects  such  as  checks,  shakes  and  knots  are 
absent. 

The  results  for  compression  perpendicular  to  the  grain 
for  the  largest  size  of  long-used  timber  exceeded  that  for 
corresponding  sizes  of  air-dry  specimens  by  243  lb.  per  square 
inch,  or  about  38  per  cent.  This  may  be  due  to  difference 
in  moisture  content. 

The  results  of  the  static  bending  tests  on  large  beams  in- 
dicate that  the  static  strength  in  longitudinal  shear  due  to 
increased  seasoning  kept  pace  with  the  deterioration  due  to 
increased  checking.  Under  favorable  conditions,  Douglas  fir 
of  large  structural  size  with  ordinary  defects  does  not  de- 
teriorate in  use  when  exposed  to  bending  under  static  load- 
ing, but  maintains  the  strength  it  had  in  the  beginning.  Age 
does  not  seem  to  intensity  the  weakness  due  to  defects. 

Impact  tests  in  beams  of  clear  material  indicate  that  Doug- 
las fir  after  long  use  is  only  about  86  per  cent  as  strong  at 
the  elastic  limit  as  freshly-cut  material  of  the  same  moisture 
content,  but  is  95  per  cent  as  strong  as  freshly-cut  Douglas 
fir  containing  20  per  cent  of  moisture,  a  condition  which  ap- 
proximates "air-seasoned"  on  the  market.  Long  use  renders 
Douglas  fir  fibre  slightly  less  resistant  to  loading  suddenly 
applied. 

Working  stresses  for  longitudinal  shear  should  be  based 
on  the  results  of  tests  of  specimens  similar  in  character  to 
the  details  of  the  timber  structure  to  be  designed. 

y 

Mechanics  Not  Engineers.— The  following  letter  on  the 
.necessity  of  eliminating  whenever  possible  the  use  of  the 
word  "engineer"  as  applied  to  craftsmen  who  are  not  engi- 
neers can  be  used  to  good  advantage  in  organizations  where 
there  now  exists  confusion  in  the  use  of  this  word,  states 
The  Jlonad.  This  letter  was  recently  sent  to  resident  engi- 
neers from  the  office  of  F.  M.  Sawyer.  Assistant  Engineer 
in  the  construction  department  of  the  Pennsylvania  R.  R.: 
'In  preparing  monthly  estimates  showing  labor  items, 
please  use  the  word  'engineman'  instead  of  'engineer'  in  con- 
nection with  steam  shovel,  dinkey,  etc.  A  mechanic  is  not 
an  engineer,  although  an  engineer  may  be  a  mechanic. 

"All  the  national  engineering  societies  are  working  to- 
ward a  proper  recognition  of  the  engineer  by  the  general 
public,  but  if  we  engineers  continue  to  class  mechanics  no 
matter  how  skilled,  with  ourselves,  we  cannot  expect  the 
uninitiated  to  differentiate." 


By  A.  n.   LITTLK    \M)  11.   K.   llow.t, 

Previous  to  the  war  there  were  about  375  industrial  re- 
search laboratories  in  the  United  States,  Includins  those 
maintained  by  manufacturers  for  their  own  benolit,  and  coiii- 
mercial  laboratories  prepared  to  render  similar  service.  At 
the  present  time  there  are  no  ligures  available  regurdiiiK  the 
number  of  new  laboratories  established  as  a  result  of  the 
war,  but  there  is  no  doubt  but  that  the  war  created  a  deeper 
interest  in  industrial  research,  and  the  application  of  science 
to  manufacturing  processes.  It  is  also  evident  that  those 
laboratories  which  existed  before  the  war  are  displaying  a 
greater  interest  in  fundamental  research,  and  In  rehabilitat- 
ing their  organizations  are  paying  far  more  attention  to  the 
research  phases  of  their  problems  than  they  have  been  will- 
ing to  do  heretofore. 

In  discussing  the  industrial  laboratory  we  may  choose  be- 
tween the  one  organized  for  the  purpose  of  exploring  soiiie 
small  corner  of  the  broad  field  symbolic  of  our  ignorance 
and  an  establishment  concerned  with  the  greatest  variety 
of  problems.  A  laboratory  of  the  latter  type  should  consist 
of  a  collection  of  special  laboratories  carefully  articulated 
to  produce  results  most  efficiently,  and  the  work  common 
to  all  of  them  should  be  organized  separately  in  a  large  gen- 
eral laboratory.  Fortunately  for  our  country  there  are  sev- 
eral such  laboratories  doing  splendid  work,  and  notwith- 
standing the  care  exercised  to  avoid  undue  specialization, 
nearly  all  of  them  contain  departments  which  dominate,  due 
either  to  stronger  men  or  the  greater  appeal  which  these  de- 
pai-tments  make  to  the  company:  or  perhaps  to  a  seemingly 
greater  importance  of  their  class  of  problems  at  the  moment 
The  great  majority  of  these  laboratories  are  maintained  in 
the  plants  of  industry  at  an  annual  expense  running  up  to 
two  millions  in  at  least  one  case,  and  with  many  spending 
hundreds  of  thousands  each  year. 

Another  plan  which  should  be  mentioned  involves  the  train- 
ing of  men  as  a  primary  consideration,  and  the  Mellon  In- 
stitute, at  Pittsburgh,  affords  a  conspicuously  successful  ex- 
ample of  what  may  be  done  in  educational  institutions  In 
solving  the  problems  of  industry,  while  at  the  same  time 
men  are  trained  in  research. 

The  Aims  of  a  Research  Organization.  — Broadly  slated,  the 
aims  of  a  research  organization  should  be: 

(a)  To  find,  develop  and   train  men. 

(b)  To  create  such  a  background  in  the  public  mind  as 
shall  insure  support  for  research  and  the  industrial  utiliza- 
tion of  research   results. 

(c)  To  secure  co-operation  between  different  branches  of 
science,  as.  for  example,  between  chemists  and  mathema- 
ticians. 

(d>  To  avoid  repetition  and  duplication  of  effort,  first  by 
rendering  present  knowledge  readily  available  to  research 
workers,  second  by  applying  clearing-house  methods  to  re- 
search projects. 

(e)  To  stimulate  research  by  emphasizing  the  Importance 
of  specific  problems,  making  special  grants,  rendering  ma- 
terial and   facilities   as  generally  available  as   possible. 

(f)  To  furnish  a  general  staff  for  research  which  shall  work- 
out the  plan  of  attack  for  major  problems,  assign  the  sev- 
eral lines  to  competent  workers  and  co-ordinate  and  focus 
the  whole. 

(g)  To  bring  home  to  manufacturers  the  advantage  of  re- 
search with  the  view  of  promoting  the  establishment  of  pri- 
vate, corporation,  and  group  laboratories. 

(h)  To  make  and  publish  a  census  of  available  research  fa- 
cilities in  men  and  equipment. 

(i)  To  survey  the  natural  resources  of  the  nation  and  di- 
rect research  toward  their  development. 

(jl  To  appraise  our  great  industrfal  wastes  and  develop 
plans  and  methods  for  turning  them  to  profitable  use. 

A.S  regards  anv  research  Laboratory,  it  goes  without  say- 
ing that  it  is  the  personal  factor  which  determines  perform- 
ance and  this  is  pre-eminently  true  of  the  laboratory  direc- 
tor Sir  Humphrey  Davy  truly  said  that  his  greatest  discov- 
ery was  Michael  Faraday,  and  no  greater  problem  is  likely 
to  confront  a  research  laboratory  than  that  involved  in  the 

^A^bstract  of  a  pap*r  presented  at  the  Spring  McetinR.I>;t  roll . 
Mich:;  June,   lai^   of  The  American   Society  of  Mechanical 
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discovery  of  a  director.  Successful  laboratory  directors  may 
be  of  several  types,  but  a  militant  optimism,  contagious  en- 
thusiasm, controlled  imagination  and  quick  human  sympathy 
are  common  to  them  all.  Such  a  man  will  naturally  in  se- 
lecting his  subordinates  look  for  these  personal  qualities 
almost  as  carefully  as  he  will  weigh  specialized  scientific 
training,  and  having  been  thus  guided  in  his  selections  will 
find  it  relatively  easy  to  inspire  throughout  his  organization 
those  relations  of  good  fellowship  and  that  esprit  de  corps 
which  multiply  enormously  the  effectiveness  of  any  work- 
ing force. 

The  so-called  commercial  laboratory  devoting  its  efforts  to 
itidustrial  research  and  operated  on  a  strictly  business  basis 
will  best  serve  our  present  purpose,  and  that  of  Arthur  D. 
Little,  Inc.,  in  Cambridge.  Mass.,  will  be  taken  as  a  type  in 
the  belief  that  much  of  interest  will  be  found  in  this  estab- 
lishment, which  is  "dedicated  to  industrial  progress."  Dur- 
ing the  past  So  years  this  laboratory  has  grown  from  a  part- 
nership of  two  chemists  to  an  organization  of  sixty  people, 
and  scheme  after  scheme  has  been  devised  for  the  manage- 
ment of  the  enterprise,  only  to  find  new  conditions  and  rapid 
growth  calling  for  constant  revision.  Being  a  corporation,  it 
is  managed  by  the  usual  officers  with  a  board  of  directors,  all 
of  whom  do  not  devote  their  entire  time  to  the  business. 

The  Divisions  of  the  Laboratory. — Within  such  a  laboratory 
there  are  two  distinct  sets  of  duties  which  may  be  designated 
as  scientific  or  technical,  and  commercial  or  financial.  These 
two  divisions  have  at  least  two  points  in  contact,  one  being 
through  a  service  manager,  and  the  other  the  department 
charged  with  obtaining  new  business  tor  the  organization. 
The  fundamental  duty  of  the  scientific  division  is  to  in- 
terpret the  results  of  pure  science  in  the  terms  of  industry. 
AVhile  the  work  of  the  commercial  laboratory  is  of  the  same 
order  as  that  done  in  any  laboratory  even  where  the  dollar 
is  never  discussed,  it  must  be  conducted  with  full  recogni- 
tion of  the  fact  that  many  industrial  problems  are  as  inti- 
mately concerned  with  economic  questions  as  with  scientific. 
In  other  words,  while  for  instance  a  laboratory  process  in 
glass  may  be  intensely  interesting  and  of  fundamental  im- 
portance, the  client  can  hardly  be  expected  to  be  satisfied 
with  a  report  unless  a  commercial  method  for  operating  it 
can  be  devised.  The  technical  work  should  be  in  charge  of 
the  president,  under  whom  various  departments  should  be 
organized,  so  that  each  phase  of  a  given  problem  may  have 
the  attention  of  a  i-pecialist,  provided  with  adequate  equip- 
ment to  facilitate   the  work. 

In  this  connection  it  may  he  emphasized  that  it  pays  to 
provide  congenial,  inspiring  surroundings  for  the  laboratory 
worker.  The  laboratory  can  be  made  attractive  without  be- 
ing ornate,  or  involving  unreasonable  expense,  and  every 
effort  should  be  made  to  have  the  workers  reasonably  happy. 
X'nder  no  other  condition  can  the  best  work  be  expected, 
and  it  must  be  remembered  that  the  heaviest  investment  is 
in  the  time  ol  these  workers,  the  salary  cost  being  much 
greater  than  that  for  equipment  or  material  maintenance. 
Rewards  other  than  monetary  for  faithful  service  also  play 
an  important  part. 

The  departments  into  which  the  technical  division  are  di- 
vided will  naturally  differ  in  each  laboratory,  but  a  fairly 
definite  line  can  be  drawn  between  research,  engineering 
and  standardized  or  routine  work.  It  is  advantageous  to 
have  all  of  the  standardized  work,  including  that  incident 
to  research  and  engineering,  carried  on  under  one  depart- 
ment head,  for  in  this  way  it  can  be  done  to  better  advan- 
tage both  as  regards  efficiency  and  economy. 

The  research  department  should  be  organized  for  both  lab- 
oratory and  small-factory-scale  work.  There  will  be  a  mul- 
tiplicity of  subjects,  and  since  special  faciliities  cannot  be 
provided  in  advance  of  close  acquaintance  with  the  problem, 
the  organization  of  departments  for  research  along  special 
lines  "ill  concern  personnel  more  than  a  division  of  floor 
space  or  equipment. 

Engmeering  will  embody  plant  inspection,  design,  construc- 
tion and  operation,  and,  although  much  of  the  work  will  be  in 
the  field,  many  phases  of  its  problems  will  be  worked  upon 
concurrently  in  the   laboratory. 

The  analytical  department  will  be  subdivided  under  such 
headings  as  textiles,  fuels,  food,  metallurgy  and  metallogra- 
phy, chemical  microscopy,  water,  lubricants,  construction 
materials,  pulp  and  paper,  fernientology,  etc.  Some  of  these 
subjects  will  require  special  accommodations,  while  others 
car.  shave  a  large  laboratory  which  provides  space  for  certain 


apparatus  kept   in  |)lace  for  a  large  number  of  similar  deter- 
minations. 

Nothing  is  more  expensive  or  demoralizing  than  experi- 
mentation in  the  plant.  An  industrial  research  laboratory 
should  therefore  be  adequately  provided  with  equipment  of 
semi-commercial  size.  Infant  mortality  among  processes  is 
high  in  any  case  and  the  most  critical  period  in  their  young 
lives  is  that  covering  the  transition  from  the  laboratory  to 
the  plant.  They  require  and  the  research  laboratory  should 
provide  a  nursery  to  protect  and  foster  them  during  this 
period  of  their  development.  Some  large  manufacturers  have 
even  found  it  desirable  to  operate  in  connection  with  and 
under  the  sole  direction  of  their  research  laboratory  a  small 
plant  in  which  actual  commercial  manufacture  is  regularly 
conducted.  Such  extension  of  the  laboratory's  function  per- 
mits the  complete  reduction  to  practice  of  new  methods  and 
the  commercial  demonstration  of  the  sufficiency  of  the  prod- 
uct before  the  innovations  are  introduced  into  the  main 
plant. 

Even  when  no  such  provision  appears  feasible,  it  is,  never- 
theless, highly  desirable  to  have  the  industrial  research  labo- 
ratory actually  engaged  in  some  small  scale,  highly  spe- 
cialized, commercial  manufacture,  preferably  of  some  product 
which  it  has  itself  originated.  The  least  advantage  of  this 
procedure  is  that  such  manufacture  of  a  properly  selected 
product  may  frequently  defray  a  substantial  proportion  of  the 
expenses  of  the  laboratory.  The  major  benefits  are  the  ac- 
quirement of  a  certain  commercial  sense  by  the  laboratory 
staff,  an  appreciation  of  the  conditions  and  difficulties  of 
actual  production,  and  finally  the  strengthening  of  the  posi- 
tion of  the  laboratory  through  the  increase  in  its  turnover 
and   equipment. 

The  IVlethod  of  Management. — It  is  easy  to  visualize  the 
organization  chart  for  such  a  laboratory,  and  a  brief  descrip- 
tion of  how  a  new  piece  of  work  will  be  handled  may  there- 
fore convey  a  better  idea  of  the  method  of  management.  The 
authorization  for  the  work-  will  go  to  the  service  manager, 
who  sees  all  incoming  mail,  and  to  the  authorization  will  be 
attached  any  correspondence  or  data  bearing  on  the  case,  all 
of  wiiich  will  be  given  a  case  number  for  identification,  and 
this  number  will  be  entered  in  a  case  register,  which  will 
indicate  the  name  of  the  client,  the  subject  of  the  problem, 
the  date  the  authorization  is  received  and  the  date  when  the 
work  shall  have  been  completed.  The  service  manager,  who 
must  be  familiar  with  the  ability  of  each  member  of  the 
staff,  as  well  as  with  the  work  in  hand,  will  assign  the  case 
to  the  division  which  can  render  the  best  service.  Confer- 
ences will  then  be  called,  into  which  any  member  of  the  or- 
ganization who  can  contribute  anything  to  the  solution  of 
the  problem  in  hand  will  be  drawn,  and  outside  associates  or 
independent  consultants  may  be  included.  The  problem  will 
then  go  into  work  by  means  of  instruction  sheets,  setting 
forth  what  is  to  be  accomplished,  suggesting  methods  of  at- 
tack, relating  any  special  circumstance?,  references  to  litera- 
ture, and  standard  methods  which  may  be  applicable,  and  as 
much  light  as  possible  given  to  the  individual  who  is  to  do 
the  work.  Accompanying  the  case  there  will  be  a  tag  bearing 
the  case  number  and  upon  it  a  date  at  which  it  is  expected 
the  work  can  be  completed,  or  a  progress  report  made,  must 
be  indicated.  The  tag  is  then  returned  to  the  service  man- 
ager. Through  the  means  of  data  sheets,  time  slips  and 
verbal  reports  the  progress  of  the  problem  will  be  readily 
followed.  This  procedure  will  be  followed  in  all  the  divisions, 
the  individual  reporting  to  his  superior,  and  the  service  man- 
ager will  be  alert  to  insure  prompt  and  eflacient  service  to  all 
clients. 

At  the  completion'  of  the  work  the  report,  varying  in  extent 
from  a  single  printed  form  to  a  bound  volume  of  several  hun- 
dred pages,  will  pass  through  the  hands  of  all  concerned,  and 
will  thus  be  distinctly  the  report  of  the  organization  and  not 
of  an  individual  in  the  organization. 

Reports.  Writing  a  report  requires  skill,  for  it  must  be 
comprehensive.  It  should  begin  with  a  clear  statement  of  the 
problem,  followed  by  the  conclusion  reached  as  a  result  of  the 
work,  which  may  then  be  described  in  detail.  Patents,  cost 
data,  tables,  graphs,  photographs  and  samples  should  be 
dealt  with  in  an  appendix,  and  in  some  instances  descriptions 
of  apparatus  should  be  included.  The  whole  must  be  carefully 
indexed,  and  a  copy  sent  to  the  library  to  be  bound  and  kept 
as  confidential  information  in  locked  cases,  but  as  part  of 
the  library  it  should  be  carded  for  the  library  card  index. 
Obviously  no  fast  rule  can  be  laid  down  for  writing  reports, 
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but  it  should  be  borne  in  mind  tliat  many  of  those  who  read 
technical  reports  are  not  interested  in  minute  details,  and 
that  the  subject-matter  must  he  presented  in  a  form  that  will 
be  interesting  and  understood  by  the  layman.  It  must  also 
have  its  important  points  so  emphasized  that  they  can  be 
readily  picked  out  by  those  not  taring  to  read  the  entire 
report,  but  at  the  same  time  it  should  include  sufficient  data 
to  serve  the  purpose  of  a  fully  qualified  technical  man  to 
whom  the  report  may  be  referred   at  some  later  time. 

This  brings  up  the  question  of  the  library,  which  may 
easily  be  considered  the  backbone  of  the  industrial  labora- 
tory. Its  extent  will  depend  upon  other  library  material 
available  in  the  community,  but  there  are  few  things  which 
obstruct  research  more  seriously  than  the  absence  of  easily 
accessible  proper  library  facilities.  A  few  dollars  spent  in 
books  and  literature  frequently  saves  as  many  hundreds 
otherwise  spent  in  work  of  duplication.  The  useful  periodicals 
must  be  provided,  elaborate  indexes  will  be  found  a  good  in- 
vestment, also  abstracts  and  patents;  in  short,  every  means 
for  quickly  locating  literature  references  should  be  at  hand. 
The  current  literature,  with  articles  of  interest  indicated  on 
an  attached  slip,  should  be  circulated  among  the  members  of 
the  stalt'  whose  names  are  checked  on  this  slip,  and  some 
one,  preferably  a  chemist,  should  have  assigned  to  him  the 
task  of  constantly  reading  the  literature  in  order  that  no 
scrap  of  information  shall  escape. 


The  Lives  of  Engineers  and  Inventors 

In  connection  with  the  memorial  sketch  of  ,Iames  Watt, 
which  appears  on  another  page  in  this  issue  of  the  Scientific 
American,  we  are  led  to  recall  a  wholesome  custom  of  one  or 
more  generations  ago  which  we  are  afraid  has  been  allowed 
to  lapse.  At  one  time  it  was  not  infrequent  for  lads  of  me- 
chanical tastes  to  receive  as  presents  from  parents  or  others 
interested  in  their  welfare  that  interesting  series  known  as 
"The  Lives  of  the  Engineers,"  written  by  Samuel  Smiles,  an 
English  aulhor  of  considerable  versatility  and  vogue. 

The  biographies  of  Watt,  George  and  Robert  Stephenson, 
John  Smeaton,  John  Rennie,  Thomas  Telford,  and  other  engi- 
neers, had  an  attraction  for  an  earlier  generation,  which  is 
readily  explained  when  it  is  considered  how  much  Briiish  in- 
dustry and  civilization,  and  indeed  that  of  all  Europe  and 
America,  owed  to  the  men  who  invented  the  steam  engine, 
the  locomotive,  the  steamboat;  who  built  such  structures  as 
the  Thames  Bridge,  the  Eddystone  Lighthouse  and  the  Cale- 
donian Canal. 

The  record  of  the  lives  of  these  rugged  British  worthies  is 
directly  inspiring  and  helpful,  and  while  such  books  may  be 
out  of  fashion  today,  we  are  convinced  that  their  perusal 
would  be  of  incalculable  value  to  many  a  youth  entering  on 
manhood.  The  story  of  perseverance,  genius,  industry  and 
integrity,  is  one  that  is  compelling  in  its  interest,  and  while 
the  world  and  its  conditions  may  have  changed,  humanity  re- 
mains inded  the  same.  Though  mechanical  problems  may  be 
new  and  the  tools  different,  more  complex  and  more  highly 
developed  than  those  of  Watt  and  Stephenson,  yet  the  solu- 
tions are  to  be  found  in  the  same  clear  thought,  singleness  of 
purpose,  intense  application,  trained  mind  and  hands,  and 
study  of  the  men  and  accomplishments  of  the  past,  that  char- 
acterized these  early  engineers  and  inventors. 

For  the  more  modern  engineers,  unfortunately,  there  have 
appeared  few  biographers  who  have  been  able  to  write  with 
such  interest  and  facility's  Samuel  'Smiles,  or  command  his 
audiences:  but  in  the  modern  attempt  to  emphasize  the  cul- 
tural side  of  engineering  the  study  of  the  lives  of  men  of  cre- 
ative genius  is  no  less  helpful  than  the  mere  consideration  of 
their  works.  Although  the  materials  of  their  constructions 
may  rust  and  crumble,  yet  the  spirit  of  such  men  never  dies. 
Leonardo  de  Vinci  as  an  inventor,  architect  and  engineer, 
was  no  less  an  influence  than  as  a  painter,  while  Washmgton 
the  surveyor  and  mill  builder  is  no  less  an  actuality  than 
Washington  the  soldier  and  statesman.  Is  not  the  general 
public  far  too  prone  fo  look  upon  inventors,  engineers  and 
scientists  as  eccentric  geniuses,  and.  while  recognizing  then- 
usefulness  consider  as  typical  men  of  unusual  and 
picturesque  attributes  rather  than  those  who  have  led  well 
disciplined,  studious  and  ethcient  lives?  Would  not  a  more 
iseneral  reading  of  the  bio.araphies  of  men  who  have  estab- 
iished  vast  industries  through  mechanical  inventions  and  vast 
works  of  construction  be  of  the  greatest  value  to  a  rising  gen- 
eration, and  would  not  the  lives  of  many  modern  workers  in 


applied  science  be  for  the  sympathetic  biographer  a  profllable 
and  congenial  field  that  far  too  long  ban  remained  untllled? 
May  not  the  Scientific  American  bring  to  the  attention  of  Us 
readers  the  importance  of  reading  Huch  biography,  and  be- 
speak in  particular  a  more  careful  consideration  of  the  live. 
of  the  great  inventors  and  englneerK? — Editorial  In  the  Scien- 
tific American. 


Cost  of  Covered  Wood  Bridge 

A  "housed-in"  pin  connected  wood  truss  bridge  was  ••reel 
ed  last  year  in  Lowdnes  County.  .VlisHlssippl.  at  a  eost  ap- 
liroximately  one  half  the  price  bid  on  steel  and  concrete 
structures  of  the  same  dimensions.  The  bridge  has  u  total 
length  of  12.T  ft.,   with   a  distance  between   piers,  c    to  c,  of 


Housed    in    Pin   Connected   Wood   Truss   Bridge   Constructed   in    1918 
in  Lowndes  County,  Mississippi. 

11>  ft  The  floor  width  is  Hi  ft.  The  concrete  piers  are  set 
on  piles  10  ft.  below  low  water.  The  work  was  done  by  con- 
tract   the   costs    to    the   contractor   being   as   follows: 

^'f^^.  :i8.fi00  B.  M    H..  at  fT^    <M.vere.l >^^^ 

Shirmles    24.00(1,   lit   S5.  delivered iv '.■ 

Bolts   and   washers :;;•; 12K'l(i 

Fteinforcinc  steel.  a.:;b4  lb.,  at  .tV.   ct iiti 

Nails.   700  lb.,  at  4.6  ct....^; iWui 

Cemtnt.    ISO    siicks.    at    »0.i.t v»  i; inn'nn 

llardwood  pins,  tallowed.   1.200.  at  J0.25 SW.^ 

Concrete   forni.s   for   piers...... •  ■  •  • '   -^ 

Piles.   20.  round.  8  In.   by   Hi  ft.,  at   »2 *"•"" 

Total  materials   •, •. II.SH.'l 

Labor:  Including  inlxinB  36  yards  concrete:  ^^^^^^ 

Approximately   ^ '  *  '* 

„   .    ,  ' »2.&<4.n 

Total ••■ jg5.5j, 

Contractor  s  i/Tont   

^         ,  .    ,,,  12.900.1(0 

Cirand  total   

The  contractor  salvaged  an  old  bridge  from  which  he  got 
material  worth  $liHi. 

The  bridse  spans  the  Butiahatchie  River.  It  was  built 
iointlv  bv  Lowndes  and  -Monroe  Counties.  Mississippi,  the  en- 
gineer being  Mr.  C.  L.  Wood.  County  Engineer  of  the  first 
mentioned  county.  Mr.  Wood  states  that  he  knows  of  two 
similar  bridges,  built  of  heart  lumber,  which  are  still  in  use 
after  fi'^  vp-m-^"  «prvice. 
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The   Inspection  of    Steel    Bridges 

Every  railroad  necessarily  has  some  system  of  steel  bridge 
inspection,  and  many  different  officers  of  the  maintenance  of 
way  department  are  concerned  with  this  work  in  one  way 
or  another.  Bridge  carpenters  are  held  responsible  for  at 
least  the  condition  of  the  decks,  and  in  many  cases  for  the 
minor  steel  structures  in  their  entirety.  Some  roads  employ 
special  bridge  inspectors  who  are  engaged  in  this  work  the 
year  around,  others  depend  upon  periodic  inspections  by 
certain  officers.  In  many  cases  the  bridge  engineer  himself 
makes  detailed  inspection  of  all  bridges  of  any  importance. 
Almost  any  man  having  anything  to  do  with  bridge  work 
will  recognize  a  detective  condition  when  he  sees  it.  but  it 
is  not  everyone  who  has  had  enough  experience  to  enable 
him  to  be  sure  that  he  will  find  everything  that  should  be 
noticed.  Effective  bridge  inspection  implies  a  training 
in  systematic  examinations  and  a  knowledge  of  where 
troubles  are  likely  to  be  encountered  and  how  to  look 
for  them.  A  useful  outline  of  the  things  to  look  for  in  ex- 
amining steel  railroad  bridges  of  various  classes  is  given 
by  Mr.  G.  A.  Haggander.  Bridge  Engineer  of  the  C,  B.  & 
Q.  R.  R.  in  a  recent  issue  of  The  Railway  Maintenance  Engi- 
neer, from  which  the  matter  in  our  article  is  taken. 

General  Details.— On  arrival  at  the  bridge  make  a  general 
visual  examination  of  the  alinement  and  surface  to  see  if 
it  will  disclose  any  serious  settlement  in  the  substructure, 
displacement  of  the  superstructure  on  the  subsjiructure  or 
faulty  condition  of  the  camber. 

On  all  through  girder  bridges  and  all  pony  truss  spans, 
sight  along  the  top  flanges  or  chords  to  see  that  they  are 
perfectly  straight.  Owing  to  the  absence  of  a  top  lateral 
system  these  compression  members  are  not  stayed  rigidly 
against  buckling,  so  if  they  are  to  function  properly  it  is 
essential  to  have  them  in  good  alinement. 

Note  the  condition  of  the  paint  on  the  bridge. 
The  Deck. — Examine  the  running  rail  to  see  that  it  is  fully 
spiked  and  bolted  and  that  there  are  no  broken  rails  or  splice 
bars.  .  See  that  no  spikes  are  driven  through  the  slots  in 
the  splice  bars  or  close  to  the  ends  of  them.  The  rails  should 
be  free  to  run  across  the  bridge.  See  that  the  inside  guard 
rails  are  fully  spiked  and  bolted.  When  changing  ties  track- 
men are  inclined  to  slight  fastenings  in  the  guard  rails,  but 
insufficient  fastening  should  not  be  permitted. 

Examine  the  condition  of  the  timber  in  ties  and  outside 
guard  rails  or  fenders  and  note  any  decay  or  crushing,  par- 
ticularly in  the  ties.  See  that  the  tie  bolts  and  bolts  in  the 
fender  are  in  place  and  that  the  nuts  are  not  missing  on 
the  position  of  the  tie  bolts. 

Note  the  condition  of  the  top  flanges  of  the  girders  or 
stringers  and  floor  beams.  These  are  particularly  suscep- 
tible to  corrosion  on  lines  subject  to  heavy  refrigerator  car 
traffic. 

Deck  Girder  Spans. — In  addition  to  this  detailed  examina- 
tion from  the  deck  examine  all  members  of  the  top  lateral 
system,  tapping  the  bars  to  see  that  they  are  tight  and  in- 
sure that  the  top  lateral  plates  are  securely  fastened  to  the 
girder  flanges. 

The  bridge  seat  must  be  clean  of  all  debris  of  any  kind. 
See  also  that  the  expansion  end  is  free  to  move  with  changes 
in  the  length  of  the  girder.  Insure  that  there  is  a  sufficient 
clearance  between  the  end  of  the  girder  and  the  back  wall 
for  adequate  movement  and  that  there  are  no  rivet  heads 
on  the  end  of  the  bottom  cover  plate  that  will  foul  the  edge 
of  the  bearing  shoe.  If  the  bearing  is  equipped  with  rollers, 
see  that  they  are  in  proper  position.  Make  sure  that  there 
are  no  broken  pedestals  or  shoes.  Be  sure  that  all  bolts 
connecting  the  girders  to  the  bearing  castings  and  connect- 
ing the  bearing  castings  to  the  masonry  are  in  place. 

In  cases  where  the  girders  of  a  bridge  on  a  curve  are 
tilted  to  obtain  super-elevation,  one  side  of  the  flange  on  each 
girder  will  form  a  trough  that  will  hold  rain  water.  If  there 
is  any  evidence  that  water  is  being  held  in  this  way,  it  will 
be  well  to  fill  this  trough  with  some  bitumen  mastic. 

Through  Girder  Spans. — Examine  the  deck  and  bearings  of 
the  bridge  as  described  above,  but  in  examining  the  deck 
note  in  addition  whether  the  ties  have  crushed  down  to  such 
an  extent  as   to  bring  the  underside   of  the   rail   in  contact 


with  any  rivets  or  other  projections  on  the  tops  of  the  floor 
beams.  Such  a  condition  should  not  be  allowed  to  continue, 
as  it  would  lead  to  dangerous  rail  strains. 

Test  all  rivets  connecting  the  floor  beams  to  the  girders 
and  all  rivets  of  accessible  connections  of  the  stringers  to 
the  floor  beams.  Particular  attention  should  be  paid  to  the 
stringer  connections.  Look  for  cracks  in  the  stringer  and 
floor  beam  connection  angles.  These  ordinarily  form  in  the 
root  of  the  angle  at  the  top.  The  bottom  lateral  system 
should  be  tested  with  a  bar  of  iron  or  other  convenient  tool. 
Truss  Spans. — Examine  the  deck  and.  bearings  and  floor 
system  complete  as  described  above.  In  addition  walk  the 
bottom  chords  from  end  to  end  and  examine  them  carefully. 
Shake  all  of  the  eye-bars  in  the  chords  to  note  their  ad- 
justment. In  a  similar  manner  try  all  lateral  members  and 
web  diagonals.  Eye-bar  or  loop  rod  hip  verticals  should  also 
be  examined  carefully,  as  these  are  frequently  out  of  adjust- 
ment. 

There  are  still  a  few  old  bridges  having  the  floor  systems 
suspended  from  the  pins  by  means  of  U-hangers  over  the 
pins.  These  should  be  examined  carefully  to  see  that  they 
are  in  adjustment  and  that  the  nuts  are  secured  in  place. 

Examine  all  pins  to  be  sure  that  the  nuts  are  in  place. 
Where  any  loop  bars  are  used,  be  sure  to  see  if  any  of  them 
indicate  signs  of  splitting,  and  if  this  is  the  case  arrange 
for  clamps  immediately. 

Swing  Spans.— Examine  the  deck,  floor  system  and  trusses 
in  detail  as  described  above  and  look  especially  at  the  cross 
ties  at  the  ends  of  the  span  under  the  rail  locks  and  for 
worn  pins  at  the  end  bearings.  In  examining  the  bridge  seat 
of  the  end  bearings  look  for  broken  castings  especially,  and 
see  if  there  is  any  uplift  of  the  bridge  when  a  train  is  en- 
tering the  span  at  the  far  end.  See  that  the  rail  locks  op- 
erate satisfactorily  and  that  they  are  not  worn  excessively. 
Go  down  on  the  pivot  pier  and  walk  entirely  around  the 
drum.  Examine  the  segments  of  the  rack  and  tread  to  look 
tor  broken  teeth,  and  also  to  see  that  the  wear  on  the  tread 
and  the  rack  is  uniform  all  the  way  around.  See  that  the  tread 
is  smooth  and  well  oiled  and  that  all  wheels  are  bearing. 
Also  examine  the  pinion.  Go  down  inside  the  drum  to  see 
if  there  are  any  broken  radial  rods  and  make  an  inspection 
of  the  gear  train  from  the  motive  power  to  the  pinion. 

Turntables.— Examine  the  deck  and  girders  for  defects  as 
in  the  case  of  other  bridges.  Look  over  the  end  carriages 
and  note  the  condition  of  the  bearing  boxes  and  whether  or 
not  the  wheels  have  chipped,  broken  or  worn  treads.  The 
beams,  which  are  usually  a  pair  of  channels,  should  be  ex- 
amined carefully  to  see  if  they  have  become  twisted  or 
broken.  See  that  the  circle  rail  is  in  good  alinement  and 
surface  and  that  the  end  carriage  wheels  clear  it  all  the 
way  around  when  the  table  is  loaded.  If  the  alinement  is 
not  good  there  is  danger  that  the  end  wheels  will  have  an 
eccentric  bearing,  causing  the  edges  to  chip  and  that  the 
tractor  will  work  hard. 

The  condition  of  the  rails  and  ties  at  the  end  of  the  table, 
both  on  the  table  and  on  the  coping,  must  be  watched  care- 
fully. See  that  the  gaps  between  the  ends  of  the  rails  does 
not  exceed  1%  in.  The  rails,  both  on  the  table  and  the  cop- 
ing, must  be  thoroughly  anchored.  Ties  crush  very  quickly 
from  the  pounding  of  the  wheels  in  going  on  and  off  the  table 
and  heavy  plates  covering  the  ties  and  the  coping  will  be 
found  to  be  a  big  help. 

The  turntable  center  needs  careful  attention  and  as  this 
is  not  accessible,  the  table  should  be  jacked  up  from  two  to 
four  times  a  year  so  that  the  center  may  be  taken  apart  and 
examined  thoroughly  to  see  that  it  is  being  lubricated  prop- 
erly and  that  the  wear  has  not  been  excessive.  The  condi- 
tion of  the  turntable  foundation  should  also  be  checked  care- 
fully by  turning  the  table  in  different  positions  to  see  if  there 
is  any  tendency  for  it  to  rock. 

Viaducts. — The  deck,  girders  and  abutment  bearings  of  the 
viaduct  should  be  examined  as  described  above  for  girders 
and  truss  spans.  Particular  attention  should  be  given  to 
the  condition  of  the  connections  of  the  girders  to  the  tops 
of  the  columns  to  insure  that  the  bolts  are  in  good  condition 
and  the  nuts  in  place. 

A  careful  examination  should  be  made  around  the  bases 
of  all  the  towers  and  bents.  Look  for  defective  connection 
and  anchor  bolts  and  cracked  column  shoes.  Also  examine 
the  masonry  pedestals  carefully  to  insure  that  the  uplift 
on  the  pedestals  does  not  have  a  tendency  to  rupture  the 
masonry. 
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New   Hoist   Particularly   Adapted  for  Use 
in  Restricted   Space 

A  hoist  designed  specitieally  for  tlie  severest  Ifind  of  in- 
dustrial service  has  been  perfected  by  Victor  R.  Browning 
&  Co.,  Cleveland,  O.,  after  a  long  period  of  experimental  de- 
velopment. The  general  shape  and  low  design  of  the  hoist 
adapts  it  particularly  for  use  where  headroom  is  limited  or 
the  available  space  otherwise  restricted.  The  main  casting, 
which  carries  all  moving  parts,  contains  individual  compart- 
ments for  the  four  units,  any  one  of  which  can  be  (luickly  re- 
moved if  desired.  In  one  end  of  the  casting,  heat  treated 
gears  and  the  disc  load  brake  are  assembled  and  revolve  in 
oil.  At  the  reverse  end,  the  controller  and  motor  shaft  are 
carried  in  another  individual  compartment.  The  entire  con- 
troller may  be  quickly  removed  for  inspection  or  repairs. 
and  the  removal  of  a  plate  gives  access  to  the  gears  and  load 


New  Victor   R.    Browning   &   Co.    Hoist. 

brake.  Between  the  gear  and  controller  units  are  two  long 
compartments,  one  of  which  contains  the  motor  and  the 
other  the  hoisting  drum.  The  drum  is  carried  on  a  threaded 
shaft  and  travels  longitudinally  while  rotating.  This  feeds 
the  cable  through  a  bushing  in  the  main  housing  and  directly 
into  the  drum  groove  in  rewinding.  It  is  claimed  that  this 
adds  considerable  to  the  life  of  cables  and  maintains  per- 
fect balance.  Simple  but  dependable  limit  attachments  are 
Installed  at  ends  of  the  drum  shaft  to  prevent  overtravel  of 
the  drum  in  either  direction.  All  bearings  are  large  and 
bushed  with  phosphor  bronze  with  exception  of  the  motor, 
the  shaft  of  which  revolves  on  ball  bearings.  Two  of  the 
bearings  are  provided  with  grease  cups  while  the. other  four 
are  lubricated  by  splash  from  the  gears.  The  hoist  is  fur- 
nished with  specially  designed  motor  either  D.  C.  or  A.  C. 
and  provision  can  be  msf'de  for  suspending  it  from  an  over- 
head trolley,  I-beam  or  any  kind  of  fixture. 


A  Railroad  Pontoon  Bridge 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  still  maintains  a 
pontoon  bridge  on  its  line — perhaps  more  than  one.  Be- 
tween Pairie  du  Chien,  Wisconsin,  and  North  McGregor,  Iowa, 
the  Mississippi  River  is  crossed  on  a  pile  bridge  and  an 
island,  a  mile  in  leng'th.  In  each  of  the  two  channels  pon- 
toons are  maintained,  so  attached  that  they  can  be  swung  by 
means  of  a  cable  winding  by  steam  power  on  a  drum,  to  al- 
low boats  to  pass. 

Pontoons  have  existed  at  this  crossing  for  45  years.  The 
latest  channel  span  consists  of  a  hull  274  ft.  long  and  56  ft. 
wide.  On  the  upper  deck  nineteen  columns  of  9-inch  blocks 
rise  on  each  side,  supporting  the  upper  deck  on  which  the 
tracks  are  built.     The  problem  is,  of  course,  to  maintain  this 


upper  de('k  on  a  constant  level,  f>ven  with  the  pile  approaches, 
regardless  of  the  height  of  the  water.  By  meanB  of  cableg 
the  weight  of  the  track  is  lifted  from  the  blocks,  and  blocka 
are  then  inserted  or  removed  as  the  level  of  the  water  re- 
'luires.  The  finished  height  of  the  middle  portion  U  always 
left  9  in.  higher  than  the  level  of  the  approaclieH.  The  end 
steel  girders  from  the  approaches  to  the  pontoon  are  hinged 
to  allow  for  this  dilterence.  The  weight  of  the  train  slnkK  the 
outfit  just  this  much  as  it  travels  over. 

Ice  gives  considerable  trouble.  Most  of  it  passes  under  the 
scow,  but  an  unusual  amount  is  freed  by  swinging  the  hull 
Closing  of  the  channel  by  swinging  the  pontoon  back  is  often 
very  difficult  under  the  circumstances. 

Two  small  openings  in  the  pile  approaches  assist  In  Rotting 
rid  of  the  ice  and  also  in  allowing  smaller  vessels  to  pass. 
Troubles  of  any  kind  are  now  negligible,  although  in  earlier 
days  delays  of  hours  and  seven  days  were  not  unknown. 


Newspaper    Publicity  for  the  Engiiucrinii 
Profession 

Examples  of  the  newspaper  publicity  obtained  by  some 
of  the  chapters  and  clubs  of  the  American  Association  of 
Engineers  are  shown  below.  The  longer  extract,  furnished 
by  the  Dayton  Chapter,  is  particularly  good  as  it  points  out 
to  the  public  the  necessity  for  the  administration  of  public 
works    bv    engineers. 

N[[o  mwm 

IN  m  LIFE 

Noted  Speaker  Says  They  Would 
Be  Invaluable  in  Govern- 
ment Positions. 


"The  great  trouble  with  moft  civic  and 
other  governments  is  that  lawyers.  profoB- 
sional  men  and  politicians  are  the  mt-r 
that  head  the  different  departments."  'ie- 
clared  Dr.  Frederick  H.  Nt-w^ll.  hi-ad  of 
the  American  Association  of  KnK-ini'ers. 
before  the  local  orKanization  of  the  Itody 
at  a  meeting  held  last  night  at  tht-  En- 
gineers' Club.  "In  the  great  majority  of 
cases  the  right  man  for  the  Job  Is  an 
engineer,  and  the  chance.**  are  f^reatly 
against  even  his  consideration  as  such  a 
department  head. 

"This  trouble  is  prevaJcait  about  th<* 
country,  and  is  one  of  the  chief  reasons 
for  the  poor  government  found  In  many 
sections,  and  In  a  measure  is  respojistbh- 
for  the  inefficiency  in  many  departmentK 
in  Washington  where  money  u.^^ed  in  Iai««' 
amounts  could  easily  be  cut  down  hy  th*- 
advice  of  a  good  engineer. 

"The  department  of  the  interior."  con- 
tinued the  speaker,  "ia  on**  position  which 
must  have  an  engineer  at  its  head  »n 
order  to  get  the  most  good  out  of  It  and 
to  benellt  the  millions  of  iM*ople  of  this 
country  who  need  suggestions  and  help. 
Our  sloft-an  for  all  organs  of  the  A.  A^  V. 
Is  'The  Next  Secretary  of  the  Int»Tlor  lo 
Be  an  Engineer.' 

"It  is  an  interesting  fact,  and  one 
which  is  not  generally  known,  tha* 
there  has  been  only  one  «'nginoer  serx- 
ing  in  congress  during  a  great  many 
years,  and  that  one  was  eli-cted  for  busi- 
ness reasons  and  not  for  engineering 
aiiility.  Uowevfr.  when  rases  came  up 
where   engineering  authority   was   needed 


SUGGESTS  ENGINEER  FOR  P.S.C. 

Association    Makes    Plea    for    Repreienta- 
tion   on    Board. 

There  will  be  an  engineer  on  the  I*ub- 
lic  Ser\"ice  Comnnission  if  a  resolution 
of  the  Baltimore  Chapter  of  th<'  Ameri- 
can Association  of  Engineers  ts  accepte*' 
by  Governor  Harrington.  A  strong  plea 
will  he  made  to  the  Governor  to  rtll  tht 
existing  vacancy  with  such  a  man. 

This  was  the  most  important  matter 
iliscussed  last  night  by  the  local  chap- 
ter at  its  second  meeting,  held  in  the 
Hotel  Emerson.  About  50  engineers  at- 
tended and  completed  organization  plan.-.. 
.\  constitution  and  by-laws  were  adopt - 
'  ■  T-!  the  officers  wer*-   ^^♦..n-.i  ,...r-,^,_ 
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Personals 

Frank  B.  Roth  has  been  appointed  chief  engineer  of  the  Lehigh 
SlMK-rural   Steel  Co..   Allentown.   Fa. 

J.  H.  Knowles  has  been  appointed  ehief  engineer  of  tlie  Western 
I'aciii'-,  Tidewater  Koutliern  and  Deep  Creek  railroads. 

The  Utah-Idaho  Development  Co.  of  Ogden,  Utah,  has  been  in- 
corporated. The  officials  include  David  C.  Bccles  and  Warren  L.. 
Wattis. 

Rodman  Wiley  has  resigned  as  commissioner  of  public  roads  of 
Kentucky  to  become  chief  engineer  of  the  Kentucky  Rock  Asphalt 
Co..  of  l^Duisville,   Ky. 

Charles  R.  Simpson  and  Ralph  M.  Brown  have  organized  tlie 
Simpson.  Brown  &  Co.  and  will  engage  in  a  contracting  business 
with  offices  at  Elizabeth.  N.   J.  - 

Lieutenant  B  C.  Tilley,  I04lh  Rnfe'ineers,  A.  E.  F.,  has  just  re- 
turned from  Fi-ance  and  .Tccepted  a  position  with  Pacific  Gas  & 
lllfctric   (>■.   of  San  Francisco.  Calif. 

Carl  Berastedt,  Carl  G.  Johnson  and  Ed.  Andries  have  orfe'ani^ed 
the  BeiRstedt  Construction  Co..  with  offices  at  202  Berglund  Block. 
Moline.  111.,  and  will  engage  in  a  general  contracting  business. 

Prof.  Milo  S.  Ketchum,  dean  of  the  School  of  Engineering  i.t 
the  University  of  Colorado,  has  resig-ned  to  become  head  of  the 
:lepartment  of  civil  engineering  at  the  University  of  Pennsylvania. 

Capt.  August  Weber,  fomerly  connected  with  the  T.  M.  Wichert 
Company,  contractors  and  engineers,  of  Pittsburgh,  has  been  ap- 
pointed general  manager  of  the  Gwynns  Falls  Quarry  Co.,  Balti- 
moi-e.  Md. 

Walter  Clark  has  been  elected  president  of  the  recently  incorpo- 
rated Liberty  Engineering  &  Construction  Co.,  Murchison  National 
Bank  BIdt,'..  Wilmington.  Del.  The  other  officials  include  E.  L. 
Pliillips.  J.  A.  Page  and  H.   W.   Nutt. 

Louis  C.  Bennet,  James  X.  Gladding.  Columbus  E.  Mauldin  of 
.Mbuquerque.  N.  Hex.,  and  Wni.  H.  Spring'er  of  Venice.  Calif.,  have 
organized  the  Southwestern  Construction  Co.  of  Albuquerque  and 
n-ill  engage  in  a  general  building'  and  contracting  business. 

J.  A.  Balderson  has  been  placed  in  charge  of  tlie  A.  F.  B.  office 
of  the  Chicago.  Milwaukee  &  St.  Paul  R.  R.  and  the  work  of  com- 
liilipg  and  keeping  the  records  required  to  carry  out  Valuation 
( )rder  Xc.  S.  vice  C.  H.  Poole,  resigned  to  enter  into  private 
business. 

Clinton  Cowen  has  resigned  as  state  highway  commissioner  of 
Ohio  and  hits  accepted  a  position  as  consulting  engineer  for  th'- 
National  Sand  and  Gravel  Association.  A.  R.  Taylor,  formerl>/ 
county  surveyor  of  Hancock  County,  Ohio,  succeeds  Mr.  Cowen  as 
state  hig'liway  commissioner. 

J.  W.  Kaerth,  formerly  County  Surveyor  of  Colusa  County.  Cal- 
ifornia, has  opened  an  engineering  office  at  611  Market  St..  Colusa, 
Calif.,  and  will  specialize  in  reclamation  and  irrigation  work.  As- 
sociated with  Mr.  Kaerth  is  George  H.  Meek,  who  has  been 
identified  with  various  reclamation  projects  in  the  Sacramento 
Valley. 

Anglin-Norcross,  Ltd.,  building  contractors.  Montreal,  Que.,  has 
bi'en  formed  by  the  amalgamation  of  Norcross  Brothers  Co.,  Wor- 
cester. Mass.,  and  Anglin's.  Ltd..  of  Montreal  and  Toronto.  The 
offlC'Ts  are  .7.  Penrose  Anglin.  B.Sc.,  president;  iir.  Henry  J.  Gross, 
late  of  Norcross  Brothers  Company,  vice-president,  and  Mr.  C.  D. 
Hartngton,  of  -Vnglin's  Ltd.,  managing  director. 

The  Kelvin  Engineering  Co.,  Inc.,  Gustavo  Lobo,  President,  E;i- 
gineer.s  and  Contractors.  32  Broadway.  New  York,  has  organized 
H  new  department  to  do  general  engineering'  and  contracting  work 
in  this  country  and  in  Latin  America.  This  department  -siill  be  in 
charge  of  Carlos  Lobo.  formerly  borough  engineer.  Department  of 
Water  Supply,  Gas  and  Electricity,  Borough  of  Brooklyn,  New  York. 

J.  J.  Long,  formerly  asisstant  professor  of  Civil  Engineering'  of 
the  University  of  Cincinnati,  has  been  promoted  to  be  professor 
]t  industrial  engineeiing.  Edgar  K.  Ruth,  who  was  a  captain  and 
chief  gas  officer  at  Fort  Sill,  has  returned  to  his  work  as  assistant 
I»rofe'ssor  of  civil  engineering.  Charles  S.  Carroll,  his  substitute, 
will  be  continued  permanently  as  assistant  professor  of  civil  en- 
gineering. 

Wilbur  M.  Wilson  has  been  appointed  associate  professor  of 
structural  eng'ineering  in  the  College  of  Engineering  at  the  U^ni- 
versity  of  Illinois.  Other  new  appointments  to  the  staff  include 
the  following;  Joseph  E.  Burgess,  associate  in  freehand  drawing, 
and  Chauncey  R.  McAulis,  instructor  in  architectural  engineer- 
ing, in  the  department  of  architecture;  Ernest  Langford,  Bernard 
Smith  and  Harry  S.  Donald,  instructors  in  general  engineering 
drawing. 

Allen  Pierce  Richmond,  .Tr..  has  been  appointed  assistant  pro- 
fessor of  civil  engineeiing  in  the  Thayer  School  of  Civil  Engineer- 
ing at  Dartmouth  College.  Mr.  Richmond  was  graduated  from 
Dartmouth  College  in  1914  and  from  the  Thayer  School  in  1915- 
During  the  next  two  years  hc^  was  with  the  Central  Aguirre  Co.  at 
."entral  .Aguirre.  Porto  Hico,  engaged  upon  g'eneral  engineering 
work  in  connection  with  a  sugar  plantation.  In  1017  he  enlisted  in 
the  army  and  was  commissioned  first  lieutenant.  Field  Artillery 
Peserve  Corps.  During  the  last  part  of  1.018  he  was  in  France. 
He  returned  recently  from  work  with  the  United  Fruit  Co.  in  Cubvi. 


News   Letter 

St.  Louis  Items 

Cnok  (it  StucVer  aj-e  -getting  along  nicely  with  their  street  paving- 
job  at  Harper,  Kan. ._ 

The  Walsh  Const.  Co.  have  150,000  yards  of  machine  and  team 
work  to  let  at  Union  City.  Ind. 

M.  Hayes  &  Sons  expect  to  (Inish  their  work  at  Jewett,  III.,  in  a 
few  days.    Will  have  a  20  team  and  machine  outfit  idle. 

Fruin  &  Conlon  Const.  Co.  were  awarded  the  contract  for  the 
new  St.  Louis  Coke  &  Chemical  Co.  plant  in  Edwardsville.  111. 

Dunn-McCarthy  Co.  has  finished  its  big  grading  lob  for  the 
General  Motors  Co.  here  on  Union  Aye.  and  Natural  Bridge  Road. 

Henry  Schweitzer  writes  us  from  Marion,  111.,  that  he  has  a  1% 
yard  steam  shovel.  15  teams,  wag'ons,  scrapers,  etc.,  idle  at  that 
point. 

Jerry  Connors  completed  his  contract  on  the  General  Motors  job 
here  last  week  and  is  working  some  of  liis  teams  by  the  day  on 
extra  work.  Has  shipped  a  part  of  his  outht  on  to  a  reservoir  jol^ 
at  Asblanci,  Ohio. 


We  are  in  receipt  of  a  notice  from  John  Marsch  stating  that 
the  officers  of  .John  Marsch.  John  Marsch,  Inc..  the  Wisconsin  & 
Michigan  11.  R.  Co.  and  the  Beaver  Iron  Co.  have  been  removed 
from  105  .S.  La  Salle  St.  to  1307  Wrightwood  Ave..  Chicago.  Their 
new  phone  number  is  Diversey  2G:i5. 

Capt.  A.  W.  Farney  entertained  a  number  of  Kansas  City  con- 
tractors on  his  farm  witli  a  barliecue  and  moving  picture  show 
last  week.  After  the  festivities  they  had  a  mock  trial  at  which 
J.  W.  McMurray  was  accu.sed  ol  taking  a  contract  at  too  low  a 
prlc^.  The  jury  found  McMurray  guilty  and  .sentenced  him  to  tcil 
a  funny  story  and  to  sing  a  song.  McMurray  told  the  funny  story 
all  right,  but  his  singing'  was  so  rank  that  the  judge  and  jury 
'•emitted  this  part  of  the  sentence  and  finished  the  singing  them- 
selves. 

P.  T.  Hannan  Co.,  who  have  the  general  contract  for  building 
an  extension  of  the  Ft.  Smith-Sabiaco  &  Rock  Island  R.  R.,  have 
sublet  their  work  to  the  following'  contraotor.s;  D.  H.  Duffey,  Buck 
Norfleet,  Tom  Cain,  W.  M.  Werden.  J.  J.  Parsons.  Daniels  & 
Rogers.  The  pile  driving  and  team  work  was  let  to  E.  V.  Suther- 
land, while  Trainer  &  Williams  are  going  to  do  the  concrete  work. 
I'^verytiiing  is  progressing'  nicely  on  this  line  under  the  able  man- 
agement of  Ben  Reynolds.  The  old  veteran  dirt  mover,  Tom 
Cain,  is  leading  all  the  team  outfits  in  the  amount  of  dirt  moved 
to  date  and  Tom  has  such  a  lead  now  that  it  will  be  very  hard 
lor  any  of  the  other  outfits  to  catch  up  with  him.  Track  laying 
started  on  the  work  last  week  and  the  P.  J.  Hannan  Co.  expect  to 
complete  the  work  wav  ahead  of  contract  time. 

A.  B.  KOENIG. 


Industrial  Notes 

The  Engineering  Advertiser's  Association  of  Chicago  has  been 
organist  d  I.iy  a  group  of  men  actively  engaged  in  the  production 
end  of  advertising  work,  including  H.  L.  Delander  of  the  Crane 
Company.  P.  A  Powers  of  the  Benjamin  Electric  Mfg.  Co..  Glenn 
H.  Eddv  of  the  Green  Engineering'  Co..  J.  J.  .4rnsfleld  of  Fair- 
banks. Morse  &  Co.,  and  .Albert  H.  Hopkins  of  the  C.  F.  Peace  Co. 
Membership  in  the  organization  is  limited  to  advertising  and  sales 
f  xeculives  of  concerns  engaged  in  the  manufacture  of  engineering 
jiroducts. 

The  Barber-Greene  Co.,  Aurora.  111.,  recently  began  work  on 
the  construction  of  a  ISOxPO  ft.  addition  to  their  factory.  This  is 
the  second  time  this  year  that  additions  have  proved  necessary  in 
keeping  up  with  orders.  The  new  building  will-~be  used  as  the 
assembly  department  and  will  be  modern  throughout.  Re-inl'orce'l 
concrete  with  continuous  sash  windows,  steel  trussed  roof,  railroad 
track  and  loading  platform  inside  walls  are  a  few  of  the  features 
incorporated  in  the  design.  The  Federal  Bridge  Co.  of  Waukesha. 
Wis.,  was  awarded  the  contract  for  the  steel  work  and  the  re- 
■nainder  is  being  handled  by  the  Barber-Greene  Co  itself.  It  is 
hoped  to  have  this  work   finished  within  60  to  90  days. 


Trade  Publications 


The  following  trade  publications  of  interest  to  engineers  and 
contractors  have  been  issued  recently: 

Pipe. — National  Tube  Co..  Pittsburgh.  Pa.  10  page  bulletin  de- 
scribing the  manufacture  of    "National  welding  scale  free  pipe." 

Building  Construction. — Blaw-Knox  Co..  Pittsburgh,  Pa.,  10  page 
catalog  illu.sl rating  and  explaining  the  equipment  used  and  the 
methods  employed  in  the  Blaw  .System  of  floor,  roof  and  column 
construction  in  reinforced  concrete. 

Unit  System  Steel  Buildings. — Milllken  Brothers  Mfg.  Co..  Inr.. 
Wnojworth  BIdg..  New  York  City.  14  page  catalog  describing  th'' 
standardized  truss  unit  system  buildings  designed  by  the  company. 
The  same  compan>  also  has  issued  a  32  page  catalog  containin,"; 
loundalion  plans,  erection  diagiams,  construction  details  and  di- 
rections for  erecting  the  buildings. 


Obituaries 

Thomas  McNally,  piesident  of  the  Monongahela  Construction 
Co.  ano  Thomas  McNallv  &  Son  Co..  died  suddenly  at  his  home. 
55.51  Hays  street.  East  End,  Pittsburgh.  Pa..  Aug.  24.  He  was 
born  in  Pittsburgh  Oct,  8.  l.'i5S.  He  began  his  business  life  as  a 
news)3oy  in  1864;  continuing  in  this  until  1S70.  when  he  began 
steamboating  from  Pittsburgh  to  New  Orleans,  working'  as  cabin 
boy,  deck  hand  and  lamp  trimmer,  until  1877,  when  he  quit  the 
river  and  went  to  work  as  a  laborer  on  the  construction  of  the 
Pittsburgh  &  Lake  Erie  R.  R.,  shortly  afterward  being  made  fore- 
man of  iMle  driving  and  trestle  gang.  He  went  into  the  sub-con- 
tracting busin.?ss  in  ISSl  and  constructed  the  present  B.  &  O.  R.  R. 
trestle  from  Federal  street  to  Woods  Run.  in  Pittsburgh.  In  ISS;! 
he  went  with  Booth  &  Flinn  on  general  contracting,  and  on  leav- 
ing them  in  1889  began  business  for  himself  and  has  executed  son-.e 
very  large  contracts,  amon.g  them  being:  Over  400  miles  of  street 
railways  in  Rochester,  N.  Y. ;  St.  Louis.  Mo.;  New  Orleans,  La.; 
ladianapqlis,  Ind..  and  Pittsburgh.  Pa.  Two  miles  of  double  track 
trestle.  Pittsburgh,  McKeesport  &  Y.  R.  R.  Piers  and  founda- 
tions for  McKeesport  suspension  bridge.  Seventh  street  bridge  and 
Thirtv-third  street  bridge,  Pittsburgh,  Pa.  Laid  and  placed  in  the 
streets  of  Pittsburgh  and  vicinity  75  miles  of  natural  gas  mains. 
Had  a  force  of  9,000  men  in  Johnstown,  Pa.,  after  the  flood,  clean- 
ing' up  streets,  pulling'  down  dangerous  buildings  and  leaving  the 
town  .so  that  business  people  could  erect  temporary  business 
houses.  Constructed  Beechwood  boulevard  from  Schenley  Park 
to  Highland  Park.  Constructed  the  Cumberland  branch  of  the 
Pennsylvania  R.  R.  from  Kennelworth  to  Chester,  W.  Va.  Con 
structed  the  Hazelton  yard  from  the  F.  &  L,  E.  R.  R.  Executed 
for  the  Montour  R.  R.  a  large  rock  cut  at  Coraopolis.  Pa.  Con- 
structed 400  coke  ovens  at  Footedale.  Pa.  Completed  150.000  yards 
of  heavy  rock  work,  leveling  up  property  for  the  Home-wood 
Cemetery.  Constructed  Schenley  Park  race  track.  Developed  the 
Vesta  Coal  Company  plant  at  California.  Pa.  .  Changed  line  and 
grade,  Pennsylvania  R.  R..  at  Pack  Saddle.  Pa.  Changed  line  and 
grade.  Big  Four  R.  R..  at  Danville.  Ind.  Constructed  Franklin  & 
Clearfield  R.  R  bridge  over  the  Allegheny  River  at  East  Sandy. 
Pa.  Chang'ed  line  and  grade  on  .Morgantown  &  Kingwood  R.  R. 
Constructc'd  and  changed  line  of  four  tracks  between  Ryde  and 
Vineyard  on  main  line,  55  miles  east  of  Altoona.  Pa.  Was  award- 
ed first  contract  on  New  York  aqueduct  amounting  to  approxi- 
mately $5,000,000.  Constructed  $2,000,000  worth  of  -n-ork  on  New 
York  barge  canal.  Constructed  two  bridges  for  P..  F.  W.  &  C.  R. 
R.  near  Mansfield,  O,  New  road  for  Pittsburgh  at  Tuberculosis 
Hospital.  Construction  of  Spencer  street.  Pittsburgh,  from  Lin- 
I  oln  avenue  to  Upland  street,  including  concrete  bridge.  He  was 
married  in  18S9  and  is  survived  by  his  widow,  one  daughter,  Mrs. 
Frank   Spuhl;r.  and  one  son.   Sellers  McNally. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Street! 


(c)    Street   Cleaning 

Id)   Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and   Sanl 

tatlon 

(e)    Management    and    Office 
System 


(c)  Irrigation   and   Drainage 

(d)  Power    and    Pumping 


Railways   and    Excavation — 3rd   Wednesday 

(a)  Excavation    and  (c)    Quarries  and   Pita 

Dredging  (d)    Railways,    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Office 
System 

Bf.ildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)    Harbor    Structures 

(b)  Brldgas  (d)    Miscellaneous  Structures 

(e)   Properties  of  Materials 
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Disarm  the  Strike-Toting  Railroad 
Brotherhoods 

The  first  quarter   of  this   century  will   be   noteworthy   be- 
cause  of   the   rapid    development   of   industrial,    commercial, 
.agricultural,  and  professional  associations.     We  are  living  in 
an  age  of  "organization  for  mutual  benetit."     At  the  present 
moment  we  are  witnessing  the  beginning  of  great  conflicts 
hetween  organized   classes   of   men.     For   example,   the   Cali- 
fornia Raisin   Growers'   Association,  having  raised  the   price 
of  raisins  several  hundred  per  cent,  is  being  attacked  by  the 
■California  Wholesale  Grocers'  Association,  on  the  charge  of 
profiteering.     If  there  were  such  a  body  as  the  Raisin  Eaters' 
Association,  it  would  probably  be  waging  war  against  both 
the  raisin  growers  and  the  raisin  wholesalers,  not  to  mention 
the  raisin  retailers.     As  a  matter  of  fact,  there  are  housewives- 
leagues,  of  one  sort  or  another  in  many  cities  and  they  prob- 
ably  are    the    forerun- 
ners  of  numerous   con- 
s  u  m  e  r  s'    associations 
that  will  spring  into  ex- 
istence  throughout   the  / 
country,    for     organiza- 
tion to  increase  profits 
leads  to  organization  to 
reduce  profits,  as  surely 
as  the  submarine  leads 
to  the  depth  bomb. 

An  age  of  "organiza- 
tions for  mutual  ben- 
efit" inevitably  ushers 
in  an  age  of  conflict, 
for  what  is  beneficial  to 
ona  class  of  men  as  a 
class  is  apt  to  be  injuri- 
out  to  other  classes. 
The  age  of  industrial 
conflict  has  already  be- 
gun.    It    will    not    end 


until  the  government  becomes  sufficiently  aroused  to  end  It. 
In  the  pioneer  days  of  this  country  every  man  was  a  "gun 
totcr,"  and  therefore  a  potential  duelist.  Base  murders,  gen- 
tlemanly duels,  and  "necktie  parties"  were  of  common  oc- 
currence in  every  community,  until  In  desperation  local  gov- 
ernments made  it  a  public  offense  to  carry  concealed 
weapons.  The  concealed  weapons  of  today  are  "the  strike 
and  "the  profiteering  price."  How  long  will  organizations  of 
workers  and  producers  be  allowed  to  carry  such  weapon.-)  of 
offense  and  defense? 

In  the  proposed  Cummins  bill  to  regulate  the  rallwayH.  we 
have  the  first  serious  attempt  to  disarm  one  of  the  greatest 
organizations  in  Amerlca-the  railroad  brotherhoods  A 
dozen  vears  ago  the  railways  themselves  were  disarmed  by 
the  law  that  gave  the  Interstate  Commerce  Commission  tbb 
power  to  regulate  railway  rates,  and  thus  prevent  proflteer- 
ng  bv  capitalists  in  the  railway  field.  At  that  time  we 
^      ■  pointed  out  that  the  ul- 

timate result  would  be 
the  control  of  railway 
wages  by  the  govern- 
ment and  the  prohibi- 
tion of  strikes.  The  pub- 
lic has  been  slow  to 
recognize  that  if  rail- 
way capitalists  are  to 
be  disarmed,  railway 
employes  must  al.so  be 
disarmed.  \\'hen  the 
profiteer  pistol  Is  taken 
from  the  capitalist,  the 
strike  pistol  should  be 
taken  from  his  em- 
ploye. This  should  be 
clear  enough  to  an  im- 
partial outsider,  but  It 
is  not  yet  evident  to  the 
union  workman.  The 
Coal  Miners'  Union  has 


28  Pages =40  pages 

The  28  pages  of  articles  in  F.ngineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest-easily  read,  yet 
givin?  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  f^ll  112  pages  of  the  standard 
6x9  in  text-book.  It  would  take  10  such  books  of  OW 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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just  denounced  the  Cummins'  bill  as  "the  most  pernicious 
piece  of  legislation  ever  proposed  in  Congress."  The  same 
sort  of  protest  rose  from  the  throats  of  thousands  of  "free 
Americans"  when  laws  against  carrying  concealed  weapons 
were  enacted.  "What  right  had  a  city  or  state  to  deprive  an 
American  of  his  only  means  of  self-defense,  his  trusty  six- 
shooter?"  The  answer  was:  Where  battles  between  indi- 
viduals or  groups  of  men  endanger  the  rest  of  the  public,  pub- 
lic welfare  demands  disarmament  on  the  part  of  all  except 
the  police. 


The  Absence  of  Protest   Against 
the  Appointment  of  a  Daily 
Paper  Editor  as  a  Super- 
intendent of  Pub- 
lic Works 

A  few  weeks  ago  James  E.  Doyle,  managing  editor  of  the 
Syracuse  Herald,  was  appointed  deputy  superintendent  of 
public  works  of  New  York  state.  Announcing  the  appoint- 
ment the  Associated  Press  dispatch  said:  "Mr.  Doyle  im- 
mediately qualified  for  the  position  by  taking  the  formal 
oath  of  office." 

Did  he?  Didn't  he  really  "qualify"  to  draw  the  salary  of 
$5,500  a  year,  rather  than  "qualify  for  the  position"?  By 
what  necromancy  can  an  editor  of  a  dally  paper  "imme- 
diately qualify"  for  any  position  involving  a  knowledge  of 
transportation   and   construction   economics? 

A  reader  of  Engineering  and  Contracting  also  asks  a  few 
questions: 

"Would  the  New  York  Central  R.  R.  Co.  appoint  a  man- 
aging editor  as  superintendent  of  one  of  their  operating  di- 
visions?" 

"Is   not   the   Barge   Canal   a   transportation   line?" 

"What  are  the  duties  of  a  superintendent  of  public  works?" 

"Is  the  $5,500  salary  the  answer  to  query  as  to  this  an- 
omalous appointment?" 

Yes,  the  salary  was  one  of  the  reasons;  but  the  underly- 
ing reason  is  public  ignorance  of  economic  matters.  If  the 
public  knew,  as  well  as  engineers  and  contractors  know,  the 
necessary  qualifications  of  an  efficient  superintendent  of  pub- 
lic works,  the  appointment  of  an  editor  would  be  so  severely 
condemned  in  editorials  in  the  daily  papers  that  the  ap^ 
pointing  official  would  lose  prestige  and  ultimately  lose  his 
position  if  he  did  not  listen  to  popular  protest.  But  not  a 
single  editorial  article  in  New  York  State  has  yet  been 
written  condemning  the  appointment  of  Mr.  Doyle  to  the 
public  position.  It  may  possibly  be  that  Mr.  Doyle  has  had 
some  experience  that  really  qualified  him  for  this  position. 
It  so,  why  is  the  public  not  informed  of  the  fact? 

The  writer  was  at  one  time  assistant  New  York  State  en- 
gineer, and  at  that  time  the  superintendent  of  public  works 
was  the  "political  boss"  of  Monroe  County.  Under  him  were 
scores  of  inspectors  of  the  construction  work  then  going  on 
along  the  Erie  Canal;  for  the  State  Engineer  did  not  have 
charge  of  the  inspection  of  the  work  done  by  contractors. 
The  result  was  lax  inspection,  from  which  followed  charges 
of  corruption  that  were  leveled  against  the  entirely  blame- 
less department  of  engineering.  But  the  engineering  force 
was  regarded  by  the  public  as  part  and  parcel  of  the  in- 
efficient department  of  public  works,  because  it  was  natural 
to  suppose  that  the  men  who  designed  the  canal  work  were 
also  in  charge  of  its  inspection.  That  experience  taught  the 
writer  that  engineers  should  always  resent  any  division  of 
authority  by  which  they  are  not  able  to  control  the  inspec- 
tion of  works  that  they  design.  Yet  that  vicious  condition 
of  affairs  exists  in  many  cities  where  "ward  heelers"  and 
other   incompetents   are   inspectors   of   public   works. 

Engineers  are  at  last  becoming  aroused  to  the  necessity 
of  educating  the  public  to  an  understanding  of  the  fact  that 
a  public  office  requiring  technical  experience  should  be  held 
only  by  technical  men.  In  conducting  the  campaign  of  edu- 
cation, engineering  societies  will  do  well  first  to  educate 
the  editors  of  the  daily  papers.  To  do  this,  something  more 
than  letter  writing  will  be  necessary.  Committees  of  engi- 
neers should  call  upon  editors  of  daily  papers  at  frequent 
intervals,  and  persuade  them  to  protest  against  unwise  ap- 
pointments. When  a  vacancy  exists  in  any  municipal  de- 
partment where  technical  training  is  needed,  editors  of  local 


papers  should  be  urged  to  write  editorials  that  will  influence 
the  mayor  or  other  appointing  official  to  select  a  technical 
man. 

In  all  large  cities,  and  in  many  small  ones,  there  are  so 
many  important  economic  problems  to  be  solved  by  the  Su- 
perintendent of  Public  Works,  the  Superintendent  of  Water 
Works,  and  the  Superintendent  of  Street  Cleaning,  that  such 
positions  should  be  filled  only  by  men  of  technical  qualifi- 
cations. It  is  not  difficult  to  prove  even  to  a  "layman"  that 
this  is  so,  but  it  Is  hard  to  get  an  audience  with  many  "lay- 
men" save  through  the  daily  papers.  Hence  the  wisdom  of 
converting  the  editors  of  daily  papers  to  belief  in  the  su- 
perior qualifications  of  technical  men  for  executive  positions 
of  the  character  above  named. 


Wily  President  Wilson  Named  No 

Engineer  as  a  Delegate  to  the 

Capital-Labor  Congress 

How  meagre  is  the  general  appreciation  of  the  economic 
importance  of  the  engineer  is  exceptionally  well  illustrated 
in  the  failure  of  President  Wilson  to  name  a  single  engi- 
neer as  a  delegate  to  the  capital-labor  conference  at  the 
White  House  this  week.  Several  dozen  men  from  all  walks 
of  life  will  be  there,  and  quite  properly  the  representatives 
of  labor  and  the  employers  of  labor  will  constitute  the  ma- 
jority. But  why  should  there  be  none  to  represent  the  pro- 
fession whose  especial  business  it  is  to  apply  science  in 
solving  the  problems  of  economic  production  and  distribu- 
tion? Why,  for  example,  was  Herbert  Hoover  not  asked  to 
be  present  at  this  great  economic  congress? 

Our  readers  will  recall  that  Engineering  and  Contract- 
ing was  the  first  to  suggest  such  an  economic  congress  as 
is  now  about  to  take  place.  In  an  editorial  entitled  "Sug- 
gested Economic  Congress  of  Workers  and  Capitalists  of  All 
Classes,"  Aug.  20,  1919,  we  said  in  part: 

"Warren  S.  Stone  and  thousands  of  other  labor  leaders  are 
prejudiced  by  their  class  consciousness  to  a  degree  that 
they  do  not  realize.  But  while  their  prejudice  leads  them 
to  avoid  reading  books  and  articles  that  would  modify  their 
views,  we  believe  they  are  not  so  stubborn  as  to  refuse  to 
listen  to  tacts  were  the  facts  presented  by  sincere  men  who 
advocate  the  capitalistic  system. 

"Inventors,  engineers,  managers,  business  men,  bankers 
and  all  the  vast  host  of  mental  workers  should,  somehow  or 
other,  present  their  experience  and  conclusions  to  the 
greater  host  of  manual  workers. 

"Perhaps  there  should  be  an  economic  congress  of  all 
classes  of  men  in  America,  each  class  represented  by  several 
delegates.  At  the  sessions  of  this  economic  congress  every 
class  would  have  a  chance  to  be  heard,  and  a  chance  to 
question  the  representatives  of  other  classes.  For  the  first 
time  in  history,  every  class  of  worker,  manual  and  mental, 
would  be  able  to  listen  to  every  other  class,  to  hear  his 
facts  and  his  inferences  from  them,  to  listen  to  his  aspira- 
tions and  his  proposals  for  attaining  them. 

"It  may  be  said  that  our  two  houses  of  Congress  already 
give  ample  opportunity  for  such  a  conclave  of  classes.  Un- 
fortunately, however,  our  legislative  representatives  are 
mainly  professional  talkers,  as  is  evident  from  the  fact  that 
most  of  them  are  lawyers.  Talk  from  professional  talkers 
we  have  had  in  abundance,  but  talk  from  the  doers  has  been 
largely  confined  to  their  own  cii'cles.  What  is  needed  is 
talk  from  every  class  of  doer  to  every  other  class.  Let  Mr. 
Stone,  the  unionist,  .for  example,  tell  why  he  Believes  that 
profits  and  wages  are  inimical.  Then  let  him  hear  Mr.  Van- 
derlip,  the  banker,  tell  why  and  how  the  capitalistic  system 
in  America  has  made  it  possible  for  manual  workers  in  this 
country  to  earn  several  fold  as  great  wages  as  in  Europe. 
Let  Mr.  Edison,  inventor  and  capitalist  combined,  tell  what 
inventors  backed  by  capitalists  have  already  accomplished, 
and  give  his  forecast  of  what  will  be  accomplished  in  the 
next  fifty  years  under  the  capitalistic  system." 

Copies  of  that  editorial  were  sent  to  the  metropolitan 
dailies,  and  similar  editorials  then  began  to  appear.  The 
President's  call  for  the  capital-labor  conference  on  Oct.  6 
followed  shortly  thereafter.  Perhaps  this  was  merely  a  co- 
incidence, but  it  seems  probable  that  an  editorial  written  by 
an  engineer  was  the  direct  cause  of  this  economic  congress 
in  which  no  engineer  will  have  a  voice. 
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In  this  connection  we  are  glad  to  note  that  the  American 
Association  of  Engineers  has  just  issued  a  "Call  to  Unity  of 
the  Profession,"  published  in  another  column,  which  should 
be  read  by  every  technical  man.  We  quote  one  paragraph 
apropos  of  the  capital-labor  congress. 

"The  engineering  profession  today  faces  the  danger  of 
being  submerged  in  the  controversy  between  capital  and 
labor.  In  its  position  between  capital  and  labor  the  pro- 
fession should  be  represented  as  a.  matter  of  course  at  the 
White  House  Conference  in  October.  Any  invitation  that 
may  be  received  will  come,  however,  only  on  request,  and 
the  engineer  who  attends  will  be  regarded  only  as  an  on- 
looker. We  can  have  a  voice  and  be  heard  only  by  present- 
ing a  united  front." 


New    Jersey  Sets  Another   Good 

Example  by  Paving  Village 

Streets  on  State  Highways 

It  would  be  well  were  all  States  to  follow  the  example  of 
New  Jersey,  which  has  recently  undertaken  to  pave  State 
roads  within  the  limits  of  cities  having  a  population  of  less 
than  12,000.  Hitherto  there  have  been  many  gaps  in  the 
pavement  of  main  highways  because  small  towns  have  fre- 
quently been  negligent  in  paving  the  highways  that  pass 
through  them.  Towns  in  New  Jersey  have  been  no  worse 
than  those  in  other  States  in  this  respect. 

Small  towns  have  not  been  the  sole  offenders.  There  are 
scores  of  cities  of  more  than  12,000  population  that  have 
allowed  paved  country  roads  to  terminate  in  unpaved  city 
streets.  New  Jersey  proposes  to  enter  into  agreements  with 
the  larger  cities  whereby  the  State  and  the  cities  will  share 
the  cost  of  paving  main  highways  within  city  limits. 


Sacks  of  Cement  for  Concrete 
Mixes 

To  the  Editor:  In  your  issue  of  Sept.  3,  page  277,  you 
give  a  table  of  the  number  of  sacks  of  cement  required  for 
different  concrete  mixes. 

My  own  method  is  to  add  together  the  figures  giving  the 
mix  and  divide  40  by  the  sum;  the  quotient  is  the  required 
number  of  sacks. 

As  an  example,  take  a  1:3:6  mix.  The  sum  is  10;  40  di- 
vided by  10  is  4,  the  required  number  of  sacks. 

The  reason  of  course  is  that  for  33  per  cent  voids  the  cubic 
yard  contains  40  cu.  ft.  instead  of  27. 

In  practice  it  gives  a  method  of  telling  the  contractor  how 
many  sacks  to  haul  to  each  job  without  "looking  in  the  book" 
and  usually  without  a  pencil. 

J.   A.'  MORROW, 

Holbrook,  Ariz.  County  Engineer. 


Cost  Plus  Contracts 

To  the  Editor:  In  your  issue  of  Sept.  17,  .Mr.  G.  H.  Hailey 
states  that,  in  my  letter  which  you  published  on  July  2,  I  did 
not  include  in  my  list  of  different  forms  of  contracts  one  which 
he  terms  "cost-plus-unit-profit"  and  which  he  claims  to  be 
superior  to  the  method  I  proposed.  In  reply  I  would  state 
that  his  method  is  only  a  very  slight  modification  of  that 
of  "cost-plus-a-lump-sum,"  and  has  all  the  serious  objections 
which  are  inherent  to  tliat  method.  However,  I  readily  con- 
cede that  it  is  the  best  of  all  the  straight  cost-plus  methods, 
although  not  as  good  as  many  of  the  modified  ones.  He  does 
not  have  anything  in  his  form  of  contract  that  will  prevent 
the  total  cost  from  running  to  outrageous  limits  or  that  will 
discourage  the  workmen  from  "soldiering"  on  the  job.  All 
that  the  contractor  loses  by  loafing  is  his  personal  time  and 
the  use  of  his  plant,  which  might  be  employed  profitably  on 
other  work. 

Mr.  Hailey  makes  a-  point  of  the  trouble  involved  in  estimat- 
ing the  quantities  of  all  the  materials  needed  in  order  to  ar- 
rive at  a  "proper  lump  sum."  Such  estimating  is  one  of 
the  duties  of  the  engineer  who  prepares  the  plans  and  specifi- 
cations; and  it  is  never  omitted  in  first-class  engineering. 
Moreover,  the  contractor  is  very  sagkim  paid  by  an  unmodi- 
fied lump-sum;  for  the  said  sum  l^iearly  always  adjusted 
to  suit  the  final  quantities— at  any  rate  it  has  to  be  in  the 
method  which  I  proposed. 


In  spite  of  Mr.  Hailey's  seven  claimB  for  the  "cost  plus- 
umt-pront"  method,  it  does  not  protect  the  owner  It  doob 
protect  the  contractor,  and  it  reduces  the  labor  of  doluB  tlie 
engmeermg  work— but  is  the  owner  interested  very  greatly  In 
limiting  the  amount  of  work  which  his  engineer  has  to  do 
when  such  limitation  is  obtained  by  failiuK  to  safeguard  the 
said  owner  against  an  unlimited  cost?  There  is  truth  In  Mr 
Hailey's  seventh  claim,  viz.,  that  his  method  Is  adaptable  to 
war-work,  but  we  are  now  dealing  with  peace  conditions. 
Surely  all  sensible  men  will  agree  that  the  extravagant 
methods  employed  in  war  times  are  not  applicable  to  work 
in  peace  times!  Again,  the  letting  of  work  without  full  pre- 
liminary Investigation  should  be  discouraged  as  touch  as 
possible;  for  it  adds  to  the  cost  of  the  construction,  and,  In 
stead  of  saving  time,  it  nearly  always  increases  the  amount 
required  for  completion. 

Mr.  Hailey's  modification  of  the  ordinary  "cost-plus- 
method  tends  to  cut  out  competition,  and  favors  a  selected 
few  of  the  larger  and  more  experienced  contractors,  render- 
ing it  difficult  for  the  smaller  and  less  experienced  ones  to 
secure  any  work  except  through  some  other  method  of  let- 
ting. Again,  his  claim  that  it  requires  the  minimum  of  labor 
in  cost  keeping  is  incorrect,  because  it  would  necessitate  just 
as  full  and  accurate  a  record  of  all  costs  as  would  any  of 
the  other  "cost-plus"  methods  or  modifications  thereof,  or 
as  would  my  proposed  ideal  method. 

Mr.  Hailey  states,  "It  would  be  well  worth  while  for  the 
American  Society  of  Civil  Engineers  to  go  into  the  question 
of  contract  forms  with  the  view  of  using  its  prestige  to  urge 
the  universal  adoption  of  a  standard  form,  keeping  in  mind 
its  adaptability  to  all  kinds  of  work,  including  emergency 
construction,  for  that  was  the  cause  of  so  much  recent  public 
work  being  let  on  the  cost-plus-percentage  basis."  Mr.  Hailey 
is  perfectly  right  in  this  statement,  but  on  Sept.  3  the  A.  S. 
C.  E.  at  its  regular  meeting  turned  down  a  motion  to  that 
effect  proposed  by  Dr.  T.  Kennard  Thomson  and  seconded 
by  myself.  As  usual,  when  there  arises  an  opportunity  to  do 
something  worth  while  instead  of  merely  talking  about  It. 
the  society  "passed  the  buck."  Unfortunately,  this  "passing 
of  the  buck"  is  very  common  amongst  technical  organiza- 
tions; and  it  constitutes  one  of  the  principal  reasons  why 
the  engineering  profession  has  failed  to  attain  to  Its  posslblli 
ties.  To  do  away  with  it  and  its  baneful  influence  was  one 
of  the  principal  objects  in  the  long-continued  endeavor  to 
establish  an  .American  Academy  of  Engineers— a  movement 
which  is  by  no  means  dead  but  merely  lying  dormant  awal'- 
ing  the  psychological  time  for  its  renewal. 

T     A.   L.   WADDELL. 
Kansas  City,  Mo.  (  onsultlng  Engineer. 

"Users  Tax"  for  Road  Maintenance 

To  the  Editor:  In  your  issue  of  Aug.  6,  1919,  appears  a 
letter  from  Mr.  C.  A.  Mullen,  Director  of  Paving  Department 
of  the  .Milton  Hersey  Co.,  suggesting  that  a  tax  be  placed 
on  gasoline  used  by  motor  vehicles  to  compensate  for  the 
"destructive  use  of  the  road  by  the  owner  of  the  vehicle." 
This  matter  was  discussed  by  the  writer  In  an  article  ap- 
pearing in  your  .4pril  2  issue,  p.  331. 

There  would  be  difficulty  in  applying  the  gasoline  tax.  duo 
to  the  multiplicity  of  uses  of  gasoline,  and  the  fact  that  oth(?r 
fuels,  such  as  kerosene  and  alcohol,  may  be  used.  The  writer 
proposed  a  "users'  tax"  and  suggested  a  tentative  formula. 

It  would  be  necessary  to  provide  each  vehicle  with  a  speed- 
ometer under  seal,  which  would  be  set  and  read  at  certain 
intervals  by  the  proper  officials.  It  is  customar>-  to  pay  for 
use  of  water,  electricity  and  gas  as  measured  by  meter 
(under  seal)  and  read  periodically.  In  addition  it  is  cus- 
tomary to  charge  a  minimum  or  fixed  charge  to  cover  neces- 
sary cost  of  inspection,  etc.  This  charge  corresponds  to  the 
registration  fee.  which  was  discussed  in  the  writer's  article 
and  which  fee  is  now  in  general  use.  All  utilities  of  public 
character  should  charge  equitably  and  this  can  only  be  done 
where  use  of  such  utility  or  its  product.  Is  measured. 

This  idea  of  charging  in  proportion  to  use  is  being  ap- 
plied to  street  railway  service  by  the  so-called  "zonine  "  ^v.s- 
tem.  There  seems  to  be  no  valid  reason  why  the  (; 
ment,  which  furnishes  and  maintains  the  road  for  ■•  ■ 
use,  should  not  charge  for  the  service  it  offers.  The  funds 
so  derived  would  be  used  for  maintenance  and  partly  to  pay 
for  new  construction  or  reconstruction. 

With  reference  to  the  formula  (Formula  9.  p.  331.  April  2, 
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1919),  It  should  be  noted  that  an  attempt  was  made  to  give  XhP    Frotiomir    Timit     tO    MotOF 

weight  to  the  destructive  character  of  the  power  and  load-  -•-  A**^    E/CUllUilll*^    J^llllll     HJ    iTX^Jlv^i. 

ing  of  the  vehicle.     In  fixing  the   exemption  of  5,000  miles  Tmck  Wei^htS 

per  year  it  appears  that  only  the  regular  or  steady  users  of  ^ 

the   road  would   be   affected.     They   should   view   the   tax   as  'A   coiuipmition   of  an  article  with   the   above  title   published   in 

fully  warranted  since  the  upkeep  and  extension  of  the  road  Ensin.  i-ring  and   Contractingr,  January  i,   Wi9.) 

is  literally  the  "foundation"  of  their  business.    The  effect  of  By  ROBERT  C.  BARNETT. 

speed  is  a  matter  of  regulation  and  of  course  is  not  repre-  Economic  Engineer.  Kansas  Citv,  Mo. 

sented  in  the  formula.    The  writer  does  not  claim  the  formula  ^^   ^^^    previous   article   attention   was   called   to   the   four 

to  be  correct  or  of  universal  application;  but  it  is  representa-  .^^.^^^.^^   .^   attacking  the   problem.     The   first  two  of 

five  of  the  Idea  that  the  user  should  pay  in  proportion  to  his  ^^^^  discussed  and  the  conclusion  was  reached 

use  and  abuse  (?)  of  the  road.     A  niore  satisfactory  formula  .^  ^^^^^  ^^  ^^.^.^^  ^^  ^  ^          ^  ^^^.^  j^,.  determining  the 

for  a  given  locality  can  be  derived  by  considering  the  ratios  economic   limit   it   would   be   necessary   to   know   the   quanti- 

of  wear,  cost  of  administration,  amount  of  funds  ^^eded,  etc.  ^^^.^.^  ^^^^^.^^^  i,eUyeen  the  wheel  load  and  each  one  of  the 

„     .           „        ,     ..     ii    J.   i<ixii    K,  twenty-one  items  making  up  the  cost  of  transportation.     The 

Paving  Engineer  Board  ot  Local  Improvements.  .letermination   of  these   twenty-one   relations   constitutes   the 

Chicago,  111.                            third  step  in  the  program  for  procedure. 

Policy  of  New  Transportation   Bureau  of  Federal   Highway  The  purpose  of  this  article  is  to  set  forth  such  data  as  the 

Council. — The   following    policy   has   been   adopted   as   repre-  writer   now   possesses,   hearing   upon   these   sought   for   rela- 

senting    the    aims    and    objects    of   the    recently    established  tions,   and   to   derive   therefrom   definite  expressions   for  the 

transportation  bureau  of  the  Federal  Highway  Council:  functions.     There   is   yet  needed   a   large   amount  of  experi- 

To   assist    in   co-ordinating    the    highways    with   the   other  mental    work,    observation,    and    compilation    of    existing   in- 

transportatlon  agencies  of  the  country;   to  encourage  the  de-  formation  before  the  final   setting  can  be  given  these  func- 

velopment  of  highways  that  will  advance  the  economic  life  tions.    However,  this  discussion  will  serve  to  emphasize  our 

of  the  nation;    stimulate  their  use   in   such  a  manner  as  to  present  deficiencies  and  to  better  crystalize  our  ideas, 

facilitate  and   cheapen   the   transportation   ot   food,   raw   ma-  pgj.  jjjg  convenience  of  the  reader,  these  sought  for  rela- 

terials  and  finished  products,  and  to  co-operate  with  Govern-  tions  are  again  tabulated  as  follows: 

ment  agencies,  both  state  and  national,  to  the  end  that  our  Symbol 

highways  may  be  of  maximum  service  in  the  transportation  i.    an.vuai,  COST  op  ROADBED:                                  C, 

system   of  the  country.     In  announcing  this  platform  it  will  l.     Relation  between  wheel  load  and   interest 

be  the  aim  of  the  Transportation  Bureau  to  seek:     To  recog-  charge   on   cost   of   paving,   bridges   and 

nlze  the  problems  of  the  road  builder.     To  realize  the  needs  culverts ij 

,^,           V,                   ^         .        ..        .    ,          1,.,,            t„   „ 4.   2.     Annual  maintenance  charg'e  on  same Mr 

of  the  road  user.     To  visualize  future  highway  transport  le-  ^     ^^^_^^^,  ^^^^  ^^  administration  Ar 

quirements.     To    co-operate    with    the    railroads    and    water-  ^     Annual  cost  of  amortization  B, 

ways  to  the  end  that  the  public  may  have  in  full  that  form  ^^      \xni'AL,  cost  OF  POWER:                                      Cp 

of    transportation    which    is    most    efficient,    economical    and  '  'j^    interest  charge  on  power  plant Tp 

practical.      To    study    the    problems    attending    the    entrance  ^     License  and  taxes Lrp 

of   the   motor  truck   into   our   commercial   lite   in   order   that  3.    insurance    Ep 

we  may  assist  the  industry  which  is   industrially  great   and  4.    Administration  Ap 

financially    strong,    in    its    efforts    to    be    economically    right.  3.    Cost  of  garaging  per  annum Jp 

To  promote   uniform   legislation   and   encourage   every  move-  •>•    Co.st  of  gasoline  per  annum G 

ment  for  the   safety  of   life  and   limb   on   the  highway.     To  ■■    'l''^' °\  ""■  ^''''^' .^''^  ^''^[\l'' ^"IZZ'   '       ? 

,  ,.   ,                   „          4                            ,.                I,  S.     Annual  salaries  paid  drivers  and  helpers...        Sp 

encourage   the   establishment  of  motor  express   lines,   where  ^     ^^^^^,  ^^^^  ^^  maintenance  of  power  plant      Mp 

such  lines  will  insure  a  fair  return  to  the  investor  and  serve  j„     _^nnual  cost  of  amortization  ®f  power  plant      Bp 

a  useful  purpose  in  the  community.     To  gather  such  infor-  „        ,„„                                   „         ■ 

mation  and  statistics  as  will  be  of  value  to  those  interested  "I-    -^^;NUAL  COST  OF  VEHICLES:                                 Cp 

1      Intor^st  cna.rgs i-^ 

in    determining    the    economic    field    for    highway    transport,  ,■    Ljcgnsp  and  taxes Lv 

and   act   as   a   clearing   house    for   the   dissemination    of   the  7    insurance   Ev 

same.  4.     Administration    Av 

5.     Cost  of  garaging  per  annum Jv 

Advantages  of  Rural   Motor  Express. — The  more  important  g     Cost  of  maintenance  Mv 

advantages  resulting   from   a  wide   extension   of  rural   motor  7,    Cost  of  amortization  Br 

express  routes  are  summarized  as  follows  in  a  recent  report  ^p^^g    phase    of    the    problem    now    to"  be    presented    is,    in 

of  the  Reconstruction  Commission  of  the  Highways  Transport  general  terms,   that  of  finding  for  a  specific  roadway  and  a 

Committee  of  New  York:  gi^en  annual  ton-mileage  a  set  of  trucks,  each  of  a  certain 

1.  Giving   a    market   outlet    to    food    supplies   hitherto    un-  capacity    and    therefore,    wheel   load,    such    that   a   minimum 

available  because  of  the  distance  between  producer  and  the  ^^^^^  ^^gt  of  transportation  will  result.    For  this  purpose,   it 

market    and    lack    of    transportation.     2.  Transportation    of  .^^.^j   j,e   convenient    to     consider    that    the    annual   cost   of 

produce  to  the  consumer  more  quickly  and  in  better  condl-  vehicles   is   merged   with   the   annual   cost   of   power;    for   in 

tlon  than  is  possible  under  present  methods.     3.  Maintaining  ^.j^-g  ^^^g  the  vehicle  and  power  plant  form  a  unit.     For  con- 

of  men  and  horses  on  the  farms  who  now  spend  a  great  part  yenience,    this    combined    cost   will   be   termed    Annual   Cost 

of  their  time  driving  to  market.     4.  Elimination  of  unneces-  ^^  Operation. 

sary   handling   and    special   packing   of   produce   involved   in  ^  concise  statement  of  the  problem  then  becomes: 

shipping   by   rail.     5.  Establishment   of   more   direct   connec-  Total  Annual  Cost            C:i 

tions    between    farmer    and    market.     6.  Encouragement    of  q^^^^          ton-mile        = ^  

diversity  in  farming,  as  a  result  of  widening  the  marketing  ^rp^  ^^  made  a  minimum)         Annual  Ton-mileage          mT» 

areas.     7.  Substituting    tor    the    disinterested    impersonality  where  T„  =  annual  tonnage  transported,  a  constant 

and  limited  liability  of  railroad  shipping  on  short  hauls,  an  ^^  __  .j^.eighted   average  of  mileage  per  ton, 

agency  that  personally  collects  and  delivers  produce,  perform-  ^^^^j         ^^  =  Cr  -f  Cp,  a  variable  depending  on  the 

ing  marketing  as  well  as  transportation  functions.    8.  Serving  capacity  of  the  truck. 

as  a  feeder  to  the  railroad^^djvatei^ransportation  lines.  Therefore,   since   the   annual   ton-mileage   is   to   be  a   fixed 

Expenditures   for   Federal    Aid    Road    Construction.— There  amount,   the  lowest   unit   cost   must  be   obtained   by  making 

had  been  expended  from  the  Federal  Aid  funds  in  the  hands  Cn   a   minimum   through   the   proper  selection  of  the   size   of 

of   the   Government   up   to   July,   1919,   $3,573,937;    there   was  truck.    In  order  to  do  this,  it  is  necessary  to  know   how   Cr 

available  on  that  date  $80,000,000,  which  would  make  an  un-  and  Cp  are  related  to  truck  capacity, 

expended  balance  of  $76,426,062.     There  will  be  an  additional  But  as  Cr  =  Ir  +  Mr  +  Ar  +  Br,  and 

amount   available   for  the   fiscal   year   ending   July,   1920,   of  Cp  =  Ip  +  Lp  +  Ep  -f-  Ap  +Jp  -f-  G  -4-  Q  -f  Sp  +  Mp  +  Bp, 

$95,000,000,  making  a  total  of  $171,426,062  available  for  road  we  must  determine  how  each  one  of  these  fourteen  factors  is 

work  this  season  and   the  early  part  of  next  year.     At  the  related   to  truck  capacity.    To  facilitate  the  subsequent  dis- 

present  rate  of  construction  the  larger  part  of  this  amount  cussion  of  these  functions,  our  system  of  nomenclature  will 

will  be  unexpended  at  the  end  of  the  fiscal  year  1920.  be  extended  to  include  the  following: 
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maintenance   of   pavi 


Let  a  :^  586%  I  w  c  b,  a  constant. 

b  =   constant  in  equation  for  thickness  of  pavement 
c  =   constant  in  equation  for  tliicl<ness  of  pavement 
d  =   thickness  of  pavement  in  inches, 
e  r-=  constant  in  equation  for  cost  of  truck. 
f    -    constant  in  equation  for  amortization  of  roadwav 
f  -  constant  in  equation  for  amortization   of  equipnient 
g-  ---   ronstant  in  equation  for  cost   of   administration    of   road- 
way. 

h  =:  time  in  hours  required  to  make  one  round  trip 
i  =  rate  of  interest  expres.sod  as  a  decimal, 
j  =    constant  in  tax  equation. 
k   =    constant    in    equation    for   cost    of 

ment. 

1  =  length  of  roadway  in  miles, 
m  :=  weighted  average  of  mileage  per  ton. 
n  =    constant  in  insurance   equation, 
p  =    constant  in  administration   equation. 
Pc=    cost  of  pavement   per  square  yard, 
q  ^  constant  in   equation  for  cost  of  garaging, 
r  =    constant  in  equation  for  cost  of  gasoline, 
s  =  salary  per  annum  paid  one  driver. 

t   =    number  of  round  trips  per  annum  made  by  one  truck. 
u  =   constant  in  equation  for  cost  of  oil,  grease  and  waste. 
V  =  constant  in  equation  for  cost  of  maintenance   and    equip- 
ment. 
w  ^   width   of  roidway  in  feet. 
X  =    life  of  pavement  in  years. 
y  =   life  of  truck  in  years. 
z  =  unit  tractive  resistance   stated  as  a  decimal  of  a   pound 

per  pound  of  load. 
A  =  amount  of  abrasion  oi-  wear  due  to  one   passagv-  of   the 
load  stated  as  a  decimal  part  of  the  original  pavement. 
B  =n    constant  in   equation   for  wear  of  pavement. 
Ct=T  cost  of  a  truck  in  dollars. 

D  =    distance  in  miles  which  a  truck  will  travel  in  one  yeai-. 
E<s=  cost  of  entire  equipment. 
G'=    cost  of  gasoline  for  one  truck  per  annum. 
H  =:  total  workin.g  hours  in  the  year. 
K  —   capacity  of  one  truck  in  tons. 
N  =^  number  of  motor  trucks  forming  the  equipment. 
P  —   number  of  wheels  passing  over  pavement  per  annum. 
Pc=   cost  of  entire  pavement. 
Q  =  annual  cost  of  oil,  grease  and  waste. 
R  —    number  of  repetitions  of  wheel  load. 
S  =^   speed  of  truck  in  miles  per  hour. 
Sp=r   surface  of  pavement  in  square*  yards. 
TJ  =:  annual  wear  of  pavement  due  to  wheel  load,  stated  as  a 

decimal  part  of  original  pavement. 
V  =:  work   done   per   annum  by  one  truck   measured   in   foot- 
pounds. 
W  rr    wheel  load  in  jjounds. 

There  are  five  fundamental  relations  which  govern  the 
forms  of  the  functions  sought.  These  will  be  considered 
briefly  before  proceeding  with  the  main  discussion.  These 
five  relations  concern; 

1.  Thickness  of  pavement  and  weight  of  truck. 

2.  Wear   on   pavement  and   weight   of   truck. 

3.  Weight  of  truck  and  its  capacity. 

4.  Cost  of  truck  and  its  capacity. 

5.  Number  of  trucks  required  and  capacity. 

The  accompanying  diagrams  show  graphically  the  forms 
of  some  of  these  functions  as  at  present  determined  by  the 
writer.  The  basic  information  for  such  determination  is  now 
set  forth  as  briefly  as  is  consistent  with  the  purpose  of  this 
paper.  A  more  extended  discussion  of  them  may  be  under- 
taken  later. 

Relation  between  thickness  of  pavement  and  weight  of 
truck. — There  are  two  cases  to  be  considered:  Case  1: 
Pavement  composed  of  aggregate  and  binder,  in  which  the 
chief  resistance  to  displacement  is  due  to  friction  of  the 
particles  upon  each  other,  rather  than  to  tensile  stresses  set 
up  by  deformation.  Gravel,  waterbound  and  bituminous 
macadam  pavements  are  e.xamples  of  this  class.  Owing  to 
the  deformation  of  the  rubber  tire  under  its  load,  the  wheel 
load  may  be  considered  as  being  distributed  ever  a  small 
approximately  circular  area  at  the  top  surface  of  the  pave- 
ment. The  frictiop  among  the  particles  and  the  cementing 
effect  of  the  binder  causes  a  distribution  of  the  load  over  an 
increasing  area  as  it  is  transferred  downward  to  the  sub- 
grade.  Experiments  indicate  that  the  greatest  intensity  of 
pressure  is  directly  beneath  the  load  and  that  this  intensity 
diminishes  for  regions  removed  from  the  point  of  application 
of  the  load.  As  yet,  the  law  of  variation  is  not  completely 
determined.  For  the  present,  the  Intensity  of  pressure  will 
be  considered  uniform  over  the  load  area  at  the  base  of  the 


.■■  '  r-. — f     Ri= 


pavement.     The  dimensions  of  this  area  will  be  based  on  the 
followiMR  consideration: 
'^■t  r,=   riiUluB  of  upper  load  arra. 
=   radlUH  of  lowtr  load  area. 
thlcknc88  of  pavement. 

_j — i :^j_  a  =  anslc  of  "dlmrlbutlon"  of  loixl 

I L-L B       I  W   -    wheel   load. 

'                     Then  R,  =  r,  +  dtano 
i^oad  area  at  base  of  pavement  =  tR,'  =  w(r.    f  dlatxaf 
The  intensity  of  pressure  must  not  exceed   the  allowable 
bearing  capacity  of  the   subgrade   material. 
Ket   this   be   represented   by   P.,  then 
Load                     W 
P.  = = 


irR= 
Solving  for  d,  we  have: 


Tfr,  +  dtanaj 


d  =  cot  oc  \^  _  r,  cot  a 
If  o:  be  taken  at  45°,  as  is  frequently  done,  then 


/W 


Case  II:  Slab  type  of  pavement:  In  thi.s  type  of  pavement. 
there  is  sufficient  tensile  strength  of  the  material  to  resist 
bending,  hence,  the  tendency  will  be  to  distribute  the  load 
over  a  larger  area  than  in  the  first  case.  This  bending  of 
the  slab  will  give  rise  to  a  varying  Intensity  of  proHsure. 
or  reaction.  This  reaction  at  any  point  in  the  loaded  area  at 
base  of  slab  will  be  proportional  to  the  depression  of  the  sub- 
grade  at  that  point.  Without  attempting  at  this  time,  a 
complete  analysis  of  the  system  of  actions  and  reactions  set 
up,  we  may  note  the  few  obvious  and  elementary  principles 
involved.  The  total  reaction  must  of  course  equal  the  wheel 
load.  The  greatest  deflection  of  the  slab  will  be  under  the 
load  and  must  not  be  sufficient  to  overstress  the  material 
forming  the  slab.  The  resistance  offered  by  the  .«Iab  to 
bending  is  proportional  to  its  moment  of  resistance  at  any 
section,  which  in  turn  varies  as  the  square  of  the  thickness 
of  the  slab.  The  greater  the  wheel  load,  the  greater  the 
bending  moment  and,  because  the  moment  of  resistance  at 
the  critical  section  must  equal  the  bending  moment,  the 
greater  must  be  the  thickness  of  the  slab,  hence,   we  draw 

a, 
the  conclusion  that  Mn  =  a,W  =:  .Mit  =  c,d'.  or  d'  =    -  W. 

c, 


and 


.  =  V^W 


It  may  be  noted  here  that  the  progress  report  of  the 
special  committee  of  the  American  Society  of  Civil  Engi- 
neers, published  in  the  191S  Transactions,  contains  the  basis 
for  determining  the  stresses  in  an  elastic  structure  sup- 
ported continuously  on  an  earth  subgrade.  The  equation 
there  given  for  the  curve  formed  by  the  depression  of  the 
elastic  track  can  be  adapted  to  fit  the  depression  of  a  slab 
of  road  pavement.  A  discussion  of  this  detail  is  reserved 
for  a  later  paper. 

The  form  of  this  function  Is  very  similar  to  that  derived 
for  Case  I  and  can  be  made  more  so  by  decreasing  the  co- 


efficient 


of  « / and  dropping  r,.     From  this  we  cohcludc 

^     P. 


that  for  practical  purposes  d 


'     P.. 


As    shown    by    its    ISOl    report,    the    .MaB8achiis<ii>    iiitn 


way  Commission  adopted  the  formula,  d  = 


a.  <l  =  V  

^   4  P. 


Where  d  =  thickness  of  pavement   in  inches 
W  =  wheel  load  In  pounds 

P,  =  supporting  power  of  sub-grade  in  pounds  per 
sq.  in.    ■ 
We   will  therefore  adopt  for  the  present  the  formula 

d   =  bVW~ 
Then   b  would  depend  upon  bearing  capacity  of  soil.    No 
provision   is   yet  made   for  impact   which   would   bear   some 
relation  to  speed  of  truck. 

Relation     between     wear     of     pavement     and     weight     of 
truck. — The  wh'  :,  passing  over  the  pavement  causes 
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2. 
3. 

i. 
5. 
6. 

S. 

For 


an  abrasion  of  the  top  surface  or  a  displacement  of  its 
particles  and,  through  the  horizontal  shear  set  up  by  the 
reaction  of  the  tire  against  the  pavement,  a  tendency  to  dis- 
place the  entire  aggregate  along  horizontal  planes.  While 
there  is  a  woeful  lack  of  specific  and  precise  data  upon  the 
amount  of  this  wear  for  different  wheel  loads  and  different 
road  surfaces,  yet,  observation  will  bear  out  tlie  following 
conclusion: 

That  the  rate  of  wear  at  any  instant  is  a  function  of; 
1.     Wheel  load. 
Width  of  tire. 

Number  of  repetitions  of   loading  which   liave  preceded  the 
one    under    observation. 

Type  of  pavement. 
Type  of  tire. 

Resiliency  of  tire  and   liufl;er  springs. 
Speed  at  which  the  load  moves  across  the  pavement. 
Total   we'ar   of   pavement   up    to   the   instant    under    consid- 
eration. 

the  present,  we  are  concerned  only  with  the  wheel 
load,  the  number  of  repetitions  and  the  speed  of  the  vehicle, 
so  the  other  factors  will  be  considered  as  remaining  constant. 
If  the  surface  of  the  road  is  properly  maintained  so  that  no 
cumulative  deterioration  results,  the  rate  of  wear,  or  the 
amount  of  abrasion,  for  one  passage  of  the  load  varies  as 
the  wheel  load  and  as  the  square  of  its  velocity.     Letting 

A  •=  amount  of  wear,   or  abrasion,    caused   by  one  passage  of 
the    load    to    be   measured   as    a    percentage   of   original 
paveinent. 
"W  ^  wheel  load  in  pounds. 

S  =    speed  of  passing  load  in  miles  per  hour. 

R  -=    number  of  repetitions  of  loading  per  annum. 

U  :=  amount  of  annual  wear  measured  in  percentage  of  orig,-- 
inal  pavement. 

B  =:  constant  depending  upon  the   t>'pe  of  paveinent  and  kind 
of   tires. 

we  have 

A  —  BWS= 
and 

U  =  BRWS' 
The  repetitions  per  annum  will  depend  upon  tlie  number  of 
trucks  N  and  the  average  number  of  round  trips  t  per  truck 
per   annum,   or 

R  =  2Nt. 

T.,  2T„ 

It  is  later  shown  that  Nt  = so  R  = ,  therefore 

K  K 


U  = 


2BTa 


K 


WS-  which  is  the  relation  sought. 
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Truck  Capacity  in  Tons 

Fig.    1 — Weight    of    Truck    (Chassis    and    Body). 


Relation     between     weight    of    truck     and     its     capacity. — 

Graphs    plotted    from    manufacturers'    data    show    discordant 
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Truck  Capacdy  in  Tons 

Fig.  2— Wheel    Load 

(W   —  2000    K3/') 

results.  This  is  to  be  expected,  as  there  can  be  no  rigid 
relation  between  weight  and  load  capacity  unless  all  designs 
confront  to  one  set  of  standard  specifications.  Therefore, 
there  is  no  need  for  attempting  great  refinement  in  ex- 
pressing the  general  truth,  conveyed  by  Fig.  1,  that  the 
larger  capacity  trucks  have  less  weight  per  unit  of  capacity 
than  do  the  smaller  trucks.  The  full  line  shown  in  Fig.  1 
represents  a  probable  average  weight  for  different  sizes  of 
trucks.  As  this  curve  does  not  conform  to  any  simple  equa- 
tion, values  will  be  taken  direct  from  the  diagram. 

The  total  weight  carried  by  the  four  wheels  will  be  the 
weight  of  the  truck,  plus  its  capacity  load.  Two-thirds  of 
this  total  load  is  usually  carried  by  the  rear  axle,  or  one- 
third  by  each  driver.  The  following  table  shows  these  sev- 
eral  functions: 


G'-oss   lAjad 

Wright  of 
Truck. 

Gross  J^oad  =  K 
+  Wt.  of  Truck. 

W 

K. 

3 

ons. 

Tjbs. 

I.hs. 

r.bs. 

Vz 

2,400 

3,400 

1.133 

1 

3.S50 

5.850 

1,950 

2 

6.050 

10.050 

3.350 

3 

7.750 

13.750 

4.583 

-) 

9.075 

17,075 

5,692 

5 

lO.lOO- 

20.100 

6.700 

6 

]0,700 

22,700 

7.567 

" 

11.150 

2.'^. 150 

8,383 

Fig.  2  shows  W  as  a  function  of  K.  It  is  closely  approxi- 
mated by  the  equation  W  =  2000  K=". 

Relation  Between  Cost  of  Truck  and  Its  Capacity. — The 
average  price  of  motor  trucks  for  1918-1919  as  published  by 
the  Commercial  Vehicle,  are  set  forth  in  the  accompanying 
table : 

Capacity.  Cost. 

3  tons $3,688.00 

31/4    tons 3.905.00 

4  "    tons 4.178.00 

5  tons 4.849.00 

6  tons 5.238.00 

7  tons 5,600.00 


Capacity.  Cost 

>/4   ton %    835.00 

%   ton 934.00 

1  ton 1,391.00 

1%    ton '1,815.00 

2  ton 2,758.00 

2^4    ton 2.956.00 


Fig.   3   shows   in   graphical   form  this  relation,  and   also  a 
curve   approximating   this   function,   which   has  for  Its  equa-'* 
tion.  C,  =  1,600  .K=". 
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Relation  Between  Number  of  Trucks  Required  and  Truck 
Capacity. — To  transport  over  this  road,  1  miles  long,  the 
given  annual  tonnage,  T,,,  a  certain  equipment  is  needed. 
This  equipment  will  consist  of  N  trucks,  each  having  a  load 
capacity  of  K  tons.  As  each  truck  makes  I  round  trips  in  the 
year's  time,  the  total  annual  tonnage  moved  will  be  given 
by  the  equation,  T,,  ^  KNt.  However,  t  is  a  function  of 
the  speed  of  the  truck,  as  may  be  seen  from  the  following: 
Let    S  =  Speed   in   miles   per   hour. 

h  ^  Time   in  hours  required   for  one  round  trip, 
t  =■  Number  of  round  trips  per  truck  per  annum. 
H  =  Total  number  of  working  hours  per  annum. 
Then  the  time  required  for  one  round  trip  is 
21 

h  =  • ' 

S 
The   number   of   round    trips   per   annum    which   one   truck 
can   make  is 

H  HS 

h  21 


^s  tui. 

1 

6 

^<^ 

_,^>' 

^                                              ZB^"^ 

yy 

^2^ 

^^^ 

*           it           ^^^ 

y  y 

f- -^ 

^                                   

^               ^<l 

^7 

f 

Jl 

^                 J^'^ 

Yv 

^ 

zt 

J^ 

T 

1 

r          ±                   n:            It 

0                               2               3              A               5              6               f 

pavement,  and  the  thickneHs  of  the  pavenionl  vurios  as  the 
square  root  of  the  wheel  load,  or 
Pc  =  cd  =  cb  V  W 
Therefore,  the  total  cost  of  pavement  beiomeii 

p,  =  58«%lwcb    v'W  =  avW 
Let  i  =  rate  of  interest  expresBed  as  a  decimal 
Then  L  =  iaVW 
This   is   the   relation   .sought. 

2.  Cost  of  Maintenance  of  Pavement  =  M.. — For  a  pave 
ment  of  a  given  type  and  material,  the  cost  of  maintenance 
due  to  traffic  depends  directly  upon  the  amount  of  wear  on 
its  upper  surface.  As  has  been  shown,  the  wear  Is-  a  func- 
tion of  the  wheel  load,  the  speeil  and  the  number  of  repeti- 
tions of  the  loading,  or 
BT.  \VS^ 

U  ^  2 Expressed  as  a  decimal   part  of  oHkIdbI 

K 


Truck  CapacH-y  in  Tons 

Fig.  3— Cost  of  Truck 

(Ct    =    1600   K=") 

Substituting  this  value  for  t  in  the  foregoing  equation  for 
tonnage,   we   have, 

KNPS 

21 
Solving  for  N.  in  order  to  obtain  the  equipment  needed,  we 

have, 

2  T,  1 

N   =   

KHS 
Having   derived    such  ^  provisional     expressions    for   these 
fundamental   relations,   we   will   next  pass   to  the   considera- 
tion of  the  special  relations  which  we  are  seekmg  to  estab- 
lish for  the  fourteen  cost  items  in  terms  of  wheel  load. 

1.  Annual  Cost  of  Roadbed  =  C..-Under  this  heading  we 
have,  first,  interest  on  cost  of  roadbed  =  U.  As  the  cost  of 
pavement  generally  comprises  the  major  part  of  the  cost  of 
roadbed,  the  cost  for  bridges  and  culverts  will  be  considered 
as  merged  with  the  cost  of  pavement.  It  is  readily  ?een  tha 
the  total  cost  of  pavement  for  a  roadway  1  miles  long  and 
w  feet  wide  is  equal  to  the  product  of  its  surface  by  the  unit 
price,  or 

Pc  =  S,.  p. 

5280  Iw 

but  S„  = square  yards. 

9 
and  S„p,   =  586%lwp, 

However,  the  unit  cost,  p 


pavement.   Then  Mt 


k  U  in  which  k  =:  a  v'W,  the  orlKlnal 
■>  aBT.W  "  S= 

cost     of    the     pavement.      Therefore     M,  =  

K 

which  is  the  relation  sought. 

3.  Cost  of  Administration  =  Ar.— To  carry  on  the  work  of 
maintaining  a  roadway,  there  is  needed  an  organization  with 
an  administrative  head  and  headquarters.  The  more  ex- 
tensive the  maintenance,  the  more  time  required,  or  the 
larger  the  organization  must  be  to  handle  It.  The  larger 
the  organization,  or  the  more  active  its  efforts,  the  more 
demands  made  upon  the  administrative  head.  Hence,  it 
may  be  concluded  that  the  cost  of  administration  bears  a 
direct  relation  to  the  cost  of  maintenance,  or 

At  =  gMt      or 

2agBT.W''^S= 

Ar    =    

K 

4.  Cost  of  Amortization  :=  Bi.— To  replace  that  part  of 
the  pavement  which  wears  out,  or  deteriorates.  In  spile  of 
annual  maintenance;  it  will  be  necessary  to  establish  a 
sinking  fund.  The  annual  installnient  paid  to  this  sinking 
fund  represents  the  cost  of  amortization. 

Pc  ; 

Annual   Installment  ^  

[(1+1)'— II 
While  it  is  customary  to  express  the  life  of  the  pavement 
in  years,  there  is  some  relation  between  that  life  and  the 
amount  of  traffic  carried,  or  x  is  a  function  of  wheel  load  and 
number  of  repetitions.  With  a  properly  designed  pavement 
and  regular  maintenance  x  should  be  constant,  or  nearly 
so,  for  any  particular  roadway.  Hence,  the  cost  of  amortiza- 
tion depends  on  pc  or 

Br  =  fPc 


vanes  as 


the  thickness 'of  the 


where 


Then 


therefore. 


[(l  +  l> 
Pc  =  aVW 


-IJ 


B„  =  afv'W 
Summary— Annual    Cost    of    Roadbed    =C,.-Thi8    Is    the 

sum   of  the  four  preceding  cost   ltem.«.  or 

Cr  =  Ir  -f  Mr  -f  Ar  +  B, 

but  factor 

\.     L  =  I.VW 

2aBT.W' "  S-- 

2.     Mr    —    - 


K 

2gaBT.W"'S' 


3.      Ar: 


Therefore, 


K 

Br  =  afVW 

C,  =  a(i+f)  VW"+aBTa(l+g) 


W 


Annual     Cost   of     Operation    =    C,.-Under    this    heading 

we  have,  

First-    Interest  on   cost  of  equipment  —  U. 

This   equipment  will   consist  of  N   trucks,   each   having  a 

carrying  capacity  of  K  tons.     The  cost  of  a  truck  Is  given 

by  the  equation. 


(89) 
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Ct  =  1600  K=" 
For  N  trucks,  the  total  first  cost  will  be 

Ec  =  NCt  =  1600NK='= 
It  has  been  shown  that 

2T„  1 

N    — 


HS 

t  = so    D: 

21 


HS 


Therefore, 


r  WHS 


G'=±- 


KHS 

Substituting  this  value  for  N  in  the  above  equation  tor  cost 
of  equipment,  we  now  have  that  cost  stated  in  terms  of  truclc      would  be 
capacit}',  thus. 

3200  T„l 
Ec  =  


The   gasoline   cost    tor   the   entire   equipment    of   N   trucks 
rTalW 


G  =  NG" 


K 


HSKV 
Second:    Cost  of  license  and  taxes  =  Lp. 


Seventh:     Cost  of  oil,  grease  and  waste ^Q. 

Observation   shows  that   this  factor  varies  directly  as  the 


The  cost  of  a  license  to  operate  varies  in  differeut  localities      amount  of  gasoline  used.     Hence, 


and  is  frequently  based  upon   the  size  of  the  motor.     As  a 
matter   of  justice,    the   cost   of   a   license   should    bear   some 
relation  to  the  wear  on  the  pavement  caused  by  the  trucks. 
It  has  been  seen  that  this  wear  is 
2  BTnWS= 

U  = 

K 
In    a    properly    adjusted    system,    the    license    fees    should 
equal  the  cost  of  maintaining  the  pavement.     Then  the  total 
annual  cost  for  license  is  given  by  the  equation 
L'=xM,     or 

2aBT„W=  "S" 

L'  = 

K 
Ta.xes  are  based  on  cost  of  equipment  and  will  be  propor- 
iional  thereto,  or 

3200jT„l 

Taxes  =  jE.  = 

HSK'/-' 
Ihen. 

2aBT„W'-  '-S^'        3200jTa 

K  HSK> " 

which   is  the  function  sought. 
Third:     Cost  of  insurante  ^  E,,. 
This  factor  will  vary  as  the  cost  of  equipment,  or 
E|,  =  nEo 
but 


urT„  IW 


Q  =  uG: 


K 
Eightli;     Drivers'  salary  =:  S,,. 

The  total  salary  paid  to  drivers  will  he  proportional  to 
the  number  of  trucks,  or 

2sTal 

S,,  =  sN  ^ 

HSK 
where  s  is  annual  salary  paid  one  driver. 
Ninth:     Maintenance  of  equipment  =  M,.. 
The  annual  cost  of  maintaining  a  truck  will  hear  a  direct 
relation   to   the   amount   of   mechanical    work    which   it   per- 
forms during  the  year. 

Making  t  round  trips  per  annum  over  a  road  1  miles  long, 
the  truck  will  travel  tl  miles  against  a  certain  resistance, 
depending  upon  the  unit  tractive  resistance  z  of  the  road 
surface  and  the  total  load,  3W. 

Letting  V  =  work  done  per  annum  by  one  truck  in  foot 
pounds,  we  have 

V  =  .i.2S0  (tl)3zW  =  1.5,840  tlzW      foot-pounds 
but 

HS 


21 


therefore 


theiefore, 


3200  nT„l 
HSK"= 

3200  nT.l 


Ep  - 


HSK' " 
Fourth:     Cost  of  administration  =  A,,. 
This  factor  will  vary  as  the  number  of  trucks,  or 
A„   ="  pN 


where 


I  herf  fore 


2T.1 


N: 


HSK 
2pT:,l 


Ap  =  - 


HSK 
Fifih:     Cost  of  garaging  =  Jp. 

This  factor  will  also  vary  as  the  number  of  trucks,  hence. 
2qT;,l 
J,  =qN  = 


(HS) 

V  =  15.840 zW  =  T290   WHS 

2 
The  cost  of  maintaining  one  truck  then  becomes 
M'p=;vV  where  v  =  a  constant. 
The  cost  of  maintaining  N  trucks  would  be 

M,,  =  vNV 
but 

2T:,1 

KHS 
Substituting  values  for  N  and  V,  we  have 
15,840  vlzTaW 

M|,  = 

K 
Tenth:      Cost  of  Amortization  of  Equipment  =  Bp. 
This  factor  is  a  function  similar  to  that  of  roadbed  amorti- 
zation.   The  amount  to  be  replaced  is  Ee.    The  annual  install- 
ment required  to  produce  this  amount  in  y  years  is  given  by 
the  formula 

E.i 
B,.  = 


but 


KHS 

Where  q  =  annual  cost  for  one  truck. 
Sixth:     Cost  of  gasoline  per  annum. 

For   the    individual    truck,    the    gasoline    consumed    would      then 
vary  as  the  mechanical  work  done  per  annum;  that  is,  as  the 
gross  load  transported  per  trip  and  as  the  distance  traveled       in   which 
over  in  the  year's  time,  or 
G'  =  3r  WD 
in   which 


[(1  -fi)'— 1] 
i 

[(1  +  !)>■  — n 

B|,  =  fE, 

3200  T„l 


is  a  constant,  call  this  P 


E,. : 


r  =  Constant 

W  =  Wheel   load   and  3W  =  total  gross   load 
D  =  Distance    traveled,    or    the    number     of 
round  trips  times  length  1. 


therefore 


HSK'  '= 
3200  fT:,l 


Bp 


D  =  tl 


but 


HSK' " 
Summary — Annual   Cost  of  Operation  =  Cp. 
The  annual  cost  of  operation  is  the  sum  of  the  preceding 
ten  factors,  or 
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Factor 


=  Ip  +  L„  +  E„  +  A,.  +  J„  +  G  +  Q  +  Sn  +  M„  - 
3200  iT.l 
1.     I,  = 


HSK'  '= 
2aBT„W  '-'8=        3200JT.1 

K  HSK'  '= 

3200nT.l 

Bn= 


HSK"= 
2pTJ 


A„. 


Jp: 


t;.    G  =  - 


HSK 

2qT:,l 

HSK 
iTJW 

K 
urT.lw 

K 

2sT„l 


S.     Sp  =  - 


Mp 


10.     B„ 


HSK 
15840  vlzT„W 

K 

320O  f  TJ 


(1  +  u)  + 


HSK' " 
CollPCting  and  combining  like  terms  we  have 
3200  T.l 

C  = ( i  +  j  +  n  +  f)  + 

HSK'  ''■ 

2T„1  T„lWr 

(p  +  q  +  s)  + 

HSK  K 

2T„W 

(aBW  =S=  +  7920  viz) 

K 
We  may  now  write  an  expression  {or  the  total  annual  cost 
by  adding  the  annual  cost  of  roadbed  to  this  annual  cost  of 
operation,  that  is 

Ca  =  Cr    +    C„ 

W='-S=        3200  T„l 
f )  \  W  +  aBT:,  (1  -i-  g) ! (i  + 


C, 


:a(i 


K 


2TJ 


j  +  n  -I-  f ' )  +  - 


(p  +  q  +  s)  +• 


HSK*" 

xawi- 

-(1  + 


HSK 


2T„W 


u) 


(aBW   -S  +  7920  viz) 


K 


This  equation  contains  three  inter-related  variables,  W.  S. 
and  K.  It  has  been  shown  that  the  relation  between  W  and 
K  may  be  approximated  by  the  equation 

W  =  2000  K=  • 
it  now  remains  to  determine  the  relation  between  S  and   K. 
As  there  is  no  rigid   physical  dependence  of  S  on  K  within 
the  limits  of  practice,  the  criterion  for  establishing  the  con- 
nection   between   these   two   is   an   economic   one.     We   then 
must   seek   that   relation   which   will   permit  of  the   greatest 
economy.     For  this   purple   the   first   differential   coefficient 
of  C„  with  respect  to  S  may  be  placed  equal  to  zero  and  an 
expression  will  be  obtained  giving  S  in  terms  of  K  and  W 
and  the  various  constants,  thus 
2„BT„  (1  +  g)  W='-S 
,jf.  — 32('0T,1  S  ' 

11 h  ( )  (i  -r  J  + 

dS  K  HK'   " 

_2TJ  4T,WV-'aB  S 

-  S--)    (p-y-q  +  s)    +  •  ~" 


n  +  f)  ~r  ( ^- 

HK 
Solving  for  S.  we  have 


K 


^■l|2!j(i+j+,^4^+_ 


1600 


aBW^   (3  +  g) 


dT 


As is  positive,  this  value  for  S  makes  C, 


a  minimum. 


dS- 


It   has  been   seen   (hut 

W=:200iiK'  • 
Substituting  under  the  radical,  we  have 


»/l600. 


•11600.  \ 


•  l' 


89443aB  (3  -r-  g)  K" 
This  expression  for  the  general  value  of  S  which  KadKHeK 
the  criterion  for  maximum  economy  Ik  too  cunib«ri<oniH  lo 
substitute  directly  in  the  equation  for  total  annual  coHt.  It 
is  seen  that  the  critical  speed  Is  different  for  dllTerenl  road- 
ways. In  order  then,  to  follow  the  inveBtlgation  further.  It 
will  be  necessary  to  select  some  speclHc  roadway  and  de- 
termine S  for  that  special  case.  For  this  purpone  wi?  will 
assume  a  hard  surface  road  20  miles  long  and  18 
ft.    wide,    subjected    to  a    traffic    of    motor    trucks    hauling 
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Trockt-  Copacifu  in  Tons 

Fig.  4 — Economic  Speed 

0.43  K'/*  -r  1.3» 

(S  =  28.1  f 

K»  * 

.■•;00,000  tons  per  annum.  We  see'rf  to  determine  the  critical 
speed  and  the  size  of  truck  which  will  produce  the  least 
annual  cost.  The  constants  in  the  speed  equation  are  taken 
as  follows: 

f  —  .OB 


1  ^^ 

20  miles 

i    ^z 

.06 

1  = 

.02 

n   = 

.0% 

f'= 

.32 

P  = 

rO'i 

'1  =" 

120 

l."00 

H   - 

S  000  hours 

\  — 

.■'51.6   lr=7032 

2.453 

f   = 

T.= 

.02743 
300,000   tonii 
«5 

r  = 

10' 

U   := 

B7S 

•/.    - 

10" 

nil 

10' 


Substituting  these  values  in  the  expression  for  S,  we  hiiv. 


S  = 


«w^;7^3«.+«»»+''^'" 


V 


1600 


2.5 


S')443  X  7032  X  f^Ti  (-J  +  -05)  K- 

This  now  reduces  to  

28.1'fOT43K=""~-f  r39 

S  = 

K'/" 
The  accompanying  table  shows  values  for  S  correspondlnjt 
to    the    different    values    for    K,   and    also    the    Bimultaneous 
value  for  W  computed  by  the  formula  W  =  200nK' ". 
The  form  of  this  function  is  shown  in  Fig.  4. 


K 

1. 


TABL.E  I. 

W    - 

S 

K 

W 

2000 

34.2   - 

s 

95211 

\S.' 

n3«i 

27.S 

9 

104(MI 

\':% 

4.S5II 

24.5 

10 

n24n 

MJt 

Sf.W 

22.6 

12 

12S70 

17.0 

5BfO  ■ 

31.2 

13 

isr^o 

16.7 

TiiSn 

20.2 

14 

14600 

1<i.4 

460(1 

19.1 

r- 

15290 

1C.2 

20 

lSfi6i 

15  •-' 

Reverting  now  to  the  general  equation  for  toUl  annual 
cost  we  mav,  bv  substituting  values  for  the  constants  and 
simultaneous  values  for  K.  W,  and  S,  next  compute  the 
annual  cost  of  transportation  for  the  assumed  c^se  for  the 
different  sizes  of  trucks  and  thereby  find  the  minimum  cost. 

The  equation  takes  for  its  final  form. 
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2,752,000 


8,880,000 


SK 


C«  =  27368K'"   +   48.6K'»S-   H h 

SK'  '-' 
122,400  2000 

H (.0447K'/' S= +77)  

K'/*  K'.* 

The  following  table  shows  values  for  Ca  couforming  to  the 
different  sizes  of  trucks,  while  Fig.  5  presents  the  same 
information  in  graphical  form. 


K 

1. 
2. 
3. 
4. 
5. 


TABLE  II. 
C 
$S05.2<!G 
630.r.!)5 
559,631 
522,377 
501, OlS 
485.077 
476,600 
468,715 


C 

$463,832 
462.080 
460, 6S5 
460.658 
461,209 
461,799 
474,211 


It  is  seen  that,  for  the  assumed  conditions,  the  minimum 
cost  is  obtained  by  using  13-ton  capacity  trucks  and  that  the 
economic  speed  is  16.7  miles  per  hour.  There  is  a  consider- 
able range  over  which  the  annual  cost  changes  but  slightly. 
The  minimum  total  annual  cost,  as  shown  by  the  table,  for 
transporting    300,000    tons    an    average    distance    of    twenty 
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Fig.   5 — Annual  Cost  of  Transportation 
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I.SSO.OOO 


+ 


122.400 


Ki" 


SKI 
+    (.04472   K=«  8=  -f   77) 


2,000 
K'  ♦ 


SK 


miles,  or  in  other  words,  of  producing  6,000,000  ton-miles  of 
transportation,  is  in  round  numbers  $461,000.  The  unit  cost 
then  becomes  7. 68  ct.  per  ton-mile.  The  number  of  trucks 
required  to  transport  the  assumed  tonnage  would  be  18.  The 
wheel  load  would  be  13,600  lbs.,  which  would  require  a  pave- 
ment of  equal  strength  and  resistance  to  abrasion  as  that  of 
a  12-in.  concrete  slab  resting  on  good  subgrade. 

While  these  critical  values  have  been  determined  for  a 
specific  case  and  the  conclusions  are  valid  only  for  that 
case,  yet  to  the  extent  that  the  assumed  case  is  representa- 
tive of  general  conditions,  will  these  results  have  a  bearing 
and  general  applicability.  To  determine  the  range  of  applica- 
bility necessitates  a  further  consideration  of  the  assumed 
constants  and  the  extent  which  allowable  deviations  there- 
from will  affect  the  various  functions.  The  consideration  of 
such  variations  is  left  for  a  later  discussion. 

The  third  step  in  the  program  for  procedure  as  outlined 
in  the  previous  article  in  Engineering  &  Contracting  last 
January  is  now  completed.  There  yet  remains  the  fourth 
step  of  finding  the  inter-relations  among  the  factors  which 
obtain  at  the  time  the  minimum  cost  is  attained.  This  will 
be  discussed  in  a  later  article. 


State  Highway  Departments  Spend  $66,000,000  in  1918. — 
The  total  expenditure  of  state  funds  by  State  Highway  De- 
partments for  road  and  bridge  work  in  1918  was  $56,351,000. 
In  1917  the  expenditure  was  $47,291,000.  In  these  two  years 
every  state  in  the  Union  participated.  In  1914  31  state  high- 
way departments  expended  $4,221,000,  and  in  1904  11  state 
highway  departments   spent   $2,550,000. 


Compact  Portable  Outfit  for  Test- 
ing Aggregates  in  the  Field 

A  factor  which  probably  tends  more  than  any  other  to  dis- 
courage adequate  control  testing  of  highway  materials  Is  the 
time  usually  required  to  send  samples  to  a  laboratory  for 
test  purposes.  Even  under  the  most  favorable  conditions 
several  days  may  elapse  before  a  report  can  be  secured,  dur- 
ing which  time  the  lot  of  material  represented  by  the  sample 
must  be  held.  Conditions  frequently  are  such  that  an  engi- 
neer or  inspector  must  decide  at  once  upon  the  arrival  of  a 
shipment  whether  to  accept  or  reject  it,  so  that,  unless  he  is 
provided  with  equipment  for  making  tests  himself,  he  must 
base  his  decision  solely  on  visual  inspection. 

AltKough  an  inspector  ordinarily  may  be  able  to  reject  a 
consignment  without  question,  instances  often  arise  when 
even  the  most  expert  may  be  in  doubt.  This  is  especially 
true  in  connection  with  determinations  of  the  grading  or 
size  of  aggregates.  These  materials  always  are  subject  to 
variations  in  size  due  to  inefficiency  in  plant  screening  and 
other  causes  and  yet  may  be  intended  for  use  in  construc- 
tion requiring  uniformly  graded  aggregates.  An  examina- 
tion, of  course,  may  be  made  in  such  cases  with  the  ordinary 
laboratory  equipment.  Sucli  equipment,  however,  is  bulky 
and  difficult  to  move  from  place  to  place,  and  therefore  is 
not  adapted  to  field  use,  so  that  up  to  the  present  time  there 
has  been  little  or  no  systematic  control  testing  in  the 
field.  The  obvious  solution  is  to  supply  a  field  equipment 
which  will  accomplish  the  same  purpose  and  still  be  com- 
pact, light,  and  capable  of  withstanding  a  certain  amount 
of  rough  usage.  A  description  of  such  an  outfit  which  has 
been  developed  recently  by  the  Bureau  of  Public  Roads,  to- 
gether with  suggested  methods  for  its  use,  are  given  by  F. 
H.  Jackson,  Assistant  Testing  Engineer  U.  S.  Bureau  of  Pub- 
lic Roads,  in  a  recent  issue  of  Public  Roads. 

Description  of  Apparatus. — The  field  equipment  so  far  de- 
veloped consists  of  the  following  units: 

1  set  interchangeable  stone  screens,  with  screen  plates  hav- 
ing perforations,  3,  21/2,  2,  1%,  1,  %,  %,  and  %  in.  in  di- 
ameter. 
1  set  interchangeable  sand  sieves,  of  10,  20,  30,  40,  50,  80,  100, 

and  200  mesh. 
1  circular  spring  scale  having  a  capacity  of  30  lb.  and  sensi- 
tive to  0.1  lb. 
1  straight  spring  balance  having  a  capacity  of  200  grams  and 

sensitive  to  1  gram. 
1  demountable  cubic  foot  box. 
1  ordinary  camera-folding  tripod. 
1  250  c.  c.  graduate. 

1  strip  of  screen  wire  about  22  in.  in  length  and  5  in.  high. 

2  canvas  bags  about  18  by  18  in.  in  size. 

The  interchangeable  screens  used  in  this  equipment  were 
developed  in  the  course  of  a  field  study  of  stone  and  slag 
crushing  practice  which  was  undertaken  recently  by  the  Bu- 
reau of  Public  Roads.  They  have  been  used  for  obtain- 
ing mechanical  analyses  of  coarse  aggregates,  sub- 
stantially as  described  below,  by  engineers  of  the  Bu- 
reau throughout  two  field  seasons  and  have  given  uniformly 
satisfactory  results.  The  set  consists  of  a  number  of  per- 
forated screen  plates  8  in.  in  diameter,  and  two  brass  rings, 
one  of  which  is  provided  with  a  narrow  shoulder  on  the  in- 
side upon  which  a  screen  plate  may  be  placed.  The  two 
rings  are  then  firmly  clamped  together  so  that  the  screen 
plate  is  held  rigidly  between  them.  This  forms  a  screen  of 
the  same  size  and  ■  shape  as  the  ordinary  laboratory  type. 
WTien  not  in  use  all  of  the  plates  may  be  clamped  together 
in  the  ring  so  that  the  whole  set  takes  up  no  more  room  than 
a  single  laboratory  screen. 

The  circular  spring  scale  is  equipped  with  a  loose  pointer 
for  obtaining  the  net  weight  of  the  material  being  examined. 
It  is  graduated  in  0.1-lb.  divisions  and  one  complete  revolu- 
tion of  the  pointer  equals  10  lb.  The  scale  has  a  total  ca- 
pacity of  30  lb.  or  3  revolutions  of  the  pointer. 

The  sand  sieves  are  of  the  same  general  type  as  the 
screens,  the  various  sieve  plates  fitting  into  the  brass  rings 
in  the  same  manner.  Thus,  a  sieve  of  any  desired  mesh  may 
be  made  up  by  simply  inserting  the  proper  sieve  plate  in  the 
lower  ring  and  clamping  it  down  by  means  of  the  upper  ring. 
A  soft  rubber  washer  is  placed  over  each  sieve  plate  so  that 
the  upper  ring  will  clamp  down  on  it,  thus  making  a  dust- 
proof  joint.  .  The  straight  spring  balance  is  of  a  special  type 
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graduated  on  one  side  from  0  to  200  grams  by  1  gram  divi- 
sions and  on  the  other  side  from  0  to  100  per  cent  by  1  per 
cent  divisions.  It  is  used  in  making  mechanical  analyses 
of  fine  aggregates.  An  aluminum  cup  is  provided  large 
enough  to  hold  a  200-gram  sand  sample. 

In  the  illustration  of  this  equipment  the  circular  screen 
scale  is  supported  by  the  tripod  in  the  way  it  would  be  in 
practice.  A  screen  plate  inserted  in  the  lower  ring  is  shown 
at  A,  a  sieve  plate  inserted  in  the  ring  is  shown  at  B,  C 
shows  a  screen  plate  before  insertion  in  the  ring,  and  D  the 
upper,  or  clamping,  ring.  The  250  c.  c.  graduate  is  the  only 
piece  of  glass  in  the  outfit  and  is  needed  only  when  it  is  de- 
sired to  make  volumetric  silt  determinations.  The  circular 
loop  of  screen  wire  is  used  for  making  apparent  specific 
gravity  determinations  of  coarse  aggregates.  The  object  of 
the  strip  is  to  increase  the  capacity  of  a  screen  so  that  it  may 
be  used   for  weighing  samples  of  sufficient  size  for  this  de- 
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Apparatus 

termination.  It  is  rolled  in  the  form  of  a  loop  and  placed 
inside  of  the  screen  ring  which  in  turn  is  suspended  from  the 
spring  scales  by  means  of  three  light  wires. 

The  demountable  cubic  foot  box  is  used  for  determining 
weight  per  cubic  foot  of  crushed  slag  and  other  coarse  ag- 
gregates. It  is  made  of  five  pieces  of  light  strong  wood  % 
in.  thick,  the  bottom  12%  by  12%  in.,  two  sides  12  by  12% 
in.  and  two  sides  12  by  12  in.  The  four  sides  are  first  slipped 
into  place  and  held  by  notched  brass  angles.  The  bottom  is 
then  slid  into  place  in  the  angles  provided  on  three  of  the 
sides.  Field  experience  with  this  measure  has  suggested 
that  the  wooden  bottom  be  protected  on  the  outside  by  a 
sheet  of  thin  metal.  This  4ould  materially  increase  the  life 
of  the  apparatus.  In  making  sieve  analyses  this  box  is  very 
handy  for  catching  the  fines.  When  collapsed  the  box  con- 
sumes little  more  space  than  the  actual  volume  of  the  ma- 
terial. When  made  of  poplar  the  total  weight  is  7  lb.  Oak, 
while  harder,  would  increase  the  weight  a  pound  or  so. 

The  total  outfit  described  above  weighs  approximately  18 
lb.  The  apparatusTnaking  screen  and  sieve  analyses  weighs 
approximately  10  lb.  and  may  be  packed  in  a  space  meas- 
uring 17  by  8  by  6  in.   " 

Suggested  Methods  for  Sampling.-The  importance  of  the 
proper  sampling  of  materials  in  connection  with  the  held 
testing  of  aggregates  can  not  be  over-emphasized.  It  is  the 
one  branch  of  testing  work  to  which  the  least  attention  is 
paid,  and  vet,  if  sampling  has  not  been  done  properly,  the 
most  carefully  made  tests  are  worse  than  valueless  For  this 
reason,  unless  the  inspector  is  prepared  to  spend  the  neces- 
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sary  amount  of  time  in  taking  Bsmples,  be  Bliould  uol  altcnipt 
to  make  any  tests  whatever. 

There  are  two  points  which  munt  be  borne  In  mind  whi-n 
sampling  crushed  stone  and  gravel  aggregate.  In  the  flmt 
place,  the  sample  must  be  representative  of  the  entire  quan- 
tity being  examined;  and  In  the  Hecond  place  It  muBt  be 
large  enough  so  that  the  largest  Individual  piece  will  In  no 
case  weigh  more  than  2  per  cent  of  the  weight  of  the  enllri- 
sample.  When  sampling  crushed  stone  or  grav<"l  from  cans 
or  trucks  a  sufficient  quantity  should  be  taken  from  each 
end  as  well  as  from  the  top  and  bottom  of  the  car  to  Insure 
an  average  of  the  entire  shipment.  A  shovelful  taken  from 
the  top  is  not  suflicient.  A  composite  sample  »bould  then  be 
prepared  by  thorough  mixing  after  which  It  should  be  re- 
duced by  quartering  until  a  sample  has  been  secured  weigli- 
ing  at  least  50  times  the  weight  of  the  largest  fragment  pres- 
ent. 

In  sampling  from  stock  piles  on  the  job,  at  the  plant,  or 
from  bins  the  same  precautions  as  noted  above  should  be 
observed.  Sampling  from  cars  or  trucks  before  or  after  de- 
livery is  much  to  be  preferred  to  sampling  from  bins,  be- 
cause of  the  greater  ease  in  obtaining  average  samples. 

In  sampling  sand  one  of  the  principal  precautions  to  be  ob- 
served is  to  see  that  the  sample  taken  contains  an  average 
amount  of  the  loam  or  clay  present  in  the  shipment.  Samples 
.-ihould  be  obtained  whenever  possible  from  damp  sand,  ow- 
ing to  the  difficulty  of  obtaining  a  truly  representative  grad- 
ing when  the  sand  grains  are  dry.  A  composite  sample 
weighing  10  lb.  made  up  of  samples  from  each  end  and  from 
the  top  and  bottom  of  the  car  should  be  taken. 

Use  of  Apparatus. — In  making  a  mechanical  analysis  of  a 
crushed  stone  aggregate  with  this  apparatus  a  number  of 
points  should  be  noted.  The  tripod  should  be  set  up  and  the 
circular  spring  scale  suspended  from  it  as  close  as  possi- 
ble to  the  material  being  examined.  The  shipment  should 
then  be  sampled  in  accordance  with  the  given  suggestions. 
The  whole  sample  thus  prepared  may  then  be  passed 
through  the  various  screens  and  the  percentage  by  weight 
retained  on  each  calculated ;  or,  in  the  case  of  mi.Ted  aggre- 
gates graded  up  to  2  or  3  in.  in  size,  a  number  of  determina- 
tions may  be  made  and  the  results  averaged.  It  has  been 
found  convenient  to  make  the  original  weight  of  each  sam- 
ple 10  lb.  or  some  multiple  of  10  lb.  Inasmuch  as  the  dial 
of  the  scale  is  graduated  by  one-tenth  pound  divisions,  the 
various  weights  may  then  be  read  either  as  percentages  di- 
rect or  converted  into  percentages  by  simple  calculation. 

In  making  sieve  analyses  of  sand  or  stone  screenings  less 
than  Vi  in.  In  size  the  straight  spring  balance  should  be  used 
A  100  or  200-gram  sample  may  be  dried  in  any  convenient 
maimer  and  a  mechanical  analysis  made  In  the  ordinary 
way,  using  the  interchangeable  sieve  plates.  If  a  200-gTam 
sample  is  used  the  percentage  of  material  retained  on  each 
sieve  may  be  read  direct  from  the  scale.  A  mechanical  an- 
alysis made  in  this  manner  on  materials  containing  an  ap- 
preciable amount  of  clay  or  loam,  especially  if  It  occurs  as 
a  coating  on  the  sand  grains,  will  not  be  absolutely  com- 
parable with  a  laboratory  analysis.  It  will  give,  however. 
a  fair  indication  of  the  grading  of  the  material  sufficient  In 
most  cases  for  control  work. 

Volumetric  Silt  Determinations. — Volumetric  silt  determi- 
nations should  be  made  on  all  sand  used  In  concrete  work'. 
Inasmuch  as  there  is  no  definite  relation  between  the  silt 
content  as  determined  by  weight  and  by  volume.  It  Is  rcc 
ommended  that  the  laboratory  making  the  preliminary  tests 
on  the  sand  report  the  silt  content  In  both  ways.  This  will 
make  it  possible  for  the  inspector  to  compare  his  results 
with  the  specification  requirements  which  are  nearly  always 
written  on  the  weight  basis.  The  following  suggested  meth- 
ods for  making  a  volumetric  silt  determination  may  be  used : 
A  250  c.  c.  glass  graduate  is  filled  to  the  100  c.  c.  mark  with 
water.  Sand  is  then  poured  in  up  to  the  100  c.  c.  mark  after 
which  the  graduate  is  thoroughly  shaken.  After  allowing 
the  sand  to  settle  until  the  water  is  approximately  clear  the 
volume  of  silt  may  be  read  and  its  percentage  calculated 
from  the  total  volume  of  the  sand  In  the  graduate.  The  line 
of  demarkation  between  the  silt  and  the  sand  is  usually  very- 
distinct. 

A  quick  determination  in  the  field  of  the  apparent  specific 
gravity  of  an  aggregate  is  sometimes  of  value,  especially  In 
the  case  of  very  heavy  or  very  light  materials.  It  may  be 
made  easilv  and  fairly  accurately  with  the  equipment  de- 
scribed    A  screen  fitted  with  a  loop  of  screen  wire  and  sus- 
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pended  from  the  large  spring  scale  is  filled  with  the  aggre- 
gate to  be  examined  and  its  weight  recorded.  A  10-lb.  sam- 
ple may  be  used  conveniently.  The  entire  container,  to- 
gether with  the  sample,  is  then  immersed  in  water  and  im- 
mediately reweighed.  The  apparent  specific  gravity  may  be 
comijuted  from  the  loss  of  weight.  An  ordinary  bucket  of 
water  may  be  used  for  immersing  the  sample.  Numerous 
tests  made  with  this  apparatus  indicate  that  results  accurate 
to  at  least  the  first  decimal  place  may  be  assumed. 

Weight  Per  Cubic  Foot  Determination. — The  determination 
of  the  weight  per  cubic  foot  is  of  value  principally  in  the  case 
of  slag.  The  demountable  box  previously  described  affords 
a  convenient  way  of  making  this  determination  on  the  job. 
The  method  so  far  used  is  to  shake  the  material  to  refusal 
in  layers  of  3  in.  each,  striking  the  box  upon  the  ground  by 
rocking  it  back  and  forth  20  times  after  each  layer  has  been 
deposited. 

The  systematic  use  of  a  field  equipment  similar  to  that 
described  should  prove  of  value  both  in  the  plant  and  field 
inspection  of  highway  materials.  A  number  of  uses  of  the 
various  units  comprising  the  equipment  will  suggest  them- 
selves to  engineers.  For  instance,  the  interchangeable  sieves 
and  small  spring  balance  may  be  very  conveniently  used  in 
sbeet  asphalt  control  work.  In  proportioning  aggregates  for 
various  types  of  bituminous  concrete  roads,  the  outfit  should 
prove  of  value.  In  fact,  it  may  be  used  advantageously  in 
any  work  in  which  a  rapid  determination  of  the  size  or  weight 
of  aggregate  is  desired. 

Detailed  information  regarding  the  manufacture  and  use 
of  any  of  the  equipment  described  above  will  be  given  upon 
application  to  the  Bureau  of  Public  Roads. 


The  Call  to  Unity  of  the  Engineer- 
ing Profession 

The  secretary  of  the  American  Association  of  Engineers  has 
Issued  the  following  "call  to  unity  of  the  profession": 

Unity  of  the  engineering  profession  used  to  be  desirable. 
Now  it  is  a  necessity,  not  only  that  the  profession  may  re- 
tain its  identity,  but  that  it  also  may  take  the  place  in  so- 
ciety which  we  think  it  should  occupy.  Unity  can  be  ac- 
complished, and  that  quickly,  if  we  will  but  thoughtfully  face 
the  -facts  before  us. 

The  engineering  profession  today  faces  the  danger  of  br- 
ing submerged  in  the  controversy  between  capital  and  labor. 
In  its  position  between  capital  and  labor  the  profession 
should  be  represented  as  a  matter  of  course  at  the  White 
House  Conference  in  October.  Any  invitation  that  may  be 
received  will  come,  however,  only  on  request,  and  the  en- 
gineer who  attends  will  be  regarded  only  as  an  onlooker. 
We  can  have  a  voice  and  be  heard  only  by  presenting  a 
united  front. 

We  say  the  engineer  won  the  war.  So  must  he  win  the 
battles  of  peace  and  take  his  part  in  the  industrial  readjust- 
ments where  now  justice,  liberty  and  patriotism  are  swept 
aside  in  the  struggle  between  capital  and  labor.  As  it  is, 
organized  labor  seeks  to  divide  the  profession  into  the  em- 
ployer and  employe  classes.  No  calamity  greater  than  this 
could  befall  the  profession  except  to  have  it  owned  and  at 
.  the  bebest  of  capital.  The  engineer's  place  has  aptly  been 
characterized  as  the  third  leg  of  the  tripod  on  which  modern 
Industrial  civilization  rests.  He  belongs  neither  to  capital 
nor  to  labor,  but  uses  each  for  the  purpose  of  accomplish- 
ing the  greatest  production  for  the  happiness  of  mankind. 

If  he  uses  capital  and  labor  to  produce  for  the  enjoyment 
of  all  men,  why  should  he  not  plead  the  case  of  the  neglected 
major  third  party,  the  public,  in  the  struggles  climaxing  in 
the  steel  strike? 

It  can  be  done.     Unity  is  close  at  hand. 

The  following  resolution  has  been  drafted  for  presenta- 
tion to  the  Board  of  Directors  of  the  American  Association 
of  Engineers  at  its  meeting  on  Oct.  11: 

Resolved,  Tbat  the  Board  of  Directors  of  the  American 
Association  of  Engineers  call  a  conference  of  representatives 
of  all  organizations  or  societies  of  engineers,  architects  and 
similarly  educated  or  experienced  technical  men,  for  the 
purpose  of  strengthening  the  position  of  engineers  and  tech- 
nical men  as  a  group  distinct  from  labor  and  from  capital 
but  essential  to  both  and  to  society  in  general,  because  of 
the  fact  that  stability  of  the  social  structure  resting  on  the 
tripod  of  labor,  capital  and  engineering,  is  dependent  upon 
the  strength  of  this  third  support. 


How  to  Secure  Best  Results  in  Con- 
struction of  Improved  Granite 
Block  Pavements 

Practically  the  whole  secret  of  the  success  of  granite  block 
pavement  lies  in  the  three  items — proper  paving,  proper  ram- 
ming, and  proper  grouting.  The  best  practice  for  success- 
fully handling  these  three  items  is  described  in  a  manual  Is- 
sued recently  by  Granite  Paving  Block  Manufacturers'  As- 
sociation. The  manual  was  compiled  by  Mr.  Albert  T. 
Rhodes,  Field  Engineer  of  the  Association,  and  from  it  we 
have  taken  the  notes  that  follow. 

Granite  blocks  are  produced  in  a  quarry  through  successive 
subdivisions  under  cubical  lines  until  finally  the  individual 
block  is  produced.  No  fracture  results,  or  is  imposed,  on  any 
individual  block  other  than  that  along  the  dimension  lines 
cf  the  block  itself,  consequently  the  final  block  is  in  no  way 
shattered  as  in  the  manufacture  of  crushed  stone.  The  work 
is  all  done  by  hand,  the  larger  breaks  being  made  by  aid  of 
compressed  air  drills,  shims  and  wedges  following  a  line  which 
has  been  traced  by  a  stone  chisel  on  the  surface  of  the  stone, 
for  granite  has  a  rift  and  line  of  cleavage  similar  to  the 
grain  in  wood.  It  is  injurious  to  the  paving  blocks  to  be 
thrown,  in  loading  or  unloading,  from  any  great  height,  sub- 
jecting them  to  unnatural  strains,  to  which,  in  their  manu- 
facture, they  never  have  been  subjected. 

Standard  Sizes  of  Blocks. — Several  different  sizes  of  blocks 
in  common  use  are  described  below  and  it  should  be  under- 
stood by  the  engineer  or  commissioner  of  highways,  desir- 
ing to  use  this  material,  that  any  departure  from  these  sizes 
will  not  mean  any  improvement  in  his  construction,  but  will 
mean  that  he  will  be  obliged,  on  account  of  the  fact  that 
schedules  are  arranged  w'ith  granite  paving  block  cutters 
at  certain  rates  per  thousand  for  cutting  the  blocks,  to  pay 
more  for  any  special  cut  block  deviating  from  these  sizes 
with  no  added  advantage  to  himself  along  construction  lines. 

5-in.  standard  paving  block; 

Length,  8  to  12  in. 
Width,   31/2   to  iVz  in. 
Depth,  4%   to  5%   in. 

This  block  is  the  acme  of  perfection  so  far  as  granite  pav- 
ing blocks  are  concerned.  Its  length  and  width  and  cutting 
tend  to  produce  the  finest,  smoothest  type  of  paving.  Its 
size  is  very  favorable  for  freight  shipment,  it  handles  well 
in  the  bands  of  the  paver  laying  the  work  and  it  looks  well 
after  the  job  is  complete  on  the  street.  Not  being  too  long, 
it  lends  itself  to  the  crown  of  the  street  without  breaking 
the  continuity  of  the  curve. 

In  connection  with  trunk  line  highway  construction,  here- 
inafter mentioned,  this  type  of  block  lends  itself  extremely 
well;  although  on  general  heavy  traffic  street  construction 
in  the  city  limits  it  is  customary  to  use  a  concrete  base  of 
various  thicknesses  and  a  l-to-3,  or  l-to-4  mortar  cushion  with 
the  above  blocks. 

4-in.  granite  paving  block: 

Length,  7  to  11  in. 
Width,  4  to  41/2  in. 
Depth,  4  to  4%  in. 

This  block  is  used  very  successfully  on  a  concrete  base 
on  medium  traffic  streets  with  a  l-to-3,  or  l-to-4  dry  cement 
mortar  cushion,  grouted  with  a  1-to-l  cement  grout  or  an 
asphalt  mastic. 

Resurfacing  size  granite  block: 
Length,  7  to  11  in. 
Width,  3%   to  414  in. 
Depth,  3%   to  4  in. 

This  block  is  used  very  successfully  where  shallow  depth 
pavements  have  been  removed,  leaving  the  original  con- 
crete base  for  use  beneath  this  type  of  pavement,  without 
disturbance  of  the  concrete,  necessitating  no  change  in  gate 
boxes,  manhole  tops,  or  catch  basin  frames.  A  durable,  eco- 
nomical substitution  for  many  of  your  worn-out  pavements 
at  a  minimum  of  cost. 

The  following  are  general  specifications  governing  the 
construction  of  the  several  different  types  of  pavement,  using 
granite  block  as  a  wearing  surface,  preceded  by  various  foun- 
dation specifications  common  to  the  several  different  types 
described. 

Drainage  and  Subgrade.  —Drainage  of  the  subgrade  to  every 
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extent  which   is  practical  of  course  is  one    of    the  primary 
requisites  for  this  or  any  other  type  of  pavement. 

Any  subgrade  should  be  properly  compacted  by  rolling  of 
ramming,  so  far  as  is  possible,  all  soft  or  spongy  material 
removed  and  the  holes  filled  and  rammed  to  a  true  and  uni- 
form subgrade  throughout. 

Concrete  Base. — General  concrete  specifications  of  the 
American  Society  for  Municipal  Improvement  or  any  other 
standard  specification  may  be  followed.  The  cement  concrete 
base  should  be  in  any  case  not  less  than  4  in.  thick  and  run- 
ning from  that  up  to  any  depth  deemed  sufficient  to  span 
over  any  subgrade  settlements,  such  as  ditches  and  the  like. 
The  concrete  base  in  general  may  be  mixed  in  the  propor- 
tions of  1  part  cement  to  3  parts  sand  and  6  parts  crushed 
stone,  although  the  writer's  preference  would  be  1,  3  and 
5,  for  the  reason  that  if  the  stone  aggregate  is  not  properly 
graded  and  the  large  size  stone  is  used,  and  possibly  the 
sand  be  extremely  coarse,  difficulty  will  be  experienced  in 
getting  a  full  and  compact  concrete  bed  for  the  paving  to 
rest  upon,  there  not  being  sufficient  mortar  to  flow  into  the 
interstices  of  the  crushed  stone  and  form  a  tight  base.  Also, 
labor  being  an  extremely  important  feature  as  far  as  the  cost 
is  concerned  on  any  such  proposition,  it  really  will  be  found 
cheaper  in  the  end  to  sacrifice  the  sixth  part  of  the  crushed 
stone  in  order  to  easily  produce  a  compact  mass  for  the  foun- 
dation without  the  continual  expense  of  labor  in  working 
the  concrete  to  fill  all  the  voids  occurring  in  the  coarser  mix. 
Sand  or  Mortar  Cushion. — Sand  for  this  purpose  should  be 
clean,  sharp  and  coarse.  For  the  mortar  cushion  the  proper 
tion  should  be  preferably  1  to  3,  but  not  less  than  1  part  of 
cement  and  4  parts  of  sand  by  volume,  mixed  dry.  The  cush- 
ion course  may  be  dampened  slightly,  if  desired,  at  the  time 
the  paving  is  laid  upon  it,  but  should  in  no  case  be  made  of 
a  "sloppy"  consistency;  and  should  not  be  mixed  more  than 
one-half  hour  ahead  of  its  use  under  the  paving  blocks  on 
the  bed,  and  no  material  should  be  left  over,  mixed,  at  the 
end  of  one  day's  work,  and  used  without  the  addition  of  the 
full  amount  of  cement  on  the  resumption  of  work.  There  are 
several  reasons  for  the  incorporation  of  the  cement  in  the 
cushion  course. 

The  effect  of  the  mortar  cushion  course  on  the  pavement 
is  as  follows: 

It  subdivides  the  bearing  of  the  blocks  over  the  subgrade 
or  concrete  base  upon  which  it  is  placed.  It  creates  a 
monolithic  pavement  from  top  to  bottom.  It  unites  with  the 
grout  of  the  joints,  forming  a  continuous  bond  around  and 
under  the  paving  blocks  and,  should  the  blocks  have  been 
improperly  rammed  to  a  true  and  full  bed  in  the  cushion,  the 
setting  of  the  cement  in  the  mixture  retains  the  particles  of 
sand  in  the  cushion  course  in  their  original  position  under- 
neath the  blocks,  preventing  them,  through  impact  of  travel 
and  vibration  caused  by  travel  on  the  surface  of  the  roadway, 
in  shifting  their  position  underneath  the  block,  and  from 
shaking,  settling  and  rattling  away  from  underneath  the  pav- 
ing block,  improperly  rammed,  leaving  it  suspended  in  the 
air  and  held  only  by  whatever  grout  surrounded  it. 

Laying  the  Blocks.— On  a  properly  prepared  cushion  the 
blocks  should  be  laid  in  courses  at  right  angles  to  the  lines 
of  the  street,  and  in  a  straight  line  from  curb  to  curb,  except 
in  special  cases,  when  they  shall  be  laid  at  such  an  angle  as 
may  be  directed  by  the  engineer.  The  blocks  shall  be  laid 
as  closely  as  possible,  each  block  touching  the  adjoining  one 
on  sides  and  ends,  and  in  courses  of  uniform  width.  All  joints 
shall  be  broken  with  a  lap  of  at  least  3  in.  The  blocks  shall 
not  be  laid  more  than^S  ft.  in  advance  of  the  ramming. 

Extreme  care  should  be  taken  in  the  laying  of  the  blocks 
that  the  common  fault  is  not  incurred  to  which  many  pavers 
are  prone:  that  is,  the  crowding  of  the  grade  line.  This 
crowding  of  the  grade  line  is  a  habit  easily  acquired  by  a 
paver  and  tends  to  produce  a  pavement  in  a  series  of  waves, 
on  account  of  the  fact  that  as  the  paver  gradually  approaches 
the  point  to  which  his  grade  line  is  attached  he  naturally. 
after  crowding  the  line  in  the  slack,  in  the  center,  reduces 
the  crowding  as  he  approaches  the  point  of  support  of  the 
line.  Also  many  pa'vers  are  apt  to  lay  the  blocks  high  against 
manholes,  catch  basins  and  the  like,  causing  shock  to  the 
pavement  after  it  is  open  to  traffic  and  consequent  damage 
through  the  fact  that  the  wheel  will  drop  into  the  depression 
caused  by  the  manhole  or  catch  basin  frame,  and  then  bump 
up  against  the  surrounding  paving,  producing  a  tnp-hammer 
effect  greatly  detrimental  to  the  paving. 

Owing  to  the  fact  that  the  paving  blocks  vary  in  depth  to 


a  slight  degree,  a  skilled  puvt-r  will  MomeilmeH  keep  the  nhal- 
low  blocks  high  and  the  deep  blocks  a  trifle  low  uh  compiired 
to  his  grade  line;  In  ibiH  manner  averaging  the  blocks  so 
that  they  will  ram  to  a  truer  surface. 

Different  types  of  paving  hammers  are  used  In  different 
elections.  The  type  of  hammer  with  the  narrow  or  medium 
width  blade  (with  con.siderable  length  from  the  eye  to  the 
end  of  the  blade)  by  the  use  of  which  the  paver  after  mak- 
ing his  bed,  hooks  one  end  of  the  stone  and  places  the  stone 
on  its  bed,  without  laying  down  the  hammer,  seems  to  be 
productive  of  faster  work  than  the  short,  shovi-"  i'  •i-i  >:(m. 
mer  in  use  in  some  sections  of  the  country.    Tli  the 

short,  shovel-bladed  hammer  invariably  lay  the  h. ...wn. 

grasp  the  block  with  both  hands,  placing  It  on  its  bed.  Where- 
as this  may  seem  a  small  matter  so  far  as  each  individual 
block  is  concerned,  the  loss  of  time  in  thus  laying  down  the 
hammer  and  picking  it  up  again  amounts  to  considerable  in  a 
day's  work  and  from  general  observation  of  the  work  of 
pavers  using  these  two  different  types  of  hammers,  those 
using  the  long-bladed  type  seem  to  accomplish  more  in  a 
day  and  do  it  easier. 

Ramming. — In  the  ramming  of  the  blocks  each  block 
should  be  rammed  individually  to  a  solid  bearing,  there  be- 
ing some  little  difference  in  the  depth  of  each  individual 
block  as  indicated  in  the  specifications  of  size  of  blocks  pre- 
viously dwelt  upon.  It  will  be  seen  that  it  Is  absolutely  neces- 
sary that  each  individual  block  shall  be  rammed  to  a  full  bed 
and  should  this  cause  the  block  to  settle  below  the  final  fin- 
ished grade  of  the  pavement,  such  blocks  should  be  removed 
with  paving  tongs,  an  added  amount  of  cushion  material  sup- 
plied, and  the  block  again  rammed  to  a  true  and  even  sur- 
face with  the  rest  of  the  pavement.  Rolling  does  not  pro- 
duce proper  results  as  it  does  not  properly  ram  the  shallow- 
blocks,  but  rocks  them  back  and  forth  on  their  beds  and 
forces  the  bedding  material  up  between  the  blocks,  displacing 
the  good  grout  which  should  be  there  instead  of  the  poorer 
bedding  material. 

The  reason  why  paving  tongs  are  specified  is  that  if  the 
ordinary  method  of  pinch  bars  is  used  in  removing  the  low 
blocks,  pressure  is  brought  to  bear  on  the  edges  of  the  sur- 
rounding blocks  already  rammed,  causing  them  to  rock  on 
the  bed  in  which  they  were  originally  rammed  and  dislocat- 
ing the  surrounding  blocks  materially. 

The  ramming  of  the  blocks  is  one  of  the  most  vital  fea- 
tures in  the  construction  of  a  pavement.  This  should  be 
done  by  a  man  skilled  in  this  particular  branch  of  the  craft, 
who  has  a  true  eye — as  upon  his  effort  the  final  finished,  true 
contour  of  the  street  depends,  and  poor  ramming  can  spoil 
paving  laid  by  any  of  the  best  pavers. 

Each  individual  block  should  be  struck  squarely  in  the  cen- 
ter, and  not  rocked  back  and  forth  either  sideways  or  end- 
ways by  successive  tappings  on  either  sides  or  ends.  Olocks 
to  be  rammed  to  properly  meet  gate  boxes,  manhole  tops 
and   catch   basins. 

The  rammers  used  are  of  various  types  in  various  sections 
of  the  country.  The  type  most  in  use  in  the  New  England 
States  is  a  rammer  weighing  about  50  lb.,  with  a  handle  on 
the  top  and  one  on  the  side,  worked  by  one  man.  The  bow- 
type  of  rammer  used  in  the  vicinity  of  New  York  City  -and 
throughout  a  number  of  other  districts  In  the  country  Is  also 
a  one-man  rammer  with  a  bowed  handle  springing  from  oppo- 
site sides  of  the  rammer  and  curving  around  the  top  of  the 
rammer  for  a  hand-hold  at  that  point.  This  is  a  lighter  ram- 
mer of  about  35  lb.  In  the  Central  West  a  large  two-man 
rammer  is  used,  the  bottom  surface  of  which  covers  more 
than  the  area  of  one  block.  This  has  a  handle  on  the  top 
and  a  handle  extending  through  on  either  side  of  the  ram- 
mer, the  top  handle  and  one  of  the  side  handles  being 
grasped  by  each  man,  ramming  being  done  by  the  men 
working  in  unison. 

Cement  Grout.— Through  comprehensive  study  of  many 
pieces  of  pavement  laid  for  varyjng  periods  of  years,  up  to 
20  years  and  over,  it  is  the  w-riter's  opinion  that  the  best 
wearing  grout  produced  has  been  that  in  proportion  of  1  part 
cement  to  1  part  of  sand-.  This  grout  makes  a  dense  mixture 
which  conforms  morr^  nearly  than  any  of  the  others  to  the 
w-earing  qualities  of  the  stone  it  surrounds,  and  adheres  more 
closely  to  its  surfaces. 

The  methods  of  mixing  grout  in  common  use  are  by  ma- 
chine and  by  hand,  of  which  the  machine  mixing  is  by  far 
the  more  preferable,  owing  to  the  fact  that  a  machine  con- 
tinually agitates  the  grout  up  to  the  time  of  ita  discharge 
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onto  the  pavement,  whereas  by  hand  work  it  is  almost  impos- 
sible to  keep  the  grout  sufficiently  agitated  so  that  the  sand 
will  not  settle  and  separate  from  the  cement.  This  is  true 
in  a  great  measure  as  the  sand  increases  in  coarseness,  and 
still  it  is  not  wise  to  use  too  fine  a  sand,  as  good  results  are 
not  obtained  with  sand  of  this  nature.  The  most  ideal  sand, 
particularly  tor  hand  mi.xing,  seems  to  be  a  sand  of  nearly 
uniform  composition  and  one  which  will  all'  pass  a  20-mesh 
screen. 

There  are  different  types  of  boxes  used  in  the  hand  mix- 
ing, some  having  legs  of  unequal  length,  so  that  the  grout  will 
be  thrown  to  one  low  corner;  the  material,  after  mixing,  be- 
ing either  dumped  directly  out  of  the  box  onto  the  pavement 
and  then  broomed  into  the  joints,  or  taken  out  of  the  mixing 
box  by  scoop  shovels  and  deposited  on  the  work.  This  idea 
of  taking  the  material  from  the  box  with  scoop  shovels  has 
always  seemed  a  considerable  waste  of  time,  the  idea  being, 
that  there  will  be  no  chance  of  settlement  of  the  sand,  the  en- 
tire box  of  material  being  agitated  continually  while  it  is 
being  scooped  out. 

The  most  practical  box  mixer  is  one  resting  directly  on  the 
pavement,  having  a  gate  in  the  end  which  is  lifted  up,  after 
the  grout  has  been  properly  agitated  and  mixed,  entire  mass 
being  then  drawn  out  onto  the  pavement  by  the  mixing  hoes 
which  had  been  used  to  agitate  the  gi'out. 

The  machine  mixer  is  much  the  better  proposition,  the  ma- 
terial being  constantly  agitated,  b>it  in  using  a  machine  mixer 
great  care  should  be  taken  not  to  spill  unmixed  materials  on 
the  pavement  and  into  the  joints  while  getting  them  into  the 
machine,  and  also  that  materials  shall  not  be  dropped  or 
shaken  out  of  the  machine  on  the  pavement  or  into  the  joints 
during  the  mixing  process.  Also,  when  the  machine  is 
waphed  out  at  the  end  of  the  day's  work,  the  washings  from 
the  machine  should  not  be  deposited  on  the  pavement. 

The  grout  when  applied  should  be  of  a  consistency  which 
will  readily  flow  throughout  the  joints  of  the  paving  blocks, 
but  which  will  not  be  so  thin  that  the  cement  separates  from 
the  sand  and  flows  away  in  the  gutter  lines.  There  is  some 
shrinkage  in  the  setting  of  the  cement  grout.  This  should 
be  taken  care  of  by  continuous  brooming  operations  until 
such  time  as  no  further  perceptible  settlement  occurs  in  the 
joints,  at  which  time  all  excess  grout  should  be  removed  from 
the  top  of  the  paving  blocks  and  the  joints  left  absolutely 
flu.ih  with  the  top  of  the  blocks,  care  being  taken  that  they 
are  not  broomed  out  below  the  surface  of  the  blocks  by  too 
vigorous  brushing.  The  best  results  are  being  obtained  by  a 
final  finished  brooming  with  an  ordinary  bristle  house  broom, 
which  leaves  a  smooth,  even  surface  without  raking  out  the 
joints. 

In  the  matter  of  sand  for  the  grouting,  too  much  care  can- 
not be  taken  to  avoid  detrimental  foreign  materials,  particu- 
larly loam  and  clay,  which  if  they  occur  to  any  extent  in  the 
sand  will  kill  the  effect  of  the  cement,  producing  a  chalky, 
powdery  grout  with  no  strength  after  drying  out.  A  rough 
and  ready  test  of  sand  can  be  easily  made  by  an  empty  bot- 
tle, a  handful  of  sand  and  a  little  water.  After  thoroughly 
shaking  the  sand  and  water  together,  the  contents  of  the  bot- 
tle after  settling  at  the  end  of  a  short  period  will  show  suc- 
cessive layers  of  fine  material,  the  loam  and  clay  showing  at 
tlie  top.  Under  no  circumstances  should  the  sand  show  more 
than  10  per  cent  of  loam  or  clay  and  if  any  sand  can  be  pro 
cured  showing  less  than  5  per  cent  this  sand  should  be  ob- 
tained in  preference. 

It  was  the  custom  at  one  time,  in  advance  of  the  application 
of  the  grout  and  previous  to  the  ramming  of  the  blocks,  to 
incorporate  in  the  joints  a  varying  amount  of  peastone;  but 
this  is  an  extremely  dangerous  practice  to  follow,  and  if  it  is 
absolutely  desired  to  use  peastone,  the  peastone  should  be 
wet  and  thrown  into  the  grout  as  it  comes  from  the  machine 
or  mixing  box,  and  broomed  into  the  joints  with  the  grout. 
This  original  practice  of  incorporating  peastone  in  the  joints 
led  up,  more  readily  than  any  other  feature  in  the  paving  con- 
struction, to  improper  results.  Dishonest  contractors  were 
prone  to  fill  their  joints  nearly  flush  with  the  peastone,  the 
grout  on  reaching  the  peastone  never  went  below  that  point 
and  very  poor  paving  results  were  produced. 

Another  distressing  feature  oftentimes  produced  by  either 
leaving  too  much  sand  in  the  bottom  of  the  joints  or  by  this 
malpractice  with  peastone,  is  that  owing  to  the  two  factors 
of  expansion  and  contraction,  and  to  the  fact  that  the  block 
is  not  rigidly  held  around  the  bottom,  only  a  shallow  collar  of 
cement  grout  surrounding  the  top  side  surfaces  of  the  block. 


the  impact  of  travel  striking  upon  the  top  of  the  block  kicks 
the  bottom  to  either  one  side  or  the  other,  splitting  the  top 
of  the  block  off  in  a  similar  manner  to  the  successive  layers 
of  an  onion.  From  this  particular  feature  many  times  engi- 
neers and  others  interested  have  claimed  that  the  paving 
blocks  were  "soft"  but  no  instance  has  ever  been  cited  where 
blocks  from  the  same  quarry  laid  in  a  sand  joint  have  ever 
become  broken.  Blocks  laid  with  a  sand  joint  or  soft  filler  will 
cobble  on  the  edges  of  the  top,  forming  the  turtleback  effect, 
but  will  not  break  up. 

Sometimes  if  the  paving  blocks  are  dirty,  or  have  a  film 
of  oil  the  grout  will  not  obtain  a  proper  hold  on  the  sides  and 
difficulty  will  be  experienced  through  their  letting  go.  When 
the  grout  once  "lets  go"  no  further  sustaining  power  can  be 
expected  from  it,  and  the  only  possible  repair  is  a  complete 
replacement  with  new  grout  in  the  joints. 

Around  the  web  and  flanges  of  street  railway  tracks  much 
better  results  are  obtained  by  allowing  the  grout  to  fill  in 
against  the  rail,  care  being  taken  to  add  more  grout  as  the 
shrinkage  in  setting  takes  place,  through  this  method  a  tooth- 
ing bond  being  accomplished  with  the  rail  area  grouting  at 
each  joint  between  the  different  blocks  abutting  on  the  rail. 
Cases  have  come  to  my  knowledge  where  this  grout  in  con- 
nection with  the  blocks  supported  the  railway  iron  for  at 
least  three  years  after  the  ties  were  rotted  so  that  they  gave 
no  further  support  to  the  rail. 

Barriers. — In  connection  with  the  cement  grouted  paving, 
too  much  care  cannot  be  taken  in  regard  to  protecting  newly 
grouted  work.  Should  the  bond  between  the  grout  and  the 
block  become  broken  it  never  will  mend.  Proper  barriers 
should  be  erected  which  will  keep  traffic  from  going  on  the 
fresh  road  work  and  these  should  also  carry  warning  signs  of 
sufficient  emphasis  to  impress  upon  the  minds  of  those  ap- 
proaching such  work  the  damage  which  they  are  about  to  in- 
flict upon  the  work  if  they  travel  over  it.  A  watchman  at 
night  is  an  absolute  necessity  wherever  there  is  any  question 
of  travel  entering  upon  the  work.  A  watchman  is  particu- 
larly advantageous  on  car-track  streets  where  the  barriers 
cannot  be  placed  close  to  the  rail  on  account  of  the  passage 
of  cars  and  where  the  vehicular  traffic  is  apt  to  run  with  one 
wheel  outside  the  rail  on  the  freshly  laid  pavement. 

Expansion  Joint  Strips. — These  are  sometimes  used  against 
street  curbing,  extending  from  the  top  of  the  finished  grade 
to  the  bottom  of  the  concrete  base,  if  one  is  used.  This  in  a 
great  measure  eliminates  any  vibration  which  might  occur 
through  the  curb,  and  granolithic  walks  communicating  to 
the  building  adjacent.  Joint  strips  are  absolutely  unneces- 
sary transversely  in  the  roadway. 

Protection  In  Freezing  Weather. — Protection  in  cases 
where  work  has  to  be  done  in  freezing  weather  can  be  best 
accomplished  by  the  use  of  fine  sawdust,  preferably  pine,  as 
oak  or  chestnut  would  be  apt  to  stain  the  pavement  tempo- 
rarily leaving  a  very  disagreeable  looking  piece  of  work,  but 
otherwise  not  harming  it  in  any  way.  It  will  be  found  that 
a  thin  layer  of  sawdust  is  a  very  efficient  protection  against 
severe  cold.  This  material  is  light,  easily  handled  and 
spreads  readily  over  the  surface  of  the  pavement,  and  if  nec- 
essary can  be  covered  against  rain  by  rolling  out  tarred  felt 
over  the  top.  It  Is  very  much  more  effective  than  hay,  straw 
or  marsh  grass  and  will  cover  much  easier. 

Grooving  on  Hillsides. — WTiere  the  cement  grout  is  used  on 
hillsides  and  steep  inclines,  in  order  to  provide  a  toehold  for 
horses,  the  grout  in  the  joint  is  sometimes  raked  out  for 
about  %  in.  in  depth,  with  a  tool  resembling  an  ordinary 
poker,  or  by  stiff  brooming.  But  owing  to  the  fact  that  ordi- 
narily no  difficulty  is  experienced  in  this  manner  until  about 
5  years  after  it  is  constructed,  it  is  better  practice,  although 
a  little  more  expense,  to  wait  until  such  time  as  difficulty  is 
experienced,  and  then  with  a  tool  similar  to  a  pean  hammer, 
or  else  with  compressed  air  tools,  cut  channels  at  each  joint, 
making  the  proper  grooving  for  toehold  for  horses.  In  this 
manner  a  much  better  riding  surface  is  obtained  than  if  the 
joints  are  raked  out  or  broomed  out  at  the  start. 

Track  Blocks. — It  often  becomes  necessary  to  pave  against 
tee  rails,  street  railway  construction.  In  this  case  a  special 
block  is  cut.  taking  the  place  of  the  flange  on  the  grooved 
girder  rail,  to  receive  the  flange  of  the  car  wheel. 

Trunk  Line  Highway  Construction. — A  modification  of  the 
above  type  of  pavement  is  adapted  to  trunk  line  highway  con- 
struction. Using  the  same  form  of  sub-grade  construction  as 
would  be  used  in  connection  with  any  of  the  other  types,  on 
this   sub-grade,   properly  compacted,   a   cushion   course  of  at 
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least  1%  in.,  after  ramming  of  the  pavement,  of  1 
to  3  dry  cement  mortor  cushion  shoulO  be  placed  and 
the  blocks  paved  on  this  cushion  course.  After  the 
blocks  have  been  rammed  the  pavement  should  be  sprinkled 
•with  water  to  assist  in  setting  up  the  cushion  course  and 
also  to  more  properly  bond  the  1  to  1  grouting,  which  is  to 
follow,  to  the  blocks  themselves. 

Bituminous  Mastic  Grouted  Pavement. — In  some  of  the 
most  densely  populated  cities  of  the  country,  where  it  is 
often  necessary  to  make  frequent  openings  in  the  pavement, 
which  necessitates  easy  removal  of  the  material  where  traffic 
conditions  are  such  that  it  is  not  practical  to  close  the  street 
for  any  longer  period  than  is  absolutely  necessary  and  where 
It  Is  desired  to  use  the  material  on  hillsides,  giving  toehold 
for  horses,  this  method  of  grouting  with  bituminous  mastic 
filler  is  sometimes  a  great  advantage.  Naturally,  with  such 
construction  each  joint  in  itself  becomes  an  expansion  joint 
and  noise  eliminator. 

Many  of  the  heaviest  traffic  streets  in  the  Borough  of  Man- 
hattan are  paved  with  this  type  of  paving.  The  method  pur- 
sued in  the  construction  of  this  type  of  paving  is  as  follows: 
The  paving  and  ramming  are  carried  out  in  the  same  man- 
ner as  has  been  previously  explained  for  a  cement  grouted 
pavement.  The  sand  to  be  used  in  this  mastic  grout  filler  is 
generally  of  the  usual  consistency  of  the  best  quality  cement 
sand,  but  should  not  contain  pebbles  larger  than  those  re- 
tained on  a  20-mesh  screen.  In  the  case  of  tar  pitch  filler  the 
sand  should  be  heated  to  a  temperature  of  not  less  than  275' 
and  not  more  than  350°  F..  and  shall  be  between  these  limits 
when  mixed  with  the  paving  pitch. 

If  an  asphalt  filler  is  used,  the  sand  should  be  heated  to  a 
temperature  of  not  less  than  300=  or  more  than  400°  F.  and 
shall  be  between  these  limits  when  mixed  with  the  cement. 
The  sand  is  usually  heated  either  over  piper  heaters  or 
some  portable  heating  device,  or  it  is  sometimes  heated  at  a 
large  bituminous  mixing  plant  and  drawn  in  steel-bodied  con- 
veyances, hot,  to  the  job.  The  bitumen  is  usually  heated  in 
portable  kettles  on  the  work,  but  is  sometimes  transported 
in  tank  trucks  from  plants,  if  conveniently  situated  in  the  im- 
mediate vicinity  of  the  work. 

Methods  of  Mixing.— The  methods  of  mixing  the  mastic  to 
date  are  extremely  crude  and  simple  and  no  doubt  will  soon 
be  improved  by  the  introduction  of  proper  mixing  machines. 
The  general  custom  today  is  to  mix  the  bitumen  and  sand 
together  in  the  ordinary  steel  wheelbarrow,  first  pouring  the 
bitumen  into  the  barrow  and  then  adding  the  sand,  mixing 
with  a  steel  squeegee,  until  the  proper  consistency  is  ob- 
tained. The  same  effect  is  also  accomplished  by  using  the 
ordinary  two-wheel  concrete  push-cart,  in  which  the  axle  ex- 
tends through  the  body  of  the  machine  and  is  equipped  with 
paddles  which  churn  the  bitumen  and  sand  to  the  proper  mix- 
ture with  a  few  turns  of  the  wheels  of  the  machine. 

Filling  Joints.— The  mastic  is  then  dumped  on  the  surface 
of  the  properlv  rammed  pavement  and  is  pushed  and  squee- 
geed into  the  joints  with  a  steel  squeegee,  filling  the  joints 
from  top  to  bottom  and  usually  leaving  on  the  top  of  the 
blocks  a  slight  mat  of  mastic  which  later  wears  off  under 
travel.  This  produces,  when  first  constructed,  one  of  the 
quietest  known  pavements  in  existence. 

As  in  the  case  with  the  cement  grout,  the  work  of  the 
pavers  should  be  closely  followed  by  the  application  of  this 
mastic,  and  no  grout  should  be  applied  in  wet  jomts,  or  with 
water  lying  underneath  in  the  joints.  This  mastic  mat  is 
immediately  covered  wifli  a  light  coating  of  hot  sand,  which 
prevents  the  mastic  from  adhering  to  the  traffic  passing  over 
it  The  work  can  be  immediately  opened  to  travel  as  soon 
as  the  mastic  is  cool,  which  would  be.  usually,  within  half  an 
hour  at  least.  ,  .  , 

The  oldest  sample  of  this  pavement,  of  which  we  have 
knowledge,  is  on  Amsterdam  Av.,  New  York,  5  years  of  age 
and  in  first  class  condition. 

Salvage  in  Old  Granite  Blocks.-There  are  several  ways  of 
reconstructing  this   pavement  which  give  extremely  gratify- 

ing  results.  ^   .   .   ^       a 

If  the  pavement  was  originally  laid  with  a  sand  joint  and 
has  not  been  turned  too  many  times  in  relaying,  it  will  be 
found  that  very  satisfactory  results  may  be  obtained  by  turn- 
ing the  faces,  which  have  not  been  worn,  up  and  grouting,  as 
in  the  case  of  new  blocks,  with  a  1  to  1  cement  and  sand  grout 
They  may  also  be  used  with  a  bituminous  mastic  joint,  but 
in  general  are  not  cut  sufficiently  close  to  lend  themselves  to 
first  class  work  wiTh  this  filler.     The  neatest  and  nicest  re- 


suits,  however,  are  obtained  by  what  i8  known  as  napping  the 
blocks.  To  successfully  accomplish  this  reHull  It  is  neces- 
sary that  the  old  blocks  shall  be  reabunubly  lung  no  that  by 
napping  or  cutting  one  tiirouRh  the  center  It  will  produce  at 
least  two  fair  sized  blocks.  If  the  blocks  are  not  lonK,  as 
above  mentioned,  they  will  usually  have  to  be  recut  and  the 
waste  is  very  considerable  In  such  cases. 

It  is  very  essential  In  the  use  of  second-hand  blocks  that 
the  blocks  from  different  quarries  should  be  separated  and 
used  by  themselves,  and  rigid  inspection  should  be  given  all 
second-hand  material,  because  in  the  early  days  of  Ihu  pro- 
duction of  granite  paving  blocks  very  little  attention-was  paid 
to  the  qualify  of  the  stone  and  very  little  Inspection  given 
as  to  whether  it  was  disintegrated  stone,  not  well  fitted  for 
construction  purposes;  consequently  a  considerable  part  of 
the  stone  originally  laid  would  not  be  considered  today  flt 
material  for  construction  purposes.  Such  disintegrated  ma- 
terial should  be  culled  out  and  not  used  in  the  conslrucllon 
of  a  pavement,  but  placed  in  gutters  for  other  type  streets. 

Napping  Second-hand  Blocks. — To  nap  a  block  a  murk  is 
made  across  the  center  of  the  block  with  a  stone  chisel,  trac- 
ing on  a  straight  line.  The  block  is  then  turned  over  and 
struck  a  sharp  blow  with  a  stone  hammer,  fracturing  op- 
posite the  tracing  first  made.  This  will  usually  split  the 
block  in  a  very  clean  break  on  the  line  of  the  tracing,  follow- 
ing which  the  block  is  trimmed  up.  usually  cutting  off  the 
turtleback  effect  on  one  side,  and  the  new  face  becomes  the 
top  of  the  block  exposed  to  weai'.  Some  extremely  durable 
and  desirable  jobs  are  produced  in  this  manner,  using  either 
tne  cement  grout  or  the  bituminous  mastic  joint. 


Missouri  Valley  Road  Builders'  Association  Organized. — 
At  a  meeting  of  contractors,  representatives  of  material  com- 
panies, county,  state,  municipal  and  Federal  engineers,  held 
in  Kansas  City  on  Sept.  2.  it  was  decided  to  organize  what 
was  afterwards  termed  the  Missouri  Valley  Road  Builders' 
Association.  The  purpose  of  this  organization  is  to  promote 
the  mutual  welfare  of  the  highway  indu.stry  and  to  attempt 
to  place  it  before  the  public  on  the  same  basis  as  other  in- 
dustries. The  organization  has  for  one  of  its  primary  pur- 
poses the  idea  of  bringing  closer  co-operation  and  better  un- 
derstanding between  contractors,  engineers,  material  com- 
panies and  highway  officials  in  general.  The  present  efforts 
of  the  association  will  be  directed  toward  obtaining  a  recog- 
nition from  the  railroad  administration  of  the  highway  work 
and  procure  the  proper  car  service  for  highway  materials. 
The  officers  elected  were  as  follows:  Chairman.  .M.  W.  Wat- 
son, State  Highway  Engineer  of  Kansas;  secretarj-troasurer. 
M.  R.  Amerman.  contractor,  Salina.  Kansas,  and  an  executive 
committee  composed  of  the  two  above  named  officers  and  S. 
A.  Fones  of  the  Independent  Gravel  Co..  Joplin,  Mo..  A.  W. 
Graham,  State  Highway  Engineer  of  Missouri,  and  R.  E. 
OBrien  of  the  Cook  &  O'Brien  Construction  Co. 

The  meetings  will  be  held  monthly  on  the  third  Saturday  of 
each  month  at  10  a.  m.  at  the  Baltimore  Hotel  In  Kansas  City, 
Mo  The  membership  is  open  to  all  highway  ofDclals.  state. 
county,  municipal  and  Federal,  to  all  contractors  and  to  all 
material  companies  and  concerns.  The  territory  to  be  cov- 
ered  by  this  organization  comprises  the  states  of  Missouri. 
Kansas.  Nebraska  and  Oklahoma. 

Weather  Reports  on  Highv»ays.— The  highway  weather  ser- 
vice one  of  the  new  enterprises  of  the  United  Department 
of  Agriculture,  operated  through  the  organization  of  the 
Weather  Bureau,  is  proving  of  benefit  to  automobile  owners 
where  it  has  been  tried.  The  meteorologist  In  charge  of  the 
Weather  Bureau  office  in  Kansas  City.  Mo.,  recently  re- 
ported- "The  demand  for  a  road  reporting  service  is  quite 
general  and  insistent  and  it  will  continue  so.  increasingly, 
until  dirt  roads  become  an  anachronism.  This  office  estab- 
lished a  road  or  highway  reporting  service  April  1  of  this 
year  and.  without  exaggeration,  it  Is  equal  to  the  most  prac- 
tical service  which  our  office  otherwise  can  perform.  It 
amounts  to  the  direction  of  public  motor  travel,  and  persons 
start  or  postpone  trips  as  we  advise."  The  highway  weather 
service  was  begun  as  a  war  measure  in  aid  of  motor  trana- 
Dortation  and  was  conducted  with  emergency  money  until  the 
end  of  the  war.  Though  Congress  made  bo  appropriation  for 
its  continuance  during  the  present  fiscal  year,  the  demand 
for  it  is  such  that  the  department  is  endeavoring  to  continue 
it  without  special  funds  to  meet  the  expense. 
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A  Simple    Method   of  Computing 
and  Showing  Overhaul 

By  EDWARD  H.  STEELE, 
Assistant  Construction  Engineer,   Minnesota  Higliway  Department 

The  diagram  shows  a  section  of  profile  with  accompanying 
cross-sections  and  actual  computed  quantities,  together  with 
mass-diagrams  and  overhaul.  The  method  of  procedure  Is  as 
follows:  With  the  grade  line  as  shown,  plot  the  cross-sec- 
tions, planimeter  the  areas,  and  compute  the  quantities  ot 
excavation  and  embankment  separately  as  indicated. 

Find  the  first  station  at  which  the  grading  quantities  change 
from  an  excess  of  excavation  to  an  excess  of  embankment, 
or   vice   versa,   allowing   for  the   assumed   shrinkage    (10   per 


lowed)  within  the  free-haul  limit.  Scale  oft  vertically,  with 
the  scale  used  in  platting  the  diagram,  the  quantity  between 
the  500  and  600  ft.  lines  (180  cu.  yd.).  This  is  to  be  hauled 
100  ft.  Scale  off  the  quantity  between  the  600  and  700-ft.  lines 
(220  cu.  yd.)  and  multiply  it  by  2  since  it  must  be  hauled  200 
ft.  Continue  this  process  throughout  the  diagram  and  the 
summation  of  the  results  gives  the  amount  of  overhaul  re- 
quired. 

This  method  is  simple,  sufficiently  accurate,  and  shows  at 
a  glance  the  direction  (slope  of  dashed  line)  and  limit  of  haul 
with  the  actual  quantities  involved.  It  has  the  advantage 
over  methods  requiring  a  continuous  mass  diagram,  of  not 
necessitating  the  replatting  of  previous  diagrams  when  a 
change  in  grade  line  is  made  during  the  process  of  design. 

All   the   figures   necessary  in   platting   these  two   diagrams. 
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cent  used  in  the  diagram);  that  is,  increase  the  embankment 
quantity  by  10  per  cent  before  comparing  it  with  the  cor- 
responding excavation  quantity.  In  making  the  shrinkage  al- 
lowance it  is  unnecessary  to  go  into  refinements.  Quanti- 
ties should  be  computed  to  the  nearest  cubic  yard  and  the 
mass  diagram  platted  to  the  nearest  10  cu.  yd. 

Having  thus  determined  the  starting  of  zero  point  of  the 
diagram,  plat,  in  the  direction  in  which  it  occurs,  the  excess 
of  excavation  and  the  excess  of  embankment,  making  the  al- 
lowance for  shrinkage  at  each  station  as  described  above. 

Assuming  that  the  work  starts  at  station  132  -f  80,  the 
platting  should  continue  until  a  point  is  reached  where  the 
sum  of  the  actual  excavation  quantities  (shown  on  the  cross- 
sections)  exceeds  the  sum  of  the  embankment  quantities  by 
approximately  10  per  cent — i.  e.,  at  station  139  -^-  00  where 
excavation  equals  970  cu.  yd.  and  embankment  equals  819  cu. 
yd.  This  then  forms  one  complete  diagram,  with  the  grade 
line  shown,  and  the  following  ones  are  plotted  in  exactly  the 
same  manner.  The  vertical  scale  may  be  varied  to  keep  the 
diagrams  within  limits  vertically. 

Overhaul  is  measured  and  paid  for  in  units  of  cubic  yards 
hauled  100  ft.  or  fractions  thereof,  beyond  the  free-haul  limit 
of  500  ft.  The  method  of  computing  overhaul  is  as  follows: 
Connect  the  upper  limits  of  the  diagram  by  a  dashed  line, 
and  draw  the  free-haul  line  (500  ft.  long)  where  it  just  spans 
the  diagram  parallel  to  the  dashed  line.  Draw  in  similarly 
the  600-ft.,  700-ft.  and  800-ft.  lines  (shown  dotted  station  139- 
148).  ■  All  the  material  below  the  500-ft.  line  represents  the 
balanced   amounts   of   earthwork    (10   per  cent   shrinkage   al- 


ghway    Department    for     Computing    Overhaul. 

together  with  all  the  earthwork  quantities,  are  shown  in  order 
that  those  interested  may  check  up  the  results  indicated. 


Amount  of  Water  Per  Batch  of  Concrete.--In  constructing 
a  Federal  Aid  concrete  road  near  Denver.  Colo.,  experiments 
were  made  en  the  water  required  in  the  mix.  As  a  result  it 
was  determined  to  use  water  per  batch  as  follows: 

17.7  gal.  per  batch  or  33.8  gal.  per  cubic  yard  ot  concrete, 
producing  a  rather  stiff  mix  which,  when  screeded  and  screed 
tamped,  gave  a  very  satisfactory  surface  upon  which  no  ex- 
cess water  appeared.  Or  19.1  gal.  per  batch  or  36.5  gal.  per 
cubic  yard  of  concrete,  producing  a  mix  which  flowed  slightly 
and  when  screeded  and  screed  tamped  gave  a  very  satisfac- 
tory surface  upon  which  a  slight  amount  of  water  appeared. 
The  concrete  was  mixed  in  the  proportion  of  1  bag  of  cement 
to  2  cu.  ft.  of  sand  and  3  cu.  ft.  of  screened  gravel,  and  results 
from  the  total  pavement  laid  showed  that  1.7  bbl.  of  cement 
were  used  per  cubic  yard  of  concrete,  which  was  mixed  to 
such  a  consistency  that  when  struck  off  with  the  strike  board 
the  exposed  face  stood  up  almost  vertical,  no  flow  occurring 
and  there  being  no  separation  of  material.  The  concrete 
mixer  used  was  a  paver  with  a  rotary  distributor  and  the  re- 
sults obtained  were  very  satisfactory.  The  batch  consisted 
of  31/^  bags  of  cement,  2  wheelbarrows  of  sand  and  3  wheel- 
barrows of  gravel  ot  3%  cu.  ft.  capacity.  It  required  just  100 
seconds  to  mix  one  batch.  Eighteen  batches  were  required 
for  a  30-ft.  block,  and  as  this  block  was  laid  in  30  minutes 
the  normal  running  time  was  1  lin.  ft.  of  pavement  per  min- 
ute ■  , 
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Two  Years'  Record  of  Maintenance 

Costs  of  Primary  Roads 

in  Washington 

On  June  7,  1917,  the  state  of  Washington  inaugurated  the 
plan  of  state  controlled,  county  administered  maintenance  of  its 
primary  highway  system.  At  the  outset,  1,245  miles  of  con- 
structed primary  roads  come  under  the  operation  of  this  sys- 
tem. By  June  of  1918.  by  completion  of  new  construction, 
the  mileage  had  increased  to  1,410  miles,  and  in  July,  1919^ 
completed  new  construction  and  additional  routes  designated 
by  recent  legislation  as  primary  highways,  brought  the  total 
mileage  under  the  joint  maintenance  plan  to  1,796.  This 
mileage  will  continue  to  increase  at  the  rate  of  200  to  300 
miles  annually  for  the  next  three  or  four  years  until  the  en- 
tire 2,700  miles  of  designated  primary  highway  system  is 
completed  with  permanent  construction.  Although  this  pri- 
mary mileage  comprises  only  about  5  per  cent  of  the  estab- 
lished road  system  throughout  the  state  (excluding  streets 
within  corporate  limits  of  cities  and  towns),  it  is  certain  that 
at  least  50  and  perhaps  as  much  as  75  per  cent  of  the  entire 
volume  of  highway  traffic  is  carried  by  these  primary  routes 
upon  which  the  through  and  local  traffic  is  concentrated. 

Two  years  of  cumulative  cost-keeping  records  of  primary 
highway  maintenance  are  now  available.  In  the  July  issue 
of  Public  Roads,  Mr.  E.  G.  Cotterill,  chief  engineer  of  the 
Washington  State  Highway  Commission,  summarizes  these 
costs  and  deduces  some  general  conclusions  from  them.  The 
following  is  abstracted  from  his  article: 

The  record  covers  about  250  separate  sections  of  highway, 
each  averaging  nearly  6  miles  in  length,  and  including  11 
types  of  construction  and  surfacing.  The  maintenance  was 
under  the  direct  administration  of  30  boards  of  county  com- 
missioners, the  county  or  maintenance  engineer  being 
in  direct  charge.  During  the  year  June.  1917-May,  1918. 
these  30  counties  cared  for  a  total  mileage  of  1,303.87  of  pri- 
mary highways  at  an  average  cost  per  mile  for  maintenance, 
repairs  and  equipment  of  $327.84.  During  the  year  June, 
1918-May,  1919,  the  mileage  was  1,512.79  and  the  average  cost 
per  mile  was  .$419.86.  The  annual  average  cost  per  mile 
year  was  $373.85.  The  following  table  shows  the  expendi- 
tures in  1917-18.  classified  according  to  construction  types: 

The  expenditures  include  all  charges  upon  the  entire  road, 
its  drainage,  roadbed,  slopes,  shoulders,  etc.,  as  well  as  the 
pavement  or  surfacing— everything  that  has  been  necessary 
tor  the  adequate  maintenance,  repair,  and  general  upkeep  of 
the  highv.-ay. 

Equipment  purchases  make  up  about  15  per  cent  of  the 
total  expenditures,  varying  from  nominal  up  to  50  per  cent 
in  the  various  counties,  apportioned  upon  the  respective  high- 
way sections  to  which  applied.  While  this  operates  fairly  as 
a  general  state  average,  there  are  disproportionate  equipment 
charges  as  between  the  several  counties,  which  will  not 
work  out  in  fair  comparison  until  at  last  four  or  five  years 
of  continuous  records  on  this  plan  are  made  available. 

On  certain  sections  of  the  McClellan  Pass  Highway  in 
King  county  and  of  the  Olympic  Highway  in  Clallan  and 
Orays  Harbor  counties,  the  Federal  government  spruce  oper- 
ations of  the  war  period  imposed  a  most  abnormal  and  de- 
structive use  upon  more  than  100  miles  of  gravel-surfaced 
highways.  Extension  trucks  carried  great  logs,  often  to  ag- 
gregate weights  of  20  to  25  tons,  over  miles  of  roads  unfitted 
for  such  abnormal  use;  biit  with  no  other  transportation  re- 
source from  the  spruce  forests,  these  roads  were  devoted  to 


the  national  service.  In  order  to  keep  up  these  roads  under 
siich  traffic,  It  required  on  the  .McClojIan  Pukb  HiRhway  in 
King's  county  an  expenditure  durinK  UMS  of  $1,861.37  per 
mile  for  the  19-mile  section  euBt  of  Knumclaw,  which  was  the 
scene  of  the  spruce-hauling  operations.  Similarly  on  the 
Olympic  Highway  in  Grays  Harbor  county  south  from  Lake 
Quiniault  it  cost  almost  $1,00U  per  mile  to  keep  up  the  37 
miles  of  gravel-surfaced  highway  during  1918.  These  ab- 
normal upkeep  costs  swell  the  figures  from  these  counties 
and  types  of  highway. 

The  years  covered  by  the  statements.  beRinnlng  with  June 
1917,  have  witnessed  the  highest  scale  of  labor  and  material 
costs  every  known.  Common  labor  had  reached  the  13.75 
mark  before  June,  1917,  and  rose  to  $4.50  and  $5  during  1918. 
at  which  level  it  remains  in  June,  1919  (for  day  of  eight 
hours).  This  represents  a  full  100  per  cent  Increajse  from 
the  $2.25  to  $2.75  rates  for  similar  labor  In  the  prewar  period. 
And  the  materials  necessary  for  maintenance  work  have 
risen  in  almost  similar  doubled  proportion.  The  WaHhIngton 
primary  highway  average  of  almost  $40ii  per  mile  mainte- 
nance cost  in  1918— and  five  months  of  1919  shows  a  con- 
tinuance at  about  this  rate— is  fairly  comparable  with  $200 
per  mile  during  the  period  of  1910-1916. 

At  least  one  general  conclusion  Is  fairly  deducible  from 
the  Washington  figures  of  two  years'  maintenance  cost.*,  viz., 
that  there  is  a  gap  of  $250  to  $300  per  mile  year  between  the 
group  of  hardsurfaced  paved  highways  and  the  macadam- 
gravel  group.  Considering  further  that  the  paved  highways 
carry  a  volume  of  traffic  per  mile,  averaging  two  to  ten  times 
that  of  the  macadam-gravel  group,  it  Is  demonstrable  from 
detail  analysis  of  sectional  reports  that  macadam-gravel 
sections  under  traffic  comparable  with  paved  sections  are 
costing  from  $600  per  mile  per  year  and  upward  for  their  up- 
keep. In  other  words  the  real  gap  between  maintenance 
cost  of  paved  and  macadam-gravel  highways  under  similar 
heavy  traffic  is  at  least  $500  per  mile  per  year.  .Assum- 
ing a  traffic  of  500  motor  vehicles  per  day  or  182,500  per 
year,  it  is  certain  that  not  less  than  1  ct.  per  mile— some 
would  place  it  as  high  as  2  ct. — will  be  saved  to  the  motor 
operating  public,  or  $1,825  per  year  per  mile,  in  actual  up 
keep  cost  of  motor  vehicles  employed,  to  say  nothing  of  In 
creased  traction  results,  time  saved  and  convenience  served. 
Adding  the  $500  per  mile  of  increased  annual  maintenance 
cost  and  $1,825  per  mile  of  motor  vehicle  upkeep  cost  makes 
a  showing  of  $2,325  per  year  per  mile  which  can  be  saved  by 
substituting  a  hard-surface  pavement  for  macadam  or  gravel 
surfacing.  Half  this  amount  would  pay  the  Interest  on  an 
investment  of  $25,000  per  mile  in  pavement. 

Whenever  the  traffic  on  a  macadam  or  gravel  surfaced 
highway  approaches  an  average  of  500  motor  vehicles  daily. 
the  Washington  experience,  demonstrates  costs  of  $600  to 
$1,000  per  mile  for  such  uneffectlve  degree  of  upkeep  as  Is 
possible  for  these  highway  types  under  such  traffic.  In  every 
such  case  a  hard-surface  pavement  Is  economically  over-due: 
and  the  Washington  program  is  to  get  these  roads  up  to  date 
by  hard-surface  construction  as  fast  as  resources  and  credit 
wil!  permit. 


Instructors  Wanted  for  Motor  Transport  Training  Schools. 
— The  United  States  Civil  Service  Commission  Is  receiving, 
applications  to  fill  150  positions  of  assistant  Instructor  in  the 
motor  transport  training  schools  of  the  army.  The  entrance 
salaries  range  from  $1,800  to  $2,400  a  year.  Detailed  Informa- 
tion may  be  obtained  from  the  U.  S.  Civil  Service  Board  at 
the  post  office  or  customhouse  In  any  city 


EXPB.VDirrRES.    1917-18.    CLASSIFIED    BY    HIGHWAY 


Type   of  surfacing. 

Brick  pavement    

Cement  concrete 

Asphaltic  concrete   

Bitulithic  and  warrenite, 

.Sheet  asphalt   ,. 

One-half  width  concrete,  one-half  width  macadam,  etc. 

i'itiiminous  macadam   

Water-hound    macadam    

Crushed  rock  surfacing 

Gravel    surfacing    

Natural  earth  grade 

.Special.  bridg"es.   trestle.*,   f-rr 


1917  (7  months  June-Decemtx?r) 
Mileage.  Pcr^mll^. 

56.41 

16.32 

211."" 

5t.>;i 

2.'!0.58 
139.67 
165.22 
155.41 
182.72 
86.67 


CONSTRL'CTION  TYPK.- 
-1918  (full 


l'.245.57 


$IS$.2« 


•AbnornYlfexpeiuiitures  on  briVk  pavements -due  to  eVt^^^^ 

settlements.     The  W17-1S'  averacre  per  mile  year  obtained  X '"'/■''!^    """cY.^'    nV^nrmal  SverS^e-!  bv  1583.1    o 
types  than  hrick.  the  1917-lS  mil.-year  average  is  obtained  by  dmrt  m^r  .cum  of  annual  a%erages  d>    1.000.1.  <j 


:MlleaKe. 

I'er  mil. 

•...-ir 

8.81 

•»7.^5  «>« 

.■:.ii.:s 

■  102.38       . 

Ill.fil 

in?  i: 

23.21 

.■H-.-'.v 

!21.21 

17.77 

316.07 

5.97 

B6.39 

'     853 

32791 

10.96 

.  •    "": 

397.70 

125.05 

' ;  •  '  ■; 

368.67 

66.30 

1  •  :  ■" ' 

103J9 

825.81 

386.02 

1S2.1.1 

■ .  '  " 

159.12 

3.58 

1,410.53 

J.iS7.51 

It    faulty    •■ 

and 

1    road-bed 

vision  of  sun 

1.     in  all 

cases  of  oUifr 

1.5833.  on  a 

ri-ount  7 

mon! 

hs  of  1»17 

averaged   nilh  full  year   V-' 


(99) 


388 


Ein/iiu'iTuu/  (iiid  Contrdciiitf/  for  Oitoher  1,  1919. 


70.4  Lin.  Ft.  of  Concrete  Road  Per 

Hour 

Remarkable  progress  on  a  concrete  road  job  was  made 
last  summer  in  building  a  highway  between  I'oldwater  and 
Batavia  in  Branch  County,  Michigan.  According  to  the  rec- 
ords of  the  contractor  and  the  engineer  inspector  of  the  State 
Highway  Department  15,847  lin.  ft.  of  16-ft.  pavement  were 
laid  in  225  hours,  an  average  of  70.4  lin.  ft.  per  hour.  The 
high  run  was   126   lin.   ft.   per  hour. 

A  55  cu.  ft.  capacity  mi.\er  was  used  on  the  work.  This 
machine  weighed  approximately  12  tons,  but  the  great  width 
of  the  tire  of  the  wheels  made  planking  of  the  subgrade  un- 
necessary. The  mixer  was  not  self-propelling  and  was 
moved  by  the  tractor  which  handled  the  derrick.  Another 
part  of  the  outfit  which  materially  aided  in  speeding  up  the 
work  was  a  central  proportioning  plant.  This  was  located 
alongside  a  switch  from  the  railroad,  and  included  three 
material  bins.  The  bin  lor  cement  was  stationary.  Bulk 
cement  was  delivered  in  gondola  cars  equipped  with  heavy 
canvas  covers.  The  cars  were  ranged  alongside  the  bin  and 
unloaded  by  a  crane  into  the  bin.  The  bins  for  sand  and 
j-tone  on  either  side  of  the  cement  bin  were  built  on  flat 
cars  moving  on  a  dead  end  track.  The  crane,  equipped  with 
a  clam  shell,  was  mounted  on  a  flat  car,  was  self-propelling, 
and  shifted  the  sand  and  pebble  bin  cars  where  necessary. 

Materia!  boxes  of  55  cu.  ft.  capacity,  one  on  each  chassis 
of  an  industrial  train,  were  drawn  alongside  the  gravel  bin 
first,  each  box  receiving  30  measured  cubic  feet  of  stone. 
Teams  move  this  string  of  cars  ahead,  under  the  cement 
bin,  where  10  measured  cubic  feet  of  cement  were  deposited 
In  each  box.  A  little  further  ahead  the  cars  were  drawn 
alongside  the  sand  bin  and  each  filled  with  15  measured 
cubic    feet    of    sand,    thereby    completing      the      proportion. 


Pushed  ahead,  the  train  of  cars  was  coupled  up,  ready  to  be 
drawn   to   the  mixer   by   gasoline  locomotives. 

As  the  distance  from  the  proportioning  plant  to  the  mixer 
increased  the  delivery  became  more  difficult.  With  the  addi- 
tion to  the  equipment  of  a  third  gasoline  locomotive,  how- 
ever, there  was  now  practically  no  difficulty  in  keeping  the 
mixer   supplied. 

Arrived  at  the  mixer,  the  material  boxes  were  lifted  from 
the  truck  by  a  motor  derrick,  swung  into  position  over  the 
hopper  of  the  mixer  and  there  emptied  by  an  ingenious  con- 
trivance, worked  by  the  derrick  operator.  This  dumping 
device,  together  with  the  material  boxes,  was  designed  by 
the  contractor,  the  boxes  themselves  being  constructed  in 
his  own  field  shop. 

Standard  methods  of  finishing  and  curing  were  followed, 
a  steel  shod  template  striking  the  concrete  to  the  required 
crown,  a  roller  pressing  out  excess  water,  the  finish  was 
secured  with  a  wide  canvas  belt,  and  the  surface  on  each 
side  of  the  joints  was  brought  to  exact  level  by  a  4-ft.  split 
float.  An  edging  tool  was  used  at  the  sides  of  the  pave- 
ment and  canvas  covers  were  placed  over  the  finished  sec- 
tions during  hot  weather.  The  contractor  for  this  work 
was  G.  P.  Scharl. 

We  are  indebted  to  the  Concrete  Highway  Magazine  for 
the  matter  in  this  article. 


August  Record  for  Federal  Aid  Road  Projects. — An  increase 
tor  August  compared  with  July  in  the  total  mileage  of  Federal 
aid  project  statements  approved  by  the  Secretary  of  Agricul- 
ture is  shown  in  the  latest  report  prepared  by  the  Bureau  of 
Public  Roads  of  the  Department  of  Agriculture,  the  total  for 
August  being  1,246.92  miles  as  against  1,168.66  miles  for  July. 
The  125  project  statements  approved  in  August  involved  im- 
provement at  an  estimated  total  cost  of  $18,238,303,  on  which 
Federal  aid  in  the  amount  of  $7,171,704  was  requested. 


Bulk   Cement   Being   Loaded   in   Aggregate 
Cars   at    Central    Proportioning    Plant. 


Central   Proportioning   Plant  of  G.  P.    Scharl   on    Branch   County   Road   Job. 


Agijregate   Cars    Being    Lifted    Off   Th,;ir    TiulKn    Pi  ep.ii  .itory   to    Discharging   into    Mixer. 
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Contents    of    Aggregate    Cars    Discharged 
Directly    into     Mixer. 
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Should  Contracts  for  Grading  Upon 
Extensive  Highway  Improve- 
ments Be  Awarded 
Separately? 

The  immense  amount  of  work  to  be  done  in  the  liighway 
field  offers  unprecedented  inducement  for  contractors  with 
sufficient  capital  and  large  organizations  to  bid  for  tlie 
larger  highway  offerings.  The  paving  proper  constitutes 
by  far  a  larger  portion  of  the  money  value  of  such  con- 
tracts. It  is  the  part  for  which  special  machinery  and  equip- 
ment may  be  employed  that  would  make  the  hazards  and 
delays  that  occur,  when  the  work  must  be  done  by  hand 
labor  and  teams,  a  practical  minimum.  Thus,  if  a  contrac- 
tor is  awarded  a  contract  for  20  to  50  miles  of  road,  he  in- 
stalls material  storage  and  handling  equipment,  tracks  and 
power-hauling  outfits  so  as  to  reduce  to  almost  nil  the 
human  or  animal  muscle  power  required.  This  holds  true 
so  far  as  laying  the  pavement  itself,  but  it  is  not  so  appar- 
ent that  similar  advantageous  methods  are  afforded  to  han- 
dle the  grading.  Upon  this  part  of  the  work  a  contractor 
secures  few  or  no  advantages  merely  because  he  is  awarded 
a  large  mileage  in  a  single  contract.  And  so  it  comes  about 
that  some  contractors  desire  to  be  relieved  of  the  earth  and 
other  work  preliminary  to  laying  the  pavement.  An  inter- 
esting discussion  of  this  subject  is  given  by  Mr.  A.  N.  John- 
son, Consulting  Highway  Engineer,  Portland  Cement  Asso- 
ciation, in  the  September  Successful  Methods,  from  which 
the  following  is  quoted: 

In  order  to  ascertain  the  opinions  of  the  state  highway  en- 
gineers upon  the  question  of  handling  grading  contracts,  a 
letter  upon  the  subject  was  addressed  to  each.  The  replies 
received  contain  much  that  is  pertinent  and  disclose  so 
clearly  what  effect  various  conditions  have  upon  the  methods 
now  pursued  that  a  review  of  them  will  aid  both  engineers 
and  contractors  to  approacli  this  problem.  Of  the  replies 
received  there  was  about  an  equal  division 'of  opinion  be- 
tween letting  a  single  contract  to  include  grading  and  pav- 
ing and  letting  separate  contracts  for  each  of  these  por- 
tions of  the  work. 

The  reasons  generally  advanced  for  letting  single  con- 
tracts for  grading  and  paving  are: 

1.  Avoidance  of  delays  and  conflicts  that  would  arise  be- 
tween different  contractors  on  the  same  work. 

2.  Less  inconveniences  sustained  by  the  public  due  to  the 
lesser  mileage  of  roads  that  would  be  torn  up. 

Perhaps  e.xcerpts  from  two  of  the  letters  that  bring  out 
these  points  are  sufficient.  Col.  W.  D.  Uhler,  Chief  Engi- 
neer of  the  Pennsylvania  State  Highway  Department,  states 
that: 

In  letting  separate  grading  contracts  it  means  that  the  paving 
contractors  cannot  go  on  with  their  work  until  the  entire  grading 
i.s  cleaned  up.  whereas  under  the  present  method,  by  the  time  the 
average  contractor  completes  his  grading'  on  the  job,  the  paving 
is  from  50  to  IC-  per  cent  completed. 

rou  can  plainly  see  that  there  would  be  a  great  loss  of  time 
were  we  to  foUow  this  practice.  Our  people  want  the  roads  and 
are  willing  to  pay  a  fair  price  for  them. 

Aa  far  as  a  scarcity  of  contractors  is  concerned,  w*e  have  not 
experienced  this  condition,  as  we  have  been  able  to  let  everything 
advertised  up  to  the  present  time  at  wliat  we  consider  a  fair  price 
to  both  the  state  and  the  contractors.  I  think  this  is  plainly  evi- 
denced by  the  large  program  which  we  have  under  way,  being  far 
greater  than  anything  undertaken  by  any  other  states  up  to  the 
present  time. 

The  following  comment  is  made  by  Clifford  Older,  Chief 
Engineer  of  the  Illinois  State  Highway  Department: 

In  regard  to  the  awarding  of  contracts  for  the  grading  of 
country  road  work  separate  from  the  pavement  proper,  doubt  if 
we  would  secure  much  better  competition  under  such  a  division. 
I  realize  there  are  a  number  of  contractors  who  do  not  care  to  do 
the  culvert  or  earth  work  in  connection  with  pavement  construc- 
tion; however,  there  are  a  Jarge  number  of  small  contractors  who 
do  not  care  to  do  the  pavement  w-ork  and  are  always  desirous  of 
subletting  the  earth  work  from  contractors  who  take  the  entire 
work. 

There  seems  to  be  more  or  less  confusion  where  two  or  more 
contractors  have  contracts  for  a  specific  piece  of  road  improvement, 
as  very  frequently  the  grading  or  culvert  contractor  delays  the 
pavement  contractor.  In  many  cases  we  find  that  it  is  much 
more  convenient  to  build  the  side  road  culverts  after  the  grading  is 
completed  and  the  pavement  laid  or  at  the  same  time  the  pavernent 
:s  being  laid. 

rion 


I    believe    that    with    I  ho    n..-.liai.lcal    d«vlce»    which   are    belne 

perfected  for  grading,  there  will  b«;  I.-hk  objection  every  -^ '      I 

by  contractors  on  account  of  the  (.Tadlnn  work.     \Vh.  r. 
can  be  done  by  machinery,   we   believe   It   will   prov*    • 
economical   and   more   satlBfactory    to   all   concerned    tor   a   aincl- 
contractor   to   take   both   the   earth   work   and   the   imvemeni   con- 
struction. 

The  last  paragraph  of  Mr.  Cider's  letter  is  gignlflcant  B8  it 
points  the  way  to  a  practical  solution  of  much  of  the  dim- 
culty  some  contractors  experience  with  KraUing,    Small  trac- 
tors have  successfully  taken  the  place  of  teams  for  scniper 
and   wheeler  work.     This  constitutes  a   very   largo   percent 
age  of  all  grading  for  highways.    There  are  to  be  sure 
instances,    particularly    in    hilly    and    mountainous    dlsti.. 
where  comparatively  heavy   work   is  encountered,  adniliiing 
the  use  of  steam  shovels.     But,  these  may  be  considered  as 
exceptional  and  aside  from   the  prevailing  conditions  which 
are  here  discussed. 

The  state  highway  departments  which  express  themselves 
in  favor  of  single  contracts  for  grading  and  paving  are 
Maine,  Massachusetts,  Connecticut,  Rhode  Island.  New- 
York,  Maryland,  Nebraska,  Minnesota.  Tennessee.  Mon- 
tana, Utah,  New  Mexico,  Oklahoma  and  Texas.  The  depart- 
ments of  Oklahoma,  Maryland,  and  Texas  each  make  the 
suggestion  that  contracts  be  so  drawn  that  the  general  con- 
tractor is  not  only  permitted  but  encouraged  to  sublet  the 
grading.  This  opinion  is  well  summed  up  in  a  letter  re- 
ceived from  J.  N.  Mackall,  Chief  Engineer  of  the  Maryland 
Road  Commission. 

What  I  l>elieve  would  be  productive  of  the  beat  results  wouUI 
ba  to  specify  that  the  grading  and  drainage  work  could  be 
to  other  contractors  and  to  encourage  rather  than  dlscour.-i^. 
is  done  at  present,  the  matter  of  subletting  a  portion  of  the  »urk. 
If  the  work  were  sublet  we  would  then  have  a  general  contractor 
to  hold  responsible  for  its  prosecution,  and  there  would  be  no  claim 
on  the  commission  for  additional  compensation  due  to  extra  work 
brought  about   b.v  lack  of  cooperation. 

The  arguments  presented  in  favor  of  separate  contracts 
for  grading  and  paving  are: 

1.  Allows  fills  to  settle  before  paving  is  placed. 

2.  Better  prices  can  often  be  obtained  with  separate  con- 
tracts. 

3.  Will  make  available  local  contractors  equipped  to  do 
only  grading. 

Among  the  replies  that  expressed  approval  of  separate 
contracts  a  considerable  number  did  so  qualifledly,  believ- 
ing there  are  also  advantages  for  letting  combined  contracts 
Such  expression  of  opinion  was  received  from  the  depart- 
ments of  New  Hampshire,  New  Jersey,  Wyoming.  Kentucky, 
South  C^arolina.  Indiana,  Missouri,  Kansas,  South  Dakota. 
Idaho,  Nevada  and  Oregon;  while  the  departments  of  Dela- 
ware, Michigan,  Iowa,  Alabama,  Arizona  and  Washington  are 
more  positive  in  their  recommendation  for  separate  con- 
tracts for  grading  and  paving.  Frank  F.  Rogers.  State  High- 
way Commissioner  of  Michigan,  states  these  arguments  con- 
cisely. 

1  wish  to  advise  that  this  department  Is  he.irtlly  In  f.TV-'  -'  '  • 
ting  contracts  for  the  grading  of  roads  separately  from  f 
We    prefer   wherever   possible    to   let    grading   contract - 
the  season  where  it  is  possible  to  finish  them,  and  let 
settle    through    the    winter,    then    the    following    sprInK 
pavement 

At  the  present  time  we  have  about  half  a  dozen  such  Instances. 
and  I  do  .lot  think  we  will  be  subjected  to  any  criticism  for  pro- 
ceeding along  such  lines.  We  surely  got  a  l)ettcr  {kavcment  In  th>" 
long  run. 

I  am  also  of  the  impression  that  most  paving  contractoni  favor 
su<h  a  procedure.  In  many  cases  grading  la  the  longest  part  of 
a  contract  in  point  of  time.  Many  contractors  have  advinod  me 
that  they  prefer  to  take  straight  paving  contracts  where  the 
grading  has  already  been  completed  and  only  fine  work  on  the 
:.'ubgrade  and  shoulders  remains  to  be  done. 

I  mi&'ht  say  that  we  are  soon,  to  undertake  the  con.slructlon  of 
the  balance  of  the  road  between  Ann  Arlibr  and  Jackson  on  the 
Detroit-Chicayo  Paved  Way,  amounting  to  about  25  miles  In  length. 
We  intend  to  let  separate  grading  contracts  this  fall  for  the  gradin? 
and  drainage  structures.  The  grading  on  this  road  U  extremely 
heavy,  and  I  believe  it  Is  of  the  utmost  Importance  that  the  grading 
be  allowed  to  settle  throug-h  one  winter.  If  possible. 

It  is  evident  that  there  is  a  considerable  difference  of 
opinion.  But  from  the  somewhat  conflicting  data  there  are 
to  he   discerned  certain   facts   that  may  be  presented. 

First,  the  problem  has  arisen  because  of  essentially 
changed  conditions.  These  are  brought  about  by  the  de- 
sire on  the   part  of  the   public  to   have  completed,    in    the 
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shortest  time  possible,  extensive  higliway  improvements, 
and,  as  an  evidence  of  the  sincerity  of  such  desire,  have 
voted  bond  issues  of  sufficient  magnitude  to  complete,  not 
only  a  system  of  improved  highways  for  a  county  but  for 
an  entire  state. 

Those  states  not  now  confronted  with  such  conditions 
(though  from  present  indications  these  will  soon  be  in  the 
minority),  do  not  have  this  problem  for  immediate  solution. 
But  there  are  a  number  of  states  and  many  counties  now 
facing  the  construction,  in  the  next  few  years,  of  an  ex- 
traordinary large  mileage  of  modern  highways.  The  engi- 
neers and  contractors  in  charge  of  these  undertakings  will 
have  to  meet  the  problem  of  handing  the  gradings  so  as  to 
obtain  the  best  results. 

Needless  to  state  there  probably  is  no  one  general  method 
of  procedure  whicli  will  be  found  to  answer  all  of  the  varied 
conditions  that  must  be  fulfilled.  But  some  of  the  factors 
that  should  be  considered   may  be  pointed  out. 

It  must  be  evident  that  past  experiences  based  upon  a 
number  of  small  contracts,  scattered  over  a  whole  state,  can 
scarcely  be  a  sufficient  guide  by  which  to  handle  work  in- 
volving hundreds  of  miles  of  improvements  in  long  con- 
tinuous  stretches. 

Whether  the  grading  and  paving  are  let  separately  or  not 
a  great  advantage  is  gained  if  tbe  fills  can  be  made  and  al- 
lowed to  settle  over  the  winter  before  laying  the  pavement. 
There  must  of  necessity  be  some  added  inconvenience  tem- 
porarily experienced  by  the  public  but  which  can  be  over- 
come in  no  small  degree  by  carefully  planned  detours,  and 
the  construction  of  temporary  side  roads. 

The  use  of  machinery,  particularly  of  small  tractors,  to 
take  the  place  of  teams  for  road  grading  may  offer  some  re- 
lief to  contractrs  who  are  ready  to  take  large  contracts  but 
are  fearful  as  to  how  they  can  handle  the  grading  if  they  are 
obliged  to  rely  upon  the  customary  methods  of  the  past. 

It  is  essential  that  the  amount  of  work  awarded  in  a  sin- 
gle contract  be  large  enough  to  attract  contractors  with  large 
organizations  and  sufficient  capital  to  install  the  mechanical 
equipment  necessary  for  rapid  construction.  And  it  con- 
tractors with  such  qualifications  are  be  attracted  to  the 
work  a  greater  latitude  should  be  allowed  them  in  liandling 
subcontracts.  The  general  contractor  should  have  the  op- 
portunity to  plan  the  work  so  as  to  be  not  only  of  an  ad- 
vantage to  himself  but  so  as  to  obtain  the  best  results  for 
the  public. 


$300,000,000  Expended  in  1918  on  Rural  Roads  and  Bridges. 
— Cash  expenditures  on  rural  roads  and  bridges  of  the 
United  States  in  1918  amounted  to  $286,098,193,  according 
to  complete  reports  from  44  states  to  the  U.  S.  Bureau  of 
Public  Roads.  In  addition  the  value  of  statute  and  convict 
labor  on  this  work  probably  amounted  to  $14,000,000,  mak- 
ing the  grand  total  expenditure  for  the  year  $300,000,000. 
This  total  is  made  up  of  the  actual  expenditures  for  such 
items  as  labor,  materials,  supervision  and  administration 
directly  connected  with  tlie  construction,  improvement,  and 
upkeep  of  our  public  roads  and  bridges  outside  the  limits  of 
incorporated  tow-ns  and  cities,  and  does  not  include  any 
item  for  sinking  fund  payments  or  redemption  and  interest 
on  road  and  bridge  bonds.  The  total  approximate  cash  ex- 
penditures for  various  years  according  to  figures  of  the 
Bureau  of  Public  Roads,  have  been  as  follows: 
isof $  n3.427.isoiinn $279.915,3.12 

1914 240. 263, 7Si' 191 8 28f>.09S,l!>3 

1916 272,634,424! 


$558,000,000  of  State  Bond  Issues  for  Roads.— State  higli- 
way bonds  totaling  $224,800,000  were  voted  between  Nov. 
1,  1918,  and  July  1,  1919.  In  addition  other  states  have  been 
under  definite  provisions  for  submitting  to  vote  between 
June  30,  1919,  and  Dee.  31,  1920,  bond  issues  aggregating 
$314,000,000.  The  following  states  authorized  bond  issues 
between  the  first  dates: 

Illinois    $60. 000,000!  South    Iwkota $4,500,000 

Pennsylvania    BO.OOO.OOO]  I'ImIi    4,000. OOn 

Michigan     50.000.00fli  Wyoming   2.800.000 

California    40.000,0001  Nevada   1.000,000 

Oregon 12.500,0001 

The  bond  issues  to  be  voted  on  between  June  30,  1919,  and 
Dec.  31,  1920,  are  as  follows: 
Minnesota $7.5.000.0iiO!Monlan!i   $15,000,000 


Texa.s 

Missouri    

West    Virginia 
'  Washington    .  . 


75.nnn.O0('i  Mnlne 

00, (111(1, iKiih  'Dlorailo   

40,(100.(101!!  1.1  iho    

is0,00»,000l.N'ew    Mexico.. 


10,000,0(111 
5.000.0(>0 
2,000.00(1 
2,000,000 


Impact  Tests  of  Auto  Trucks  on 
Roads 

Realizing  the  destructive  effect  of  heavily  loaded  auto 
trucks  on  highways  and  streets,  and  the  demand  for  data 
on  the  design  of  road  surfaces  and  foundations  to  withstand 
such  heavy  traffic,  a  series  of  experiments  is  being  conducted 
by  the  Bureau  of  Public  Roads  at  the  Arlington  Experimental 
Farm  to  determine  the  impact  of  auto  trucks  on  roads.'  A 
preliminary  report  on  these  tests,  prepared  by  E.  B.  Smith, 
Senior  Assistant  Testing  Engineer,  and  J.  T.  Pauls,  High- 
way Engineer,  has  recently  been  made  public  by  the  Bureau. 
The  matter  following  is  from  this  report. 

Equipment  Used  in  the  Testo. — The  apparatus  used  in  ttese 
experiments  consists  of  a  heavy  steel  cylinder  in  which  is 
fitted  a  plunger  4  in.  in  diameter  and  8  in.  long,  similar  in 
construction  to  a  hydraulic  jack.  A  hole  is  left  in  the  bot- 
tom of  the  cylinder  in  order  to  prevent  air  cushioning  under 
the  plunger.  On  the  top  or  head  of  the  plunger  there  is  se- 
curely fastened  a  heavy  steel  plate,  on  which  the  impact  of 
the  truck  wheel  is  received.  This  whole  apparatus  is  sup- 
ported rigidly  in  a  concrete  box  placed  in  the  road  in  such 
a  position  that  the  height  of  the  steel  plate  on  top  of  the 
plunger  may  be  made  just  flush  with  the  road  surface.    The 
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Apparatus   Used    in   Making   Tests. 

height  of  the  upper  surface  of  the  plate  can  be  varied  by 
proper  steel  disks  placed  under  the  plunger.  In  order  that 
the  front  wheel  may  pass  over  and  not  touch  the  steel  plate 
en  the  plunger,  a  steel  bridge  is  used  which  is  automatically 
tripped  by  the  front  wheel  in  passing  over  it.  This  releases 
a  catch  and  allows  a  weighted  lever  to  pull  the  bridge  clear 
from  the  apparatus,  thus  leaving  the  steel  plate  exposed 
and  ready  to  receive  the  impact  of  the  rear  wheel.  By  slight 
variations  this  bridge  may  be  used  to  allow  the  impact  of  the 
front  wheel  to  be  received  and  then  protect  the  plate  from 
the  impact  of  the  rear  wheel.  The  approach  to  this  impact 
apparatus  is  made  of  2-in.  planking  about  20  ft.  long  and 
is  so  constructed  that  the  height  of  the  planks  may  be  varied 
above  the  road  surface  to  give  various  heights  of  drop,  and 
also  can  be  moved  forward  or  backward  to  give  the  proper 
jumping  distance  from  the  jump-oft  point  so  that  the  wheel 
will  strike  the  center  of  the  plunger  at  all  speeds. 

For  recording  the  impact  value  a  copper  cylinder  %  in. 
in  diameter  by  %  in.  long  is  placed  under  the  plunger  of  the 
jack.  The  impact  received  on  the  plunger  is  transmitted 
to  the  copper  cylinder,  where  It  produces  a  corresponding 
permanent  deformation.  Tlie  copper  cylinders  for  this  in- 
vestigation are  prepared  from  pure  copper  bars  and  are  care- 
fully machined  to  dimensions.  They  are  then  annealed  by 
lieating  for  30  minutes  at  a  uniform  temperature  of  650°  C. 
in  a  bath  consisting  of  a  mixture  of  20  per  cent  potassium 
nitrate  and  80  per  cent  sodium  nitrate,  followed  by  cooling 
slowly  in  the  air  at  room  temperature.  This  treatment  an- 
neals the  copper  very  uniformly.  The  finished  cylinders  are 
tested  for  uniformity  in  a  universal  testing  machine,  under 
a  pressure  01  6,000  lb.  total  static  load,  five  cylinders  being 
taken  from  each  heat-treated  lot.  Thus  far  the  maximum 
variation  from  the  mean  deformation  value  has  been  only 
1.3  per  cent,  and  this  is  less  than  other  experimental  errors. 

A  3-ton  XJ.  S.  A.  class  B  truck  with  solid  rubber  tires  was 
used  for  these  experiments.  The  weight  of  the  truck  empty 
is  11.400  lb.;  weight  on  front  wheels,  4,550  lb.;  weight  on 
lear  wheels,  6,850  lb.;  weight  of  unsprung  rear  parts,  3,675 
lb.     Deflection  of  rear  spring  under  weight  of  body  alone  is 
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Fig.    1. —  Results   of   Tests. 


those  impact  forces,  it  is  proposed  in  another  geries  of  ex- 
periments to  subject  certain  road  surfaces  to  these  same 
impacts  repeatedly  until  failure  occurs.  Machinery  and  ap- 
paratus for  this  purpose  are  now  under  construction. 

The  results  as  shown  in  curves  1,  II  and  III  of  Kig.  1.  In- 
dicate a  general  tendency  of  increased  impact  toward  the 
higher  speeds,  although  the  increment  of  increase  is  less  as 
the  speed  increases  The  relatively  high  impact  values  at 
zero  speed,  as  shown  in  curve  III,  are  e.xplained  by  the  fact 
that  the  results  were  obtained  by  dropping  the  wheel  ver- 
tically upon  the  impact  plunger,  which  resulted  in  the  copper 
cylinder  receiving,  first,  the  impact,  or  kick  of  the  spring, 
then  an  additional  load  an  instant  later  from  the  fa,lllnK  of 
the  truck  body  and  load.  Curves  IV,  V,  and  VI  of  Fig  2 
show  the  same  data  plotted  with  height  of  drop  as  abscissae. 
These  curves  indicate  a  general  increase  of  impact  with 
the   increase  of  height   of  drop. 

influence  of  Truck  Springs  and  Truck  Power  on  Impact. 
In  conducting  these  experiments  it  was  soon  discovered  that 
ihe  action  of  the  truck  springs  had  a  great  influence  on  the 
impact  results.  When  the  wheel  leaves  the  jump-off  point 
the  spring  snaps  open  and  produces  a  greater  downward  ac- 
celeration of  the  unsprung  parts  than  that  due  to  the  action 
of  gravity  alcne.  If  the  compression  of  the  spring  is  e  and 
the  height  of  the  drop  or  jump  off  point  is  d,  then  within  the 
time  of  one  vibration  of  the  spring,  the  magnitude  of  the 
impact  at  the  landing  point  will  depend  upon  whether  d<e, 
or  d=e,  or  d>e.  If  the  period  of  vibration  is  such  that  the 
spring  has  acquired  its  maximum  acceleration,  and  at  this 
instant  also  lands  at  the  point  of  impact  on  the  road  surface, 
the  impact  value  v.ill  be  a  maximum.  The  impact  value  will 
be  a  mininmni  when  conditions  are  such  that  the  spring  Is 
returning  to  its  closed  position  and  is  at  the  point  of  maxi- 
mum acceleration  in  this  direction  as  the  impact  occurs.  This 
explains  why  the  impact  values,  as  shown  in  the  curves,  do 
not  consistently  increase  with  the  height  of  drop.  The  static 
loads  equivalent  to  the  impact  values  under  the  higher  loads 


0.74  in.  Weight  on  rear  wheels  when  loaded  with  7,200  lb. 
(3.6  tons)  gravel  is  13,100  lb.;  deflection  of  rear  spring,  due 
to  load  and  body,  2.62  in.  Weight  on  rear  wheels  when  loaded 
with  10,000  lb,  (.5  tons)  gravel  is  15.500  lb.;  deflection  of  rear 
spring,  due  to  load  and  body,  3.62  in.  Diameter  of  rear 
wheels  is  40  in.,  each  fitted  with  two  solid  rubber  tires,  and 
each  tire  is  6  in.  wide  at  the  base  next  to  the  rim.  Impact 
values  were  obtained  only  for  the  rear  wheel,  as  it  was  the 
object  to  obtain  values  of  the  maximum  impact  of  the  truck. 
Rear  springs  were  57I/2  in.  long,  4  in.  wide,  BVa  in.  deep,  with 
17  leaves. 

Conditions  Under  Whicii  Tests  Were  Made.— The  impact 
condition  under  which  these  tests  were  conducted  was  the 
simple  falling  of  the  truck  wheel  from  one  level  to  another  at 
different  speeds.  Other  conditions  of  impact  will  be  inves- 
tigated later.  The  magnitude  of  the  impact  is  dependent 
upon:  (1)  height  of  drop,  (2)  weight  of  truck  and  load,  (3) 
kind  and  condition  of  tires,  (4)  characteristics  of  springs 
and  (5)  speed  of  truck.  Under  these  conditions,  a  series  of 
tests  were  run,  and  the  results  are  shown  on  the  accompany- 
ing curves. 

The  impact,  while  measured  by  the  shortening  or  com- 
pression of  the  copper  cylinders,  is  shown  in  equivalent  stat_ic 
load.  That  is,  for  each  compression  value  of  the  copper  the 
static  load  has  been  determined  which  would  produce  the 
same  compression.  All  the  curves  are  thus  shown  with  the 
equivalent  static  load  as  ordinates.  This  may  not  be  a  per- 
fect comparison  of  impact  loads,  as  loads  applied  with  im- 
pact will  probably  produce  a  much  localized  shattering  effect 
which  does  not  result  from  the  application  of  an  equivalent 
static  load.  For  this  reason,  the  present  methods  of  com- 
paring impacts  by  their  equivalent  static  leads  must  be  con- 
sidered as  tentative  and  subject  to  possible  revision  as  the 
tests  proceed.  ,      ^,  , 

Results  of  Tests.-The  tests  thus  far  give  only  the  rela- 
tive impact  values,  and  do  not  attempt  to  demonstrate  the 
destructive  effect  of  these  impacts.  The  destructive  effect 
depends  upon  the  road  surface,  the  type  of  construction,  and 
the   foundation,    and    to    arr^-^   at   the   destructive   e^ect   of 
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Fig.   2. — Results    of   Tests. 
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and  drops  are  as  much  as  five  times  larger  than  the  total 
dead  load. 

It  was  also  noticed  during  these  tests  that  the  impact  was 
appreciably  affected  by  the  conditions  of  power  on  or  off. 
That  is,  if  the  impact  occurred  when  coasting  it  was  less 
than  when  the  power  was  being  applied  to  the  rear  wheels. 
This  difference  amounted  in  some  cases  to  as  much  as  30 
per  cent. 

These  results  are  presented  at  this  time  only  for  the  pur- 
pose of  showing  the  general  tendency  of  impact  values.  It 
is  the  intention  to  enlarge  upon  this  investigation  to  deter- 
mine the  relative  effects  of  kinds  of  tires,  loads,  speeds, 
spring  characteristics,  and  character  of  road  obstructions 
and  defects  whicli  produce  impact  values,  and  attempt  to 
arrive  at  some  definite  conclusions  as  to  the  destructive 
effect  of  truck  loads  on  different  types  of  roads.  It  is  hoped 
that  this  will  ultimately  result  in  definite  road  design  data, 
and  also  lead  to  the  establishment  of  rules  and  laws  for  the 
allowable  loads  and  speeds  of  auto  trucks. 


Hand  Operated  Concrete  Mixer 
Made  from  Oil  Drum 

By  A.  J.  BECKWITH, 
U.    S.    Lighthouse    Service,    12th    District,    Milwaulsee,    Wis. 
The  cart  mixer  illnstrated  below  was  devised  on  a  recent 
job  and  was  found  to  be  eflicient  and  convenient  for  laying 
sidewalks  and   driveways. 

The  outfit  has  a  capacity  for  a  %-bag  batch.    It  consists  of 
an  old  oil  drum,  mounted  on  two  old  buggy  wheels  about  4 


Portable    Hand    Operated    Concrete    Mixer. 

ft.  in  diameter,  having  1  pipe  axle  and  pipe  fittings.  The 
hinged  door  is  made  to  close  down  tightly  when  clamped, 
thereby  preventing  leakage  of  water.  The  interior  of  the 
drum  is  equipped  with  mixing  blades  properly  arranged  to 
throw  the  materials  away  from  each  end  of  the  drum  to- 
wards the  center,  as  the  drum  revolves. 

Materials  are  handled  but  once.  The  cart  is  filled  at  the 
gravel  and  stone  pile,  churned  and  pushed  to  the  spot  where 
the  concrete  is  to  be  placed.  After  loading,  the  wheels  are 
braced  by  the  handle  of  the  cart  on  one  side  and  by  blocks 
or  a  plank  on  the  other,  to  prevent  motion  of  the  cart  as  the 
drum  is  rotated  by  a  hand  crank.  The  hand  crank,  made 
up  of  pipes  and  fittings,  has  an  extension  pipe  handle  which 
slips  freely  into  the  outside  crank  handle,  allowing  it  to 
be  pushed  in  between  the  spokes  of  the  wheel,  thereby  hold- 
ing the  drum  in  any  desired  position,  and  also  allows  the 
drum  to  revolve  as  the  cart  is  in  motion.  If  the  haul  is 
lengthy,  mixing  by  pushing  the  cart  will  be  found  to  work 
with  surprising  ease. 

As  the  wheels  are  free  and  work  independently  of  each 
other,  the  cart  may  be  turned  around  in  a  space  no  greater 
than  its  own  width. 

Satisfactory  results  were  obtained  by  washing  the  gravel 
free  from  clay  and  measuring  accurately  the  proper  amount 
of  water  and  other  materials.  A  slump  test,  as  shown  in 
lllustratirn.  was  made  for  this  day's  pouring  on  a  1:2  mix 
using  9  per  cent  water  by  volume,  securing  a  9-in.  slump 
after  removing  the  6in.  diameter,  12-in.  long  cylinder. 


Present  Day  Bituminous  Pavement 
Construction* 

By  R.  KEITH  COMPTON, 

Chairman    and    Consultinj?    Engineer.    Paving"    Commission, 
City  of  Baltimore,  Md. 

Bituminous  pavements  will  withstand  and  sustain  a  very 
heavy  amount  of  traffic,  preferably  quick  moving,  light  or 
medium  loaded  vehicles,  such  traffic,  for  instance,  as  prevails 
on  many  of  our  business  streets.  It  is  not  claimed  to  be  par- 
ticularly adapted  to  dense,  slow-moving,  heavily  loaded  traffic. 
Some  block  pavements  will  outlast  it  under  such  conditions. 
It  must  have  some  traffic.  If  a  bituminous  pavement  is  laid 
on  a  street  and  traffic  completely  blocked  off  for  several 
months,  exposure  to  weather  conditions  will  cause  volatiza- 
tion  or  evaporation  of  the  lighter  oils,  leaving  the  pavement 
hard,  brittle  and  almost  worthless.  Its  life  requires  some 
traffic  in  order  to  cause  the  kneading  action  necessary  for  it 
to  retain  these  articles  which  are  the  very  life  and  durability 
of  the  pavement  itself. 

Considerations  in  Selecting  Type  of  Pavement. — Before  de- 
ciding on  the  type  of  pavement  to  install  a  well  informed 
engineer  will  take  into  consideration  the  extent,  volume  and 
character  of  traffic,  the  grade  of  the  street,  the  width  of  the 
paved  driveway  between  curbs,  whether  or  not  street  railway 
tracks  exist,  character  of  the  section  to  be  served,  whether 
business  or  residential,  whether  noise  is  a  factor,  and  it 
generally  is,  and  whether  or  not  the  street  is  in  close  prox- 
imity to  a  water  front,  as  bituminous  pavements  will  not 
withstand  moisture.  They  must  have  occasion  in  which  they 
can  fully  dry  out.  This  will  not  be  the  case  on  a  water  front 
street  because  the  moisture  will  come  up  through  the  con- 
crete and  deteriorate  the  pavement  from  its  under  side,  ef- 
fecting first  the  binder  and  then  the  top. 

It  is  not  claimed  that  sheet  asphalt,  which  is  a  bituminous 
pavement  of  fine  aggregate,  is  suitable  for  excessive  grades. 
A  grade  may  be  excessive  under  certain  traffic,  but  not  under 
other  traffic.  Generally  speaking,  6  per  cent  is  the  maximum 
grade  for  sheet  asphalt  on  a  heavy  traffic  street.  On  lighter 
traffic  streets  it  has  been  laid  with  great  success  on  grades 
up  to  and  including  12  per  cent.  When  excessive  grades  are 
encountered  it  is  well  to  use  a  bituminous  type  of  caorse  ag- 
gregate such  as  bitulithic  or  asphaltic  concrete.  It  is  a  well 
established  fact  that  bituminous  pavements  are  most  slippery 
on  light  grades  during  bad  weather  when  the  pavement  is 
covered  v/ith  a  thin  film  of  slimy  mud  with  insufficient  rain 
water  and  grade  to  make  it  self-cleansing.  This  same  condi- 
tion does  not  exist  on  grades  3  per  cent  and  over. 

The  pavement  is  no  stronger  than  its  base,  therefore,  great 
care  must  be  exercised  in  deciding  upon  its  character  and 
thickness,  depending  mostly  on  the  character  and  volume  of 
traffic,  but  largely  on  the  character  of  the  sub-grade.  Various 
kinds  of  base  or  foundation  have  been  used;  old  macadam, 
cobble,  brick  and  granite  block  have  been  resurfaced,  using 
the  old  pavement  as  a  foundation.  Practical  experience  has 
proven  that  this  is  not  first  class  construction  although  it  has 
been  followed  with  sucess  in  many  instances.  Its  success  de- 
pends entirely  on  conditions  of  the  old  pavement  when  the 
new  top  is  installed  and  extreme  care  must  be  used  in  all 
phases  of  this  construction. 

Bituminous  Surfaces  on  Old  Pavements. — Assuming  that 
one  decides  to  resurface  an  old  cobble  or  block  pavement,  he 
proceeds  to  notify  all  public  service  corporations  and  city  de- 
partments to  install  their  construction  before  paving  oper- 
ations are  started.  After  they  are  through  it  frequently  hap- 
pens that  very  little  is  left  of  the  original  pavement.  In 
other  words,  that  which  you  had  intended  to  use  as  a  founda- 
tion has  been  practically  destroyed  and  it  cannot  be  replaced 
in  its  original  condition.  In  the  meantime  your  contract  has 
been  awarded  on  that  basis  and  there  is  nothing  for  you  to 
do  but  to  proceed.  An  ever  increasing  volume  of  traffic  at- 
tracted to  the  new  pavement  soon  breaks  through  the  founda- 
tion and  the  topping  starts  to  disintegrate. 

Assuming  that  the  old  pavement  remains  in  its  orignal  con- 
dition, its  contour  will  probably  not  conform  to  the  contour 
which  is  desired  for  the  new  pavement  and  the  difference  has 
to  be  made  up,  probably  a  half  inch  in  one  quarter,  several 
inches  in  the  center  and  more  or  less  on  the  other  quarter. 
As  there  is  not  sufficient  room  for  concrete,  it  is  concluded 
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to  make  it  up  with  the  binder.  This  means  an  excessive 
amount  of  binder,  probably  lack  of  compression,  resulting  in 
a  wavy,  poor  surface,  which  may  not  develop  at  first,  but  un- 
doubtedly will  later  under  traffic.  While  this  practice  is  not 
condemned,  it  is  desirable  to  call  attention  to  defects  which 
may  develop  unless  extreme  care  is  used  not  only  in  inspect- 
ing the  old  pavement,  but  also  great  care  must  be  used  in 
looking  after  the  details  of  construction  when  the  new  pave- 
ment is  laid. 

When  the  traffic  is  light  as  on  state  roads  where  they  may 
not  be  main  arteries  of  traffic  and  on  some  residential  streets, 
old  macadam  has  proven  to  be  a  suitable  foundation  for 
bituminous  pavements,  but  the  same  precautions  must  be 
taken  as  that  outlined  for  cobble  and  block  foundations.  The 
most  desirable  foundation  for  a  pavement  is  concrete  from  4 
to  8  in.  in  thickness,  depending  on  the  factors  named,  gen- 
erally 6  in.  and  of  a  1-3  6  mix.  The  sub-grade  should  be 
thoroughly  drained  and  compacted  before  the  foundation  is 
laid. 

Central  Mixing  Plants. — Central  mixing  plants  for  exten- 
sive paving  operations  are  now  coming  into  vogue  in  large 
municipalities,  thus  avoiding  congestion  on  the  street  in  the 
storage  of  immense  quantities  of  stone,  gravel  and  sand,  and 
hindrance  to  traffic,  accidents,  etc.,  and  in  case  of  storms  or 
heavy  rains  much  loss  of  lighter  materials.  The  material  is 
mixed  at  the  central  plant  under  the  supervision  of  an  in- 
spector, transferred  to  the  street  in  trucks  and  then  handled 
very  much  the  same  way  physically  as  the  asphalitic  mate- 
rial, but  always  under  the  supervision  of  an  inspector  on  the 
street.  Experience  so  far  seems  to  indicate  that  this  plan 
can  be  worked  successfully  provided  the  haul  is  not  too  long, 
say  not  exceeding  20  minutes.  In  this  case  sand  and  some 
loam  is  preferred  to  the  absolutely  clean  sand  because  the 
latter  Is  apt  to  cause  a  separation  of  materials  in  transit. 
This  plan  is  at  present  working  in  a  very  systematic  and 
practical  way  and  as  it  is  extended  improvements  will  be 
made,  so  that  in  course  of  time  streets  can  be  improved  in  a 
congested  section  without  so  much  interference,  burden  and 
inconvenience  to  traffic  and  the  general  public. 

Inspection  Important. — We  must  emphasize  the  importance 
in  the  construction  of  bituminous  pavements  of  strict  plant, 
laboratory  and  street  inspection.  Street  inspectors  should 
cover  not  only  hot  materials,  but  the  concrete  base  and  all 
other  items  as  well.  The  street  inspector  must  see  that  the 
concrete,  if  mixed  on  the  street,  is  of  the  proper  proportions, 
that  the  proper  size  stone,  character  of  sand,  etc.,  is  used. 

Regarding  inspection  of  hot  material  the  following  plan  in 
vogue  in  many  of  the  large  municipalities  is  outlined,  and  it 
has  been  found  to  work  in  a  most  satisfactory  manner: 

An  adjunct  of  the  municipal  laboratory  is  established, 
known  as  the  asphalt  division,  in  charge  of  a  chief  asphalt 
inspector  with  sufficient  sub-inspectors  to  cover  all  asphalt 
plants.  This  division  also  looks  after  the  inspection  of  other 
materials  such  as  stone,  sand  and  cement  and  finished  con- 
crete. Depending  on  whether  the  concrete  is  mixed  at  a  cen- 
tral plant  or  on  the  street,  the  chief  asphalt  inspector  visits 
the  points  of  mixing  and  selects  the  sample  of  concrete  as  it 
comes  out  of  the  mixer.  This  is  sent  to  the  laboratory  where 
under  the  following  process  the  street  inspection  is  checked  up, 
^  and  we  can  tell  very  closely  whether  or  not  he  is  following 
the  mixture  provided  for  in  the  specifications.  A  sample  of 
concrete  base  is  taken  from  the  grade  after  it  has  been  raked 
and  tamped  (about  one  14-quart  bucketful),  but  before  it  is 
set.  This  material  is  then  washed  and  the  aggregate  sepa- 
rated by  screens,  the  %  in.  screen  to  remove  the  stone  and 
the  10  mesh  to  remove  the  large  particles.  The  remaining 
sand  and  cement  is  then  dried  and  screened  over  a  100  mesh 
sieve  and  what  material  passes  the  200  mesh  is,  after  making 
calculation  for  amount  of  very  fine  sand  which  passes  the  200 
mesh,  taken  as  cement.  It  is  not  claimed  that  this  process 
is  absolutely  correct,  but  it  very  closely  approximates  the 
actual  proportions  being  used.  Then  again,  the  specifica- 
tions may  provide  for  a  compressive  strength  test  on  a  cube 
of  finished  concrete  where  cement  concrete  is  used  as  a  wear- 
ing surface.  This  is  also  handled  by  the  chief  inspector,  who 
selects  the  sample,  cures  the  concrete  under  field  conditions, 
makes  the  test  in  accordance  with  standard  practice  and  re- 
ports results  to  main  office. 

At  each  asphalt  plant  is  stationed  an  inspector,  who  is 
equipped  with  screens,  balances,  a  penetration  machine  and 
thermometer  to  be  used  in  testing  the  stone,  sand,  asphalt 
cements  and  temperatures  of  the  finished  mixtures.     All  in- 


coming raw  materials  are  testPd  by  the  inspector  at  the  plant. 
as  received,  except  the  asphalt  and  rsBldiums,  which  are  sam- 
pled and  sent  to  the  laboratory  for  analysis  before  they  are 
used.  Samples  of  the  stone,  sand  and  dust  are  also  taken  to 
the  laboratory  and  tested.  The  inspector  is  Riven  a  mixture 
showing  the  percentage  of  stone,  sand  and  asphaltic  cement 
by  which  to  turn  out  the  binder  mixture,  also  the  penetration 
at  which  the  binder  cement  is  to  be  maintained,  each  kettle 
being  tested  before  it  is  used. 

The  procedure  for  topping  mixtures  Is  as  follows:  After 
the  sand  has  been  tested  the  inspector  is  given  a  formula. 
telling  the  mesh  composition  of  the  sand,  the  amount  of  sand, 
limestone  dust  and  asphalt  cement  to  be  used,  also  the  pene- 
tration of  the  asphalt  cement.  These  instructions-  are  re- 
ceived from  the  chief  asphalt  inspector.  Each  plant  is  vis- 
ited at  least  once  a  day  by  the  chief  asphalt  inspector,  who 
makes  an  inspection  of  the  plant  and  materials  being  used 
and  collects  samples  of  the  asphalt  cements,  Hnished  mix- 
tures and  the  inspector's  reports.  These  samples  are  taken 
to  the  laboratory,  the  asphalt  cements  being  checked  and  the 
mixtures  analyzed  and  any  irregularities  noted  and  the  plant 
inspector  immediately  notified  of  same.  The  chief  asphalt 
inspector  during  the  day  visits  each  street  on  which  any  ma- 
terial is  being  laid  and  takes  samples,  which  are  tested,  and 
if  found  deviating  from  the  mixture  set.  the  inspector  Is  at 
once  notified  of  it  and  the  trouble  remedied. 

When  the  mixtures  arrive  on  the  work  they  are  tested  for 
temperature  by  the  street  inspector,  who  oversees  the  laying 
of  the  binder  and  surface  mixtures,  seeing  that  the  surface 
gets  the  proper  amount  of  rolling  and  that  the  binder  and 
wearing  course  are  of  the  required  thickness.  The  street  in- 
spector at  the  finish  of  each  day's  work  sends  a  postcard  to 
the  laboratory  showing  the  number  of  loads  and  batches  of 
material  received  on  the  work,  and  also  the  yardage  of  ma- 
terial laid.  These  figures  are  checked  against  the  reports  of 
the  plant  inspector,  the  yardage  per  batch  obtained  and  a  re- 
port of  same  made  to  the  principal  assistant  engineer  and  any 
irregularities  noted  and  corrected.  A  record  is  on  file  at  the 
main  office  and  at  the  laboratory,  of  the  cubical  contents  of 
the  mixing  box  at  each  plant.  A  standard  is  set  of  how  many 
square  yards  of  a  known  thickness  each  batch  should  lay, 
after  compression.  In  this  manner  we  can  tell  whether  or 
not  the  binder  and  topping  laid  on  the  previous  day  are  of 
the  required  thickness  as  a  check  on  the  street  inspector. 

Gutters  for  Bituminous  Paved  Streets. — As  a  general  rule 
brick  gutters  from  12  to  18  in.  in  width  should  be  used  on 
bituminous  streets.  They  are  absolutely  necessary  where 
there  is  any  amount  of  surface  drainage.  Where  all  surface 
drainage  has  been  eliminated  they  are  still  necessary  on 
grades  up  to  2  per  cent,  but  they  are  desirable  on  all  biturai- 
nouns  streets,  for  two  reasons.  Gutters  are  for  the  purpose 
of  collecting  the  water,  and  consequently  the  space  next  to 
the  curb  is  nearly  always  damp,  owing  to  collection  of  drain- 
age, debris,  etc.  Furthermore,  it  is  not  always  feasible  to 
roll  bituminous  material  in  close  proximity  to  the  curb  and 
the  very  existence  of  the  gutters  permits  a  more  accurate 
cross  section  and  contour  and  also  permits  the  accomplish- 
ment of  better  compression  and  more  expert  handling  of  the 
roller. 

Handling  Hot  Material  on  the  Street.— Even  though  the 
hot  material  has  been  handled  with  expert  care  at  the  plant 
and  transported  to  the  street,  great  quantities  of  such  material 
have  given  poor  results,  owing  to  defective  handling  on  the 
street,  such  as  poor  raking  and  poor  rolling.  Too  much  care 
cannot  be  exercised  in  expert  raking  and  rolling.  Each  load 
should  be  spread  in  a  space  separate  and  distinct  from  where 
it  is  dumped.  One  great  difficulty  in  handling  this  material 
on  the  street  is  the  practice  of  the  spreaders  or  rakers  stand- 
ing in  the  material.  This  can  be  avoided  by  shoveling  chan- 
nels, commonly  known  by  the  men  as  "alleys"  through  the 
material  for  workmen  to  stand  in;  spreading  the  material  in 
a  space  separate  and  distinct  from,  that  where  it  was  depos- 
ited eliminates  danger  to  a  very  great  extent  of  any  foreign 
matter  such  as  blocks  of  wood  and  tin  sometimes  used  by  the 
careless  drivers  in  order  to  close  up  crevices  in  the  body  of 
the  hauling  vehicle.  Rolling  material  when  it  is  too  not 
causes  it  to  buckle  and  overlap.  The  use  of  too  much  water 
when  rolling,  which  is  very  prevalent  and  a  great  temptation, 
causes  blisters.  Both  of  these  practices  should  be  avoided. 
It  is  very  difficult  to  obtain  full  compression  in  close  prox- 
imity to  hard  surfaces  whether  by  tamping  or  by  rolling,  so 
that  it  is  desirable  to  keep  the  finish  about  Vi  in.  high  along 
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gutters,  liners,  castings,  etc.,  otherwise  full  compression, 
which  is  eventually  obtained  under  traffic,  will  soon  cause 
depressions. 

In  rolling,  so  many  yards  should  be  allowed  per  hour,  per 
roller,  approximately  250  for  binder  and  150  for  wearing  sur- 
face. With  expert  roller  men  this  can  be  slightly  exceeded, 
but  it  is  important  to  keep  the  rollers  continuously  in  oper- 
£.ticn  as  far  as  possible.  It  is  preferable  to  start  rolling  with 
the  lighter  roller,  then  after  the  material  has  somewhat 
cooled  off,  follow  with  the  heavy  roller,  using  as  the  occasion 
may  require,  both  rollers  tor  the  final  finish.  Hot  smoothing 
irons  may  be  a  necessary  evil,  but  should  be  avoided  as  far 
as  possible,  as  they  are  exceedingly  dangerous  and  attractive 
weapons  in  the  hands  of  men  who  may  carelessly  and  un- 
necessarily use  them.  It  is  necessary  to  use  for  a  final  cov- 
ering a  material  to  close  up  the  pores,  usually  Portland 
cement.  It  should  be  spread  and  swept  almost  clean  by 
skilled  labor.  It  is  poor  practice  and  very  wasteful  to  use 
too  much  of  this  material.  One  such  man  will  save  enough 
cement  in  an  8-hour  day  to  more  than  pay  his  wages.  Too 
freely  used  it  causes  an  unsightly  finish. 

Standard  Sheet  Asphalt  Construction. — Practically  the 
same  details  of  inspection  enter  into  all  classes  of  bituminous 
construction,  although  the  construction  of  the  bituminous  por- 
tion of  the  pavement  is  not  the  same  for  all  types.  The 
standard  sheet  asphalt  construction  at  the  present  time  con- 
sists of  1%  in.  binder  and  1%  in.  top,  laid  on  the  foundation, 
while  the  standard  bituminous  pavement  of  coarse  aggregate 
usually  consists  of  2  in.  of  bituminous  material  of  the  same 
mixture  throughout  laid  directly  on  the  concrete.  All  dimen- 
sions given  are  those  obtained  after  full  compression.  The 
coarse  aggregate  type,  being  an  open  mixture,  it  is  covered 
with  what  is  known  as  a  squeegee  coat  of  bituminous  cement, 
after  which  stone  chips  are  applied.  Moderately  close  binder 
is  recommended  for  all  pavements  of  the  sheet  asphalt  type. 
The  binder  should  contain  a  sufficient  amount  of  asphaltic 
cement  and  fine  material,  otherwise  it  will  break  up  under 
the  vehicles  transporting  the  top  to  its  position  on  the  street. 
Not  more  than  one  day's  run  of  binder  should  be  allowed  and 
thii  should  be  swept  clean  before  the  topping  is  installed  so 
as  to  secure  a  bond. 

Coarse  Mixture  Bituminous  Pavement.— The  asphaltic  con- 
tent of  coarse  mixtures  should  be  given  more  attention  and 
kept  within  closer  limits  than  will  be  necessary  with  sheet 
asphalt  mixtures.  This  is  because  there  is  a  clear  relation- 
ship between  the  mineral  aggregate  and  asphaltic  cement  In 
the  coarse  pavements  than  in  the  finer  ones,  and  no  great 
variation  one  way  or  the  other  in  the  amount  of  bitumen  used 
is  likely  to  cause  trouble.  Too  much  bitumen  will  cause  the 
pavement  to  become  soft,  which  means  that  it  will  be  wavy 
and  it  will  cause  it  to  roll.  Not  sufficient  bitumen  will  cause 
the  pavement  to  be  open,  dry  and  to  disintegrate. 

When  a  bituminous  pavement  joins  a  block  pavement, 
whether  of  brick  or  stone,  a  header  must  be  used  so  as  to 
keep  both  pavements  in  position,  neither  one  being  rigid  in 
itself.  The  most  common  header  used  is  of  stone,  such  as 
old  curbing,  fairly  well  dressed  with  its  surface  showing  be- 
tween the  two  pavements.  This,  however,  is  unsightly  and 
in  time  a  hindrance  to  traffic.  A  desirable  header  is  one  of 
some  hard  substantial  material  such  as  stone  or  concrete,  but 
countersunk,  say,  2  in.  below  finished  grade.  This  will  hold 
the  block  pavement  in  position  and  at  the  same  time  allow 
the  bituminous  topping  to  be  carried  over  flush  with  the  sur- 
face of  the  block  pavement,  causing  both  pavements  to  main- 
tain an  even,  smooth  surface. 

Road  Mileage  of  the  United  States. — The  present  total 
mileage  of  public  rural  roads  in  the  United  States  is  2,478,552, 
according  to  figures  of  the  U.  S.  Bureau  of  Public  Roads.  Of 
this  total  approximately  299,175  miles  or  12  per  cent  are  sur- 
faced. A  large  proportion  of  the  mileage,  however,  is  sand, 
clay,  gravel  or  water  bound  macadam.  During  1918  there 
was  improved  by  the  several  state  highway  departments  a 
total  of  11,944  miles,  of  which  about  7,000  consisted  of  grad- 
ing, most  of  which  was  preparatory  to  later  surfacing.  In 
addition  to  this  construction  the  several  state  highway  de- 
partments also  supervised  the  maintenance  of  203,556  miles, 
most  of  which  were  main  and  trunk  line  highways. 

Number  of  Horses  in  New  York  City. — A  stable  enumera- 
tion this  year  by  the  Sanitary  Bureau  of  the  Board  of  Health 
of  New  York  showed  75,740  horses  in  the  city.  In  1917  there 
were  108,036. 


Road   Drainage  and  Foundations* 

By  GEO,  HOGARTH, 

Chief  Engineer,    Ontario   Department   of   Highways. 
In  building  any  roadway,  whether  for  light  or  heavy  traffic, 
two  of  the  most  important  points  to  be  considered  are  drain- 
age and  foundations. 

The  stability  of  the  entire  road  surface  depends  upon  the 
foundation  and  the  strength  and  life  of  the  foundation  de- 
pends largely  upon  the  facilities  provided  for  drainage.  While 
proper  attention  may  be  given  to  the  drainage  of  the  sur- 
face of  the  road  by  giving  the  roadway  sufficient  crown  to 
shed  the  water,  the  great  importance  of  subsurface  drainage 
may  be  entirely  overlooked.  Thei-e  are,  therefore,  surface 
and  subsurface  methods  of  drainage  and  the  very  great  im- 
portance of  each  must  be  realized  and  used  to  the  fullest 
extent  if  we  desire  a  permanent  foundation. 

A  sound  and  enduring  foundation  cannot  be  secured  on 
subsoil  saturated  with  water,  but  a  good  foundation  can  be 
secured  by  the  simple  means  of  keeping  the  subsoil  dry.  If 
water  is  not  excluded  from  the  foundation  it  will  sooner  or 
later  destroy  the  road  surfacing,  since  no  road  ever  built 
could  escape  destruction  should  the  foundation  become  yield- 
ing and  soft. 

Importance  of  Proper  Drainage.— The  ordinary  clays  and 
earths  form  a  naturally  strong  foundation  when  dry,  but 
where  the  ground  is  wet  and  springy  a  good  road  cannot 
be  constructed  without  proper  subdrainage  since  when  wet 
the  earth  loses  its  sustaining  power  and  the  surface  forma- 
tion goes  to  pieces.  Where  the  subsoil  is  gravelly,  under- 
drains  will  usually  not  be  required,  but  where  it  is  sandy, 
give  close  attention  to  the  damp  or  wet  spots  and  provide 
ample  subdrainage. 

It  may  be  said  that  the  whole  problem  of  improvement 
and  maintenance  of  ordinary  country  roads  is  one  of  drain- 
age. Upon  earth  roads  drainage  is  especially  important  be- 
cause the  material  of  the  road  surface  is  very  susceptible  to 
the  action  of  water  and  so  is  more  readily  destroyed  than 
are  the  surfaces  of  the  better  class  of  roads.  An  undrained 
earth  roads  offers  a  splendid  opportunity  to  the  frost,  and  a 
spring  thaw  may  result  in  such  a  road  being  impassable  for 
days  or  weeks.  A  road  on  a  wet  undrained  bottom  will  al 
ways  be  troublesome  and  expensive  to  maintain,  and  it  will 
be  "economical  in  the  long  run  to  go  to  considerable  expense 
in  making  the  drainage  of  the  subsoil  as  perfect  as  possible. 
There  are  three  systems  of  drainage,  namely:  Under- 
drainage,  side  ditches  and   surface  drainage. 

Underdrainage  will  lower  the  water  level  in  the  soil  and 
keep  it  at  a  safe  distance  from  the  foundations.  This  aids 
the  action  of  the  sun  and  wind,  which  tend  to  dry  the  sur- 
face of  the  road,  but  if  the  foundation,  due  to  lack  of  under- 
drainage, is  soft  and  spongy,  the  road  will  soon  become  a 
mass  of  mud. 

Underdrainage,  dries  the  ground  quickly  during  the  sprink 
when  otherwise  a  saturated  condition  of  the  soil  would 
exist. 

Underdrainage  intercepts  the  subsurface  flow  of  water  be- 
neath  the  crust  of  the   road. 

Some  Points  on  Underdrainage.- In  many  cases  it  will  be 
noticed  that  though  the  ground  is  dry,  when  it  freezes  in 
the  fall,  it  is  very  wet  and  soggy  in  the  spring  when  the 
frost  comes  out.  The  reason  for  this  condition  is  that  after 
the  ground  freezes,  water  rises  slowly  in  the  soil  and  if  it 
is  not  drawn  off  by  underdrainage  it  saturates  the  sub- 
soil and  rises  further  as  the  frost  goes  out.  Underdrainage 
not  only  removes  tjie  water  but  reduces  and  will  in  many 
cases  prevent  the  destructive  heaving  effects  of  frost. 

The  heaving  and  cracking  of  pavements  may  be  entirely 
attributed  to  the  freezing  of  water  in  the  subgrade  under 
the  pavement.  Underdrainage  will  greatly  lessen  the  dam- 
age done  in  this  way  by  the  frost,  but  to  prevent  entirely 
such  destructive  action  may  be  very  difficult.  It  may  be 
said  that  when  underdraining  a  section  of  road  known  to 
have  a  wet  subgrade  it  is  well  to  provide  a  liberal  number 
of  drains.  Too  many  cannot  be  laid.  Particular  attention 
to  the  underdrainage  should  be  given  at  points  on  the  road 
from  50  to  200  ft.  or  more  down  grade  from  the  tap  of  a 
hill  or  slope  and  particularly  so  if  the  roadway  is  in  exca- 
vation.    Water  will  usually  filter  out  to  the  surface  at  such 

*'Paper  presented  at  the  Canadian  Good  Road.s  Congress,  May, 
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points  and  the  entire  skill  of  the  roadbuilder  will  have  to 
be  exercised  in  locating  subdrainage  to  prevent  heaving  and 
cracking.  In  all  such  cases  do  not  curtail  the  underdrain- 
age,  but  rather  put  in  every  foot  of  tile  that  can  be  placed. 

Wherever  the  underdrainage  is  provided  be  careful  to  pro- 
vide proper  grade  and  good  outlet  for  the  tile  since  poor 
results  will  come  from  the  tile  that  are  indifferently  laid 
and  improperly  vented. 

Tile  drains  furnish  the  usual  means  for  subdrainage,  but 
In  some  cases  a  blind  drain  may  be  used  to  good  advantage. 
The  construction  of  a  blind  drain  is  accomplished  by  open- 
ing a  trench  several  feet  deep  along  or  across  the  road  and 
afterwards  filling  the  trench  with  stone.  The  depth,  dis- 
tance apart  and  location  of  such  trenches  will  depend  en- 
tirely upon  the  conditions  encountered  and  the  result  de- 
sired. Careful  attention  to  the  subdrainage  of  the  road  is 
of  great  importance  and  money  spent  for  such  work  is  al- 
ways a  splendid  investment. 

Surface  Drainage. — Side  ditches  for  all  country  roads  are 
essential.  Their  object  is  to  receive  the  water  from  the  sur- 
face of  the  travelled  roadway  aud  the  grade  of  the  ditch 
should  be  such  that  the  water  is  carried  rapidly  to  a  good 
outlet.  Such  ditches  also  intercept  and  carry  away  water 
that  would  otherwise  flow  from  the  side  hills  upon  the  road. 
Side  ditches  need  not  be  very  deep;  a  depth  of  2%  or  3% 
ft.  below  the  crown  of  the  roadways  will  usually  be  found 
sufficient  and  the  sides  should  be  given  a  slope  flat  enough 
to  prevent  caving.  In  order  to  be  effective,  ditches  should 
liave  as  great  a  grade  as  possible,  they  should  be  well 
cleaned  out  and  have  free  outlet  in  some  creek  or  stream. 

Surface  drainage  of  the  traveled  portion  of  the  road  af- 
fects mainly  the  maintenance  of  the  road  and  is  accom- 
plished by  giving  the  road  or  pavement  surface  a  crown 
which  tends  to  shed  the  water  to  the  side  ditches.  The 
slope  of  the  crown  should  be  sufficient  to  carry  the  water 
freely  and  quickly  to  the  side  ditch.  The  proper  crown  to 
use  will  vary  with  the  nature  of  the  roadway;  when  a  good 
surface  is  maintained,  a  moderate  rise  will  be  found  suffi- 
cient. For  earth,  clay  or  gravel  roads  a  usual  crown  is  1 
in.  per  foot,  while  for  bituminous  or  concrete  pavements  ^2 
or  1/4  in.  per  foot  is  ample. 

Foundation. — While  drainage  is  undoubtedly  one  of  the 
first  essentials  of  good  highways,  the  foundation  of  a  road 
is  also  of  great  importance  and  one  of  the  first  substantial 
advances  in  road  building  was  made  when  the  laying  of  a 
course  of  stone  for  the  base  of  a  road  was  adopted. 

The  foundation  of  a  road  should  normally  last  a  number 
of  years  while  the  cost  of  maintenance  should  be  for  re- 
placing and  renewing  the  wornout  surface.  Such  conditions 
are  difficult  to  obtain  since  the  foundation  of  4  in.  of  crushed 
stone  today  may  be  entirely  inadequate  tomorrow  under 
more  severe  traffic.  The  heavy  loads  using  highways  to- 
day require  an  abundance  of  material  in  the  foundation  of 
the  roads  and  if  our  work  is  to  be  enduring  we  must  see 
to  it  that  strong  and  sound  foundations  are  provided. 

Frequently  the  taxpayer  may  inquire  as  to  why  so  much 
material  is  required  in  a  road  and  a  demand  will  be  made 
for  more  surface  with  a  smaller  amount  of  stone  hidden  in 
the  foundation.  Such  an  inquiry  loses  weight  when  the 
same  ratepayer  states  that  a  concrete  road  6  in.  thick  is  too 
heavy  and  his  idea  of  a  concrete  road  is  a  surface  of  con- 
crete about  an  inch  thick  spread  over  the  entire  space  be- 
tween the  fences. 

Roads  built  only  a  few  years  ago  are  in  many  cases  in 
poor  condition  or  destroyed  today  because  a  shallow,  weak 
foundation  was  provided.  Improved  roads  naturally  draw 
traffic  and  people  will  go  many  miles  out  of  their  way  in 
order  to  travel  over  a  section  oi  good  road.  This  fact  should 
be  given  full  consideration  in  designing  a  road  and  any 
traffic  census  made  prior  to  reconstruction  should  be  con- 
siderably increased  in  order  to  estimate  the  travel  on  the 
improved  surface.  A  road  is  not  rebuilt  to  provide  only  for 
present  traffic  but  it  is  rebuilt  to  carry  present  traffic  to- 
gether with  whatever  vehicles  may  use  it  when  improved 
and  in  some  cases  it  may  be  found  that  the  traffic  on  an  im- 
proved road  immediately  after  reconstruction  is  10  or  more 
times  the  original  number  of  vehicles  using  the  road. 

Classes  of  Foundations.— The  strength  of  the  foundation 
of  a  road  is  greatly  affected  by  the  supporting  power  of  the 
different  soils  and  in  order  to  obtain  a  road  surface  having 
a  uniform  resistance,  the  thickness  of  the  crust  will  need 
to  be  varied.     A  greater  depth  of  foundation  will  be  required 


on  soft  clay  than  on  gravel  and  for  soils  of  Intermediate 
strength  a  varying  thickness  will  be  required.  Soils  of  poor 
supporting  power  will  carry  safely  a  load  of  about  600  lb. 
per  square  foot  while  gravel  subsoil  ts  safe  under  a  loading 
of  about  3,000  lb.  per  square  foot. 

Many  kinds  of  foundation  courses  are  available  in  the 
construction  of  roads,  such  as  crushed  stone,  screened  gravel, 
pit  gravel,  field  stone,  quarry  stone  or  Telford.  Before  plac- 
ing a  foundation  course  the  subgrade  should  be  properly 
rolled  in  order  to  solidify  the  surface  and  prevent  the  ma- 
terial of  the  foundation  being  forced  Into  the  soil.  This 
point  is  as  important  with  a  gravel  road  as  it  Is  with  more 
permanent  types  of  construction.  A  smaller  amount  of 
crushed  stone  or  gravel  will  be  required  to  build  the  founda- 
tion of  a  road  on  a  consolidated  subgrade  and  the  rolling 
and  compacting  of  the  subgrade  before  placing  the  founda- 
tion is  therefore  an  economy.  A  compacted  subgrade  also 
enables  the  foundation  of  the  road  to  better  withstand  the 
effects  of  heavy  traffic,  whereas  a  soft  and  yielding  sub- 
grade  tends  to  cause  a  sinkage  of  the  foundation  with  conse- 
quent hollows  and  holes  in  the  road. 

Crushed  stone  where  used  as  a  foundation  for  a  macadam 
road  should  be  not  less  than  6  in.  In  thickness  when  com- 
pacted and  the  size  stone  will  usually  be  about  that  pass- 
ing a  21,4-in.  ring. 

Screened  gravel  of  1  in.  to  3  in.  size  may  be  used  in  place 
of  crushed  stone  and  when  placed  in  the  road  a  filler  con- 
taining some  clay  or  loam  should  be  spread  in  order  to 
thoroughly  consolidate  the  stones. 

Such  gravel  does  not  interlock  as  crushed  stone  does  and 
a  thicker  foundation  course  of  gravel  is  therefore  required. 

Field  stone  used  for  a  foundation  may  be  laid  in  one 
course  from  6  in.  to  12  in.  in  depth  and  the  inequalities  be- 
tween the  stones  filled  with  coarse  gravel  or  crushed  stone. 
The  depth  of  the  course  should  in  all  cases  be  suited  to  the 
average  size  of  field  stone  available  as  it  is  not  economical 
to  break  them  to  a  definite  size.  A  variation  of  an  inch  or  so 
in  the  size  of  the  stone  is  of  no  consequence  since  the  sur- 
face stone  will  serve  to  even  up  all  inequalities. 

The  Telford  base  may  be  composed  of  quarry  stone  which 
has  been  broken  to  size  with  a  stone  hammer.  Such  founda- 
tions have  given  good  satisfaction  when  used  but  the  cost 
of  hand  placing  the  stones  seems  to  have  outweighed  the  ad- 
vantages of  this  type  of  construction. 

In  conclusion  it  may  be  said  that  the  adequate  drainage 
of  a  road  is  the  first  requisite  to  permanence  and  If  we  add 
to  proper  drainage  a  sound  foundation,  the  cost  of  main- 
taining the  surface  of  the  road  will  be  greatly  lessened. 
Drainage  and  foundations  are  two  very  essential  details  of 
road  construction  and  close  attention  to  these  points  when 
designing  and  constructing  a  road  will  lead  to  belter,  more 
durable  and  more  satisfactory  roads. 


Pneumatic  Tires   May  Revolutionize 
Truck   Design 

The  great  increase  in  the  use  of  giant  pneumatic  tires  on 
trucks  of  2  tons  capacity  and  over  may  eventually  result 
in  a  complete  revolution  in  the  design  of  truck  chassis  In- 
tended to  be  employed  with  such  tires  instead  of  solids.  It 
seems  apparent  that  a  great  reduction  in  weight  can  be  se- 
cured due  to  the  better  cushioning  effect  of  pneumatfcs.  as 
compared  with  solids.  X"p  to  the  present  time,  little  has 
been  done  along  this  line.  When  a  truck  owner  wants  to 
use  pneumatics  instead  of  solids,  the  truck  maker  generally 
furnishes  the  identical  chassis  as  ordinarily  fitted  with  solids 
and  tells  the  owner  that  he  will  be  able  to  secure  greater 
speeds  with  the  same  degree  of  safety  as  when  solids  are 
used.  It  will  not  be  long  before  the  truck  owner  will  be 
dissatisfied  with  such  a  method  and  demand  a  real  pneu- 
matic-tired chassis. 

The  result  of  the  experiment  In  running  large  pneumatic- 
tired  trucks  overland  between  Aitron  and  Boston  for  two 
years  seem  to  indicate  that  an  ordinary  3-ton  chassis  de- 
signed for  use  with  solid. tires  can  safely  carry  5  tons  when 
mounted  on  pneumatics.  After  further  investigation,  it  is 
even  possible  that  several  hundred  additional  pounds  may 
be  shaved  off  the  3-ton  chassis  weight  when  used  to  carry  5 
tons  on  pneumatics.  It  is  also  evident  that  engines  of 
greater  power  must  be  installed  in  order  to  permit  the 
greater  speed.^  made  possible  by  the  use  of  pneumatics  to 
be  secured. — The  Commercial  Vehicle. 
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Proposed  Schedule  of  Salaries  for 

Engineers  in  State  Highway 

Service 

A  proposed  salary  schedule  for  state  highway  engineers  has 
been  prepared  by  the  American  Association  of  Engineers' 
Committee  on  "Salaries  of  Engineers  in  Public  Service."  In 
appointing  the  committee  last  June,  the  Board  of  Directors 
gave  it  authority  to  add  to  its  personnel,  with  the  approval 
of  the  President,  representatives  of  the  several  branches  of 
public  service  engineers  in  order  that  the  schedules  as  Anally 
adopted  should  be  not  only  harmonious  with  reference  to  each 
other,  but  that  they  should  be  generally  accepted  as  stating 
the  value  of  engineering  service  to  the  public,  hence  what  it 
should  pay  for  such  service.  In  discussing  the  schedules 
engineers  should  therefore  bear  in  mind  that  the  endeavor  of 
the  committee  is  not  to  standardize  and  classify  engineering 
service,  but  to  price  this  service. 

The  Committee  on  Salaries  of  Engineers  in  Public  Service 
consists  of  S.  C.  Hadden,  editor  of  "Municipal  and  County 
Engineering,"  J.  H.  Prior,  consulting  engineer  on  public  utili- 
ties, Chicago;  A.  R.  Hirst,  state  highway  engineer,  Wisconsin; 
F.  H.  Newell,  president  of  the  association,  and  A.  N.  Johnson, 
chairman,  consulting  highway  engineer  of  the  Portland  Ce- 
ment Association.  Preliminary  to  drafting  the  schedule  for 
highway  engineers,  the  following  were  invited  to  serve  as 
corresponding  members  of  the  committee:  Thos.  H.  McDon- 
ald, chief  of  the  TJ.  S.  Bureau  of  Public  Roads;  W.  L.  Basset, 
Bureau  of  Municipal  Research.  New  York;  Col.  W.  D.  Uhler, 
chief  engineer,  Pennsylvania,  State  Highway  Department;  A. 
B.  Fletcher,  state  highway  engineer  of  California;  A.  W.  Dean, 
chief  engineer,  Massachusetts  Highway  Commission,  and  Clif- 
ford Older,  chief  engineer  Illinois  State  Highway  Department. 

The  proposed  schedule,  discussion  of  which  is  invited  by  the 
committee  preparatory  to  presenting  it  to  the  association  for 
final  adoption,  is  as  follows: 

Administrative   and    Executive    Positions. 

Chief  Engineer    $.S, 000-1.5. 000 

In  charge  of  all  construction  and  maintenance  work 
ot    the  department,    acting  a.s  chief   executive   officer. 

Engineer    of    Construction 0,000-10,000 

In  immediate  charge  of  all  construction  work  from  time 
contracts    are    let.      Assigned    to    state    headquarters. 

Engineer   of   Maintenance 0,000-10,000 

In  charge  ot  all  maintenance  work.  Assigned  to 
state   headquarters. 

Engineer  of  Bridges 5,000-  8,000 

In  charge  of  preparation  of  specifications  and  designs 
for  bridges,  and  in  charge  oi  construction  of  special 
bridges.     Assigned    to    state    headquarters. 

Office  Engineer   .5,000-  8.000 

In  general  charge  of  preparation  of  plans  and  speci- 
fications for  all  construction  work  up  to  point  ot  let- 
ting contracts.      Assigned   to  state   headquarters. 

Engineer  ot  Tests 1,000-  7.000 

In  general  charge  of  laboratory  routine  tests,  investi- 
gations, material  surveys  and  tield  inspection  of 
materials. 

District    Engineer    5.000-  8,000 

In  charge  ot  all  construction  and  maintenance  work 
in  a  division  or  district  of  the  state,  generally  includ- 
ing a  number  of  counties.  Assigned  to  division  head- 
quarters. 

Engineering   Positions   involving  Some  Administrative    D 

Higher   Grades. 
Advisory  and  Consnlting  Engineer  to  the  Chief  Engineer 
First  Assistant  Engineer,  assigned  to  Construction  En- 
gineer at  state  headquarters 

In   general  charge  of  office  work   in  connection   with 
execution   of  contracts. 
First     Assistant     Engineer,     assigned     to     Maintenance 

Engineer  at  state  headquarters 3,600-  6,000 

In   general   charge   of  office   work   in  connection   with 
maintenance. 
First  Assistant  Bridge  Engineer,   assigned    to  Engineer 

of  Bridges  at  state  headquarters 3,600-  5,000 

In  charge  of  bridge  drafting  room  and  responsible  for 
bridge  specificationE  and  bridge  designs. 
First   Assistant   Engineer,   assigned   to   Division    Head- 
quarters       3,600-  5,000 

In  general  charge  of  division  headquarters  office. 
Assistant  Engineers,  assigned  to  Construction  Engineer 


uties 
5,000 


n  the 
10,000 
3,600-  5,000 


at   state   headquarters 2.400-  4,000 

Duties  as  assigned. 

Assistant  Engineers,  assigned  to  ^laintenance  E'ngineer 

at   state   headquarters 3,400-  4.000 

Duties  as  assigned. 

Assistant   Engineers,    a.ssigned    to    Bridge    Engineers   at 

state   headquarters    2,400-  4,000 

Acting  as  especially  skilled  draftsmen,  designers 
and  computers. 

Assistant    Engineers,    assigned    to    Office    Engineer    at 

state   headquarters    2,400-  4,000 

Preparing  and  checking  specifications  and  plans  as 
received    from    division    offices.      Work    as    assigned. 

Chief  Chemist,   assigned  to  Engineer  of  Tests  at  state 

headquarters     3,500-  5,000 

In    charge   of   the    chemical    work   of   the   laboratory. 

As.^istant  Engineers,  assigned  to  division  headquarters, 
f^ome  in  charge  of  construction,  others  in  charge  of 
maintenance,   both  field  and  office  work   as   assigned. 

-Vssistant  Engineers,  assigned  to  laboratory  work 2,400-  4,000 

Tests  and  investigations  in  laboratory,  field  examina- 
tions and  lepcrts  on  sources  of  materials  as  assigned. 

Assistant    Chemists,    assigned    to    laboratory 2.000-  4.000 

Chief   Draftsman,   assigned   to  division   headquarters...   2.400-  4.000 
In    cliarge    of    division    headquarters    drafting    room 
and  the  preparation   of  plans. 

Chiefs  of  Survey  Parties 2,400-  4.000 

In  chaige  of  surveys  and  relocations;  during  time 
spent  in  office,  work  on  plans  and  computations 
as  assigned. 

Inspectional  Service. 

Confidential   Inspectors,  assigned  to  Chief  Engineer....   4.000-  S-.OOO 
Report   only   to   Chief   Engineer  on  work   of  all   char- 
acter   wherever    it    may    be.       Positions    of    peculiar 
responsiljilities.    represent   the   chief   engineer. 

General    Inspectors    of    Maintenance,    assigned    to   state 

headquarters     2,400-  4,000 

Inspectors   of   Bridge   Construction,    assigned    to    Bridge 

Engineer    at    state    headquarters 2,400-  4.000 

Inspecting  construction  of  the  larger  bridges  only. 
Work  inside  on  bridge  plans  and  design  as  assigned. 

Field    Inspector   of    Materials,    assigned    to    Engineer   of 

Tests   at   state   headquarters 2.400-  4,000 

Inspection  of  materials  in  the  field  and  at  points  of 
manufacture. 

Inspectors  of  Construction,   assigned   to   Division    Engi- 
neers  at    division    headquarters 2,400-  3,000 

Inspect  construction,  reporting  to  division  engineers. 
or  a  number  of  inspectors  may  be  under  immediate 
charge  of  some  assistant  engineer  to  whom  they  make 
immediate   reports. 

If  inspectors  are  employed  during  working  season  only 

to  receive,   per  month "50-      300 

Inspectors  working  the  year  around  are  at  division 
offices  during  winter  on  plans,  estimates  and  computa- 
tions, as  assigned. 

Junior   Engineering   Positions,  Concerned  with   Routine   Work   Only. 

EngineeT-ing    Draftsmen,    computers,    checkers,    estima- 
tors, assigned  to  state  headquarters 1,800-  2,400 

Tracers,     Computers,     heckers,      assigned     to     bridge 

engineer    1,800-  2,400 

E'ngineer  Draftsmen,  assigned  to  division  headquarters  1,800-  2,400 
Preparation      of      plans,       computations,       estimates, 
checking. 

Instrument  Men    1,800- 

Transitmen  and  levelers. 

Those  employed  Che  year  around  work  inside  division 
offices,  part  of  time  on  plans,  computations  and 
estimates. 

If  employed  by  month  during  construction  season  only. 

they  should  receive,  per  month 200- 

Rodmen    and    Chairman 1.200-  1,500 

Laboratory     Assistants     1,800-  2,400 

Routine    testing,    laboratory    records. 

All  engineers  working  ^way  from  state  or  division  headquarters 

to  which   they  may  be  assigned  are   to  receive  traveling  and  sub- 
sistence  expenses. 

This  schedule  not  to  operate  to  reduce  any  salaries  now  existing. 


2,400 


250 


City  Managers  to  Meet  at  Indianapolis. — The  6th  annual 
meeting  of  the  City  Managers'  Association  will  be  held  at 
Indianapoli.".,  Ind..  Oct.  27-29.  The  National  Association  of 
Commercial  Organization  Secretaries  is  to  be  In  session  at 
the  same  city  at  that  time  and  efforts  will  be  made  to  arrange 
for  at  least  one  union  session  in  order  to  cement  more  closely 
the  cordial  relations  between  city  managers  and  chamber  of 
commerce  secretaries.  H.  G.  Otis,  1812  Tribune  Bldg.,  New 
York  City,  is  executive  secretary  of  the  City  Managers'  As- 
sociation. 
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Highways  to  Lower  the  High  Cost 
of  Living 

By  JOHN  S.  BEALL, 

President,  Arnico  Iron  Culvert  &  Flume  Manufacturers' 
Association. 

To  say  that  unimproved  roads  increase  the  cost  of  living 
is  to  give  a  reason  without  a  remedy.  Economists  are  rais- 
ing their  voices  against  waste  and  mismanagement,  both  o£ 
which  undoubtedly  add  to  the  fast-mounting  cost  of  every- 
thing we  eat  and  wear.  Today  we  hear  that  blame  s'hould  be 
placed  upon  the  middleman;  yesterday  the  effect  of  the 
World  War  was  proclaimed  the  reason  for  high  prices;  to- 
morrow we  will  hear  that  the  high  cost  of  everything  is  due 
to  some  other  single  cause.  But,  in  my  opinion,  the  high 
cost  of  living  today  is  due  to  a  combination  of  causes,  no  one 
of  which  is  altogether  to  blame. 

When  we  consider  that  following  every  great  war,  with 
its  necessarily  vast  destruction  of  property  and  slowing  up 
of  production,  prices  rise  and  the  cost  of  living  consequently 
increases  beyond  the  income  of  the  average  person,  we  must 
look  behind  the  alleged  causes  which  are  today  said  to  be 
making  prices  high,  and  get  down  to  the  fundamental  causes 
which  made  living  higher  than  it  should  have  been  before  the 
great  social  and  economic  disturbance  which  resulted  from 
the  world  conflict.  In  other  words,  we  must  find  out  what 
made  living  as  high  as  it  was  before  1914. 

People  never  kick  about  the  price  of  a  thing,  if  they  can 
afford  to  buy  it.  It  is  only  when  the  price  of  a  commodity 
rises  beyond  the  amount  of  money  they  can  afford  to  pay  for 
that  commodity  tliat  we  hear  cries  of  profiteering  and  wit- 
ness social  unrest,  such  as  is  sweeping  the  country  today. 

The  last  50  years  have  seen  the  growth  of  huge  cities  in 
the  Central  West,  and  West,  and  a  consequent  concentration 
of  population  in  these  cities.  \Vliere  eggs  were  6  ct.  a  dozen 
50  years  ago  they  now  cost  56  ct.  Where  they  were  eaten 
fresh  from  the  barn  yard  50  years  ago,  tbey  are  today  trans- 
*  ported  to  cities,  placed  in  cold  storage  and  later,  months 
later,  sold  to  the  consumer  when  he  has  56  ct.  which  he  can 
afford  to  devote  to  the  purchase  of  this  food.  The  farmer 
who  once  "drove  to  town"  with  his  load  of  eggs,  has  now 
been  pushed,  by  the  growth  of  cities,  many  miles  from  the 
city  markets  and  depends  upon  the  railroads  to  carry  his 
product  to  where  he  can  receive  a  high  enough  price  to  allow 
him  to  carry  on  his  farming  business  and  supply  himself  and 
tiis  family  with  the  necessities  of  life — necessities  he  cannot 
himself  produce,  if  he  is  to  maintain  his  farm  at  its  maximum 
production. 

.Tust  as  the  railroad  seemed  to  make  the  farmer  independ- 
ent of  the  highway,  so  is  the  motor  truck  developing  to  make 
the  producer  of  foodstuffs  independent  of  the  railroad.  The 
railroad,  however,  is  an  organization  owning  the  rolling  stock 
and  tracks  over  which  the  cars  are  operated,  while  the  motor 
truck  owner  is  often  an  independent  unit,  operating  over  a 
road  controlled  by  the  money  of  every  road-bond  buyer  and 
taxpayer  in  his  community,  and  the  communities  through 
\  which  he  must  pass  if  he  transports  his   product  by  motor 

truck  to  market. 

It  has  been  said  that  the  cost  of  food  has  not  been  greatly 
lowered  in  eastern  cities  where  farmers,  either  single  or  co- 
operating, transport  their  products  by  truck  from  farm  to 
market.  This  is  true  whea-e  the  farmer  sells  to  the  whole- 
saler, and  the  wholesaler  sells  to  the  retailer  who  in  turn 
sells  to  the  customer,  who  is  the  ultimate  consumer.  By 
this  method  only  the  high  freight  and  express  rates  of  the 
railroad  are  eliminated,  and  these  are  replaced  by  the  cost  of 
motor  transport. 

But  where  municipal  retail  markets  have  been  established, 
the  cost  of  food  products  has  been  materially  lowered.  The 
farmer  drives  in  with  his  produce  and  sells  direct  to  the  con- 
sumer. Many  cities  are  developing  these  municipal  markets, 
where  those  who  cannot  afford  to  pay  the  high  prices  charged 
by  the  retailer,  and  made  necessary  by  the  number  of  hands 
through  which  the  products  pass,  can  purchase  on  the  cash 
and  carry  plan. 

The  recent  Government  seizure  of  food  products,  under  the 
war-time  food  laws,  has  turned  the  attention  of  the  public 
toward  cold  storage  methods.  The  food  hoarder  is  threat- 
ened with  jail;  the  food  controller  or  "packer"  is  being  con- 
demned,  and   drastic   laws   are   being   advocated   to  regulate 


monopoly  and  the  withholding  of  products  from  the  market 
by  storing  them. 

Until  production  gets  back  to  normal,  and  supply  and  de- 
mand are  to  some  extent  regulated  by  the  completion  of  the 
Reconstruction  Period  through  which  we  are  now  passing,  we 
cannot  hope  for  greatly  lowered  prices.  But  wc  can  turn  our 
minds  today  toward  the  construction  of  the  necessary  works 
which  the  present  high  prices  and  unstable  conditions  have 
made  us  realize  played  a  big  part  in  bringing  about  the  situ- 
ation which  now  confronts  us.  The  Federal  Government  and 
the  states  have  realized  this  and  we  see  evidence  of  their 
activity  in  the  great,  road-building  plans  now  in  operation  or 
under  consideration;  the  vast  amount  of  money  set  aside  for 
road  construction  purposes,  and  the  active  advocation  of  suit- 
able legislation  to  bring  about  a  nation-wide  system  of  im- 
proved highways. 

Conspicuous  among  the  Highway  Legislation  before  Con- 
gress, is  a  bill  now  pending  In  the  United  States  Senate, 
which  was  introduced  by  Senator  Townsend,  chairman  of  the 
Committee  on  Post  Offices  and  Post  Roads. 

It  is  proposed  in  this  measure  to  create  a  vast  system  ot 
highways  under  Federal  control  and  maintenance.  This  sys- 
tem will  embrace  not  less  than  two  per  cent  or  more  than 
five  per  cent  of  the  mileage  in  actual  use  In  each  state  in 
the  Union. 

What  will  such  a  system,  when  completed,  mean  to  the 
people  of  the  United  States?  For  one  thing,  and  it  is  funda- 
mental, which  has  long  been  neglected,  and  never  properly 
considered,  it  will  bring  our  food-producing  areas  nearer  to 
our  manufacturing  centers  and  mean  that  the  vast  numbers 
of  people  engaged  in  manufacturing  will,  with  proper  legis- 
lation designed  to  bring  about  the  condition,  pay  less  for  the 
food  they  eat,  and  for  everything  that  is  produced  by  nature 
to  teed  the  wheels  of  industry. 

The  man  who  lives  on  the  highway,  and  produces  food  prod- 
ucts along  the  highway,  will  benefit  by  highway  improve- 
ment, because  the  cost  to  him  of  transporting  the  product 
he  raises  to  the  local  market  will  be  less.  Or,  if  he  trans- 
ports his  product  direct  to  the  consumer  in  the  city  via  the 
Municipal  Market  or  direct  to  the  home,  he  will  have  the 
benefit  of  the  profit  now  paid  to  the  railroad  company,  the 
middleman,  the  cold  storage  plant  and  the  retailer.  In  this 
way  the  farmer  can  get  much  more  for  his  products  than  he 
receives  at  the  present  time,  and  still  sell  them  to  the  public 
at  an  even  lower  price  than  he  did  before  the  war. 

For  this  brief  survey  it  is  clear  that  the  improvement  of 
roads  should  be  the  concern  of  every  person,  whether  he  be 
laborer,  farmer,  merchant,  banker,  doctor,  lawyer  or  other- 
wise, living  either  in  the  city  or  in  the  country.  The  im- 
provement of  highways  is  a  definite,  fundamental  step  to- 
ward decreasing  the  high  cost  of  living.  It  is  something 
which  needs  no  investigation  to  prove  necessary.  Let  us 
put  our  shoulder  to  the  wheel  and  roll  the  mud  holes  into  bet- 
ter roads. 


Constructing  31-ft  Concrete  Road  in  Two  Sections.— In  or- 
der to  faciliiate  siriking  off  the  concrete  and  to  avoid  the  use 
of  a  Iieavy  template,  a  31-ft.  concrete  road  in  Wilson  Town- 
ship, Penn.,  was  struck  off  in  two  sections.  A  rolled  steel 
template  16  ft.  long  and  S  in.  wide,  with  a  crown  of  '4  In.  to 
the  foot  was  used.  One  end  ot  the  template  rested  on  the 
side  form  and  the  other  end,  which  was  equipped  with  8  In. 
vertical  and  horizontal  arras,  rode  on  a  steel  anglebar  sup- 
ported on  two  steel  pins,  27  by  1'4  in.,  threaded  6  in.  at  the 
top  and  driven  into  the  subgrade.  A  stake  was  set  on  grade 
about  2.5  ft.  ahead  of  the  finished  work  and  a  cord  stretched 
from  this  stake  back  to  the  finished  pavement.  The  pins  were 
then  driven  so  that  their  tops  were  about  1  or  2  in.  above  the 
cord.  A  nut  was  screwed  onto  each  pin  and  the  anglebar 
placed  so  that  the  bottopi  leg  rested  on  the  nut.  The  angle- 
bar  was  adjusted  so  that  it  was  flush  with  the  string  by 
means  of  the  nut  and  then  held  firmly  in  place  by  another 
nut.  The  anslebars  wore,  made  in  fi-ft.  lengths  so  as  to  be 
adjusted  easily  for  grade  and  three  lengths  were  set  up  at  a 
time.  When  the  concrete  had  been  placed  and  struck  off  on 
one  side  of  the  pavement,  the  template  was  moved  to  the 
other  side,  taking  care  that  the  same  end  was  placed  on  the 
anglebar.  It  was  necessary  for  one  of  the  men,  when  the 
second  half  of  the  pavement  was  being  struck  off,  to  stand 
on  that  part  previously  finished  but  it  was  found  that  with 
the  proper  consistency,  a  plank  laid  on  the  concrete  for  the 
men  to  stand  upon  made  only  a  slight  depression  which  was 
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easily  filled  as  soon  as  the  anglebar  was  moved  ahead.  Holes 
left  in  the  pavement  by  the  withdrawal  of  the  pins  were  prop- 
erly filled.     Finishing  was  done  with  a  roller  and  belt. 


New  Adjustable  Leaning  Wheel  Road 
Grader 

A  new  adjustable  leaning  wheel  road  grader,  embodying 
some  new  features,  has  just  been  placed  on  the  market  by 
J.  D.  Adams  &  Co.,  Indianapolis,  Ind.  The  machine  is 
known  as  the  Road  King  No.  12.  It  has  a  12-ft.  blade  length, 
a  wheel  base  of  17  ft.  1  in.,  and  a  wheel  tread  of  5  ft.  7  in. 
in  front,  and  8  ft.  6  in.  in  rear.  The  rear  axle  is  side  shift- 
able  40  In.  from  right  to  left.     The  machine's  weight  com- 


Road   Kina   No.   12. 

plete  is  6,740  lb.,  and  the  tractor  power  required  to  success- 
fully pull  it  is  stated  to  vary  from  25  to  40  draw-bar  horse- 
power, depending  upon  the  amount  of  dirt  to  be  moved.  A 
time-saving  ditch  sloping  attachment  for  use  with  the  new 
machine  also  has  been  brought  out  by  the  company.  This 
special  attachment  slopes  and  finishes  outside  ditch  banks 
and  makes  flat  bottom  in  ditch  approximately  1  ft.  wide  or 
wider.  It  is  attached  to  the  right  end  of  the  blade,  and  to 
the  front  end  of  the  draw-bar  by  means  of  brackets  that  are 
bolted  on  and  it  is  readily  detached  without  removing  the 
brackets. 


Method  of  Laying  Out  Additional  Widths 
for  Road  Curves 

A  method  of  laying  out  additional  widths  on  curves  which 
has  just  been  put  in  use  by  the  Minnesota  State  Highway 
Department  is  described  by  Mr.  Edward  H.  Steele,  Assist- 
ant Construction  Engineer  of  the  Department,  in  a  recent 
issue  of  Successful  Methods. 


0       y     10-     IS-     lO-    «•    30-    J5'    4D'    45'    Sr    Si-    W    «5-    70-    75'    W    85'    »• 
Intersection  Angles 

Chart   Used    by    Minnesota    Highway    Department   for   Widening 
Road  Curves. 

The  layout  of  a  sample  curve  is  shown  in  the  figure.  To 
make  the  problem  definite,  it  Is  assumed  that  the  intersec- 
tion angle  is  21°  50',  and  the  center  line  curve  has  been  de- 
signed as  a  14°   curve. 

In  the  lower  right-hand  corner  of  the  chart  is  a  graph 
showing  the  required  additional  width  for  various  degrees 
of   curvature.     A  14°  curve  requires  3.8  ft.  additional  width. 


It  may  he  taken  as  4  ft.  (the  nearest  even  foot)  for  ease  in 
computation.  The  degree  of  curvature  which  will  give  the 
required  extra  width  is  secured  from  the  graphs  of  external 
distances  for  various  degrees  of  curve.  Find  the  intersec- 
tion of  the  14°  curve  line  with  the  21°  50'  (21.88°)  ordinate. 
From  this  point  measure  vertically  upward  4  ft.  and  read 
off  the  nearest  degree  of  curve,  which  is  10°.  This  is  the 
required  curve. 

In  computing  the  area  of  this  additional  width,  use  the 
formula  given  in  the  chart.  The  precision  of  the  tangent 
distances  is  the  controlling  factor  in  the  formula  used,  and 
computation  should  be  carried  to  three  decimal  places. 


Hand  Patrol  Street  Sweeping  at  Los  Angeles. — The  business 
district  of  Los  Angeles,  Cal.,  is  patrolled  by  hand  sweepers 
from  6  a.  m.  to  6  p.  m.,  while  the  semi-business,  industrial 
and  residence  districts  are  given  less  service.  The  minimum 
area  cared  for  per  man  is  4,422  sq.  yd.  on  the  main  streets 
in  the  downtown  district,  while  the  maximum  area  cared  for 
per  man  is  52,574  sq.  yd.  The  average  area  cared  for  per 
man  is  34,441  sq.  yd.,  according  to  the  laat  annual  report  of 
A.  C.  Hansen,  City  Engineer,  for  the  year  ending  June  30, 
1918.  Each  patrolman  is  equipped  with  a  24-in.  bass  broom, 
and  wheel  scraper,  and  reports  the  beginning  of  each  work 
day  at  a  conveniently  located  tool  box.  The  sweepings  are 
collected  by  pick-up  men  equipped  with  a  team  and  dump 
wagon,  or  a  2-ton  motor  truck  with  a  4-yd.  dump  bed.  The 
sweepings  are  delivered  to  dumping  stations  of  local  ferti- 
lizer companies,  who  dispose  of  it  in  the  agricultural  dis- 
tricts of  the  county.  During  the  year  1917-18  the  city  has 
received  a  consideration  of  $531  per  month  from  this  source. 


Personals 

Charies  IMoore  has  resigned  as  borough  engineer  of  West  Hazie- 
Ion,   I'J. 

Winfield  F.  Courts  has  been  appointed  highway  engineer  of  the 
fit}'  of  Baltimore.  Md. 

Alfred  A.  Moreiand  has  been  appointed  commissioner  of  street 
rleaning  of  Baltimore.  Md. 

Edward  Von  Geldern,  county  surveyor  of  Sutter  County,  Cali- 
fornia, has  been  appointed  county  engineer. 

T.  W.  Webb  of  Dallas.  Tex  ,  has  been  appointed  engineer  of  the 
niarerial  divi.'^ion  of  the  state  highway  departmeiit  of  'Texas. 

S.  E.  Washburn,  formerly  city  engineer  of  Montgomery,  Ala., 
has  Vieen  appointed  county  land  surveyor  of  Mongomery  County. 

W.  B.  Covington  of  Rocking'ham.  N.  C.  has  been  appointed 
count,\'  j^ui)erintendent  of  roads  in  Robeson  County,  North  Carolina. 

J.  W.  Benjamin  of  Cuero.  Tex.,  has  been  appointed  division  3n- 
erineer  of  district  No.  4  with  headquarters  at  Amarillo,  Tex.,  \yy 
the  Texas  state  highway  commission. 

W.  F.  Cocke,  fcr  S  years  state  highway  commissioner  of  Florida, 
has  accepted  the  position  of  assistant  state  highway  commissioner 
<'f  A'ir;;inia.  and  will  enter  on  his  duties  about  Oct.  1. 

H.  B.  Aikin.  formerly  connected  with  the  state  hig'hway  de- 
rartment  of  Kentucky,  has  been  appointed  to  the  staff  of  the  civil 
engmeerii'g  department  of  the  University  of  Tennessee. 

Prof.  B.  L,  Wolfe,  a  member  of  the  University  of  Kansas  er- 
gintering  faculty,  has  been  appointed  county  engineer  of  Douglas 
Count}-.  Kansas.  t^iof.  Wolfe  will  continue  his  work  at  the 
university. 

Mai.  Charles  A.  Browne  of  Orlando,  Pla.,  who  has  been  for  the 
past  several  months  divisional  engineer  for  the  state  road  depart- 
ment of  Florida,  has  been  appointed  state  highway  engineer,  suc- 
ceeding V.'illiam  F.  Cocke,  resigned. 

Frank  P.  McKlbben  has  resigned  as  professor  of  civil  engineer- 
ing at  Lenitih  (■niversity  and  as  vice-president  of  People's  Trust 
Co..  Btthlelierii,  Pa.,  to  assume  charge  of  the  Civil  Engineering*  De- 
partment at  Union  College.  He  will  continue  his  consulting  eii- 
gineering  practice   with  headquarters  at  Schenectady,  N.  Y. 


Industrial  Notes 

The  Chicago  Pneumatic  Tool  Co.  on  Oct.  1st  removed  its  Blrm- 
nigham  oftice  from  SUl  Brown  Marx  Bldg.  to  1925  Fifth  Ave..  North, 
where  a  service  station  with  a  complete  stock  of  pneumatic  tools, 
electric  tools,  air  compressors,  oil  engines,  rock  drills  and  repair 
parts  is  maintained. 

The  Hazard  Manufacturing  Co.,  Wilkes-Barre,  Pa.,  has  placed 
^\'illiam  S.  Hart  in  charge  of  its  Chicago  sales  office  and  warehouse 
with  the  title  of  district  manag'er,  effective  Oct,  1.  Albert  ■\\'. 
Gal^iriel,  who  has  been  district  manager  for  a  number  of  years,  has 
resigned  to  embark  in  another  line  of  business.  Mr.  Hart  was  for 
several  years  asisstant  district  manager  of  the  Hazard  Pittsburgh 
branch,  and  during  the  last  two  years  has  been  assistnt  gen- 
eral superintendent  at  the  factory. 

Work  has  been  begun  on  a  new  factory  building  being  erected 
ijy  the  J.  L>.  Adams  &  Co.,  Indianapolis,  Ind.,  manufacturers  of 
adjustable  leaning  wheel  graders  and  other  road  building  and  main- 
taining' equipment.  The  new  building,  which  is  to  be  210  ft.  b>' 
162  ft  ,  of  1-story  concrete  construction,  adds  some  34,000  sq.  ft. 
to  their  already  large  factory. 

The  Chain  Belt  Co  .  Milwauke*,  Wis.,  the  stockholders  of  which 
recently  voted  lo  increase  the  authorized  stock  from  $1,000,000  to; 
$2,SOO,000.  has  started  on  a  building  program  that  eventually  will 
mean  the  evacuation  of  the  present  plant  at  16th  and  Park  Sts  ,  and 
its  removal  to  a  new  23-acre  site  at  39th  and  Orchard  Sts.  Building' 
operations  are  to  progress  by  departmental  units  as  rapidly  as 
business  conditions,  removal  difficulties  and  other  considerations 
will  permit,  but  the  entire  undertaking  will,  no  doubt,  be  a  matter 
of  but  a  .short  time.  Ground  has  Just  been  broken  for  the  first  unit, 
a  steel  and  brick  structure  316x150  ft.,  to  house  the  concrete 
)nixer  assembling  department.  The  plans  and  work  for  this,  as 
well  as  for  the  entire  project,  are  under  the  supervision  ot  Frank 
Z'^.   Chase,  Inc. .^Chicago. 
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Roads  and  Streets — 1st   Wednesday 


(a)  Roade 

(b)  Street! 


(c)    Street    Cleaning 

(d>    .Municipal    Miscellanlea 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers    and    Sani- 

tation 

(e)    Management    and    Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power    and    Pumping 


Railways   and    Excavation — 3rd   Wednesday 

la)    Excavation    and  ic)    Quarries  and   Fits 

Drndging  (d)    Railways.    Steam   and 

lb)    Rivers   and   Canals  Electric 

(e)    Management  and  Office 
System 

Buildings  and  Structures— 4th  Wednesday 


(a)  Buildings 

(b)  Brldcea 


(c)  Harbor    Structures 

(d)  Miscellaneous  Structures 


(e)    Properties  of   Materials 
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A  Socialist  Preaches  the  Doctrine 
of  Greater  Production 

The  most  progressive  men  in  the  Socialist  party  are  begin- 
ning to  preach  the  doctrine  of  greater  labor  efficiency.  This 
is  certainly  an  encouraging  symptom,  for  until  recently  it 
was  rare  that  a  socialist  advocated  anything  save  community 
ownership  of  capital  and  a  more  equitable  distribution  of  in- 
come. It  was  usually  taken  for  granted  that  the  total  yearly 
income  is  adequate  if  equitably  distributed.  .John  Spargo. 
socialist,  recently  said: 

If  the  working  class  of  this  or  any  other  country  should  tal-c 
possession  of  the  existing  organization  of  production  there  wouUi 
not  be  enough  in  the  fund  now  going  to  the  capitalist  cla.ss  to 
•satisfy  the  requireinents  of  the  workers,  even  if  not  a  penny  <if 
compensation  were  paid  to  the  expropriated  owner.s.  Kaut.sky. 
among  others,  has  courageously  faced  this  fact  and  insisted  that 
■■it  will  be  one  of  the  impeiative  tasks  of  the  social  levoUition  n-.I 
simply  to  continue  but 
also  to  increase  produc- 
tion: the  victorious  pro- 
letariat must  extend  prj- 
duction  rapidly  if  it  is 
able  to  satisfy  the  enor- 
mous demands  that  will 
be  made  upon  the  now 
regime." 

Spargo  adds  that 
"every  serious  student 
of  the  problem  has  re- 
alized that  the  first 
great  task  of  any  so- 
cialist society  must  be 
to  increase  the  produc- 
tivity of  labor."  True, 
but  in  view  of  the  rarity 
of  such  utterances  as 
this  by  socialist 
writers,  is  it  sot  infer- 
able that  very  few  of 
them      have       hitherto 


been  "Berious  students  of  the  problem"?  For  generations  the 
disciples  of  Kai;!  Marx  have  been  preaching  on  quite  a  differ- 
ent text.  They  have  argued  without  ceasing  that  If  capitalists 
would  cease  robbing  the  workers,  the  workers  could  live  In 
affluence.  Possibly  the  grand  object  lesson  given  by  a  social- 
ized Russia  has  served  to  awaken  a  dawning  recognition  of 
the  fact  that  quite  as  important  as  equitable  distribution  of 
income  among  workers  is  the  production  of  liberal  Income 
by  them.  First,  enough  game  must  be  killed  by  the  hunters 
before  all  can  be  adequately  fed. 

A  professor  of  economics  at  the  L'niversity  of  Wisconsin 
recently  gathered  and  published  statistics  to  show  that  only 
25  per  cent  of  all  the  annual  income  in  America  goes  to  capi- 
tal as  interest  and  dividends.  If  every  worker  were  to  re- 
ceive a  25  per  cent  increment  in  his  wage,  all  that  now  goes 
as  a  reward  to  capital  would  go  to  the  workers.  Bui  how 
many  of  them  would  then  be  satisfied?  Would  another  dol- 
lar a  day  to  the  aver 

age     employe    end     all 

grumbling?  If  It  would. 
we  doubt  not  that  th.- 
average  capitalist  could 
be  persuaded  to  give  up 
every  bit  of  his  present 
interest  and  dlvidend^ 
provided  the  employe- 
would  agree  thereafter 
to  do  their  very  best 
For  If  this  were  don- . 
the  total  annual  pro 
ductlon  could  be  speed- 
ily Increased  fully  50 
per  cent,  thus  making 
the  future  interest  and 
dividends  as  great  as 
they  are  now. 

One  of  the  troubles 
is  that  the  average  em- 
ploye is  prone  to  shirk. 


28  Pages =40  pages 

The  28  pages  of  articles  in  F.ngineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineenng 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest— easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Uur 
28  pages  of  articles  would  f^ll  1 12  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  380 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothmg  of  our 
weekly  construction  news. 
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Defective  education  and  failure  to  acquire  industrous  habits 
are  two  of  the  three  main  causes  of  the  "soldiering"  that  is 
so  prevalent.  The  third  main  cause  is  the  selfishness  of  capi- 
talists and  proprietors. 

The  other  day  Andrew  Carnegie  passed  to  the  Great 
Beyond,  and  his  passing  was  the  occasion  of  a  grand  editorial 
chorus  of  praise.  He  was  a  great  man.  His  benefactions 
were  enormous.  He  had  been  largely  instrumental  in  lower- 
ing the  cost  of  steel.  The  general  acclaim  that  his  death  oc- 
casioned was  deserved.  Yet,  had  his  early  life  been  one  to 
inculcate  less  acquisitive,  and  more  unselfish  habits,  he  might 
have  had  a  far  greater  and  more  sorrowful  throng  of  mourn- 
ers. Instead  of  piling  up  his  three  hundred  millions  of  dol- 
lars, suppose  he  had  built  homes  for  his  employes  and  had 
paid  them  larger  wages.  Would  such  acts  not  have  yielded 
him  much  greater  satisfaction  in  life  and  a  grander  tribute 
in  death?  The  hundreds  of  libraries  that  he  gave  away  are 
regarded  by  many  of  his  former  employes  as  being  so  many 
hundreds  of  monuments  erected  to  Andrew  Carnegie  at  their 
expense. 

Yet  he  acted  generously  and  in  a  way  to  command  the  ad- 
miration of  nearly  all  the  world — all  save  a  large  number  of 
his  former  employes.  He  acted  as  he  did  because  he  was 
born  and  raised  in  an  atmosphere  of  fierce  competition,  an 
era  that  bred  selfishness.  That  he  escaped  the  contaminat- 
ing influence  to  the  extent  that  he  did  is  greatly  to  his  credit. 
Still  it  is  lamentable  that  he  could  not  free  himself  entirely 
from  his  habits,  and  reward  more  generously  the  very  work- 
men who  had  helped  him  to  attain  such  wealth.  As  a  Scotch- 
man he  was  clannish.  Why  could  he  not  have  made  his  em- 
ployes his  clan?  Is  it  too  much  to  hope  that  we  are  entering 
an  era  of  industrial  clanship,  when  the  great  industrial  lead- 
ers will  provide  for  their  own  industrial  "families"  before 
seeking  to  extend  their  benefactions  more  widely?  There 
are  many  signs  that  indicate  the  imminence  of  such  a  change. 


The  Importance  of  a  Correct  Defi- 
nition of  Engineering 

Henry  Gordon  Stott,  a  past  president  of  the  American 
Institute  of  Electrical  Engineers,  is  credited  with  the  defini- 
tion of  engineering  that  is  written  on  the  wall  of  the  engi- 
neers' library  in  New  York:  "Engineering,  the  art  of  organ- 
izing and  directing  men,  and  controlling  the  forces  and  ma- 
terial of  Nature  for  the  benefit  of  the  human  race."  The 
influence  of  Tredgold's  old  definition  is  plainly  to  be  seen 
in  Mr.  Stott's  definition,  for  Tredgold  defined  engineering  as 
"the  art  of  directing  the  great  sources  of  power  in  nature 
for  the  benefit  of  the  human  race."  Mr.  Stott  has  added 
"the  directing  of  men."  The  superfiuous  words  "for  the 
benefit  of  the  human  race"  still  remain. 

Mr.  Stott's  definition  has  one  fault  of  Tredgold's  definition, 
namely,  failure  to  specify  so  precisely  as  to  exclude  others 
than  engineers.  A  farmer,  for  example,  falls  within  this 
definition. 

Mr.  S.  E.  Lindsay,  engineer  for  the  Puget  Sound  Traction, 
Light  and  Power  Co.,  Seattle,  has  recently  proposed  the 
following: 

"Engineering  is  the  practice  of  safe  and  economic  appli- 
cation of  the  scientific  laws  governing  the  forces  and  mate- 
rials of  nature  by  means  of  organization,  design  and  con- 
struction, for  the  general  benefit  of  mankind. 

"An  Engineer  is  one  who  is  properly  qualified  to  engage 
in  the  practice  of  engineering." 

"The  writer  suggests  that  the  various  national  and  local 
engineering  societies  use  all  reasonable  means  to  have  legal 
recognition  given  some  suitable  definition  of  Engineering  and 
Engineer.  The  above  are  offered  for  discussion  and-  im- 
provement." 

If  the  clause  "for  the  general  benefit  of  mankind"  is  elim- 
inated, Mr.  Lindsay's  definition  is  quite  similar  to  the  one 
first  given  in  Gillette's  Handbook  of  Cost  Data  ten  years 
ago,  namely,  "Engineering  is  the  conscious  application  of  sci- 
ence to  the  problems  of  economic  production."  Mr.  Gillette 
pointed  out  that  since  management  had  become  a  science  it 
was  unnecessary  specifically  to  mention  the  management  of 
men  in  defining  engineering.  In  the  new  Handbook  of  Me- 
chanical and  Electrical  Engineering  by  Gillette  and  Dana, 
Mr.  Gillette's  original  definition  is  slightly  changed,  and  it 
reads:  "Engineering  is  the  systematic  application  of  science 
to  the  problems  of  economic  production."    It  seems  preferable 


to  exclude  merely  an  occasional  or  haphazard  application  of 
science,  and  to  specify  a  systematic  application.  The  word 
production  is  obviously  used  in  its  broad  economic  sense, 
which  includes  all  acts  necessary  to  render  a  "service"  to  a 
"consumer."  Henry  George  very  cleai'ly  pointed  out,  more 
than  30  years  ago,  that,  in  a  broad,  economic  sense,  every 
man  who  renders  a  useful  service  to  his  fellow  man  is  a 
producer.  For  example,  he  held — and  quite  correctly — that 
a  teacher  is  as  truly  a  producer  as  is  a  ^coal  miner  or  a 
farmer.  If,  then,  we  accept  this  broad  definition  of  produc- 
tion, it  is  redundant  to  add  the  clause  "for  the  benefit  of 
mankind." 

In  his  speech  of  welcome  to  Herbert  Hoover  (see  our  issue 
of  Sept.  24)  William  L.  Saunders  said  that  the  Stott  definition 
of  engineering  "would  have  been  amazing  40  years  ago." 
We  go  farther  and  say  that  it  amazed  engineers  only  ten 
years  ago,  and  that  even  now  the  majority  of  the  older  engi- 
neers have  scarcely  recovered  from  their  astonishment. 

Ten  years  ago  Engineering  and  Contracting  began  the  first 
systematic  campaign  to  persuade  engineers  that  "manage- 
ment engineering"  was  a  new  branch  of  engineering  that 
deserved  recognition  as  such.  The  proposition  was  so  novel 
then  that  the  two  leading  civil  engineering  periodicals  of  that 
day  met  it  with  editorial  ridicule.  It  required  several  years 
of  continuous  editorial  hammering,  before  Engineering  and 
Contracting  was  able  to  use  the  expression  "science  of 
management"  without  exciting  an  editorial  guffaw  from  those 
two  periodicals,  not  to  mention  others.  Gradually,  however, 
it  began  to  be  realized  that  a  new  and  broader  engineering 
era  had  aiTived,  one  that  made  the  old  definitions  of  engi- 
neering obsolete,  and  one  that  was  eventually  destined  to 
bring  about  great  changes  in  the  teaching  and  practice  of 
engineering. 

There  is  much  more  than  a  word  quibble  in  these  fights 
over  definitions  of  terms  that  relate  to  great  classes  of 
human  activities,  as  those  who  have  been  most  active  in 
this  particular  controversy  are  well  aware.  A  definition  is 
a  brief  specification.  A  definition  of  engineering  specifies 
what  human  activities  are  of  an  engineering  nature.  Most 
of  the  older  engineers  at  first  refused  to  revise  the  Tredgold 
definition  so  as  to  admit  "management  engineers,"  "industrial 
engineers,"  "efficiency  engineers,"  "cost  analysis  engineers," 
and  the  like,  to  the  brotherhood  of  technical  engineers.  Even 
yet  the  requirements  for  r^embership  in  many  of  the  great 
engineering  societies  are  so  worded  that,  if  taken  literally,  a 
management  engineer  could  not  become  a  full  member  with- 
out qualifying  as  a  designing  or  constructing  engineer.  Thus 
the  old,  narrow  conception  of  engineering  still  survives  in 
the  by-laws  of  engineering  societies,  even  though  a  modern 
definition  "is  written  in  large  letters  on  the  wall  of  the  engi- 
neers' library  in  New  York." 


Why  Judge  Gary  Opposes  the 
Closed  Shop 

More  than  a  third  of  a  million  men  are  employed  by  the 
U.  S.  Steel  Corporation  at  an  average  wage  of  $6.27  a  day. 
About  56  per  cent  of  these  men  work  10  hours,  about  25  per 
cent  work  8  hours,  and  about  19  per  cent  work  12  hours  daily. 
The  administration  and  selling  forces  are  not  included  in 
calculating  the  average  of  $6.27.  In  1914  the  average  wage 
was  $2.93.  Common  laborers  are  now  averaging  $5  and 
skilled  employes  $6.70  a  day. 

These  are  data  given  by  Elbert  H.  Gary,  chairman  of  the 
board  of  directors  of  the  U.  S.  Steel  Corp.,  in  his  testimony 
before  the  U.  S.  Senate  committee  on  education  and  labor. 
Judge  Gary  claims  that  no  other  large  corporation  in  the 
world  pays  higher  average  wages  than  these,  and  the  labor 
union  leaders  admit  that  the  present  strike  is  not  primarily  a 
strike  for  better  wages.  Judge  Gary  states  that  the  labor 
union  leaders  are  striking  to  secure  the  "closed  shop,"  which 
he  will  never  grant.  The  labor  leaders  deny  that  this  is  their 
object.  However,  they  admit  that  the  strike  was  called  be- 
cause Judge  Gary  refused  to  confer  with  them  as  representa- 
tives of  the  unions.     Judge  Gary  said: 

Tt  has  been  my  policy  not  to  deal  with  union  labor  leaders  at 
any  time,  because  we  don't  believe  in  contracting  with  unions. 

We  are  not  antagonistic  to  unions.  We  recognize  that  the 
men  have  a  perfect  right  to  organize,  but  we  hold  that  we  are 
not  obliged  to  contract  with  them. 

The  issue  is  the  closed  shop  or  the  open  shop.  If  you  make  a 
contract  with  a  union  you  establish  a  closed  shop. 


(84) 


Engineering  and  Contracting  for  October  s,  1919. 


•401 


It  is  a  fundamental  principle  which  you  can't  arbitrate.  The 
open  shop  is  essential  to  our  prosperity.  The  closed  shop  means 
less  production,  less  work,  and  hig-her  costs.  There  is  nothlns 
more  important  in  reducing-  the  cost  o£  livincr  than  that  a  man- 
ufacturing establishment  may  operate  unrestricted  by  labor  unions. 

When  an  executive  of  broad  knowledge  and  keen  sympathy 
for  employes  takes  such  a  stand  as  this  against  labor  unions, 
It  will  not  do  to  charge  him  with  "seventeenth  century  autoc- 
racy." Rather  should  the  labor  union  leaders  ask  themselves 
whether  they  are  not  the  real  exponents  of  seventeenth  cen- 
tury methods,  the  methods  of  the  ancient  trade  guilds  that 
restricted  output  and  opposed  labor-saving  devices.  When 
labor  union  leaders  cease  to  advocate  uneconomic  policies, 
then,  and  not  till  then,  will  employers  cease  to  be  antago- 
nistic to  the  "closed  shop." 

In  America  we  have  been  relatively  free  from  labor  union 
restriction  of  output,  not  so  much  because  the  union  leaders 
have  advocated  a  big  day's  work  for  a  big  day's  pay,  but  be- 
cause such  industrial  leaders  as  Judge  Gary  have  success- 
fully fought  against  labor  union  restriction  of  output.  In 
Great  Britain,  on  the  other  hand,  employers  in  many  lines 
have  long  been  dominated  by  their  employes.  When  the 
world  war  made  it  necessary  to  speed  up  all  work  in  Eng- 
land, there  was  an  astonishing  revelation  of  the  previous  in- 
efficiency of  the  average  workman.  Women  with  no  previous 
training  took  the  places  of  skilled  workmen  and  turned  out 
two  to  four  times  as  much  work  daily!  Such  facts  as  these 
are  the  underlying  reasons  for  the  strenuous  opposition  of 
so  many  American  employers  to  the  "closed  shop." 

It  is  urged  by  American  labor  union  leaders  that  they  are 
not  so  blind  as  their  English  cousins,  and  that  they  do  not 
advocate  restriction  of  output.  Of  some  union  leaders  this 
is  true,  but  how  many  of  these  leaders  have  yet  come  out 
openly  with  a  declaration  in  favor  of  payment  in  proportion 
to  performance?  On  the  other  hand,  who  was  it  that  re- 
cently forced  the  government  to  abandon  piece  rate  and 
bonus  systems  of  payments  in  railway  shops  and  government 
ship  yards?  Who  was  it  that  secured  the  passage  of  "full 
crew  laws"  in  eight  states?  Who  is  it  that  is  now  demand- 
ing a  working  week  of  only  30  hours  for  the  coal  miners? 

No,  the  leaders  of  American  labor  unions  can  not  persuade 
the  general  public  that  the  opposition  to  the  "closed  shop"  is 
an  evidence  of  "seventeenth  century  autocracy,"  so  long  as 
they  themselves  continue  to  advocate  false  economic  prin- 
ciples whose  origin  is  prehistoric. 

In  India,  long  before  histories  were  written,  workmen  in 
every  trade  had  enforced  the  "closed  shop"  principle,  and 
they  still  enforce  it.  But  they  call  it  by  another  name, 
"caste."  Every  man  is  born  into  a  trade  or  occupation,  and 
can  not  get  out  of  it.  "Caste"  forbids  a  porter  to  water  a 
lawn,  or  drive  a  nail,  or  sweep  a  floor  for  his  employer.  The 
employer  must  have  men  of  different  "caste"  for  each  differ- 
ent occupation.  Does  this  savor  rather  strong  of  our  own 
labor  restrictions  in  the  building  trades,  where,  for  example, 
a  plumber  is  prohibited  from  assisting  a  carpenter?  Well, 
it  is  the  same  old  prehistoric  principle  at  work,  the  principle 
of  restricted  output.  It  is  a  hereditary  belief  in  India.  In 
America  it  has  yet  to  reach  that  stage,  and  there  are  several 
million  American  employers  who  are  determined  that  it 
never  shall. 


railway  would  show  scant  iniprovcmuut  or  growtb.  ICqually 
clear  should  it  be  that  a  city  can  not  prugresg  properly  If  Its 
board  of  directors— the  city  council— la  not  free  to  follow  the 
advice  of  the  city  -sngineer  on  all  matters  relating  to  public 
work  betterments  and  additions. 


Omaha  Lacks  Sewers  and  Engineer- 
ing Propaganda  to  Secure 
Them 

City  Engineer  Bruce,  of  Omaha,  estimates  that  the  city 
should  build  $2,700,000  worth  of  sewers.  But  under  the  law 
sewer  bonds  in  excess  of  $200,000  annually  can  not  be  issued 
without  a  favorable  vote  by  the  people.  This  is  typical  of 
the  way  in  which  city  councils  are  often  restrained  from 
going  ahead  with  necessary  municipal  improvements. 

"Until  engineering  societies  undertake  to  secure  revision  of 
restrictive  laws  and  city  charters  there  is  slight  likelihood 
that  adequate  expenditures  for  municipal  improvements  will 
be  made:  We  suggest  to  the  engineers  of  Omaha  that  they 
set  an  example  for  other  engineers  by  conducting  a  campaign 
to  change  the  law  that  now  ties  the  hands  of  the  city  council. 
If  the  board  of  directors  of  a  railway  were  compelled  to  sub- 
mit to  a  vote  of  all  the  stockholders  every  proposition  that 
involved  the  expenditure  of  more  than  $200,000  annually  for 
plant  extensions   and   improvements,  it  is  evident -that  that 


Recommended  Salary  Increases  for  Engi- 
neers of  New  York  City 

The  Public  Service  Committee  of  the  New  York  Chapter 
of  the  American  Association  of  Engineers  has  made  Its  report 
on  the  present  salaries  of  engineers  of  the  City  of  New 
York,  with  recommendations  for  increases.  The  committee 
recommends: 

(1)  A  graded  increase  of  salaries  to  be  granted  to  all 
technical  employes,  ranging  from  73  per  cent  for  the  lowest 
paid  to  20  per  cent  for  those  receiving  more  than  15.000  per 
annum,  the  increase  for  the  city  amounting  to  a  total  of 
$930,000.  for  the  commissions  to  $.516,000,  a  grand  total  of 
$1,446,000. 

(2)  A  flat  increase  of  approximately  $500  as  an  absolute 
minimum  increase  which  should  be  granted  to  each  employe 
if  it  is  impossible  to  adopt  recommendation  (1)  at  the  pres- 
ent time,  the  increased  annual  salary  being  adjusted  Into 
multiples  of  $120  for  convenience  in  accounting,  the  increase 
for  the  city  amounting  to  $612,000  and  for  the  commissions 
to  $356,000,  a  grand  total  of  $968,000. 

The  $500  flat  increase  recommends  as  an  alternative  ad- 
justment amounts  to  the  following  percentages  for  various 
grades: 

Present  Salaries.  Per  cent  of  Incrcaae. 

$    ritO  to  $1.200 From  53.0  to  42.3 

).;iP  to    l.GOO From  45.0  to  32  6 

l.t:2n  to    1.800 From  .(4.1  to  26.7 

l,s:!2  to    2,000 Prom  .ilO  to  25.0 

2,04>  to     2,400 From  26.1  to  20.0 

2.460  to    3,000 From  22.0  to  16.0 

3,181)  to    4,260 l^Yom  17.0  to  12.1 

4.500  to    .".,28t) From  12.«  to    9.1 

5,500  to    7,000 From    9.1  to    6.3 

.Salaries  above  $7,000  are  treated  as  individual  cases. 

Adjusted  salary  is  present  salary  plus  $500  per  year  ad- 
justed to  nearest  multiple  of  $120  per  annum.  The  percent- 
ages shown  are  based  on  the  adjusted  salaries. 
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Hoover  for  President 

Of  the  triumvirate  of  heroic  figures  that  emerge  from  the 
Great  War,  Herbert  Hoover  stands  forth  with  a  distinction 
new  to  the  annals  of  the  race.  Destiny  accords  to  few  men 
so  overflowing  a  measure  of  successful  and  notable  achieve- 
ment, or  such  fervent  appreciation  of  public  service  well  per- 
formed. 

New  York  has  received  perhaps  two  million  Americans  that 
served  "over  there,"  and  the  Grand  Ballroom  of  the  Waldorf 
has  served  as  a  setting  for  many  important  and  historic 
episodes,  but  on  no  previous  occasion  has  it  assembled  a 
more  distinguished  or  representative  American  gathering 
than  that  which  welcomed  Hoover,  engineer,  general,  master 
executive,  and  man,  back  to  his  home  and  to  his  own  people. 

Hoover  is  now  at  the  very  peak  of  his  power — spiritual,  in- 
tellectual, moral,  physical.  No  other  man  embodies  to  such 
superlative  degree  the  technical  equipment,  world  experience, 
and  tested  and  proved  ability  as  an  organizer  of  Industrial 
resources.  The  world's  best-loved  man.  Hoover  makes  at 
this  hour  an  impelling  appeal  to  all  constructive  elements  of 
American  citizenship.  Tied  to  no  party,  owing  no  faction  or 
class  allegiance  he  would  win  to  his  support  all  elements  of 
American  life  that  are  disgusted  and  weary  of  the  incessant 
and  futile  playing  at  the  1900  brand  of  politics  that  has  dis- 
credited and  disgraced  Congress  for  the  last  five  years.  Men- 
tion, at  the  reception  in  his  honor,  of  his  conspicuous  avail- 
ability as  the  country's  next  Chief  Executive  brought  that 
notable  assemblage  to  -its  feet  as  one  man,  with  a  roar  of 
cheers  as  spontaneous  as  it  was  'sincere. 

Hoover  has  richly  earned  a  rest.  He  must  have  it.  But 
he  may  not,  with  the  consent  of  the  people  of  America,  retire. 

That  part  of  Hoover's  address,  delivered  on  the  occasion  of 
his  reception  on  Sept.  16,  dealing  with  the  future  of  America, 
constitutes  a  veritable  charter  of  the  coming  industrial  dis- 
pensation.    It  is  his  platform.     It  Is  just. 

The  Journal  presents  for  nomination  for  President  of  the 
United  States  of  America  at  the  election  of  1920,  Herbert 
Clark  Hoover,  Servant  of  Humanity. — Editorial  in  Engineer- 
ing and  Mining  Journal. 
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Drifting  Sand  Filtration  System  of 
Toronto 

The  purification  of  the  water  supply  for  the  city  of  Toronto, 
Ont.,  is  effected  by  means  of  two  systems,  one  a  slow  sand 
and  the  other  a  mechanical  of  the  drifting  sand  type.  The 
water  is  drawn  from  Lake  Ontario  to  the  south  of  Toronto 
Island,  two  intakes  being  situated  a  little  over  2,000  ft.  from 
the  shore,  submerged  in  about  60  and  80  ft.  of  water,  respec- 
tively. The  slow  sand  system  has  given  excellent  results, 
but  when  an  extension  was  found  necessary  in  1914.  the  city 
decided  on  mechanical  filtration,  the  reasons  given  being  dif- 
ficulties in  operation,  caused  by  a  combination  of  occasional 
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Details  of   Drifting   Sand    Filter  at   Various   Horizontal   and   Vertical 

Planes. 

high  turbidity  and  the  low  temperature  in  the  winter  months. 

In  a  paper  presented  last  week  at  the  convention  of  the 
New  England  Water  Works  Association,  Norman  J.  How- 
ard. M.  Am.  ('.  S.,  Bacteriologist  in  Charge,  Filtration  Plant 
Laboratory,  describes  the  drifting  sand  system  and  gives  the 
results  of  the  operation  and  purification  effected  during  191S. 
An  abstract  of  the  paper  follows: 

Throughout  the  paper  the  word  "gallons"  are  Imperial  gal- 
lons. The  capacity  of  the  plant  is  60  million  gallons  in  24 
hours,  but  a  maximum  rate  of  72  million  gallons  daily  must 
be  maintained  for  a  period  of  10  hours.  The  rate  of  filtration 
is  150  million  gallons  per  acre  per  day.  Before  describing 
the  plant  it  would  be  well  to  state  the  two  principles  involved 
in  its  operation.  They  are  the  introduction  of  a  coagulant 
without  sedimentation  and  the  necessity  for  a  drifting  as  well 
as  a  stationary  body  of  sand  in  the  filter.  These  would  seem 
to  be  two  great  differences  existing  between  modern  mechan- 
ical plants  of  the  gravity  type,  and  the  drifting  sand  gravity 
filter. 

In  the  Toronto  plant  the  water  flows  by  gravity  from  the 
intake  into  a  suction  well  where  the  coagulant  is  introduced, 
the  water  b(>ing  pumped  directly  to  the  filters. 

Coagulation  Plant.— The  coagulation  plant  consists  of  a 
large  storage  bin  in  which  is  stored  alumina  sulphate  used 
for  coagulation  purposes.  Through  a  number  of  control 
doors  the  chemical  is  automatically  fed  to  two  dissolving 
channels,   the  density  of  which   is  kept  from   12°   to   14°  B. 


(about  15  per  cent  solution).  The  strong  solution  passes  into 
a  hydrometer  chamber,  where  it  is  automatically  diluted  to 
the  required  strength.  The  hydrometer  is  poised  in  the  solu- 
tion between  two  valves,  one  discharging  alum  and  the  other 
water.  Any  vertical  movement  of  the  hydrometer  opens  one 
valve  and  closes  the  other.  The  tank  is  made  of  concrete, 
while  the  hydrometer  is  steel,  thickly  covered  with  paraffin 
wax,  and  has  a  displacement  of  6,000  lb.  of  solution.  It  is 
weighted  so  as  to  just  float  In  solutions  of  alum  ranging  be- 
tween four  per  cent  and  10  per  cent.  Owing  to  the  differ- 
ences in  the  density  of  alum  and  water,  circulation  is  main- 
tained. The  heavier  liquor  coming  in  at  the  top  immediately 
starts  traveling  downwards  and  meets  the  lighter  liquid  ris- 
ing upwards,  at  the  point  of  discharge  a  perfect  mixture  is 
obtained,  it  being  impossible  to  detect  stratification.  A  beam 
with  knife  edges  above  the  hydrometer,  which  is  extremely 
sensitive,  provides  for  permanent  adjustment  and  also  for 
altering  the  density  of  the  solution.  Along  the  beam  is  a 
scale  of  divisions  graduated  in  1/lOth  grains.  The  solution 
of  alum  ne.xt  discharges  into  an  orifice  chamber.  A  mechan- 
ical device  regulates  the  discharge  of  solution  which  is  pro- 
portionate to  the  quantity  of  water  being  pumped.  From  the 
measuring  tank  the  alum  passes  through  a  lead  pipe  to  the 
suction  well  and  is  then  pumped  to  the  filters. 

Pumping  Station.— The  lift  of  water  from  the  well  to  the 
filters  is  32  ft.  The  pumping  station  Includes  three  elec- 
trically driven  pumps  with  a  combined  capacity  of  100  million 
gallons  and  a  lift  of  32  ft.  Besides  these,  there  are  a  two- 
million  gallon  auxiliary  pump  with  32-ft.  lift,  two  half-million 
gallon  backwash  tank  pumps  with  100-ft.  lift,  two  one-million 
gallon  drainage  pumps  with  20-ft.  lift  and  two  hydraulic-pres- 
sure pumps,  with  a  capacity  of  S.640  gallons  a  day  under  700 
lbs.  per  square  inch.  The  discharge  of  the  main  pumps  is 
controlled  automatically  by  the  level  of  the  water  in  the 
filter  tanks,  through  pilot  valves,  operating  hydraulic  valves 
on  the  discharge  of  the  pumps.  There  has  also  been  in- 
stalled a  steam  turbo-generator  set.  in  case  the  electric 
power  should  fail. 

Filters.— The  multiple  filter  unit  system  was  adopted  in 
Toronto  and  consists  of  ten  units,  each  having  a  nominal  ca- 
pacity of  6.000.000  gal.  Each  filter  is  made  of  steel,  is  14 
ft.  high,  50  ft.  in  diameter,  and  is  divided  into  thirty  smaller 
units.  These  units  are  nested  together  in  two  rings  of  18 
and  12,  respectively.  In  the  center  of  the  filter  is  a  space 
162'3  ft.  in  diameter,  in  which  is  placed  the  raw  water  con- 
trol balance.  Each  of  the  thirty  units  form  a  separate  quad- 
rilateral unit  with  sand  extractors,  sand  washer  and  filtered 
water  collecting  system.  For  backwashing.  an  overflow  chan- 
nel 15  in.  wide  and  approximately  3  ft.  deep  is  placed  round 
the  outer  ring.  At  the  bottom  of  each  filter,  partly  em- 
bedded in  the  concrete,  is  a  cast-iron  collector  pipe  for  the 
filtered  water.  Running  out  from  the  collecting  pipe  are 
a  series  of  V^k.  in.  wrought  iron  sheradized  pipes,  having 
•H<-in.  holes  drilled  on  the  underside,  spaced  about  6  in.  apart. 
These  pipes  have  a  cap  on  the  outer  end  and  the  inner  end 
is  screwed  into  the  cast-iron  collector.  On  the  top  of  the 
pipes  is  rounded  gravel  in  three  grades,  varying  from  %  in. 
to  3/16  in.  to  a  depth  of  10  in.,  and  above  this  is  9  ft.  of  sand. 
The  total  amount  of  sand  in  each  filter  is  600  cu.  yd.  No 
screens  are  used  between  the  gravel  and  the  sand.  The  sand 
ha.s  an  average  effective  size  of  .375  mm.,  and  a  uniformity 
coefficient  of  from  1.6  to  2.  Around  each  small  unit  is  a  sys- 
tem of  slots  and  the  drifting  sand  is  withdrawn  from  the 
filter  by  means  of  extractor  pipes,  through  which  the  sand 
flows  to  the  bottom  of  the  filter  unit  into  a  sand  washer.  At 
the  sand  washer  the  sand- falls  to  the  bottom  through  a  cur- 
rent of  raw  water  and  is  thus  cleaned.  It  is  picked  up  by  the 
inccoming  raw  water  and  carried  back  to  the  filter.  The 
dirty  water  impurities  or  suspended  matter  pass  upward  and 
out  at  the  top  of  the  sand  washer  by  an  outlet  suitably  con- 
trolled. A  water  jet  is  provided  to  assist  the  flow  of  sand 
through  the  extractor  pipes,  and.  below  the  point  of  dis- 
charge, a  glass  inspection  port  is  provided,  so  that  the  flow 
of  sand  from  each  extractor  pipe  can  be  observed.  The  sand 
washers  are  of  cast  iron.  The  throats  are  relined  when  oc- 
casion arises  with  wrought-iron  pipe  liners,  specially  hard- 
ened by  a  carbonizing  process.  The  liners  are  in  three  steps 
and  are  13%  in.  high. 

Operation, —The  coagulant  is  introduced  as  the  water  goes 
direct  to  the  filters,  on  the  suction  side  of  the  pump.  Owing 
to  the  operation  of  the  drifting  sand  system,  the  sand  con- 
tained  in    the    filters   resolves   itself  into   two   bodies— a   sta- 
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tlonary  sand  body  supported  by  the  gravel  resting  on  the 
water  collecting  system  and  a  drifting  sand  body  lying  be- 
tween the  surface  of  the  stationary  sand  and  the  sides  of  the 
filter.  By  causing  the  sand  to  drift  across  the  path  of  the 
raw  water,  a  large  proportion  of  the  impurities,  including  the 
aluminum  hydrate,  and  the  bacteria  which  have  been  caught' 
up  by  the  coagulant,  are  carried  out  along  with  a  portion  of 
the  drifiting  sand.  The  stationary  sand  takes  out  the  re- 
maining impurities.  The  treated  raw  water  enters  the  filter 
partly  by  a  standpipe  running  through  the  center  of  the 
unit,  which  passes  through  a  sandwasher  in  the  bottom,  and 
delivers  above  the  sand  at  the  tope  of  the  pipe,  and  partly 
through  a  by-pass.  Within  the  sandwasher  the  raw  water 
pipe  is  constructed  similar  to  that  of  the  tube  of  a  Venturi 
meter  and  the  drifting  sand  after  being  collected  and  washed 
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Chemical  Supply  Details. 
in  the  sandwasher  is  inducted  into  the  raw  water  at  the 
throat  ot  the  Venturi  tube.  This  sand  passes  up  the  stand- 
pipe  with  the  raw  water  and  is  delivered  at  the  top  of  the 
filter.  The  drifting  sand  forms  a  volcano-like  cone  that  con- 
tinuously drifts  away  and  is  being  replaced  with  the  washed 
sand  from  the  sand  washer,  leaving  a  round  top  body  of 
stationary  sand  below,  resting  upon  the  filtered  water  col- 
lecting system.  The  final  purification  is  dependent  on  this 
body  of  stationary  sand.  The  rate  of  flow  of  water  passing 
through  the  by-pass  may  be  varied  in  such  a  way  as  to  suit 
the  conditions  of  the  raw  water.  In  times  of  high  turbidity 
the  speed  of  the  drifting  sand  is  accelerated  by  decreasing 
the  flow  of  raw  water  through  the  by-pass  and  increasing 
the  flow  through  the  standpipe.  When  in  operation  the  sta- 
tionary body  of  sand  is  found  to  be  hard  and  compact  with  a 
cone-shaped-like  surface,  which  is  hard  to  penetrate.  The 
drifting  sand  is  of  a  buoyant  and  spongy  nature  and  offers 
little  resistance  to  penetration.  In  practice  it  is  found  that 
the  slope  of  the  drifting  surface  cone  Is  a  minimum  of  about 
32°  and  the  slope  on  the  surface  of  the  cone  forming  the 
stationarv  sand  is  about  64". 

Loss  of  Head.— The  initial  loss  of  head  in  the  filters  is  6  ft. 
and  in  the  process  of  operation  this  gradually  increases  to 
11  ft,  when  the  filter  is  backwashed.  Length  of  run  of  fil- 
ers range  between  one  and  seven  days,  according  to  the 
physical  condition  of  the  raw  water  and  the  amount  of  alum 
applied.  Backwashing  is  accomplished  by  reversing  the 
flow  of  filtered  water  through  the  bottom  of  the  filter.  The 
water  is  obtained  from  an  elevated  tank  having  a  capacity  of 
200,000  gal.  and  which,  on  account  of  its  elevation,  supplies  a 
natural  head  of  25  lbs.  Halt  the  contents  of  the  tank  are 
passed  through  the  filter  at  a  gradually  increasing  rate,  the  first 
100.000  gallons  taking  fifteen  minutes,  while  the  remainmg 
quantity  is  passed  through  rapidly,  the  whole  operation  being 
completed  in  20  minutes.  The  filter  is  then  run  to  waste  for 
20  minutes,  after  which  it  is  put  into  commission.  The 
amount  of  dirtv  waste  water  passing  through  the  sand  washer 


is  2  per  cent,  while  an  additional  1  per  cent  to  2  per  cent  la 
used  for  backwashing  and  waste  purposeH. 

Problems  Encountered.- -On  a  big  plant  enibrucInK  ao  eu- 
tiiely  new  system,  il  was  expected  that  nuiiieruUK  prublemit 
would  be  encountered,  particularly  when  the  plant  was  put 
in  commission,  but,  with  few  excepllonR,  the  dlfllcultleH  have 
been  overcome,  and  in  no  case  can  they  be  cotiHidered  serl. 
CDS.  In  the  early  days,  the  biggest  problem  was  to  get  a 
high  grade  sand,  about  two-thirds  of  the  sand  oriKlnally 
placed  in  the  filters,  amounting  to  over  4,000  cu.  yd.,  hud  to 
be  taken  out  and  replaced  at  the  expense  of  the  contractor. 
At  present  the  sand,  while  being  satisfactory,  is  not  quite 
uniform,  having  an  effective  size  which  varies  betewen  .35 
and  .4  mm.  In  the  chemical  house  some  Inconvenience  was 
caused  by  the  corrosive  action  of  the  aluminum  sulphate 
solution  on  the  slotted  trunk,  through  which  the  solution  is 
discharged  into  the  raw  water.  The  trunk  was  made  of 
vanadium  silver,  which  has  since  been  replaced  by  one  made 
of  pure  copper.  Tests  are  at  present  being  conducted  In  the 
laboratory  on  a  composition  consisting  of  copper  U2  parts, 
lead  S  parts  containing  1  per  cent  of  antimony. 

Sand  Scour, — The  question  of  sand  scour  has  been  the  most 
troublesome.  When  the  filters  were  first  put  in  commission, 
the  cast-iron  throats  did  not  wear  as  long  as  was  expected. 
and  they  were  relined.  first  with  extra  heavy  black  iron  pipe 
and  finally  with  similar  pipe  carbonized.  Porcelain  was 
tried  but  was  unsuitable  and  experiments  with  rubber  are 
now  under  way.  Most  of  the  scour  observed  has  been  traced 
to  a  tail  eddy,  which  forms  at  the  back  of  the  sand  nozzle 
by  the  water  passing  it.  By  using  the  modified  sand  washer 
base  the  scour  has  been  greatly  reduced,  and  a  number  of 
new  washers  are  being  installed.  Some  trouble  was  caused 
in  one  filter  by  too  rapid  backwashing.  which  resulted  In  the 
disturbance  ot  the  gravel.  The  filter  was  emptied  and  th« 
gravel  replaced  by  4  in.  of  1  in.  gravel,  and  6  In.  of  cemented 
gravel,  in  the  proportion  of  I.t  of  gravel  to  1  of  cement.  The 
gravel  used  was  the  material  which  passed  through  a  screen. 
three  meshes  to  the  inch  and  was  retained  on  a  screen  having 
five  meshes  to  the  inch.  This  has  proved  to  be  very  satisfac- 
tory. 

Operating  Results.— It  has  been  previously  mentioned  that 
the  raw  water  is  subject  to  rapid  changes.  Frequently  the 
water  becomes  heavily  polluted  after  less  than  8  hours' 
change  in  the  meteorological  conditions.  This  makes  the 
treatment  exceedingly  diflBcult,  as  occasionally  a  sudden  pol- 
lution has  occurred  and  an  insufficient  quantity  of  alum  ap- 
plied, with  the  result  that  the  efficiency  of  the  plant  has  been 
impaired.     Regarding  the  expression  of  results.  Inclusive  and 


Improved    Sand    Washer, 
exclusive    it  was  felt  that  an  explanation  should   be  offered 
for  same     The  results  excluded  are.  one  in  September  and 
two  in  October,  the  reasons  being  that  on  two  occasions  ab- 


Month. 
January  .  . 
February   . 

March 

April    

May  

June    

July 

August  . . . 
September 
October  . . 
November 
December 


RES1?L.TS    FROM    DRIFTING    SAND    PUVNT 
Av.  amount 

W.  amount 
of  aluminum 
sulphate  ap- 
plied 
per 


Yearly   average 

The  average  amou 


of    water 

filtered, 

million 

imperial 

gallons. 

S0.95 

33.16 

33.63 

32.49 

32.74 

31.76 

39.13 

38.00 

36.9 

40.61 

44.19 

37.7 

3«.0 


in  gTains 

Raw  water- 

gallon. 

Max 

Min. 

0.9S 

80 

0.65 

24 

0.92 

54 

1.48 

160 

1.04 

7 

0.82 

0.61 

3 

1.08 

10 

1.02 

2.T 

1.2 

4 

1,07 

3.-. 

1.3 

75 

IN  i;iis. 


Av. 

6.2 

3.9 

12.7 

27.9 

2.1 

1.3 

1.5 

1.8 

2.8 

1.4 

2.9 

21.3 


Turbldlu-. 

Max. 

under  1 

under  1 

3 

18 

under  1 

under  1 

1 

1 

under  1 

under  1 

'jnder  1 

'jnder  1 


Av. 
under  1 
under  1 
under  1 

2.4 
under  1 
under  1 
under  1 
under  1 
under  1 
under  1 
under  1 
under  1 


1.027 


under  1 


nt  if  chlorine' applied  to  the  water  was'  .2    parts  per  million. 
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normal  pollutions  occurred  when  the  bacterial  count  in  the 
raw  water  was  in  the  neighborhood  of  15,000  per  c.c,  and  at 
the  same  time  an  insufficient  quantity  of  coagulant  (1.5 
grains  per  gallon)  was  being  applied.  On  the  other  occasion 
the  alum  was  reduced  too  soon  following  a  change  in  the  di- 
rection of  the  wind.  When  chemical  tests  were  made  it  was 
found  that  the  water  was  still  polluted,  and  consequently  the 
alum  was  again  increased.  During  the  intervening  period 
the  sample  was  collected  and  proved  to  be  unsatisfactory. 
The  inclusion  of  these  three  results  materially  alters  the 
average  number  of  bacteria  present,  and  also  lowers  the 
Colon  efficiency.  The  average  number  of  bacteria  per  c.c. 
growing  on  standard  agar,  37-39°  C,  was  369.5  in  the  raw 
and  53.4  in  the  filtered,  inclusive  of  all  results  showing  an 
average  reduction  of  85.4  per  cent.     Excluding  three  records 
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for  reasons  previously  specified,  the  figure  was  303.6  in  the 
raw  and  34.7  in  the  filtered,  with  an  average  reduction  of 
88.4  per  cent.  The  indicated  number  of  B.  Coli  per  100  and 
1  c.c.  was  612  and  6.12  in  the  raw  and  31.70  and  .317  respec- 
tively in  the  filtered,  with  a  total  average  reduction  of  94. S 
per  cent.  If  the  three  records  before  mentioned  are  ex- 
cluded, the  raw  water  would  show  60S  per  100  c.c.  and  6.08 
per  1  c.c,  while  the  filtered  water  figure  would  be  22.0  per 
100  c.c.  and  0.22  per  1  c.c,  with  an  average  percentage  reduc- 
tion of  96.4.  The  chlorinated  water  showed  an  average  bac- 
terial count  of  1.72  per  c.c,  while  only  two  samples  out  of 
1,900  samples  examined  showed  the  presence  of  B.  Coli  in 
1  c.c.     This  gives  a  total  removal  of  99.9  per  cent. 

Turbidity. — Particular  attention  has  always  been  given  to 
the  clarification  of  the  water,  and  it  would  be  well  to  point 
out  that  the  turbidity  figures  given  are  only  those  actually 
occurring  at  9  a.  m.  daily.  During  the  month  of  April  the 
figure  in  the  raw  water  ran  up  as  high  as  550  parts  per  mil- 
lion, and  the  maximum  figure  recorded  in  the  table  as  oc- 
curring in  the  filtered  water  followed  this  high  period  of  tur- 
bidity. The  raw  water  figure  given  in  the  table  as  160,  was 
the  degree  of  turbidity  actually  present  in  the  raw  water  half 
an  hour  previous  to  the  collection  of  the  filtered  water  sam- 
ple, this  being  the  estimated  time  for  the  water  to  pass 
through  the  filter  from  the  time  the  coagulant  was  first 
added.  It  would  seem  to  be  scientifically  incorrect  to  give 
only  one  set  of  figures,  as  a  wrong  impression  might  easily 
be  formed. 

Conclusions. — The  original  specifications  called  for  certain 
efficiencies  being  obtained  on  an  average  amount  of  one  grain 
per  Imperial  gallon  of  aluminum  sulphate,  this  figure  being 
largely  based  upon  the  results  obtained  on  the  experimental 
plant,  on  the  Humber  Bay  water  in  Toronto.  As  a  result  of 
practical  experience  on  the  mechanical  filtration  of  Lake 
Ontario  water,  considerable  modification  has  had  to  be  made 
as  regards  the  operation  of  the  new  plant.  Conclusive  evi- 
dence has  been  forthcoming  from  experiments  and  borne  out 
by  actual  results,  that  Lake  Ontario  water  cannot  be  bac- 
teriologically  purified  to  a  high  degree  by  mechanical  filtra- 
tion, when  only  an  average  dose  of  aluminum  sulphate  of  one 
grain  per  Imperial  gallon  is  applied.  The  actual  purification 
effected  by  the  drifting  sand  filters,  in  1918,  was  on  an  aver- 


age application  of  1,027  grains  per  Imperial  gallon,  and  the 
results  obtained  on  such  a  small  amount  are  satisfactory. 
It  has  been  clearly  demonstrated  that  if  a  higher  dose  of 
alum  was  applied,  a  corresponding  degree  of  purification  was 
obtained.  The  economical  question,  however,  had  to  be 
taken  into  consideration  on  account  of  the  enormous  cost  of 
aluminum  sulphate,  and  when  it  is  considered  that  during 
periods  of  high  pollution  as  much  as  2.5  grains  per  gallon  was 
applied,  a  definite  economical  as  well  as  a  practical  policy  of 
operation  had  to  be  adopted. 

The  summaiT  of  conclusions  formed  are  as  follows: 

1.  That  Lake  Ontario  water  can  be  treated  effectively  by 
mechanical  filtration. 

2.  During  the  year  the  composition  of  the  water  appears 
to  undergo  two  distinct  changes,  which  make  the  treatment 
of  the  water  difficult. 

3.  That  in  the  summer  months  more  coagulant  is  necessary 
than  in  the  winter  period. 

4.  That  the  purification  effected  by  the  drifting  sand  filters 
during  1918,  upon  an  average  dose  of  1  grain  per  gallon  of 
alum,  was  satisfactory. 


Progress  in  Water  Turbine  Design 

Progress  in  the  design  of  water  turbines  has  not  been  so 
marked  in  the  last  four  years  as  in  the  preceding  four  years. 
However,  research  work  has  been  carried  on  to  a  certain 
extent,  the  benefit  of  which  will  be  recognized  in  the  near 
future.  Such  is  the  opinion  expressed  by  the  Committee  on 
Prime  Movers  of  the  Canadian  Electric?!,!  Association  and 
contained  in  their  annual  report. 

Efficiencies  of  92  to  93  per  cent  for  runners  have  already 
been  obtained  in  several  plants,  which  is  probably  near  the 
maximum  obtainable,  but  in  order  to  maintain  this  efficiency 
hydraulic  turbine  engineers  are  now  carefully  looking  into 
the  design  of  all  passageways  with  particular  reference  to 
the  draft  tubes.  The  tendency  is  toward  deeper  draft  tubes 
and  a  reduction  of  velocities  when  making  the  turn  from  the 
vertical  to  the  horizontal.  It  is  also  realized  that  an  im- 
provement in  the  design  of  intakes  can  be  made,  especially 
for   low    head    plants. 

A  difference  of  opinion  still  exists  as  to  the  number  of 
units  to  install,  but  this  generally  resolves  itself  into  a  study 
of  the  transmission  and  the  importance  of  continuous  opera- 
tion. 

The  single  runner  vertical  shaft  units  have  proven  such 
a  success  that  practically  all  new  plants  of  a  similar  nature 
are  now  being  equipped  with  this  type  of  units.  While  a  few 
years  ago  a  specific  record  of  100  was  considered  high,  manu- 
facturers now  claim  to  be  able  to  build  low  head  units  with 
a  specific  speed   of  170. 

A  great  deal  of  progress  in  the  design  of  thrust  bearings 
has  been  made  in  recent  years  in  order  to  meet  the  increase 
in  size  of  large  vertical  water  wheels.  The  General  Electric 
Co.  has  developed  a  spring-supported  thrust  bearing  that 
automatically  adjusts  itself  to  unequal  loading  due  to  inac- 
curacies in  workmanship  or  in  alignment.  Two  of  these 
bearings  have  recently  been  installed  in  the  Cedar  Rapids 
plant  of  the  Montreal  Light,  Heat  &  Power,  Consolidated,  in 
connection  with  the  last  two  10,800-hp.  units  and  have  given 
entire  satisfaction.  They  are  designed  to  sustain  a  load  of 
550,000  lb.  during  continuous  operation  of  the  generating 
units  at  a  normal  speed,  of  55.6  r.  p.  m.  These  bearings  suffer 
no  injury  due  to  interruption  of  water  service  for  one-half 
hour  under  normal  conditions  or  for  a  space  of  20  minutes 
not  exceeding  50  per  cent  above  normal  speed.  The  Kings- 
bury thrust  bearing  has  been  adopted  by  the  Hydro-Electric 
Power  Commission  of  Ontario  on  the  Chippewa-Queenston 
development.  They  are  designed  to  carry  a  load  of  900,000 
lb.  at  187.5  r.  p.  m. 

Governors  have  undergone  no  radical  changes.  Troubles 
in  governor  systems,  however,  such  as  corrosion  of  pipe 
lines  and  governor  parts,  where  water  is  used  as  the  oper- 
ating fluid,  are  met  by  the  introduction  of  soluble  oil  barium 
hydrate  and  potassium  bichromate  into  the  operating  fluid. 

A  noticeable  improvement  in  regard  to  accessibility,  thor- 
ough lubrication  and  easy  cleaning  of  turbine  parts  has  taken 
place. 
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Methods  of  Effecting   Economies 
in  Water  Works  Operation* 

By  HOMER  V.  KNOUSE, 

Assistant   Superintendent  and   Purcliasing  Agent,   Metropolitan 

Water  District,  Omaha,  Neb. 

At  the  outset  there  is  one  thing  that  is  emphasized  by  the 
writer,  namely,  that  none  of  the  plans  carried  out  have  been 
wholly  new  in  the  instance  cited,  but  it  is  believed  that  in 
most  cases  they  are  adaptations  of  the  plans  of  others,  or 
have  been  suggested  at  times  by  very  dissimilar  pi-oposals, 
and  possibly  may  be  even  the  carrying  out  in  its  entirety  of 
the  work  of  some  other  man. 

The  logical  step  from  individual  efficiency  is  to  mechanical 
excellence,  and  the  factor  which  will  control  both  are  the  rec- 
ords of  the  operation.  This  is  a  matter  that  every  superin- 
tendent realizes,  but  in  many  cases  is  compelled  to  defer 
until  a  time  when  he  has  a  tew  minutes  free  to  get  out  the 
necessary  forms  and  issue  the  requisite  instructions  to  place 
In  effect  the  ideas  that  have  formulated  in  his  mind.  Too 
often  the  many  demands  upon  the  time  of  the  superintendent 
do  not  allow  him  to  get  further  than  this,  and  it  is  a  regret- 
table fact  that  this  feature  of  the  work  is  many  times  not  in 
the  form  which  would  allow  him  quickly  to  locate  the  leaks 
that  mean  so  much  in  economical  operation.  Just  one  in- 
stance to  illustrate  wherein  a  most  decided  economy  has 
been  effected  at  an  expense  that  is  insignificant  compared 
with  the  results  achieved. 

Locating  Leaks  in  Pumping  Station  Operation. — The  main 
pumping  station  of  the  water  district  has  been  so  arranged 
that  every  element  entering  into  the  operation  of  the  plant 
is  measured.  Coal  in  and  cinders  out  are  weighed.  Water 
pumped  and  water  to  each  boiler  and  to  each  engine  is  passed 
through  a  steam  meter.  The  water  delivered  to  the  settling 
basins  and  to  the  distribution  system  is  passed  through 
Venturi  meters. 

On  the  basis  of  this  information  there  comes  to  the  desk 
of  the  superintendent  each  morning  a  report  showing  in  its 
final  analysis  a  statement  as  to  the  number  of  foot  pounds 
of  energy  developed  per  pound  of  steam  in  each  engine,  the 
number  of  pounds  of  water  evaporated  per  pound  of  fuel  in 
each  boiler,  the  number  of  gallons  of  raw  water  pumped  as 
well  as  the  number  of  gallons  of  treated  water  put  into  the 
distribution  system.  Each  engine  and  each  boiler  is  watched, 
and  the  individual  performance  known  each  day  that  adjust- 
ments may  be  promptly  made,  and  it  is  finally  developed  as 
to  what  the  overall  station  duty  is,  and  the  number  of  pounds 
of  water  evaporated  per  pound  of  fuel  burned. 

Coal  is  the  large  factor  in  the  operating  cost  and,  there- 
fore, this  is  the  item  in  which  the  most  interest  develops. 
Knowing  the  kinds  of  coal  that  was  under  the  boilers,  and  of 
course  its  cost,  it  is  a  simple  matter  to  determine  the  cost 
per  pound  of  water  evaporated,  and  it  is  at  this  point  that 
the  large  factor  of  economy  may  develop.  Probably  every 
operator  has  had  a  salesman  from  one  or  the  other  coal  deal- 
ers approach  him  with  an  argument  as  to  why  he  should  buy 
that  salesman's  coal  in  preference  to  all  others,  because  it 
contained  so  many  thousand  B.  T.  U.'s,  and  the  worst  part  of 
it  is  that  the  salesman  has  all  the  best  of  it,  for  one  cannot 
dispute  a  tact  that  is  usually  attested  by  such  authorities  as 
we  all  know  to  be  above  reproach.  We  have  a  feeling  that 
there  are  lots  of  things  that  we  could  tell  him  about  our 
plant,  and  that  there  are  some  things  that  he  does  not  know 
about  burning  coal  under  our  boilers,  but  in  view  of  the  array 
of  figures  that  he  gives  we  are  very  loath  to  enter  into  an 
argument  when  we  cannot  quote  data  on- the  same  basis  of 
reliability  as  those  that  he  quotes.  The  answer  is  simple, 
in  the  case  under  consideration,  and  the  writer  has  found 
great  satisfaction  in  being  able  to  reach  over  the  desk  and 
pick  up  a  report  showing  the  performance  of  a  certain  coal 
and  ask  the  salesman  if  he  can  guarantee  his  product  to  per- 
form on  an  equivalent  basis. 

A  concrete  example  will  probably  explain  the  method  more 
clearly  than  would  any  further  discussion  in  the  abstract. 
The  station  duty  for  a  certain  date  showed  that  when  burning 
coal  from  a  specified  district  au  evaporation  of  6.0  lbs.  of 
water  per  pound  of  fuel  from  and  at  212  degrees  was  ob- 
tained in  all  the  boilers,  and  from  a  knowledge  of  previous 
days'  reports  it  was  known  that  this  was  a  fair  average  for 
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this  coal.  The  coal  cOBt  on  cars  at  the  plant  was  $3. SO  j>er 
ton.  The  coal  offered  was  quoted  at  |4.Si  and  It  was  a  very 
simple  problem  in  proportion  to  determine  thai  in  order  to 
be  as  cheap  as  the  coal  being  burned,  the  coal  offered  would 
have  to  develop  an  evaporation  of  8.3  lb.  of  water  per  pound 
of  coal.  Previous  experience  with  coal  from  this  district 
had  told  us  that  such  evaporation  was  very  improbable,  and 
consequently  we  were  not  deceived  by  any  claims  that  were 
not  available  under  our  particular  operating  conditions.  A 
similar  process  of  reasoning  shows  the  price  that  may  be 
paid  for  any  other  coal,  for  past  tests  are  on  record  showing 
what  may  be  reasonably  expected  from  many  different  fields. 
It  is  difficult  to  estimate  what  the  net  saving  has  beea  to  the 
water  district  from  this  method,  but  the  writer  is  confident 
that  it  is  very  large. 

Use  of  Alum  Cake  as  Coagulant.  Probably  the  next  largest 
item  that  enters  into  the  operation  of  this  particular  plant  Ik 
the  matter  of  coagulant  for  the  settling  of  water,  and  those 
who  ari  familiar  with  the  natural  state  of  the  waters  of  the 
Missouri,  perhaps  better  known  as  the  "Big  Muddy."  can 
realize  that  it  has  been  no  inconsidei-able  Item.  Prior  to  the 
year  1916  commercial  sulphate  of  alumina  was  used  as  a 
coagulant,  but  in  that  year  a  plant  was  placed  in  operation 
to  manufacture  a  material  which  served  the  purpose  in  as 
efficient  a  manner  and  had  the  advantage  of  considerable 
economy.  This  is  an  alum  cake  plant,  as  developed  by  Mr. 
Charles  Hoover  at  Columbus,  Ohio,  and  the  operation  over  a 
period  of  three  years  has  demonstrated  Its  economy  in  a 
manner  that  is  almost  too  good  to  be  true.  The  raw  mate- 
rials are  bauxite,  obtained  in  Arkansas,  and  sulphuric  acid. 
The  manufacturing  process  is  very  simple,  and  even  the  ma- 
chinery in  use  could  well  be  replaced  in  many  instances  by 
a  few  simple  tools,  and  a  cheap  installation  that  would  re- 
duce the  investment  to  a  negligible  figure.  A  product  is  ob- 
tained that  is  fully  as  efficient  as  a  coagulant  as  the  com- 
mercial product,  is  no  more  expensive  to  handle,  and  the  cost 
of  0.60  per  hundred  represents  a  substantial  saving  over  what 
would  have  been  the  cost  had  a  contract  offered  in  1916  been 
accepted.  In  fact,  figured  on  this  basis,  the  net  saving  tor 
191S  was  $15,000  on  a  plant  equipment  cost  of  $6,500. 

Special  Rigs  and  Methods  for  Handling  Work. — A  folding 
ditch  barricade,  so  arranged  that  for  transportation  from 
yard  to  job  a  minimum  of  space  would  be  required,  with  pro- 
vision tor  suspending  a  red  lantern  in  a  secure  manner,  and 
being  so  painted  that  it  was  conspicuous  under  an  automo- 
bile headlight,  was  a  cheap  device  that  has  proven  of  consid- 
erable value.  With  the  lantern  supported  from  the  top  of 
the  frame  and  the  bail  removed,  it  has  been  noted  that  the 
lanterns  were  not  nearly  so  popular  with  the  early  morning 
milkman  as  were  those  whereon  the  bail  was  left  in  place. 
A  tee  placed  in  the  exhaust  line  from  the  motor  of  a  2-ton 
truck,  to  which  was  connected  a  flexible  metal  hose,  proved 
to  be  a  most  useful  piece  of  equipment,  for  it  often  saved  the 
expense  of  sending  a  steamer  for  the  thawing  of  a  hydrant. 
Another  modification  applied  to  the  truck  was  the  attachment 
of  a  coupling  device  to  the  body,  and  the  fitting  of  suitable 
attachments  to  the  tongues  of  all  tool  wagons,  concrete  mix- 
ers, trailers  for  the  transporting  of  large  pipe,  trench  pumps 
and  other  wheeled  tools.  Much  time  was  saved,  and  an 
added  security  obtained  that  is  difficult  to  measure  in  dollars. 
but  which  the  operating  official  will  recognize  as  being  a  real 
advancement. 

Another  tool,  if  it  may  be  given  such  a  name,  that  is  pres- 
ent in  some  plants,  and  also  absent  from  a  considerable  num- 
ber, is  a  map  of  the  distribution  system  that  has  been  com- 
piled with  the  idea  of  usefulness  to  the  foreman  on  construc- 
tion and  repairs.  The  "Big  Boss"  usually  has  a  big  map  of 
the  system  in  his  office,  and  the  chief  engineer  has  a  lot  of 
tracings  that  tell  him  just  the  things  that  he  wants  to  know, 
but  too  often  the  man  on  the  job  is  left  with  an  out-of-date 
blue  print  with  innumerable  scratches  thereon  in  pencil,  or 
in  many  cases  he  is  compelled  to  rely  on  a  memory  already 
overtaxed  with  things  that  the  super  has  told  him  to  do  as 
soon  as  he  has  the  time.  To  help  out  this  worthy  individual 
a  skeleton  map  was  drawn  on  a  scale  of  600  ft.  to  the  inch, 
and  cut  up  into  sections  covering  a  district  one  mile  by  two 
miles.  These  maps,  printed  on  cloth,  were  bound  in  a  roll  or 
cover  having  a  snap  clasp  and  which,  when  not  in  use,  occu- 
pied a  space  of  about  3  in.  by  3  in.  by  11  in.  Shown  thereon 
are  mains,  valves  and  hydrants  only,  with  a  numeral  along- 
side the  main  to  indicate  its  size.  Its  usefulness  has  been 
well  proven,  for  even  the  memory  of  the  oldest  foreman  wUl 
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at  times  prove  to  be  faulty,  and  especially  so  under  the  stress 
of  a  shut-out  around  a  break  where  the  flowing  water  is 
causing  considerable  damage, 

Metalium  as  Jointing  for  Pipe  Lines. — It  was  probably  con- 
servatism tliat  made  the  management  of  the  water  district 
hesitate  to  try  a  substitute  for  lead  as  a  jointing  material  in 
the  laying  of  bell  and  spigot  water  pipe.  However,  upon 
close  analysis  it  appeared  that  lead  was  not  an  entirely  sat- 
isfactory material  for  this  purpose,  and  an  investigation  was 
made  with  a  view  to  determine  its  failings,  and  to  investi- 
gate the  claims  of  those  who  offered  substitutes  that  their 
assertions  as  to  superiority  over  lead  might  be  substantiated. 
It  was'  in  1914  that  the  Metropolitan  Water  District  began 
this  investigation,  primarily  with  a  view  to  decrease  the  cost 
of  construction  of  a  large  force  main,  but  also  with  the  idea 
of  eliminating  some  of  the  difficulties  that  were  inherent  with 
lead,  and  to  which  years  of  use  had  made  them  somewhat 
callous.  Chief  among  the  difficulties  was  the  increasing  dit- 
flculty  of  paying  the  increasing  scale  of  wages  demanded  by 
expert  caulkers,  and  even  of  obtaining  the  services  of  com- 
petent men  for  this  class  of  work  at  any  price;  the  time  nec- 
essary for  the  caulking  of  the  joint  before  the  ditch  could  be 
refilled  or  the  pipe  placed  in  service,  and  the  necessity  for 
testing  the  line  before  the  refilling  of  the  ditch  due  to  the 
inability  of  the  caulking  material  to  take  up  any  initial  leak- 
age. All  of  these  factors  proved  to  be  items  of  considerable 
expense  due  to  delays  to  the  pipe  gangs. 

It  was  during  the  first  day  that  the  greatest  number  of  ob- 
jections to  the  new  material  presented  themselves,  for  after 
the  foreman  and  the  workmen  had  become  familiar  with  the 
slightly  different  methods  of  handling  necessary  with  the  im- 
proved joint  a  decided  speeding  up  of  the  work  was  apparent, 
and  when  it  was  considered  that  even  with  the  pre-war  prices 
of  lead  effective  that  there  was  a  saving  on  material  alone 
of  about  $1,10  per  joint,  the  troubles  of  the  first  day  were  tor- 
gotten.  The  workmen's  attitude  changed  from  one  of  skepti- 
cism to  one  of  enthusiasm,  until  at  the  present  time  there 
would  be  decided  objections  to  going  back  to  lead. 

The  year  following  all  lines,  of  every  size,  were  laid  with 
this  material,  and  the  practice  has  continued  to  the  present. 
Many  joints  have  been  uncovered  to  see  what  their  condition 
wasafter  several  years  of  installation  and  it  has  been  with  a 
great  deal  of  pleasure  that  the  management  has  noted  that 
there  has  not  been  the  slightest  change  during  the  period  of 
use.  Lines  under  pressure  have  been  lowered  as  much  as  3 
ft.  with  only  a  slight  leakage  immediately  after  deflection, 
and  which  has  in  every  case  taken  \ip  as  rapidly  as  would  any 
slight  leakage  that  might  occur  when  pressure  was  applied 
after  the  initial  installation.  There  has  been  greatly  de- 
creased trouble  in  joints  under  railroad  tracks,  where  the 
tendency  has  been  for  lead  to  "walk  out"  of  the  joint,  and  it 
is  now  general  practice  in  this  department  to  peel  the  lead 
at  the  first  sign  of  trouble  and  replace  with  metalium. 

A  number  of  instances  might  be  cited  where  metalium  has 
been  useful  for  special  jobs  where  no  other  product  would  be 
suitable,  but  when  once  its  use  is  begun  these  adaptations 
will  be  apparent  to  the  superintendent  and  foreman.  With 
more  than  50  miles  of  main  laid  with  this  material,  and  the 
joint  troubles  practically  nil,  it  is  felt  that  the  management 
was  more  than  justified  in  giving  the  city  the  benefit  of 
greatly  reduced  costs  with  an  increased  efficiency. 


Beesw/ax  as  a  Preventive  of  Pump  Corrosion. — The  rapidly 
destructive  corrosive  effect  of  acid  water  in  mines  is  frequently 
quite  astonishing.  Pumps  have  sometimes  been  rendered  ab- 
solutely useless  in  two  or  three  days.  In  a  recent  issue  of 
Coal  Age,  Harry  Goodman  tells  how  a  simple,  cheap  and 
efficient  method  of  protecting  mine  pumps  from  the  corrosive 
action  of  some  particularly  bad  mine  water  was  recently  tried 
out  successfully  at  Herrin,  111.  After  five  pumps  had  been 
put  on  the  scrap  pile  one  after  the  other,  Elmer  Mayor,  the 
top  lioss,  conceived  the  idea  of  using  beeswax  on  the  parts 
of  the  pump  exposed  to  the  action  of  the  water.  Accordingly, 
he  took  apart  a  new  pump,  carefully  wiped  off  all  grease  and 
dirt  from  the  faces  and  even  from  the  bolts  that  clamped 
the  parts  together.  After  carefully  heating  the  clean  sur- 
faces he  applied  the  melted  beeswax  to  form  an  even  coating 
and  bolted  all  the  parts  together  with  similar  treated  bolts. 
The  pump  was  then  installed  and  has  run  without  any  fur- 
ther attention  except  the  regular  oiling.  Before  the  beeswax 
was  tried  the  pumps  lasted  from  one  to  three  days.  The 
treated  pump  has  been  running  tor  several  months. 


Schoharie  Development  of  Catskill 

Water  Supply  System  for 

New  York  City* 

By  J.  WALDO  SMITH, 
Chiif  Engineer.  Boai-il  of  Water  Suppl.v,  City  of  New  Vork. 
Construction  work  tor  the  Schoharie  development  is  now 
under  contract.  This  source  is  a  part  of  the  original  project 
to  secure  a  supply  of  not  less  than  500  million  gallons  of 
water  a  day  from  the  Catskill  Mountain  sources,  as  planned 
by  the  Board  of  Water  Supply  and  approved  by  the  Board  of 
Estimate  and  Apportionment  of  the  city  of  New  York  in  1905. 
The  original  plan  has  been  amended  in  detail,  or  perhaps  it 
may  rather  be  said  that  the  plan  as  now  being  constructed 
has  developed  somewhat  differently  than  originally  outlined. 
The  total  supply  for  the  Catskill  aqueduct  will  be  obtained 
from  the  Esopus  and  Schoharie  sources — not  less  than  250 
million  gallons  a  day  from  each — at  a  less  cost  than  was 
originally  estimated  for  securing  the  same  amount  of  water 
from  the  three  .'■ources  of  Esopus.  Rondout  and  Schoharie 
Creeks, 

The  Esopus  watershed  development,  which  will  furnish  not 
less  than  250  million  gallons  per  day  by  the  construction  of 
the  Ashokan  reservoir,  has  been  completed.  The  Catskill 
aqueduct,  having  a  capacity  of  not  less  than  500  million  gal- 
lons a  day,  and  the  necessary  appurtenant  works,  have  also 
been  completed.  These,  together  constitute  the  first  stage  of 
construction  and  have  been  in  continuous  operation  since 
Jan.  27,  1917,  the  first  Catskill  water  having  been  delivered  to 
the  city  on  Dec,  27,  1915.  These  works  were  turned  over 
to  the  operating  department  on  Aug.  1,  1917. 

The  Schoharie  watershed  is  adjacent  and  contiguous  on 
the  north  to  the  Esopus  watershed,  the  divide  being  the  main 
ridge  of  the  Shandaken  Mountains,  Drainage  from  the 
Esopus  watershed  is  naturally  through  Esopus  Creek  east- 
ward into  the  Hudson  River.  Drainage  from  the  Schoharie 
watershed,  on  the  other  hand,  is  northward  into  the  Mohawk 
River.  The  general  elevation  of  the  upper  reaches  of  Scho- 
harie Creek  is  slightly  higher  than  the  Esopus  Creek,  so 
that  an  impounding  reservoir  and  a  long  tunnel  through  the 
divide  are  the  works  that  will  be  necessary  to  join  the 
Schoharie  watershed  to  the  Catskill  system.  Thus  the  Cat- 
skill  system  will  be  extended  northerly  .36  miles  from  the 
Ashokan  dam.  making  the  total  over-all  distance  of  the 
Catskill  system,  from  the  Gilboa  dam  to  the  terminal  reser- 
voir in  Staten  Island,  156  miles. 

The  waters  of  Schoharie  Creek  will  be  impounded  in  a 
reservoir  of  20  billion  gallons  capacity,  formed  by  the  con- 
struction of  a  dam  in  the  town  of  Gilboa,  Schoharie  County, 
the  flow  line  of  the  reservoir  being  at  an  elevation  of  1,130 
feet  above  sea  level.  The  water  will  then  be  diverted  from 
this  reservoir  through  an  IS-mile  tunnel  under  the  Shan- 
daken Mountains  into  the  upper  reaches  of  Esopus  Creek,  at 
the  village  of  Allaben,  Ulster  County,  where  the  elevation 
is  about  969  ft.  The  Schoharie  waters,  having  thus  been 
discharged  into  the  natural  bed  'of  Esopus  Creek,  will  join 
the  natural  flow  of  Esopus  Creek  and  follow  the  natural 
stream  bed  for  a  distance  of  11  miles  into  the  Ashokan 
reservoir,  where  it  is  available  for  the  Catskill  aqueduct. 
Thus,  in  effect,  the  Schoharie,  with  its  drainage  area  of  314 
square  miles  above  the  dam,  will  be  added  to  the  drainage 
area  of  the  Esopus  Creek,  which  is  257  square  miles  above 
the  Ashokan  dam,  forming  together  practically  one  drain- 
age area  of  571  square  miles. 

The  Schoharie  reservoir,  of  20  billion  gallons  storage  ca- 
pacity, is  very  small  for  the  extent  of  its  contributing  area 
and  would  be  insufficient  had  not  the  Ashokan  reservoir 
been  constructed  of  the  largest  practicable  size,  128  billion 
gallons,  which  porvided  for  more  storage  of  Schoharie  water 
in  the  Ashokan  than  will  be  provided  in  the  Schoharie  res- 
ervoir itself.  It  is  therefore  seen  that  the  Schoharie  reservoir 
is  in  effect,  a  large  diverting  reservoir,  and  it  will  be  so 
operated. 

The  Schoharie  tunnel  will  be  constructed  so  as  to  have  a 
carrying  capacity  of  approximately  600  million  gallons  of 
water  a  day.  With  this  arrangement  our  studies  indicate 
that  during  the  highest  floods  of  nearly  every  year  there  will 
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be  a  waste  of  a  few  days'  duration,  both  from  the  Schoharie 
reservoir  and   the  Ashokan  reservoir. 

The  complete  Catskill  system,  with  the  Schoharie  and 
Ashokan  impounding  reservoirs,  together  with  tlie  Kensico 
emergency  reservoir  near  the  city,  will  have  the  following 
features. 


Reservoir.                        g"  >x  |g«  ^.£^ 

g*5  %i£  -52.  -g^^:-. 

.   u   ,           .                                     fisc  Krtc  -5;^£  £ccS 

A. shokan  storage 257  ]2.78  128,000  361 

Schoharie   storage 314               1.83  20,000  40'; 

Catskill  Mountain  sources..     571  14  Bl  148  000  767 

Kensico  emerKency   22              3.47  29,'OOU  18 

Total   Catskill    system 593  18.08  177.000  785 

A   sanitary   survey  of  the   watersheds   shows   a   permanent 


again,  the  puuiD  supply  now  being  used  as  a.  n-serve  to  lake 
up  the  increased  demand  from  year  to  year,  and  as  a  reserve 
in  case  of  emergency.  This  amount  saved  for  pumping  will 
more  than  meet  the  interest  and  sinking  fund  charges  for 
the  Schoharie  project,  and  the  city  will  get  the  permanent 
works,  delivering  2,-.0  million  gallons  of  water  a  day.  agalDHt 
the  1511  million  gallons  pumped,  and  It  will  also  have  the 
pump  supply  system  In   reserve. 

The  Gilboa  Dam.— Contract  2U3.  for  the  Gilboa  dam  and 
appurtenances,  was  awarded  on  June  23.  1919.  to  the  Hugh 
Nawn  Contracting  Company.  Roxhury.  .Mass..  the  amount. 
based  upon  contract  quantities  and  unit  prices,  being  »t;.S19.- 
910.  The  daiu  will  be  located  in  the  town  of  Gilboa..  Scho- 
harie County,  about  4  miles  northeast  of  the  Grand  Gorge 
station  of  the  Ulster  &  Delaware  R.  R.  This  is  66  miles  by 
rail  from  Kingston,  and  1.5,->  from  New  York.  The  dam  will 
he  located  on  the  present  site  of  the  village  of  Gilboa,  which 


Site  of  Gilboa    Dam.     The  Church    is   About  on  the   Center 


Line   of  the     Datii, 
Spire. 


the    Crest    Being    About    5    Ft.    Above    the    Top    of   the    Church 


population  on  the  Esopus  of  5,339.  with  an  additional  sum- 
mer population  of  5.674,  giving  a  density  of  population  for 
Esopus  of  21  permanent  population  and  a  total  of  43  per 
square  mile  for  the  total  summer  population.  On  the  Scho- 
harie tho  permanent  population  is  S,792,  with  an  additional 
summer  population  of  about  6,000,  giving  a  density  of  popula- 
tion of  2S  per  square  mile  of  permanent  population  and  4S 
per  square  mile  of  total  summer  population.  These  densi- 
ties compare  very  favorably  with  published  information  on 
other  watersheds.  There  is  no  probability  of  an  appreciable 
increase  of  population,  as  the  census  figures  indicate  that 
there  has  been  no  increase  in  these  townships  for  several 
decades,  and  in  many  cases  there  has  been  a  decrease. 

The  estimated  cost  of  the  Schoharie  development  with  the 
(iam  at  Gilboa  is  $22,175,400. 

It  is  interesting  to  note — and  this  was  a  very  forceful  argu- 
ment in  proceeding  with  the  construction  work  on  the  Scho- 
harie at  this  time  of  excessive  prices — that  similarly,  as  the 
introduction  of  Esopus  water  to  the  city  in  1917  saved  the 
city  $1,300,000  a  year  for  pumping  water  from  sources,  so 
also  will  the  introduction  of  Schoharie  water,  about  the  end 
of  1924,  again  save  the  city  that  amount,  or  more,  because 
at   that   time,   undoubtedly,  pump.s   will   be   in   full  operation 


lias  a  pojiulation  of  aliout  300  and  is  the  only  village  to  be 
obliterated. 

The  dam  will  be  of  two  distinct  types.  On  the  east  aide 
of  Schoharie  Creek  and  in  the  bottom  of  the  stream  the  rock 
IS  at  or  near  the  surface.  On  this  rock  foundation  will  be 
constructed  an  overfall  masonry  portion,  1.300  ft.  long  and 
160  ft.  high.  The  west  bank  is  composed  of  a  very  stiCf. 
impervious  clay  which  extends  in  every  direction,  and  the 
pre-glacial  gorge  of  the  stream  is  completely  filled  and 
deei)ly  covered  w'ith  tight  and  impervious  material.  For 
this  side  of  the  stream  au  earth  embankment  portion.  1.000 
ft.  long  and  approximately  the  same  height  as  the  masonry 
portion,  will  be  built.  At  the  transition  section  the  dam  will 
be  flanked  both  upstream  and  downstream  by  a  heavy  ma- 
sonry retaining  wall  to  intercept  the  long  slopes  of  the  earth 
section. 

The  overfall  section  is  designed  with  steps  on  the  down- 
stream side,  for  the  purpose  of  breaking  up  and  safely 
conducting  the  overflowing  water  down  the  face  of  the  dam 
to  the  spillway  channel  below.  There  will  be  a  cut-ofT  wall 
about  20  ft.  deep  and  20  ft.  wide  under  the  foundation.  Dove- 
tailed contraction  joints  with  a  continuous  vertical  copper- 
strip  water-stop  extend  across  the  dam  from  the  foundation 
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up  at  intervals  of  about  SO  ft.  All  the  masonry  will  be 
concrete,  into  wliich  stones  may  be  embedded  in  the  sizes 
and  proportions  found  practicable.  All  exposed  surfaces  are 
to  be  of  selected  native  sandstone  with  mortar  joints.  The 
earth  portion  of  the  dam  is  of  conventional  design  with 
masonry  corewall  and  with  heavy  rock  paving  on  the  up- 
stream slope. 

The  spillway  channel,  along  the  top  of  the  dam,  which  will 
discharge  waste  waters  into  Schoharie  Creek  below,  is  about 
80  ft.  wide  at  the  upper  end  and  300  ft.  at  the  lower.    The 


^yoiil  miiere  concrete  cmiol  beplnceil 


rock  bottom  slopes  rather  steeply  and  will  be  protected 
where  necessary  with  masonry  and  substantial  paving.  The 
side  of  the  channel  away  from  the  dam  will  be  defined  by 
a  masonry  retaining  wall.  A  field  model  of  the  over-fall 
section  and  channel  is  now  being  constructed  by  the  engi- 
neers to  determine  certain  details  necessary  to  control  the 
overflow. 

The  contract  also  includes  the  construction  of  about  three 
miles  of  highways  which  must  be  completed  before  active 
operations  on  the  dam  can  begin. 


3"  TO  "A  LINE"  12-  TO  "A  LINE- 

DETAIL  OF  HIGH   BREAKAGE 


Fxting  coune        '"^\  >^„- 

H.nd packed  tunnel  debns  J  I     Dram  ai  required 

3"  TO  "A  LINE"  12"  TO  "A  LINE" 

TYPE  A1 
/ypp  A.  wuert  J 

ci2nlr-  -, r — g.3 


Bochtng  as  required 


Suijnce  ofjine  innteri.  il,    / 
or  other  groiit  slop 

Drain  m  required 

Not  more  tlian  17 

3"  TO  "A  LINE 


h>  ^  ~  Selected  porous  material  where 
required  for  local  drainage 

12"  TO  "A  LINE" 
NVERT  2 


Sections  of  Shandaken   Tunnel,  Types  A  and    B,   11   ft.  6   in.  x  10  ft. 

_      ..       ,  HYDRAULIC  ELEMENTS. 

Depth  of  , Types  Al   to  Fl    inclusive. > 

"°«,  ,"1  feet.  A.  p.  R.  AVR. 

11-5 lOB.l  3S.1  2.79  177 

"•1 104.6  32.6  3.21  187 

*\ll i04.0  32.1  3.25  187 

IJ'S 06.6  28.8  3.35  177 

I'X 78.1  24.6  3.18  139 

8-0 58.2  20.6  2.83  gS'.O 

il 37.8  16.6  2.28  57.2 

\l 17.6„  12.6  1.40  20.8 

,»  1-2; 7.82  10.55  .741  6.73 

•|,<---: .V^ 3.45  9.60  .359  2  07 

000834      Vs"^"o289"'^'"  °^  "'"''"  ''     ^~  '""''''■  '*'*'  "'     ^  ~  ^^"^  ^"'^    perimeter,    ft. 

QANTITIES  PER  LINEAR  FOOT. 
Type    Al.  Type    Al.  Tvpe    A2. 

T-,  ..  ,  3"  to   "A  line"    12"  to  "A  line"  3"  to   "A   line" 

Excavation,  cu.  yd 5.72  6  74  >;  9 2 

Concrete  in  footings,  side  walls  and  arch,  ' 

^C"-  yf  •.•■-. • •• 1.64  2.66 

Concrete  m  invert,  cu.  yd 15  15  ' 

Concrete,  total,  cu.  yd 179  2  81  2  02 

r^nwnTd   ''"■  ^"^ J."  1'*^*'  breakagre  only,   actual  quantities  by 

?r,^or'aVt1mborins,-  M.P.B.M.:  l ! ::  1 1 1  i  :-''^'""'  .^".-"'"t-^'  ^y  «««  measurement. 

Forms.  linear  foot  of  tunnel i  OO  i'06  i 'll'n 

Drainage  channels,  linear  foot  of  tunnel. .  1.00  I'oo  lOO 
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TYPE  Bl 

3    in.    and    Inverts 

1    and   2. 

A2   to   F2 
P- 

inclus 
R. 

A. 

AVR. 

105.3 

37.3 

2.82 

177 

.      103.8 

31.9 

3.26 

187 

103.2 

31.3 

3.30 

187 

95.8 

28.1 

3.41 

177 

77.3 

23.S 

3.24 

139 

57.4 

19.8 

2.90 

97.7 

37.0 

15.8 

2.34 

56.6 

16.8 

U.8 

1.43 

20.1 

7.19 

9.60 

.749 

6.23 

3.24 

8.21 

.395 

2.04 

R    =   hydraulic 

radius,    ft. 

Slope 

of 

invert  — 

Type  A2. 

Type    Bl 

Type   Bl. 

12"  to  "A  line' 

3 

'  to   "A  line-    12 

'  to  "A  line 

7.27 

5.72 

1.64 
.15 

6.74 

2.66 
.15 

3.37 

1.79 

2.81 

field  measurement 

.0-19 

.052 

1.00 

i.on 

1.00 

1.00 

1.00 

1.00 
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The  stream-control  scheme  during  construction,  outlined 
in  the  contract,  is  similar  to  that  used  at  Ashokan  dam, 
involving  the  placing  of,  first,  two  large  steel  pipes  over 
the  foundation  cut-off  trench,  and  later,  the  construction  of 
an  arched  opening  through  the  dam  45  ft.  wide  by  50  ft. 
high,  which  will  be  filled  with  concrete  when  the  dam  is 
completed.  This  opening  will  have  an  appreciable  bell 
mouth  to  increase  its  flood  capacity.  Experience  at  Ashokan 
demonstrated  the  desirability  of  thus  increasing  the  capac- 
ity. There  is  also  a  permanent  blow-off,  with  30-in.  valve  in 
duplicate.  The  principal  items  of  the  contract  are  396,000 
cu.  yd.  of  earth  excavation.  92.500  cu.  yd.  of  rock  excava- 
tion, 617,000  cu.  yd.  of  refilling  and  embanking,  436,000  cu. 
yd.  of  masonry,  and  480,000  barrels  of  Portland  cement.  The 
contract  time  is  66  months. 

The  Shandaken  Tunnel. — Contract  200,  for  the  Shandaken 
tunnel,  was  awarded  November  9,  1917,  to  the  Degnon  Con- 


reservoir  to  the  upper  reaches  of  Esopua  Creek  at  the  rate 
of  600  million  gallons  a  day.  The  velocity  of  the  flowing 
water  will  be  8.7  ft.  per  second,  equal  to  5.9  miles  per  hour, 
acting  as  a  grade  tunnel.  The  tunnel  will  be  operated  Inier- 
niittently  at  varying  rates,  depending  on  the  conditions  of 
stream  flow  and  storage.  The  Intake  sill  will  be  at  elevation 
1050,  and  the  outlet  channel  weir  will  be  at  elevation  909. 
The  tunnel  will  be  in  rock  of  shale  or  sandstone,  except  for 
about  350  ft.  of  tunnel  in  earth  adjoining  the  outlet,  and 
will  be  lined  throughout  with  concrete.  The  waterway  sec- 
tion is  of  horseshoe  shape,  11  ft.  6  in.  high  by  10  ft.  3  In. 
wide,  inside  dimensions;  about  5.7  cu.  yd.  of  excavation  per 
linear  foot,  and  the  tunnel  will  have  a  uniform  grade  of  iA 
ft.  per  mile  except  for  the  northerly  3^4  miles,  which  will 
be  depressed  in  order  to  pass  in  rock  of  good  quality  beneath 
the  gorge  of  the  Bear  Hill.  There  are  seven  intermediate 
shafts   which   will   be   permanent   in   ordf-r  in   iirovidc   ri-ady 
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Upstream  Elevation  of 

tracting  Company  of  New  York  City,  for  $12,1387(38,  based  on 
contract  quantities  and  unit  prices.  As  this  is  an  unusually 
long  tunnel,  it  was  considered  advisable  to  divide  the  work 
into  two  parts,  upon  which  intending  bidders  might  submit 
their  proposals  separately;  but  the  low  bid  accepted  for  the 
entire  tunnel  was  less  than  the  sum  of  the  separate  part  bids 
received.  The  main  parts  of  the  contract  comprise  the  in- 
take works,  the  tunnel  and  the  outlet  works. 

The  intake  works  will  be  located  about  three  miles  north 
of  the  village  of  Prattsville  and  two  miles  south  of  the  dam 
on  the  westerly  side  of  the  reservoir.  They  will  consist  of  an 
intake  channel  and  chamber  with  superstructure  and  intake 
shaft.  The  chamber  will  be  built  into  the  rock  and  will 
house  eight  3-ft.  by  7-ft.  sluice  gates  set  radially  in  the  wall 
of  the  central  well  or  extension  of  the  intake  shaft.  The 
superstructure  will  have  rubble  walls  of  native  bluestone, 
reinforced  concrete  floors,  steel  roof  trusses  and  steel  fram- 
ing for  the  crane  over  the  intake  shaft.  This  building  will 
have  two  wings,  providing  living  quarters,  garage,  office, 
machine  shop  and  storerooms.  The  intake  shaft  will  be  14 
ft.  in  diameter,  except  where  constricted  near  the  top  by  a 
Venturi  meter. 

The  tunnel  extending  from  the  intake  works  in  a  general 
southeasterly  direction  for  a  distance  of  18  miles  to  the  out- 
let works,  to  be  located  on  the  upper  reaches  of  the  Esopus 
Creek  just  south  of  the  village  of  Allaben,  will  be  of  suf- 
ficient  size  and  gradient  to  transport  water  from  Schoharie 


Masonry  of  Gilboa  Dam. 

access  to  the  tunnel.  The  shafts  will  be  lined  with  con- 
crete and  will  have  a  diameter  of  14  ft.  inside.  Small  super- 
structures of  native  stone  will  cap  each  shaft  and  guarded 
openings  in  the  floor  and  walls  of  these  buildings  will  pro- 
vide for  air  movements  in  the  tunnel.  The  aggregate  depth 
of  shafts  will  be  3,238  lin.  ft.,  the  maximum  depth  of  a  single 
shaft  being  630  ft.  The  minimum  distance  between  shafts 
is  1.3  miles,  the  maximum  2.7  miles. 

The  greatest  depth  of  cover  is  where  the  tunnel  passes 
under  the  main  divide  of  the  Shandaken  mountains,  where 
the  top  of  the  mountain  is  2,200  ft.  above  the  tunnel.  Work 
has  been  going  on  since  the  award  of  the  contract  and  to 
July  16,  1919,  about  2,800  lin.  ft.,  or  86  per  cent,  of  the  total 
depth  of  shafts  has  been  excavated,  and  2,560  lin.  ft.  or  79 
per  cent,  of  the  aggregate  depth  of  shafts  lined  with  con- 
crete, the  lining  being  placed  in  stretches  following  the 
excavation.  Three  of  the  shafts  have  reached  tunnel  grade, 
and  the  others,  except  the  intake  shaft,  are  nearing  it.  The 
maximum  weekly  progress  of  shaft  excavation  in  each  of  the 
seven  shafts  has  been  between  27  and  42  lin.  ft.,  and  the 
average  progress  of  all  shafts  12  ft.  per  week. 

The  outlet  works  at  Allaben  on  Esopus  Creek  will  be 
located  11  miles  above  the  Ashokan  reservoir,  or  10  miles 
above  the  Ashokan  dam.  They  will  consist  of  about  500  ft. 
of  aqueduct  of  the  cut-and-cover  type,  an  outlet  chamber  and 
about  290  ft.  of  open  outlet  channel.  The  cut-and-cover 
aqueduct  will  be  of  horseshoe  shape.  11  ft.  6  in.  high  by  10 
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Capacity,    total    130.000.000.000   . 

Capacity,   available    128,000,000  000  gaX 

Water  surface    

Land   acquired    

Elevation  at  top  of  dam,  above  tide 

Elevation  of  flow  line,  above  tide 

Length  of  reservoir 

Length  of  shore  line - 

Length  of  dams  and  dikes 

Main  dam: 

Total   length    

lyeneth  of  masonry  portion 

Heig'ht  (maximumi    

Thickness    at    base    (maximum) 

Thickness    at    top    (minimum) 

Width  of  reservoir; 

;\Iaximum 

Average    

Depth  of  reservoir: 

Maximum    .^ 

Average   .\ 

Villages  submerged 

Permanent  population  of  submerged  area  at  beginning  of  work 

Cemeteries    removed    

Bodies  remterred    

Railroads   relocated 

Highways   discontinued    

Highways  built    

Highway  bridges  built   

Earth  and  rock  excavation 

Embankment     

Masonry     

Cement  ,'  • '  i 

Maximum  number  of  men  employed. 
•West  liasin,  590  ft.;  east  basin: 


'587  ft.     tEarth,   1.000  ft. 


:  AND  KENSICO  RESERVOIRS. 

Ashokan 

Scoharie 

Storage 

Storage 

Resen'oir. 

Reservoir. 

30.000.000.000  ga!. 

22.000.000.000    gal 

28,000,000  000  gal. 

20.000.000.000    gal 

12.8  sq.  miles 

1.S3  sq.  miles 

23.8'  sq.  miles 

3.72  sq.  miles 

610  ft. 

1.130  ft. 

• 

1.130  ft. 

12  miles 

r,  miles 

40  miles 

12  miles 

5'/4   miles 

2,300  ft. 

4.650  ft. 

2.300  ft. 

1.000  ft. 

1.300  ft  t 

252  ft. 

160  ft. 

190  ft. 

165  ft. 

23  ft. 

15  ft. 

3  miles 

4/5  mile 

1  mile 

2/5  mile 

190  ft. 

140  f». 

50  ft. 

58  ft.. 

7 

1 

2.000 

350 

32 

7 

2.Sfl0 

.    1.330 

11  miles 

None 

SJ  miles 

1.3.6  miles 

40  miles 

12.4  miles 

10 

2.500. nno  cu.  vd. 

488.500  en.  yd. 

7.300.000  cu.  yd. 

617.000  cu.  yd. 

onn  000  cu.  vd. 

436.000  cu.  yd. 

1.200.000  bbl. 

480.000  bbl. 

3,000                 . 

Kensico 

Emergency 

Reservoir. 

38.000.000,000    gal 

29.000.000.000    gal 

3.6  sq.  miles 

7.0  sq.  miles 

370  ft. 

3.i5  ft. 

4  mllea 

30  miles 

3,300  ft. 

1.S25  ft. 

1.S25  ft. 

307  ft. 

235  ft. 

28  ft. 

3  miles 

1  mile 

156  ft. 

52  ft. 

1 

500 

None 

None 

None 

14.8  miles 

15.1  miles 

4 

1.400.000  cu.  yd. 

2.010.100  cu.  yd. 

905.000  cu.  yd. 

SD7.0W  bbl. 

1.500 
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n.  3  in.  wide.     Near  the  lower  end  it  becomes  a  reinforced  p^-Q^-^s  on  Flltratlon  Plant  OpCrationS 

concrete   waterway   11   ft.   6   in.   in   diameter,   witli   a   fall   of  l^^ji^ckjix  m^  x    *•                                 .              ^^ 

I6V2   ft.,  providing  a  water  seal   for  the  tunnel  outlet.     The  at   ot.    JLOUIS 

outlet  chamber  will   be  an  open   flaring   structure   whose   in-  Interesting    information    on    last    year's    operation    of    the 

vert   will   slope   upward   to   the   invert,   elevation   969,   of  the  flitration  plant  of  St.  Louis,  Mo.,  is  given  by  August  G.  Nolle, 

open   channel.     The  latter  will  have  masonry   sidewalls   and  superintendent   of   the   plant,   in   the   recently   issued   annual 

local   stone   paving.     Sloping   gently   for  290   ft.   and   passing  ,.gpoi-t  of  Edward  K.  Wall,  Water  Commissioner  of  that  city. 

under  a   steel   girder  bridge,  which  will   carry  the   highway.  ^^^  ^^^^^  following  are  talcen  from  the  report. 

the   channel  will   discharge   the   water   from   the   tunnel   mto  pnter   Plant   Operation.-During   the   year   ending   April    1. 

Esopus  Creek  on   its  way  to  Ashokan  reservoir.  ^^^^^  37,673   million   gallons  of  water  were  filtered  at  a  cost 

The    estimated    contract    quantities    are    about    600,000    cu.  ^j.   13  ;^o' per   1,000,000   gals.    The   40   filters   were   continually 

yd.  of  rock   excavation,   100,000  cu.   yd.   of  earth   excavation,  .^^  service,   except   for  short  periods  of  time  when   minor  re- 

200,000    cu.    yd.    of    concrete    masonry    and    445,000    bbls.    of  ^^^.^.^  ^^^.^  |,gj„g  made.    The  rate  of  filtration  during  the  year 

Portland  cement.    The  contract  provides  direct  payment  for  ^.yj.jpd   from   a    maximum   of   124.44   million   gallons   per  acre 

medical  services   tor   the   laborers   and   sanitary   services   for  ^^^^  ^^^  ^^  ^   minimum  of  31.11,  averaging  80..57   million  gal- 

the  camps  and  working  locations.    The  shaft  work  has  been  .^^^  ^^^  ^^^^  p^^.  ^^^     ^^^  maximum  run  of  a  filter  was  225 

done   with    individual   plants    at   each   location,   but   a   power  jj^^.s,  filtering  23.58  million   gallons;    the  minimum   run   was 

line  is  being  constructed  by  the  contractor  to  bring  electric  le;  90    liours,    filtering    1.97    million    gallons,    and    the    aver- 

energy  from  Kingston  for  the  tunnel  work.       Within  78  cal-  ^^^   ^^^^   ^,^^   -g  g   hours,   filtering   6.46   million   gallons.     The 

endar  months   the  work  underground   must  be  completed   so  ^^    filters    were    washed    a    total    of    5,828    times,    using    498 

that  the  tunnel  can  be  operated  and  all  work  must  be  com-  million   gallons   of  water,  or   1.32   per  cent   of  the   water   fil- 

pleted   within    seven   years.                      ,  tered.    During  the  year  1,790  tons  of  aluminum  sulphate  have 

Highways  and   Miscellaneous.— Contract  202,   for  the   grad-  ^^^^^    ^^^^^      ^^   ^j^j^   amount    1.749    tons    were   added    to   the 

Ing   of   about   7%    miles   of  highways   around    the    Schoharie  ggj^jg^j    ^ater   and    41   tons   to   the   applied    water   at   the   in- 

reservoir,   was    awarded    on   June    13,    1919,   to   the   Schunne-  jj^g^j   pipp  (_„  gach   filter  after  washing.    None  was   used  at 

munk  Construction  Co.,  Highland  Mills,  New  York,  for  $176.-  ^^^^   influent   fiume   at   the   north   or  south   ends   of  the   filter 

700,  based   on   the   contract  quantities   and   unit   prices.  ^j^^^      ,j,j^g  pj^g^ge  of  aluminum  sulphate  to  the  settled  water 

The  estimated  quantities  are  112,500  cu.  yd.  of  earth   and  ^^^^  varied  from   a  maximum   of  2.12  grains   per  gallon  to  a 

rock  excavation,  7.550  cu.  yd.  of  paving,  masonry,  etc.,  6,500  minimum   of  0  23   grains,   the   average   being  0.65   grains    per 

bbls.  of  Portland  cement  and  22,000  lin,  ft.  of  wooden  guard-  ^^j^^^  ^^  ^.^^^j.  fjng^ed. 

rail.     The  contract  time  is  18  months.  ^  ^^,^^1   ^j  33  ^gQ   n^g    ^f   chlorine   has   been   added   to   the 

Other    Schoharie   work   not    yet   under   contract   will    be    a  ^,jgj.g(j  ^,ater,  the  maximum  charge  being  4  lbs.  per  1,000,000 

permanent  highway  bridge  over  Schoharie  Creek  below  the  ^^^^      ^^^    minimum    0    and    the    average    2,208    pounds    per 

dam.  a  highway  bridge  and  approaches  over  the  Manorkill.  'oq^'ooo   gals    of  water  filtered. 

a  tributary   of  the   reservoir,   and  the   clearing  ot   the  reser-  coating    of   Sand    Grains.— In   order   to   obtain   information 

voir  site.     To  finish  the  main  aqueduct  to  the  city  additional  ^^^  ^^^  increased  coating  of  the  sand  grains  during  the  past 

tubes  at  14  locations  of  steel-pipe  siphons  will   be  required  ^^^^  ^^^^^  ^  vertical  section  of  the  sand  bed  was   collected 

from  one  of  the  filters  after  washing  and   divided  into  horl- 

WhO    Is    Responsible?  zontal  layers   as   shown  in   the  table  below.       A  comparison 

For  months  past  there  has  been  standing  idle  at  Muscle  with  a  similar  sample  obtained  two  years  ago  is  made.  Treat- 
Shoals,  Alabama,  a  sixty-thousand  kilowatt  power  plant  com-  ment  of  each  layer  with  hydrochloric  acid  was  followed  by 
plete  in  every  respect  and  representing  the  best  practice  that  a  thorough  washing  with  water.  The  per  cent  loss  due  to  the 
skilled  engineers  could  lay  down.  This  installation  forms  acid  treatment  together  with  the  average  depth  of  the  sample 
part  of  the  great  nitrate  plant  that  was  to  turn  out  nitrates  {g  shown. 

by  the  ton  for  our  vast  explosives  program.  Thickiieiss  of         Ilpan  d'stance       Per  cent  loss  ir 

,„,,...    ^              It-  samole  m                  m   mches          weits'nt  'lue  to  acia 

The   armistice   came   before   the   plant  got   into   production.  .sample                  inches.                   from  top.                "treatment, 

although  the  construction  was  carried  to  completion,  the  big  "no.             vmi        mn         1917           1919           i^JlT             ma 

turbo-generator  turned  over  and  then,  after  a  short  time,  the  '.■.;;.:;;.;;;;;     1               1             1%             nl               «'■'■>              12.§ 

operating    crew    departed    and    watchmen    were    placed    in         ■>   [ '....2  2  3  3  6.9  11.5 

charge.  r^  " " '.'.'.'.    ?,  3  'M  'iVz  3-1  -'.ft 

This  plant  was  designed  for  the  production  of  nitrates  by  ij                      .3              3           lO'^           10V|              2.3               4.S 

the   cyanamid   process,   and   it   is   claimed    that,   with    slight        ,;   ;;  ;^  Jg^  j5^  i;57  .  ^<i 

additional    expenditure,    it    could    be    converted    for    the    pro-  •^   ':.'.'.\'.^^' '.'.'.'.     :j               :i           19%           19%               1.41              3.2 

duction  of  fertilizer  for  which  the  farmer  is  now  required  to      j'^'   l^^  ^  .Vj,?  '   -  ogj 

pay  such  exorbitant  prices.     This  is  aside  from  the  enormous  ^^^^^  in  Filter  Sand  Made  by  Fish.-Last  May  it  was  noted 

idle  investment  represented  ^^.g,,g   ^^^^^j,       g„   „„„,„a,   ^^^ber   of 

Who   ,s   responsible?     Is   it   the   War   Department   o     is   .  ^^          ^^^^^  ^^^^^  ^,^,..^^  ^^.^^   ^  i^    ^^   ^g,.g 

congress     or,    perchance,    just    Government    inertia?     It    has  ^      .^^^.„^^^   .^                ^^^  ^.g,,g  ,,  i^,.ge  as  1  in.  by  2  in.  in 

been  said  that  the  Government  has  not  the  talent  to  operate  v                               •   j  ■       •  „  »,„„,  „,Qro  minnnwa  tr.  fi  in    in 

,      ,        J  .             ....       ,     .         .,               .  tv,     «„,, ff„,„j  plan.     The  fish  varied  in  size  from  mere  minnows  to  b  m.  in 

the  plant  and  is  unwilling  to  turn  it  over  at  the  figure  offered  ,',,.,                      v,   ■         t,  „*  o  j^    ^n.-,^^     On  annnnnt  nf  tho 

A.                         t.    1           ij   V,                     *   J    ■,   i,„j    .!,„   „.„,.  length,  the  average  being  about  3  in.  long.     Un  account  01  tne 

by  the   company  that   would   have   operated   it   had    the   war  f^                 ,     ,.  ^v,      1      .1    „f  „.„to,.  /.,h^.it  ii/    ft  1   nvpi-  the 

.         ,      t                       i    1     ,           1,  ■           .1            ■           »   ■  11  turbiditv  and  ot  the  depth  of  water  (aoout  472  tt.)   over  me 

continued.     In  any  event,  to  have  this  costly  equipment  idle  luimuiiv   ..i.u  ui   ui           t                        „„„„„, inn    tha  manner  in 

„,..,.      -r^  sHiici   surfaro   while   the   tiller   is   in   operation,   tne   nidnnei    iii 

is  a  large  and  needless  economic  waste.— Editorial  in  Power.  >^diia  suiiate  wnue  uie  uiiei                 v                                     .     . 

which  these   holes  are  made  could   not   be  studied,  but  it  is 

Eleven  States  Have  Laws  Licensing  Engineers.— Laws  pro-  supposed  that  the  depressions  are  due  to  the  impact  of  the 

viding  for  the  licensing  of  engineers  are  on  the  statute  books  fish  striking  the  aluminum  hydroxide  matting  on  the  surface 

of   the    following    states,   according   to    the    best    information  of  the  sand,  either  while  swimming  downward   in   the  direc- 

obtainable    by   the   License    Committee    of   Engineering    Con-  tion  of  the  current  or  while  nibbling  for  food.     There  is  no 

cil:     Wyoming,  1907;    Louisiana.  1908    (amended  1914);    Call-  doubt  that  the  depressions  are  due  to  fish  because  the  holes 

fornia,  1909;   South  Dakota,  1913;   Illinois.  1915;   Idaho,  1915;  are  always  found   when  fish  are  found,  and  vice  versa.     The 

Florida,  1917;  Oregon,  1919;   Colorado,  1919;   Michigan,  1919;  depressions  do  not  seem  to  interfere  with  the  efiiciency  of  the 

Iowa,   1919.     The  License   Committee   is  working  on   a   draft  filters  as  the  effluent  from  them  has  no  turbidity.     The  situa- 

ot  a  typical  bill  which,  it   is  intended,  can  be  used   if  neces-  tion  might  become  more  serious  if  more  voracious   fish   such 

sity  should  arise  in  states  proposing  new  legislation  on  this  as  catfish  were  present.     These,  however,  have  very  seldom 

object,  or  in  those  proposing  revisions,  so  that  laws  enacted  if  ever  been  found  (Ui  the  filters. 

for  licensing  engineers  may  be  uniform,  or  nearly  so,  through-  Screening  Filter  Units. — The  rate  of  wash  during  the  year 

out  the  country.     Engineering   Council,  however,  has   as  yet  has  been  maintained  at  15  gal.  per  square  foot   per  minute, 

taken  no  stand  on  the  desirability  of  licensing  or  registering  The  practice  of  screening  one  section  in   each   half  of  each 

engineers.     It   desires  to  learn  the   opinions  of  engineers   in  filter  unit  once  a  month  with  a   V4-in.  mesh  screen  has  been 

various  branches  of  the  profession  in   all  parts  of  the  coin-.-  continued  throu.ghout  the  year.     This  screen  is  4  ft.  2  in.  by 

try  and   to   secure   as   soon  as  possible  all   information   that  3  ft.   2   in.,  just   wide  enough  and   deep  enough  to  cover  the 

would  be  heliiful  to  the  committee.  volume  from  gutter  to  gutter  and  from  gravel  to  top  of  float- 

(94) 
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ing  sand.    The  screen  is  pulled  through  the  same  section  each 
month   so   that  comparative  results   are  obtained. 

Raking  Reduces  Quantity  of  Mud-Balls. — In  May  the  maxi- 
mum number  of  mud-balls  caught  on  the  screen  from  any  one 
filter  was  about  2,000.  while  the  minimum  number  was  .^0. 
In  August  the  maximum  number  was  about  400  and  the  mini- 
mum 10.  These  mud-balls  vary  in  size  from  about  Vs  to  \i 
in.  in  diameter.  This  reduction  in  the  number  of  mud-balls 
from  May  to  August  is  attributed  to  the  following  procedure; 
During  June  and  July  the  walls  of  each  filter  were  raked  with 
an  ordinary  gardener's  rake  with  extension  handle  attached. 
Each  filter  was  raked  about  eight  times.  The  raking  was  done 
while  the  filter  was  being  washed.  At  one  wash  one-half  of 
the  unit  was  raked,  at  the  next  wash  the  other  half,  etc.  In 
tihs  way  no  extra  labor  was  required  to  do  the  work. 

In  February  a  test  was  made  on  each  filter  to  determine 
the  head  lost  through  the  filter  while  washing  at  a  rate  of 
15  gal.  per  square  foot  per  minute.  The  maximum  head  loss 
was  16.9  ft.,  in  filters  Nos.  14  and  32;  the  minimum  6.9  ft.,  in 
filter  No.  8. 

Locating  Loose  Strainer  Plates.— A  loose  strainer  plate  m 
a  filter  can  usually  be  located  by  a  heaped  spot  in  the  gravel 
bed.  Adjacent  to  the  mound  of  gravel  will  be  found  a  de- 
pression giving  the  exact  location  of  the  loose  portion  of  the 
plate.  In  September  an  examination  of  the  gravel  surface 
was  made  in  each  filter.  To  do  this  a  T  was  made  of  %-in. 
pipe  the  vertical  leg  being  about  15  ft.  long,  the  horizontal 
legs' about  eVz  ft.  total.  This  T.  inverted,  was  moved  inch 
bv  inch  across  the  filter  unit  parallel  to  and  between  each 
two  lateral  gutters  while  the  wash  water  was  being  applied. 
As  long  as  the  gravel  surface  was  level  the  vertical  leg  of  the 
T  would  stand  perpendicular;  any  unevenness  would  tilt  the 
vertical  leg  This  procedure  also  revealed  the  presence  of 
large  mud-balls  in  several  of  the  filters;  these  were  broken 
up  with  a  rake.  Loose  strainer  plates  were  found  m  nine 
filters.  In  each  of  these  filters  one  or  more  end  strainer 
plates  were  bare  for  a  distance  of  from  1  to  3  ft.  It  was 
found  that  the  nuts  on  the  U-bolts  were  not  drawn  up  all  the 
way  In  several  cases  the  nut  was  only  held  by  a  few 
threads  This  condition  allowed  the  plate  to  raise  each  time 
the  wash  water  was  applied,  and  the  force  of  the  water  threw 
the  gravel  aside.  Repairs  were  made  by  regroutmg  the 
plates,  drawing  up  the  nuts  and  replacing  the  gravel. 

During  the  year  1,872  tons  of  aluminum  sulphate  have  been 
received  and  unloaded  at  a  cost  of  $0,224  per  ton. 

The  concrete  sulphate  dissolving  boxes  in  the  chemical 
room  have  again  been  resurfaced  with  cement  mortar  and 
coated  with  asphalt.  The  copper  screens  in  the  dissolving 
boxes  are  rapidly  deteriorating  and  are  not  worth  repairing 
so  they  are  being  replaced  with  boards  drilled  full  of  holes; 
these   answer   every   purpose  of  the   screens   and   are   easily 

reiuovpd 

The  surface  of  the  bottom  of  the  solution  tanks  is  becoming 
more  and  more  raveled  so  that  it  will  probably  be  advisable 
to  resurface  the  bottom  of  all  the  tanks  during  the  coming 
year.     The  sides  are  still  intact. 

The  agitator  shafts  in  solution  tanks  Nos  1  and  2  ha^e 
been  renewed  during  the  year.  There  is  still  one  tank  No^ 
4.  that  has  the  original  shaft  in  it;  this,  however,  will  ha^  e 
to  be   replaced   shortly. 

Many  of  the  3-in.  gate  .alves  around  the  chemica  pumps 
and  solution  tanks  are  again  leaking  slightly.  They  we  e 
repaired  about  a  year  ago.  This  leakage  causes  no  -'a-e  but 
makes  handling  the  solution  a  little  ^convenient.  A  b  ank  lead 
flange  has  been  inserted  beyond  each  sewer  valve  from  the 
solution  tanks  so  as  to  insure  no  waste  from  that  source.  As 
tt  is  onlv  necessary  to  flush  the  tanks  about  once  every  two 
months    the  remo;al  of  the  blank  flanges  does  not  consume 

"  Br'onzrgate  valves,  around  the  aluniiuumsiUphate  solution 
operated  as  frequently  as  they  are,  will  not  ho  d  up  foi  any 
rgth  of  time  \ny  at-Pt  to  ^ee  ^  ^^  ef--;-- 
r  int::e^wurr  Pr^^'^aSation  Of  the^  ^^ 
solution  and  does  not  cause  any  waste  of  solution  it  is  be"er 
to  tolerate  a  little  ^^^^^^^^^^J^  ThtTemtaT  3" Tave 
beln'tarTart^rd^hTSs'Lthed  in  gasoune^  These 
motors  are  subject  to  much  dust  and  so  canvas  hoods  have 
been  made  to  protect  them  j^^  ^.i„    j^^d  solution 
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veyed  to  the  point  of  applicaliun  have  been  cleaned  si-veral 
times.  Instead  of  pulling  a  4-ln.  leather  disc  through  au  wan 
formerly  done  and  which  meant  disconnecting  a  line  abuul 
every  CO  ft.,  a  double  rubber  disc  shoot  through  with  water 
pressure  is  now  used.  This  only  neeesHltates  dlBconnecUng 
an  entire  line,  about  800  ft.  in  length,  at  two  places.  The 
disc  will  pass  around  bends  of  3-ft.  radius  and  ihrouKh  the 
4-in.  open  gate  valves  on  the  line.  The  water  presBure  re- 
quired to  shoot  the  disc  has  averaged  from  20  to  .'>0  lb.  per 
square  inch.  No  bulging  whatever  has  resulted  from  this 
pressure.  With  this  disc  the  work  of  cleaning  In  done  much 
more  thoroughly  than  by  hand,  in  about  one-third  the  time, 
and  is  really  a  protection  to  the  pipe  since  it  elimlnateH  dis- 
connecting and  thereby  preserving  the  peaned  gaskets. 

The  114-in.  brass  cocks  on  the  1%-in.  lead  solution  line  to 
the  influent  of  each  filter  have  been  reground  several  times 
during  the  year.  When  these  need  replacement  globe  valves 
should  be  substituted. 

The  bronze  orifice  castings  in  the  orifice  boxes  of  the 
automatic  chemical  meters  and  the  conical  plugs  that  regu- 
late the  area  of  the  outlet  have  had  to  be  repaired  on  account 
of  the  corrosive  action  of  the  sulphate  on  these  parts.  The 
bronze  orifice  casting  was  turned  out  about  %  in.  and  an 
orifice  bushing  made  that  would  screw  into  the  casting  so 
that  hereafter  the  bushing,  when  deteriorated,  may  easily 
be  replaced.  The  plugs  were  turned  down  and  polished. 
Since  these  repairs  were  made  the  automatic  control  properly 
reguates  the  amount  of  solution  to  be  fed  in  proportion  to 
the  amount  of  water  passing  through  the  8-ft.   meters. 


Last  July  the  three  4-in.  venturi  meters  at  the  north  end 
of  the  plant  used  for  measuring  the  amount  of  aluminum 
sulphate  applied  to  the  settled  water  were  taken  apart  and 
cleaned.  The  meters  were  so  badly  clogged  with  scale  from 
the  alum  solution  that  the  diameter  at  the  head  was  reduced 
from  4  in.  to  3  in.  and  at  the  throat  from  1%  to  1%  in.  Be- 
fore cleaning  the  meters  recorded  and  indicated  about  3ii 
per  cent  too  fast.  After  cleaning  the  variation  was  only  1 
per  cent.  It  is  now  the  practice  to  leave  the  meters  discon- 
nected when  not  in  service  because  we  have  found  that 
solution  standing  quietly  in  a  meter  deposits  scale  much 
more  rapidly  than  when  in  motion. 

The  4-in.  tile  pipe  chlorine  line  laid  as  an  experiment  to 
convev  the  chlorinated  water  to  the  drawing  conduit  cham- 
ber had  to  be  abandoned  on  May  20,  1918.  on  account  of  the 
excessive  leakage  from  it.  There  was  some  leakage  at  the 
litharge  joints  but  the  greatest  leakage  occurred  through 
the  body  of  the  pipe  itself. 


Durability  of  Cement  Drain  Tile  In  Alkali  Soil.— After  an 
interruption  of  two  years,  due  to  the  pressure  of  war  work. 
the  field  inspection  and  testing  in  connection  with  the  drain 
tile  in  alkali  soils  has  again  been  taken  up  by  the  Bureau  of 
Standards,  Department  of  Commerce.  In  Minnesota,  pieces 
of  tile  which  have  been  in  the  ground  since  the  last  Inspec- 
tion have  been  removed  tor  test  and  the  concrete  found  lo  be 
uninjured  either  by  alkali  or  acids,  but  a  number  of  both  the 
best  and  poorest  tile  were  found  to  be  cracked.  It  is  thought 
that  sometime  during  the  cold  weather  water  had  backed  up 
and  stood  in  the  pipe,  freezing  and  bursting  IL  A  complete 
survey  of  all  the  most  important  reclamation  projects  In  the 
West  is  to  be  made  in  the  near  future,  and  based  on  this 
work  the  committee  in  charge  of  the  investigation  will  en- 
deavor to  make  definite  recommendations  relative  to  the 
manufacture  and  use  of  cement  tile  In  alkali  soils.  The  re- 
sults of  the  work  already  accomplished  are  embodied  in  the 
Bureaus  Technologic  Paper  T95.  '•Durability  of  Cement  Drain 
Tile  in  Alkali  soil." 


Cost  of  Chemicals  at  St.  Louis,  Mo.— The  net  cost  of  opera- 
tion and  maintenance  of  the  water  division  of  St.  Louis.  Mo., 
for  the  year  ending  April  1,  1919.  was  J218.108  greater  than 
that  of  the  previous  year.  This  was  due  entirely  to  the  ad- 
vance in  wages  and  salaries  and  in  the  prices  paid  for  chemi- 
cals for  purification,  for  coal,  and  for  other  materials  and 
supplies.  Some  of  the  increases  noted  in  the  last  annual 
report  of  the  Water  Commissioner  were  as  follows: 

1916-17.  1917-lS.  1918-19. 

Salaries  and  wages «05.490  00       W15.T50  00      J1.046.3e...nn 

Sulphite  of  iron,  per  ton  12.16.  Ig.l9|  -■■-j^ 

Lime,   per  ton    ••••  ,Snio  o'ncx  21  0"7 

Sulphite  of  alumina,  per  ton.  19.013  23.768  31.0;.. 

Coal,  per  ton   '•=>-»  '•"" 
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A  Page  from  Recent  Waterworks 
Reports 

Electrical  Thawing  of  Water  Services  at  Somerville,  Mass. 
— During  the  winter  of  1917-18  about  6  per  cent  of  the  meters 
of  Somervile,  Mass.,  and  4  per  cent  of  the  services  were 
frozen  at  some  time  during  January  and  February.  In  addi- 
tion one  10-in.,  one  6-in.  main  and  two  2-in.  service  mains 
were  frozen  out  dead  ends.  The  thawing  was  successfully 
done  with  electricity;  the  method  is  described  as  follows  in 
the  report  of  the  Water  Department  for  1918:  The  electric 
thawing  device  used  consisted  of  a  50  k.w.  transformer,  tak- 
ing current  from  the  Edison  system  2,200-volt  primary  wires 
and  delivering  to  the  water  pipes  a  current  of  varying 
amperage  controlled  by  a  water  rheostat  and  conveyed  by  a 
heavy  cable  grounded  to  a  fire  hydrant  on  one  side  and 
clamped  to  the  house  service  on  the  other,  thus  completing 
the  electrical  circuit.  The  apparatus  was  carried  about  the 
city  on  a  heavy  wagon  drawn  by  a  pair  of  horses  and  was 
set  up  at  various  points  so  that  one  connection  with  the 
primary  wires  would  reach  as  many  frozen  services  as  pos- 
sible, in  s6me  instances  as  many  as  eight  being  thus  reached 
through  cable  lines  several  hundred  feet  in  length.  One 
hundred  sixty-nine  services  were  thawed  by  this  method  in 
a  period  of  twelve  working  days,  between  Feb.  13  and  26, 
the  lowest  day's  results  being  eight  and  the  highest  nineteen. 
About  a  dozen  other  services  were  tried  but  the  desired 
results  failed,  probably  on  account  of  some  poor  metallic 
connection  in  the  pipe  line  which  obstructed  the  flow  of  the 
current  and  failed  to  heat  the  pipes,  although  evidently  form- 
ing an  arc  which,  in  some  instances,  was  sufficiently  intense 
to  melt  the  brass  fitings  and  led  to  the  necessity  subsequently 
of  digging  down  to  and  repairing  the  connections.  On  the 
whole  the  operation  of  the  device  was  very  satisfactory,  being 
especially  serviceable  on  such  pipes  as  were  too  small  or 
crooked  to  get  an  ordinary  hot-water  thawing  tube  through. 
It  is  worthy  of  record  also  that  in  the  hands  of  the  expert 
operator  there  was  no  difficulty  in  thawing  cement-lined 
service  pipes  which  had  been  thought,  from  results  in  other 
places,  were,  from  the  nature  of  their  construction,  beyond 
the  range  of  this  electrical  method  of  thawing. 


Water  Rates  at  Harrisburg,  Pa.,  on  "Ready  to  Serve"  Basis. 
— Owing  to  the  increased  cost  of  all  materials  and  labor  the 
Water  Department  at  Harrisburg,  Pa.,  decided  in  1918  to 
raise  the  water  rates  and  J.  W.  Ledoux,  C.  E.,  of  Philadelphia, 
Pa.,  was  authorized  by  the  city  council  to  make  a  general 
survey  of  all  phases  of  the  water  plant  and  to  make  a  recom- 
mendation as  to  an  equitable  charge  to  be  made  for  water. 
From  his  report  the  following  rates  were  finally  adopted: 

That  water  to  all  classes  of  consumers  be  charged  at  43  ct.  per 
1,000  cu.  ft.,  and  in  addition  a  "ready  to  serve"  charge  accordin;? 
to  the  size  of  the  meter  as  follows; 

Size  of  Amount        Size  of  Amount 

meter.  annually.       meter.  annually. 

'/4  in.  and  %  in S      4         :i   in $    !I0 

%    in 5         4   in 160 

1  in 10         6   in 360 

l'/4   In 15        .s   in 640 

l'/4  in 22       10  in 1,000 

2  In 40       12  in 1,440 

This  "ready  to  serve"  charge  is  new  in  Harrisburg  and 
takes  the  place  of  the  old  minimum  charge.  It  can  best  be 
explained  by  the  following  from  Mr.  Ledoux's  report: 

Although  so  much  has  been  said  about  "demand  charge" 
it  may  be  that  many  of  the  citizens  cannot  see  why  a  demand 
charge  is  necessary  in  water  works  operation,  and  why  a  cer- 
tain price  per  1,000  cu.  ft.  or  gallon  does  not  satisfy  every 
necessary  requirement.  The  reason  is  that  a  water  works 
must  be  designed  so  that  its  distributing  system  at  least  is 
capable  of  supplying  reasonable  service  to  every  consumer 
even  when  the  maximum  number  are  drawing  water  simul- 
taneously. 

It  is  obvious  that  under  those  conditions,  the  larger  the 
meters  or  service  pipes,  or,  in  other  words,  the  greater  the 
ability  of  each  consumer  to  draw  on  the  capacity  of  the 
mains,  the  larger  and  more  expensive  must  be  the  street 
pipes  to  maintain  the  service.  And  in  this  respect  a  consumer 
with  a  certain  size  service  pipe  would  entail  upon  the  water 
works  just  as  much  expense  whether  he  used  a  small  or  a 
large  quantity  of  water.  Hence,  the  necessity  of  a  charge, 
variously  designated  as  "Minimum  Rate,"  "Demand  Charge," 
or  "Ready  to  Serve  Charge."  Now,  the  fixed  charges,  in- 
cluding  interest   on   the   cost,   depreciation   and   general    ad- 


ministration must  go  on  whether  any  water  is  furnished  or 
not,  and  therefore  every  consumer  should  pay  a  certain 
amount  per  year  for  his  water  connection,  tor  which  he  gets 
no  water  whatsoever.  This  we  may  call  a  "Ready  to  Serve 
Charge."  The  additional  charge  must  be  sufficient  to  cover 
all   operating   expenses. 


Per  Capita  Water  Consumption  in  Metropolitan  Water  Dis- 
trict.—The  following  tabulation  from  the  1918  report  of  the 
Water  Department  of  Somerville,  Mass.,  shows  the  daily  per 
capita  consumption  of  water  in  the  cities  and  towns  in  the 
Metropolitan  Water  District  for  the  year  1918,  as  registered 
by  the  district  meters: 

Gallons  Per  cent 

^.             „  ■                                                  Total             Per  capita  services 

City  or  Town.                                         per  day.             per  day.  metered. 

Milton     434,500                   47  100 

Maiden  3,254,700                  62  97.2:) 

Medtord    2,161,900                   62  100 

Belir.ont    577,900                   62  100 

Winthrop    941,900                   65  100 

Mdiose    1,1SO,GOO                  66  100 

I'tvtre    1,975,500                   67  76.98 

Chelsea  3,501,200                   74  99.81 

Arlington    1,290,300                  76  100 

Swampscott   606,100                  76  100 

.Somervillt'    7,433.200                  SO  74  86 

Stoneham    617,700                  SO  99  52 

Kverett    3,365,800                   83  63.00 

I^pxmg-ton 493.700                   84  100 

Quincy    4,621,700  105  90. 1(. 

Eoston 94,634,000  120  59.92 

Wateriown   2,434,500  131  100 

Xahant     228,200  149  75.58 

Total   district    129,753,400  105  72  17 


Cost  of  Water  Purification  in  St.  Louis. — During  the  year 
ending  April  1,  1919,  37,7.51  million  gallons  of  water  were 
pumped  into  the  basins  of  the  purification  plant  of  St.  Louis. 
To  this  amount  of  water  were  added  1,781  tons  of  sulphate 
of  iron  and  14,999  tons  of  lime,  or  an  average  of  0.66  grains 
per  gallon  of  the  former  chemical  and  5.56  grains  per  gallon 
of  the  latter.  To  the  37,675  million  gallons  of  water  filtered 
were  added  1,790  tons  of  sulphate  of  alumina  and  83,160  lb. 
of  chlorine,  or  an  average  of  0.66  grains  per  gallon  of  sul- 
phate and  2,21  lb.  of  chlorine  per  1,000,000  gal.  The  sulphate 
of  alumina  was  added  before  and  the  chlorine  after  filtration. 
The  average  cost  per  million  for  lime  was  $3.72,  for  sulphate 
of  iron  $0.82,  for  sulphate  of  alumina  $1.37,  and  for  chlorine 
$0.31.  These  costs  are  for  chemicals  alone  and  do  not  in- 
clude the  cost  of  handling  or  appllcatlorL  The  following 
table  from  the  recently  issued  report  of  the  Water  Commis- 
sioner gives  a  comparison'of  the  costs  of  the  various  parts 
of  the  purification  work  done  during  the  past  five  years, 
based  on  the  quantity  of  water  delivered  to  consumers: 

("OST    PER    MILUON    GALLONS.    BASED    ON    CONSUMPTION. 

Nov., '15,  to 

Old  Plant—           1914-15.  1915-16.  Apr.  '16.  1916-17.  1917-18.  1918-19. 

Lime    $1.61         $1.70        $1.61  $1.89  $2.94  $3.72 

Iron    2.02           1.42             .64  .61  .57  .82 

Unloading    10             .08             .07  .08  .09  .12 

Operating,  mainte- 
nance and  repairs  .35  .-!7  .51  .38  .41  .60 
Water,  coal,  oil,  etc.  .04  .03  .04  .03  .05  .08 
Light  and  power. .  .03  .07  .07  .04  .10  .12 
Chemical  work  ...  .25  .43  .49  .38  .34  .30 
Basin  cleaning  ...  .12  .14  .08  .12*  .17  .22 
Basin  repairs    .03            .03  .01  .02  .02 

Total  old  plant   .  .$4.52 
Filters- 
Aluminum  sulphate    

Chlorine    

Operating,  mainte- 
nance and  repair.s    .... 
Coal,  miscellaneous 
supplies  and  ex- 
penses      

Light  and  power 

Total    ~.. 

Total  consumption 
for  year  in  mil- 
lion  gallons    33,971 

Cost  of  Chemicals — 

Lime,  per  ton,  aver- 
age 2   contract.?. S  3. 48 

Suljihate  of  iron, 
P'T  ton.   average  10.00 

Sulphate  of  alumina, 
per  ton.  average 

Chloride,  per  pound      .10 


$4.37 


$3.54         $3.54 


$4.69 


$6.00 


$0.76 
.18 

$1.00 
.15 

$0.79 
.14 

$1.13 
.27 

$1.37 
.31 

.83 

.98 

.80 

.77 

.89 

.14 
.14 

.26 
.15 

.20t 
.11 

.36 
.21 

.29 
.24 

$6.42 

$6.08 

$5.58 

$7.43 

$9.10 

;2,583 

13,138 

35,633 

38.090 

36,840 

f  3.65 
10.00 


$  4.49       $  6.S6       $ 


12.50 


.08 


21.00 
.13% 


12.84 

22.25 
.13% 


16. 8t 

27.60 
.12% 


*Water  used  in  hasin  cleaning — Omitted  prior  to  1916. 
tWater  used  in  (ilter  plant  operation — Omitted  prior  to  1916. 

The  complete  purification  system  was  not  in  use  until  Oc- 
tober, 1915.  The  heading,  November,  1915-April,  1916,  Is  in- 
cluded to  show  the  costs  of  purification  after  the  system 
was  completed.  The  figures  are  included  for  the  year  1915- 
1916. 
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Some    Results   of   Supervision   of 

Public  Water  Supplies  by  N.  Y. 

State  Department  of  Health* 

By   THEODORE   HORTON, 

Chief  Engineer,  Division  of  Sanitary  Ehigineering',  New  York  State 

Department  of  Health. 

The  Engineering  Division  of  the  State  Department  of  Health 
was  established  in  1906,  soon  after  the  old  State  Board  of 
Health  was  reorganized  into  a  State  Department  of  Health, 
with  some  five  divisions  or  bureaus,  of  which  the  Engineering 
Division  is  one.  When  first  established,  the  division  staff 
comprised  the  chief  engineer,  one  full-time  assistant  engi- 
neer, one  part-time  assistant  engineer  and  one  part-time 
stenographer.  The  chief  engineer's  office  was  a  corner  of 
the  health  commissioner's  conference  table,  when  that  was 
not  in  use.  Today  the  regular  divisional  staff  consists  of 
twelve  full-time  engineers  and  five  stenographers,  with  addi- 
tional part-time  employes  for  special  investigation  work. 
Incidentally,  it  should  be  kept  in  mind,  the  Engineering  Di- 
vision has  many  other  duties  besides  those  relating  to  water 
supplies,  including  examination  and  approval  of  plans  for 
sewerage  and  sewage  disposal,  the  abatement  of  important 
nuisances,  supervision  of  milk  pasteurization  and  investiga- 
tion and  advice  relating  to  stream  pollution,  garbage  dis- 
posal, drainage,  and  other  sanitary  subjects.  The  work  in 
connection  with  water  supplies  is,  however,  considered  the 
most  important,  and  approximately  one-half  of  the  engineer- 
ing force  is  employed  almost  exclusively  upon  it. 

The  accompanying  chart  showing  the  typhoid  fever  rate  in 
the  state  for  the  past  35  years  is  almost  self-explanatory  in 
regard  to  its  construction;  that  is,  abcissae  represent  years 
from  18S5  to  1919  inclusive,  and  ordinates  the  typhoid  fever 
death  rates  per  100,000  of  population.  A  glance  at  the  chart 
shows  at  once  that  it  may  be  divided  into  two  general  pe- 
riods, one  prior  to  about  1907,  and  the  other  subsequent 
thereto.     The  characteristics  of  the  earlier  period  are: 

1.  The  rates  for  nearly  the  entire  period  are  excessive, 
averaging  approximately  23.1. 

2.  There  is  a  marked  lack  of  uniformity,  the  curve  ascend- 
ing and  descending  with  considerable  irregularity. 

3.  The  range  of  deviation  from  the  mean  is  excessive,  the 
curve  ascending  to  a  point  above  30,  in  one  instance,  and 
below  18,  in  another. 

In  contrast  with  this  part  of  the  curve,  note  the  character 
of  the  curve  for  the  second  period  subsequent  to  1907,  and 
you  will  observe: 

1.  The  rates  are  moderate,  averaging  for  the  entire  period 
11.3,  and  reaching  the  low  point  of  5.4  at  the  end  of  the 
period   in   1918. 

2.  The  curve  is  uniform  in  character,  progressively  de- 
scending, with  only  slight  deviation  at  any  point  from  the 
general  direction. 

3.  The  yearly  rate  of  change  at  the  latter  end  of  this 
period  is  very  much  less  than  the  rate  of  change  at  the  be- 
ginning of  the  period;  indicating  that  the  limit  of  reduction 
of  mortality  from  typhoid  fever  in  the  stale  has  begun  to  be 
reached. 

Now  the  question  which  naturally  arises  after  glancing  over 
this  curve  is,  what  influence  or  changes  in  condition  began 
to  be  exerted  at  the  beginning  of  the  period,  ranging  from 
1906  to  1919,  that  might  rationally  account  for  the  subse- 
quent rapid  and  uniformly  downward  trend  of  this  curve  and 
the  comparatively  very  low  rate  reached  in  the  year  1918? 
The  answer,  it  seems  to  me.  is  largely  in  the  fact,  that  in 
1906,  following  a  reorganization  of  the  old  State  Board  into 
a  State  Department  of  Health,  a  new  force  or  agency  was 
added  to  the  resources  of  the  department  in  the  nature  of 
an  engineering  division,  one  of  whose  specific  duties  was  the 
investigation  and  supervision  of  public  water  supplies.  Prior 
to  the  establishment  of  the  engineering  division  compara- 
tively little  attention,  and  no  systematic  activities,  were  di- 
rected toward  the  improvement  of  public  water  supplies  in 
the  state.  Many  of  these  water  supplies  had  alreday  been 
introduced,  but  up  to  that  time  the  close  relationship  be- 
tween the  quality  of  public  water  supplies  and  typhoid  fever 
incidence  seemed  not  to  have  been  fully  realized  by  the 
communities  of  this  state  generally,  nor  were  the  principles 


of  the  art  of  water  purifleatlon  and  sewage  diBposal  well 
understood.  This  fact  la  somewhat  startllnB  when  we  con- 
sider that  this  knowledge  and  relationship  were  well  rfcog 
niued  by  sanitarians  and  by  some  state  health  aulborltlea,  a«. 
for  mstance,  in  Massachusetts,  where  public  water  supplies 
were  under  excellent  supervision,  and  were  generally  of 
good  quality,  and  where  the  typhoid  fever  rate  in  the  state 
was  much  lower  than  in  this  state.  It  is  of  particular  In- 
terest to  note,  however,  that  almost  simultaneou.sly  with  this 
extension  of  the  organization  and  scope  of  the  New  York 
State  Department  of  Health  at  this  time,  and  especially  the 
establishment  of  the  Engineering  Division,  equipped  with 
scientific  knowledge  and  facilities  for  systematically  studying 
and  investigating  public  water  supplies,  we  find  a  very 
marked  increase  in  public  interest  concerning  the  aanltan' 
quality  of  public  water  supplies.  This  was  clearly  evidenced 
by  a  general  demand  for  investigations;  by  a  pronounced 
willingness  by  municipalities  to  heed  our  advice;  and  by  an 
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♦Abstract  of  paper  presented  at  the  convention  of  the  New  Eng- 
land Waterworks  Association,  held  Sept.  30-Oct.  3,  in  Albany,  N.  Y 


Typhoid   Death   Rates   in   New  York   State. 

almost  immediate  decline  in  the  typhoid  fever  rates  through 
out  the  state — a  decline  that  has  uninterruptedly  continued 
up  to  the  present  time. 

Beginning  with  the  year  1906,  the  engineering  division 
started  a  series  of  special  investigations  of  certain  public 
water  supplies,  selected  with  special  reference  to  high  inci- 
dence of  typhoid  fever.  A  year  or  two  later  these  special 
investigations  were  made  a  part  of  the  routine  work  of  the 
division.  The  yearly  returns  from  this  work,  in  terms  of 
lowered  typhoid  fever  rates,  so  clearly  demonstrated  its 
value,  that  in  each  succeeding  year  more  attention  was 
given  to  this  part  of  our  work.  It  remained,  however,  for 
our  present  commissioner.  Dr.  Hermann  M.  Briggs,  to  fully 
appreciate  the  great  value  of  this  sort  of  life-saving  work 
and  to  foresee  in  it  a  great  opportunity  for  lowering  the 
general  death  rate  of  the  state.  In  fact,  almost  Immediately 
upon  assuming  office.  Dr.  Biggs  directed  that  the  principal 
work  of  the  Engineering  Division  should  be  the  investigation 
and  supervision  of  public  water  supplies,  and  that  this  work 
should  be  prosecuted  until  all  of  the  water  supplies  in  the 
state  shall  have  been  investigated  and  improved,  and  the 
mortality  rate  from  this  source  reduced  to  a  minimum.  It 
is  needless  to  say  that  this  policy  Is  stil'  in  force,  and  the 
present  low  typhoid  rate  indicates  that  these  aims  of  onr 
commissioner  have   already   been   largely   realized. 

The  speaker  will  cite  briefly  a  few  figures  showing  the 
progress  that  has  been  made  during  the  past  12  years  In  the 
development  and  improvement  of  public  water  supplies  in  the 
state.  In  1906  there  were  In  round  numbers  some  400  public 
water  supplies  in  the  state,  serving  a  population  of  about 
6,100,000  persons.  Of  these  supplies  about  50,  serving  a 
population  of  700,000,  received  some  sort  of  treatment, 
either  by  slow  sand  or  mechanical  filtration.  In  1919  there 
are  approximately  530  public  water  supplies  In  the  state, 
serving  a  population  of  approximately  8,500.000.  Of  these 
supplies  about  130,  serving  a  population  of  approximately 
6,900,000,  are  treated  either  by  filtration  or  chlorlnatlon. 
This  means  that  in  the  13  years,  from  1906  to  1919,  the 
number  of  people  supplied  with  public  water  supplies  had 
increased  from  6,100,000  to  8,500,000,  or  approximately  40 
per  cent;  while  in  the  same  period  the  number  of  people  pro- 
tected by  water  purification  in  some  form  had  increased 
from  7011.000  to  6,900,000.  or  an  increase  of  almost  1,000  per 
cent. 
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Sounding   Rod   for  Canal  and 
Stream  Measurements 

In  the  September  Reclamation  Record  Mr.  W.  G.  Stewart, 
Assistant  Engineer,  U.  S.  R.  S..  describes  a  useful  sounding 
rod  developed  by  him  and  his  assistants.  The  main  use  o£ 
the  rod  is  in  getting  the  soundings  in  the  cross  section  at  a 
measuring  station,  but  it  is  also  useful  as  a  hook  for  cutting 
weeds  or  grass,  or  for  removing  trash  from  headings,  bridge 
piers,  or  trash  racks.  It  serves  as  a  measuring  stick  for 
laying   off   sections  at  a  station,  or  the  staff   can   be   placed 
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DETAIL   OP  BASE  OF  PUNNER 


OETAIL  OF  BASE  OF  STAFf 


Details  of  Sounding   Rod. 

across  a  narrow  stream  while  the  meter  is  operated  along 
it  by  use  of  the  runner,  thus  saving  the  time  and  trouble  of 
making  a  wading  measurement.  It  has  sufficient  length 
and  strength  to  be  used  as  a  vaulting  pole  for  jumping  nar- 
row canals.  It  will  serve  very  well  for  a  leveling  road  where 
close   work  is  not  required.  ' 

The  diagram  shows  the  road  with  its  various  markings  and 
also  the  detail  construction  of  the  yokes  and  the  bases  of 
the  staff  and  runner. 

The  staff  and  runner  should  be  made  of  1  by  %  in.  tough, 
straight-grained  wood.  This  is  essential  because  the  strain 
to  which  the  rod  is  subjected  in  practical  use,  especially  in 
swift,  deep  canals,  is  severe,  to  say  nothing  of  its  use  as  a 
brush  and  trash  hook.    The  yokes  must  be  made  full  enough 


to  allow  the  runner  free  play  along  the  staff  so  that  it  can 
be  quickly  and  easily  moved  when  making  soundings. 

All  markings  on  the  rod  should  be  cut  into  the  wood  with 
a  smal  gouge  or  carving  tool.  This  rod  should  have  at  least 
two  coats  of  best  white  paint  and  the  markings  should  be 
made  with  black  paint,  which  should  be  applied  before  the 
last  white  is  entirely  dry.  As  the  upper  edges  of  the  yokes 
are  used  as  indices  they  should  have  black  -lines  along  these 
upper  edges  to  avoid  any  confusion  in  reading. 

The  lower  end  of  the  staff  should  have  cross  rivets  to 
prevent  splitting.  The  metal  on  the  bases  of  staff  and 
runner  is  No.  16  gauge  galvanized  sheet  iron  such  as  is 
used  for  weir  crests.  •  The  steel  cutter  is  made  from  a  piece 
of  heavy  hand  saw  or  shovel  blade.  This  steel  cutter  is 
riveted   to   the   base   before   mounting. 

The  small  hook  shown  at  the  bottom  of  the  base  is  formed 
by  turning  down  the  foot  plate  and  is  used  to  hold  the  rod 
to  the  bottom  of  the  section,  where  the  water  is  deep  and 
swift,  and  the  bottom  is  of  hard,  smooth  material  like  con- 
crete or  rock.  The  base  is  made  large  so  as  to  get  more 
nearly  the  mean  elevation  of  the  surface  of  the  stream 
bed.  Too  much  emphasis  can  not  be  put  on  the  necessity 
of  making   all   parts  strong  and   mounting  them   securely. 

When  making  a  sounding  the  base  of  the  runner  is  allowed 
to  skim  the  surface  of  the  water,  while  the  base  of  the 
staff  rests  on  the  bottom  of  the  stream.    When  the  depth  is 

2  ft.  or  less  the  reading  may  be  taken  from  the  top  of  either 
the  upper  or  lower  yoke  as  may  be  most  convenient.  When 
the  water  is  over  4  ft.  deep  any  reading  on  the  upper  2  ft. 
is  added  to  4  ft.    Where  the  water  is  over  6  ft.  deep,  then 

3  ft.  is  added  to  the  figures  opposite  the  base  of  the  runner. 


Operation  of  Slow  Sand  Filters  at  Toronto 
for  1918 

Ten  thousand  samples  tested  during  the  year  1918  at  the 
Toronto  slow  sand  filters  showed  an  average  reduction  of 
99.7  per  cent  in  B.  Coli,  99.1  per  cent  in  total  bacteria  and 

99  per  cent  in  excremental  bacteria.  A  report  on  the  opera- 
tion of  this  plant  has  been  made  the  subject  of  an  article 
which  recently  appeared  in  the  Canadian  Engineer  and  from 
which  the  following  notes  have  been  extracted; 

The  city  of  Toronto  is  supplied  by  two  modern  filtration 
plants,  one  a  mechanical  plant  of  the  drifting  sand  type 
and  the  other  a  slow  sand  system.  The  mechanical  plant 
is  being  made  the  subject  of  a  special  report. 

The  following  summary  shows  definitely  what  the  slow 
sand  plant  is  accomplishing: 

(1)  Over  10.000  samples  were  examined  from  the  slow 
sand  filter  system  during  the  year. 

(2)  The  average  number  of  bacteria  growing  on  agar  at 
blood  temperature  was  356.3  per  c.  c.  in  the  raw  water  and 
2.2  per  cc.  in  the  filtered  water.  Total  reduction,  99.1  per 
cent. 

(3)  The  average  number  of  excremental  bacteria  growing 
on  bile-salt  agar  at  blood  temperature  was  26.5  per  cc.  in  the 
raw  water  and  0.25  per  cc.  in  the  filtered  water.  Reduction, 
99.0  per  cent. 

(4)  The  total  percentage  of  samples  showing  B.  Coli  in  1 
cc.  was  39.9  in  the  raw  water  and  0.66  in  the  filtered  water. 

(5)  The  average  indicated  number  of  B.  Coli  present  per 

100  cc.  of  water  examined  was  1,136  in  the  raw  water  and  2.7 
in  the  filtered  water,  showing  a  total  reduction  of  99.7  per 
cent. 

(6)  Pollution  of  the  raw  water  as  judged  by  the  B.  Coli 
test  has  increased  61.9' per  cent  since  1913. 

(7)  The  highest  temperature  recorded  in  the  water  was 
64°  F.  and  the  lowest  33.9°  F. 

(8)  The  highest  degree  of  turbidity  in  the  raw  water  was 
160  parts  per  million  and  the  lowest  was  1.  The  filtered 
water  was  free  from  any  turbidity  throughout  the  year. 

(9)  The  chlorides  in  the  raw  water  were  S.2  parts  per 
million  in  1913  and  9.89  parts  per  million  in  1918. 

(10)  The  total  number  of  filters  cleaned  was  181.  The 
average  rate  of  filtration  was  3.27  million  Imperial  gallons 
per  acre  per  day.  The  average  amount  of  water  filtered  was 
31.42  million  Imperial  gallons  per  day,  or  50  per  cent  of  the 
average  daily  consumption.  The  maximum  and  minimum 
daily  consumption  during  the  year  was  77.49  and  45.61  mil- 
lion Imperial  gallons  per  day.  The  average  daily  per  capita 
consumption  was  128  Imp.  gal. 
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Cost  of  Constructing  Sewers  and 

Water    Mains  at  Montreal 

South,  Que. 

During  191S  about  22,230  ft.  of  6-in.,  Sin.  and  10-in.  water 
main,  and  25,300  ft.  of  24in.,  12-in,  and  9-in.  sewer  were 
constructed  tor  the  town  of  Montreal  South,  Que.  The  work 
was  done  by  contract,  and  the  following  figures  are  the  actual 
cost  to  the  contractor.  The  contractor,  by  the  way,  made 
no   profit. 

The  sewer  work  covered  the  construction  of  mains  in  17 
streets.  The  material  in  which  the  trenching  was  done 
consisted  of  hard  pan  at  the  surface,  a  layer  of  shale,  a 
bed  of  trap  rock  3  to  5  ft.  thick  at  5  to  8  ft.  from  the  surface, 
and  shale  below  the  trap  rock.  The  rock  excavation  was 
paid  for  at  the  rate  of  $4  per  cubic  yard  over  the  other 
material.     The  rates  of  pay  for  labor  were  as  follows: 

IVt  hour, 
ct. 

Common  labor   35 

Pipe  layers   371/. 

Drillers    : . . . .   40 

Blacksmith    40 

Foreman   45 

Single  horse  and   driveT   40 

Double  team    70 

The  unit   costs  on   four  jobs   were  as  follows: 

Job  No.  2.  Job  No.  3.  Job  No.  4. 

12-in.  12-in.  9-in. 

sewer.  sewer.  sewer. 

per  lin.  f t.  per  lin.  It.  perlin.ft. 

of  sewer.  of  sewer,     of  sewer. 


Job  No.  1. 

24-in. 

sewer. 

per  lin  ft. 

Material.s;  of  sewer. 

Pipe    %l.>m 

Cement    and    oakum    for 

Joints    160 

Manholest    270 

Coal  and  oil 015 


Total  material  $2,245 

Labor: 

Cartage     JO.ffRS 

Excavation  and  l>ipe   lay- 
ing        1.7.i5 

Rock,    extra    1.047 

Back  nilirg 717 


Total  la!K)r   $4.4S4 

».irand   total,  material  and 
labor    $6,729 


$0.o90» 

.052 
.290 
.012 

$0,944 

ji  (1.050 

1.940 

2. 082 

.624 

$4,690 

$.j.640 


$0,580* 

.052 
.246 
.012 

$0,890 

$0.1)50 

■1.S50 

1.265 

.605 

$3,770 

$4.6611 


$0,370* 

.040 
.21s 
.009 

$0,627 

$0,027 

1.5:10 

1.006 

..il5 


$3.13S 
$3.7.35 


*Pipe  and  branches.  fBrick  with  concrete  bottom  and  cast  iron 
cover,  cost  .$70  each. 

Job  No.  1  consisted  of  1,780  ft.  of  24-in.  vitrified  pipe  sani- 
tary sewer  with  7  manholes.  The  average  cut  was  9%  ft.  in 
hard  pan,  shale  and  trap  rock.  The  total  excavation  was 
2,350  cu.  yd.  with  867  cu.  yd.  of  rock  extra. 

Job  No.  2  consisted  of  2,970  ft.  of  sanitary  sewer,  107  tl-in. 
branches,  and  12  manholes.  The  average  depth  was  10  ft.  in 
hard  pan.  shale  and  trap  rock,  with  the  latter  close  to  the 
surface  in  places  and  varying  3  to  5  ft.  in  thickness  between 
shoals.  The  total  excavation  was  3,260  cu.  yd.  with  1,550 
cu.  yd.  of  rock  extra. 

Job  No.  3  consisted  of  11.650  ft.  of  12-in.  sanitary  sewer 
laid  in  five  streets,  296  6-in.  branches,  and  41  manholes.  The 
average  cut   was  8%  ft.  in  hard  pan.  shale  and  trap  rock. 

Job  No.  4  covers  8  to  10  ft.  of  9-in.  sanitary  sewer  on  nine 
streets  with  284  6-ln.  Y-branches.  and  27  manholes.  The 
average  cut  was   8   ft.   in   hard  pan.   shale  and  rock. 

Owing  to  the  direction  of  veins  in  the  rock,  prac- 
tically the  whole  of  the  work  was  done  by  hand  except  the 
heavy  fill  on  backfilling,  which  was  done  by  steam  tractor 
shovel. 

The  water  main  construction  involved  the  laying  of  3,560 
ft.  10-in.,  7,070  ft.  of  8-in.,  and  11.600  ft.  of  6-in.  Class  C  cast 
iron  pipe.  All  the  materials  except  the  valves  were  imported 
from  the  United  States.  Cast  iron  pipe  and  fittings  cost 
$46.00  per  ton  (2,000  lb.)  on  car  Philadelphia.  Freight  and 
duty  brought  the  cost  to  $77.00  per  ton  on  car  2  miles  from 
line  of  work.     The  rates  of  pay  for  labor  were  as  follows: 

Per  hour, 
ct. 

Common  labor   |2 

Pipe  layers    35 

Foreman    "lO 

Single  horse  and  driver  y^ 

Double  team   ( " 

The  following  figures  represent  materials  and  laying  pipe 
and  not  excavation,  as  the  w^ork  was  done  under  separate 
contract  during  the  laying  of  sewers.  The  sewer  contract 
providing    for    the    back    filling   over   the   sewer   pipe    to -the 


depth  of  1  ft.  to  allow  the  water  main  10  be  laid,  the  sewer 
contractor  completing   the   backfllllng. 

lO-ln.  s.|n  (-In. 

main,  main,  m«ln 

,,   ,     .  ,                                                 |ii-r  lin.  ft.  per  lin.  ri  ixTlin.rt. 

-viaieriais:                                               „f  main.  of  main,  of  main. 

I'P«    •■•, $2,747  12.1140  J1.3h7 

tTate  valves  and  boxes' 109  .111  OilO 

Hydrants'   109  ii»  •       '\t% 

I.eadite- and  coal  oil  for  heater 080  .067  .Oil 

Total  materials   t3.04S  J2.3!n  tl.«2C 

l^abor: 
Cartage  from  cars  to  line  of  work'.  .$0,035  $0,025  $0,017 

Crading  trench,   pipe   laying,   packing 

pipe  in  trench,  testing 137  .378  .279 

Total  labor  $0,472  10.403  '$n:9S 

Crand  total  labor  and  material  $3,517  $2,740  $1,922 

'6  10-in.  double  gate  valves  anil  lioxes  at  $65  each,  and  6  6-ln. 
balance  valve  hydrants  (6  ft.  Illl)  at  $65  each,  with  10-fn.  main; 
19  S-in.  double  gate  valves  and  boxes  al  $41.50  each,  and  13  fi-ln. 
Iialance  valve  hydrants  at  $65.  with  8-in.  main:  22  6-ln.  dou>>li- 
yate  valves  and  boxes  at  $31.50  each,  and  22  6-ln.  balance  valve 
hydrants  at  $65.   with  6-in.   mains. 

-L,eadite  at  20  ct.  per  lb. 

'Cartage  at  $1  per  ton. 

Ernest  Drinkwater.  Montreal,  Que.,  was  consulting  engi- 
neer for  the  town  of  Montreal  South,  Que. 
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Ft.    Wood    Stave    Pipe    Used 
in  Ontario  Power  Com- 
pany's Extension 

The  Ontario  Power  Co..  of  Niagara  Kails.  Out.,  has  recently 
completed  an  extension  to  its  plant  which  will  increase  the 
capacity  by  40,000  to  50,000  hp.  One  of  the  unique  features 
about  this  addition  is  the  use  of  a  13.5  ft.  diameter  wood 
stand  pipe  which  is  one  of  the  largest  ever  built.  .Another 
unusual  feature  is  the  differential  surge  tank.  It  has  the 
greatest  diameter  and  height  of  any  similar  tank  not  equipped 
with  an  auxiliary  spillway. 

A  rather  complete  description  of  this  plant  appeared  re- 
cently in  The  Contract  Record  and  the  following  notes  are 
of  interest: 

The  construction  of  this  extension  involved  the  excavation 
of  133,000  yd.  of  earth  and  14,000  yd.  of  rock  to  permit  the 
placing  and  erection  of  a  13.5  ft.  diameter  wood  stave  pipe 
i;,700  ft.  long,  a  13.5  ft.  diameter  steel  distributor  179,5  ft 
long,  a  60  ft.  diameter  steel  differential  surge  tank  94  ft. 
high,  four  Johnson  hydraulic  operated  valves,  two  10.5  ft. 
diameter  penstocks  and  two  20,000  HP.  turbines  with  direct 
connected  generators,  also  the  erection  of  the  additional 
power  house  to  house  these  units. 

No.  3  conduit,  the  one  recently  constructed,  is  13.5  ft,  in- 
side diameter.  The  staves  are  of  B.  C.  fir  4  in.  thick  by  6  in. 
wide  and  banded  with  %  in.  diameter  steel  bands,  in  two 
sections  with  two  shoes.  The  pipe  is  carried  on  timber  sad- 
dles spaced  on  4%  ft.  centers  except  where  the  pipe  is  con- 
creted in  place.  Connection  is  made  with  the  20  ft.  diam- 
eter thimble  at  the  gatehouse  by  means  of  a  reinforced  con 
Crete  reducer  25  ft.  long.  The  connection  between  the  wood 
stave  pipe  and  the  concrete  reducer  is  made  by  means  of 
another  steel  thimble  13.5  ft.  in  diameter  and  0  ft.  long. 
This  thimble,  which  projects  2  ft.  from  the  concrete  reducer.  ■ 
extends  It^  ft.  into  the  wood  stave  barrel.  Connection  with 
the  surge  tank  and  penstocks  is  made  by  means  of  a  steel 
distributor,  13.5  ft.  in  diameter  and  179.5  ft.  long.  The  sad- 
dles used  to  support  the  pipe  are  built-up  timber  sections  and 
are  so  constructed  as  to  make  a  continuous  form  for  the 
lower  half  of  the  pipe.  Mud  sills  were  used  through  the 
earth  cut  and  omitted  in  the  rock  cut. 

The  excavation  for  the  trench  for  the  wood  stave  pipe  was 
handled  from  the  cut  by  shovels,  derricks  and  locomotive 
cranes.  A  portion  of  the  excavation  was  deposited  along  the 
sides  of  the  cut  for  back-fill  while  the  "remainder  was  placed 
on  dumps  located  at  convenient  points. 

The  capacity  of  the  wood  stave  conduit  is  2,750  cu.  ft.  per 
second,  giving  a  velocity  of  19.2  ft.  per  second  based  on 
C  =:  135  in  the  Hazen  and  Williams  formula.  Under  such 
conditions  there  will  be  a  total  loss  in  the  conduit,  from 
gate  house  to  penstock,  of  32  ft  Under  such  conditions  the 
capacity  of  the  pipe  will  be  approximately  45,000  turbine  hp. 
With  a  co-efficient  of  C  =  150,  which  is  within  the  limits  of 
po.ssibility,  and  the  same  total  loss  of  32  ft.,  the  discharge 
capacity  would  be  2.930  cu.  ft.  per  second  with  a  velocity  of 
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20.5  ft.  per  second  and  would  give  approximately  48,000  tur- 
bine horse-power. 

A  coefficient  of  roughness  of  100  was  used  in  figuring  the 
losses  in  the  steel  penstocks.  The  use  of  this  co-efficient 
was  based  on  the  results  of  tests  ou  the  other  penstocks. 

The  surge  tank  is  of  the  Johnson  differential  type,  60  ft. 
outside  diameter  and  78  ft.  high.  The  tank  is  built  of  steel 
plate  varying  in  thickness  from  Vi  in.  plate  at  the  top  to  1 
in.  plate  at  the  bottom,  while  the  internal  riser,  12  ft.  in 
diameter  and  60  ft.  high,  is  built  of  %  in.  plate.  The  roof 
for  the  tank  is  constructed  of  steel  roof  trusses  with  wood 
covering.  Anchors  with  turnbuckle  connect  the  trusses  with 
the  riser  to  prevent  vibration  during  load  changes.  The 
steel  bottom  of  the  tank  is  constructed  of  Vz  in.  flat  plates, 
field  riveted,  resting  on  a  carefully  leveled  2  in.  grout  course 
spread  over  a  thin  concrete  footing  poured  on  the  solid  rock. 

The  water  wheels  are  double  runner,  central  discharge 
turbines  with  spiral  casings,  running  at  187.5  r.p.m.  and  de- 
livering 20,000  hp.  under  ISO  ft.  head.  The  turbine  gates  are 
operated  by  vertical  servo-motors  which  are  controlled  by 
actuators  mounted  on  the  gallery.  These  actuators  are 
equipped  with  distance  speed  controllers,  hydraulic  hand 
controllers,  gate  limiting  device,  manual  speed  adjuster,  gate 
opening  indicator  and  tachometer.  The  pressure  oil  for 
operating  servo-motors  is  furnished  by  a  helical  gear  rotary 
pump,  delivering  62.5  gal.  per  minute  against  200  lb.  pressure. 
The  sump  tanks  are  each  of  350  gal.  capacity  and  are  pro- 
vided with  screens  for  cleaning  the  oil  before  it  is  returned 
to  the  pressure  tank. 

The  new  construction  was  carried  out  under  the  direction 
of  the  technical  staff  of  the  Hydro-Electric  Power  Commis- 
sion of  Ontario,  of  which  Sir  Adam  Beck  is  chairman  and 
P.  A.  Gaby  is  chief  engineer. 


Tests  of  Paints  for  Interior  Surface 
of  Iron  Standpipes 

Comparative  tests  of  various  paints  used  in  painting  the 
inside  of  an  iron  water  tank  are  summarized  in  a  paper  pre- 
sented last  week  at  the  36th  annual  convention  of  the  New 
England  Water  Works  Association  by  Charles  W.  Sherman, 
of  Metcalt  &  Eddy,  consulting  engineers,  Boston.  The  ex- 
periments were  made  by  Mr.  A.  H.  Keen  of  Philadelphia 
and  consisted  in  painting  two  standpipes  with  vertical  stripes 
of  different  kinds  of  paint  and  observing  the  conditions  after 
two  or  three  years'  service.  Mr.  Ke'en's  report,  which  is 
given  as  an  appendix  to  Mr.  Sherman's  paper,  is  as  follows: 

To  obtain  better  information  as  to  a  .suitable  paint  for  pro- 
tecting iron  under  water,  tlie  writer  decided  to  paint  the  inside  of 
a  standpipe  with  different  paiiit.s,  for  experiment.^1  purposes. 

The  first  samples  were  applied  in  Augu.st.  in09,  the  iron  being 
carefully  cleaned  with  wire  brushes,  and  loose  scale  chipped  to 
clean  iron. 

Our  experiments  have  been  applied  particularly  to  the  inside 
of  the  tank,  as  we  have  found  that  the  outside  can  be  protected 
by  a  good  lead,  iron  oxide  or  graphite  paint,  which,  if  of  proper 
quality  and  properly  applied,  will  protect  the  iron  for  at  least  5 
years,  unless  subject  to  unusual  conditions.  Usually  the  appear- 
ance of  the  outside  will  call  for  painting  before  the  necessity. 

In  1910  a  smaller  tank  than  the  first  one  used  for  experiments 
was  erected,  and  this  was  painted  on  the  inside  with  diffeernl 
paints,  and  is  still  being  used  for  experimental  purposes,  as  it  is 
more  accessible  than  the  first. 

The  kinds  of  paint  applied   to   the  two   lank.s,   and   the   results 

found  by  inspection,  are  listed  in  Tables  I  to  IV — Tables  I  and  II 

covering  the  first  tank,  and  Tables  III  and  IV  covering  the  second 

lank.     The  names  of  manufacturers  of  the  various  paints  used  have 

been  omitted. 

TABIjE    I. 

Taiil:   -'.0  It.   in  diameter  by  BO  ft.  in  height.     Samples  about  25  ft. 
in  width  by  50  ft.  in  height. 

, Condition ^ 

Date  f)f   inspection. 
Tank  half  full 

op  water, 
April  27,  1911. 
Ooid 
Bad 
Bad 

Very  bad 
Very  bad 
TABLE   II. 

Samples  about  8  ft.  in  width  by  50  ft. 
in   heig'ht. 

D.ate  of  inspection ^ 

Tank   half  full,        Tank   empty. 
May,  1914.  May,    1916. 

Vcrv  good        Very  good    (best) 
....         ^^erv  bad  Fair 


Kind  of  paint.    Two  coats. 
Date  applied,  August,  1909, 

Iron  oxide   

Iron  oxide   

Graphite — black    

Asphalt  um — black 


1. 

2. 

M. 

-I,  _ 

6.  Portland  cement  (brushed  on) 

Same  tank  as  Table  No 


Tank   empty. 
September,  1912. 
Pair 
Bad 
Bad 

Very  bad 
Very  bad 


I. 


Date  anplied. 
September.  1912. 

1.  Oxide  of  iron — red.... 

2.  Oxidei  of  iron — black. 


Very  bad 

Very  bad 

Fab- 

Bad 

Fair 

Bad 

Very  bad 

Very  bad 

Very  bad 

Fair 

Very  bad 

Fair 

Fair 

Good 

Good 

Very  bad 

Fai- 

Fair 

Fair 

Bad 

Verv  bad 

Bad 

Very  bad 

Very  bad 

Good 


Good 


3.  Tar  base — black   

4.  Oxide   of  iron — red 

5.  Oxide   of   iron — red 

6.  Pitch — black    

7.  Graphite — carlion    

8.  Graphite — carbon   

9.  Oxide   of   iron — red 

10.  Car.  coating — black 

11.  Oxide   of   iron — red 

1 2.  Oxide   of   iron — red 

13.  Oxide   of   iron — red 

14.  Tar— black     

15.  Red  lead,  first  coat;  metallic 

brown,  .second  coat 

1.6.  Fle.xible  tank,   oxide   of   iron 

— red  Good  Good 

Repainted  May,  1916,  with  iron  oxide  paint,  and  experiments 
discontinued. 

TABLE  III. 

Tank  .30  ft.   in  diameter  by  39  ft.  in  height.     Samples  about  16  ft. 

wide  and  39   ft.  high.    Painted  May,   1910. 

, Condition , 

Date    of    inspection. 
Paint  two  coats.  Tank  half  full      Tank  empty, 

of   water,  September, 

February,    1911.  1914. 

1.  Graphite    Bad  Bad 

2.  Rubber    paint Bad  Bad 

3.  Oxide    of    iron — red Good  Very  good 

4.  Oxide    of    iron — red Pad  Bad 

5.  Red  lead  (1).  metallic  brown  (2)  Fair  Good 

6.  Oxide    of    iron — red Good  Bad 

TABLE  IV. 

Same    tai;lv    a.s    Table    III,    repainted    on    inside,    September,    1914. 

Twelve  samples  about  S  ft.  by  39  ft.  in  height. 

Inspected  Decem- 
ber  26,    1916. 
Kind  of  Paint — Two  coats.  Tank  half  full  of 

water. 

1.  Oxide  of  iron — red Good 

2.  Pitch— black     Bad 

3.  Oxide   of  iron — red Bad 

4.  Asphalt  and  Portland  cement Bad 

5.  Red  lead,  first  coat;  metallic  brown,  second 

coat — brown  Very  good 

6.  Red    lead    lute,    first    coat,    metallic;    second 

coat,  brown    Bad 

7.  Oxide  of  iron — red Bad 

8.  Tank  paint,  pitch — black Bad 

9.  Tank  paint,  oxide  of  iron — red Bad 

10.  Roof  coating' — pitch — black Bad 

11.  Tank  paint — oxide  of  iron — red Good 

12.  Sticktile  No.  3  pitch  (black) Bad 

Samples    marked    "Good"    and    "Very  good"    had   comparatively 

few  tubercle-s  on  surfa.ce  and  no  scaling  or  blistering.  Samples 
marked  "Fair"  had  more  tubercles  and  some  scaling  and  blistering. 
Samples  marked  "Bad,"  the  surface  was  fairly  well  covered  with 
tubercles  and  some  blistering  and  separations  had  taken  place. 
Samples  marked  "Very  bad,"  the  surface  was  generally  covered 
with  tul)ercl'?s  and  the  paint  badly  scaled  and  very  badly  blis- 
tered. In  the  painting  of  September,  1914,  the  red  lead  and  me- 
tallic brown  paint  used  was  mixed  on  the  ground  by  our  chief 
painter  and  the  best  quality  of  everything  was  used. 

In  commenting  on  the  report  Mr.  Sherman  states: 
"The  only  paints  which  gave  reasonably  good  service  were 
a  red  oxide  of  iron  paint,  and  red  lead. 

"Most  of  the  paints  used  were  undoubtedly  proprietary 
articles,  and  although  one  red  oxide  of  ii-on  paint  showed 
■good'  or  'very  good'  results,  several  others  characterized 
the  same  way  in  his  tabulation  gave  'bad'  or  'very  bad'  re- 
sults. It  is  to  be  noted,  too,  that  red  lead  when  used  was 
employed  only  in  the  first  coat,  yet  the  results  were  charac- 
terized as  'good'  or  'very  good.'  It  is  not  impossible,  there- 
fore, that  two  or  three  coats  of  red  lead  would  have  shown 
better  protection  than  any  of  the  other  paints." 


Typhoid  Death  Rates  in  1918. — The  annual  survey  of  the 
Journal  of  the  American  Medical  Association  of  typhoid 
death  rates  in  American  cities  of  more  than  100,000  popula- 
tion, shows  that  in  1918  22  first  class  cities  out  of  the  60  cov- 
ered by  the  report  have  rates  under  5  per  100,000.  These 
cities  were: 

Chicago    1.4 

Lowell,  Mass l.S' 

Rochester,  N.  Y ; 1.9 


Pater.son,  N.  J 2.1 

Seattle    2.3 

Boston   2.5 

Cambridge,    Mass 2.7 

Los    Angeles 2.8 

Philadelphia  3.0 

Newark.  N.  J 3.5 

St.    Paul 3.5 


Springfield.    Mass 3.6 

Camden.   N.  J 3.6 

New    York 3.7 

Bridgeport,    Conn 3.9 

Cincinnati   4.1 

■Jersey   City 4.1 

Providence,  R.  1 4.5 

San  Francisco 4.6 

\Vorcester,    Mass 4.6 

Oakland,    Calif 4.7 

Cleveland    4.9 


Union     Wages    for    San     Francisco    City    Draftsmen. — The 

Board  of  Public  Works  of  San  Francisco  has  approved  the  rec- 
ommendation of  City  Engineer  M.  M.  O'Shaughnessy  that  the 
union  wage  scale  be  granted  to  draftsmen,  surveyors,  inspec- 
tors and  others  in  the  city  engineer's  department  who  belong 
to  the  newly  organized  engineer's  union.  One  hundred  men 
in  the  city  engineer's  department  are  affected.  The  addi- 
tional appropriation  to  meet  salary  increases  will  amount  to 
$77,000  a  year. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydraulic  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


The  Managerial  Law  of  Inspection 

and  Constructive  Criticism,  with 

Special  Reference  to 

Waterworks 

By  HALBERT  P.  GHX-ETTE,  Editor. 
In  scientific  management  there  is  a  principle  tliat  may  be 
called  the  law  of  inspection  and  constructive  criticism.  To 
secure  maximum  economy  all  work  must  be  systematically 
inspected  and  analytically  studied  by  an  impartial  critic,  and 
the  results  ot  the  inspection  must  be  made  known  to  the 
worker. 

This  rule  is  violated  to  some  extent  in  nearly  every 
organization,  but  nowhere  more  often  than  in  municipal  gov- 
ernments. Take,  for  example,  the  water  works  departments 
of  cities.  The  plant  is  designed  and  operated  by  men  whose 
work  is  rarely  given  a  critical  review  by  disinterested,  com- 
petent critics.  As  chief  executive  the  mayor  should  either 
perform  this  critical  function  or  delegate  it  to  some  one  to 
perform;  but  how  often  does  he  do  so?  The  president  of  a 
water  works  company  is  usually  rather  alert  in  watching 
operating  methods  and  costs,  and  to  that  extent  is  a  con- 
structive critic,  but  he  usually  lacks  engineering  knowledge 
and  is,  therefore,  not  a  competent  critic  of  the  design  ot  the 
plant.  In  most  cases  he  trusts  entirely  to  an  engineer  or  a 
superintendent  whom  he  employs,  and  to  that  extent  he  vio- 
lates the  law  of  management  above  given;  for  the  engineer 
or  superintendent  who  is  responsible  for  the  plant  design  is 
not  a  disinterested  critic  of  the  design.  Of  course  he  is 
prejudiced  in  his  own  favor,  and  believes  that  he  has  designed 
an   economic   plant. 

Fortunately,  we  are  in  a  position  to  establish  conclusively 
the  fact  that  the  design  ot  most  water  works  plants  is  sus- 
ceptible of  improvement,  for  it  happens  that  there  exists  an 
organization  whose  business  it  is  to  inspect  such  plants,  and 
the  inspections  thus  far  reported  show  invariably  many  de- 
fects of  design.  We  refer  to  the  Committee  of  Fire  Pre- 
vention and  Engineering  Standards  of  the  National  Board  of 
Fire  Underwriters,  76  Williams  St.,  New  York  City.  Mr. 
George  W.  Booth  is  chief  engineer  ot  this  committee.  Else- 
where in  this  issue  we  have  abstracted  from  his  Report  No. 
151  certain  constructive  criticisms  ot  the  city  water  works 
of  Fort  Wayne,  Ind.  In  reading  those  criticisms  bear  in 
mind  that  Mr.  Booth's  sole  object  was  to  indicate  wherein 
the  water  works  plant  is  defective  tor  fire  protection  pur- 
poses. Had  he  reported  on  economic  detects  of  all  sorts,  can 
there  be  any  doubt  that  he  would  have  discovered  a  much 
greater  number? 

The  public  service  commissions  of  different  states,  notably 
Wisconsin,  have  repeatedly  pointed  out  economic  defects  in 
many  water  works  departments,  such,  for  example,  as  mad- 
equate  maps  and  construction  records.  They  have  also 
shown  that  accounting  records  are  often  woefully  primitive. 
So  frequently  have  such  defects  been  mentioned  that  there 
can  be  little  doubt  that  not  a  water  works  department  exists 
in  America  that  would  not  be  benefited  by  the  criticism  of  a 
disinterested  hydraulic  engineer.  The  writer  has  appraised 
a  number  ot  water  works,  and  in  every  case  has  seen  gross 
errors  of  design  and  operation.  He  has  talked  with  many 
other  appraisers  whose  experience  has  been  the  same. 

It  should  not  be  interred  that  water  works  departments 
are  worse  than  any  other  municipal  departments.  They  are 
probably  all  equally  susceptible  of  improvement.  Nor  should 
it  be  Interred  that  private  corporation  management  is  free 
from  defects.  There  are  altogether  too  many  executives 
in  every  branch  of  every  business  who  fail  to  apply  the  law 
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ot  inspection  and  constructive  criticism.  How  often,  for 
example,  is  the  location  of  a  railway  line  carefully  reviewed 
and  criticised  by  a  consulting  railway  engineer?  The  ques- 
tion is  quickly  answered  upon  seeing  how  very  few  engi- 
neers specialize  as  railway  consulting  engineers.  Indeed,  the 
total  number  of  consulting  engineers  ot  all  kinds  Is  so  small 
as  to  show  the  scant  respect  that  now  exists  for  the  law 
ot  inspection  and  constructive  criticism. 

It  is  natural  that  an  engineer  or  superintendent  should 
not  invite  a  critical  review  of  his  own  work,  for  If  he  in 
a  capable  man  he  feels  great  confidence  in  his  own  perform- 
ance, and  if  he  is  not  capable  he  shuns  criticism.  Executives 
dislike  to  insist  upon  having  a  disinterested  criticism  of  the 
work  of  heads  of  departments,  for  fear  ot  creating  the  Im- 
pression that  tliey  lack  confidence  in  those  heads.  Neverthe- 
less, they  expect  those  very  heads  to  be  critical  of  the  work 
ot  their  subordinates.  Perhaps  much  of  the  opposition  to 
constructive  criticism  of  "the  higher-ups"  would  vanish  were 
it  more  generally  realized  that  scientific  knowledge  In  every 
specialty  has  far  outgrown  the  capacity  of  any  single  brain, 
no  matter  how  studious  and  retentive  that  brain  may  be. 
Greater  clarity  of  thinking  would  result  were  it  also  gen- 
erally realized  that  all  the  indexes  of  technical  literature 
are  so  defective  as  to  be  untrustworthy  in  any  exhaustivn 
search  for  data.  It  is  often  said  that  a  technical  man's 
knowledge  is  ot  two  kinds,  that  that  he  knows,  and  that 
that  he  knows  where  to  find.  The  inference  is  that  any 
well-trained  man  can  readily  find  all  necessary  information 
on  anything  that  he  can  not  remember;  but  it  can  not  ordi- 
narily be  done.  The  result  is  that  two  engineering  heads 
are  invariably  better  than  one,  it  both  have  had  an  equal 
number  of  years  of  experience  in  the  same  specialty  and 
have  been  equally  studious.  Hence  it  follows  that  no  engi- 
neer, however  brilliant  in  mind  or  broad  in  experience,  can 
logically  resent  having  his  work  reviewed  by  an  independent 
specialist.  Indeed,  every  conscientious  engineer  .should  not 
only  welcome  such  a  review  of  his  work,  but  should  request 
it.  I  am  not  speaking  merely  ot  subordinates  but  of  the  men 
at  the  heads  ot  departments.  And  of  course  what  is  tnio  of 
engineers  is  true  of  every  class  of  men  engaged  in  design- 
ing or  operating  plants.  .  .      ,     , 

The  incentive  of  profits  usually  leads  the  owners  of  private 
plants  to  do  a  good  deal  ot  constructive  criticism  of  their 
executives,  and  a  very  wholesome  thing  it  is  for  any  busi- 
ness. But  this  incentive  is  lacking  in  government;  hence 
the  peculiar  need  of  creating  departments  whose  sole  func- 
tion is  to  criticise.  "Efficiency  bureaus"  have  been  estab- 
lished in  a  tew  cities.  Every  city  should  have  one.  In  addi- 
tion, consulting  engineers  and  efficiency  experts  should  be 
called  in  periodically  from  the  outside,  and  many  other  steps 
should  bo  taken  to  secure  the  benefit  ot  the  knowledge  of 
in    solving    every    important 


several    specialists 
problem. 


economic 


Repairing     Leaks 
passed  last  year  by 


in  Service  Pipes.— ^Vn  ordinance  was 
the  city  council  of  Harrisburg,  Pa.,  re- 
quiring "that  Vll  leaks  or  breaks  in  service  pipes  be  repaired 
by  the  owners  or  occupants  of  the  premises  supplied  within 
72  hours  after  notice  from  this  department;  providing  a 
penalty  tor  failure  to  do  so;  authorizing  the  department  to 
make  the  necessary  repairs  in  certain  cases  and  to  collect  the 
cost  thereof  from  the  owner  or  occupant  of  the  premises; 
and  also  authorizing  the  department  to  cut  off  the  water 
supplv  until  the  repairs  are  made  or  paid  for.  This  ordinance 
was  "intended  to  do  away  with  the  constant  supervision 
usually  needed  when  leaks  had  been  reported  by  the  inspec- 
tors and  to  set  a  definite  time  for  necessary  repairs  to  be 
made. 
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Cost  of  Engineering  Work  for 

Maintenance  and  Operation 

of  Large  Irrigation  Project 

By  H.  M.  CHADWICK, 

Assistant   Chief   Engineer,    Valier-llontana   Land    &   Water   Co. 

The  Valier  Project  is  a  130,000  Carey  acre  irrigation  project, 
located  in  Pondera  County  in  nortliwestern  Montana.  A  por- 
tion of  the  project  has  been  in  operation  since  1912.  In 
1914  the  original  construction  worlt  was  furnished,  and  by 
1916  colonization  had  progressed  to  such  an  extent  that 
maintenance  and  operation  activities  occupied  by  far  the 
majority  of  time  spent  by  the  Engineering  Department.  Much 
addition  and  betterment  work  developed  later  in  the  season. 
All  engineering  work  since  191.5  has  been  done  from  Valier, 
Mont.,  the  field  parties  using  Ford  cars  with  delivery  bodies 
as  the  means  o'  transportation. 

The  engineering  work  connected  with  the  operation  and 
maintenance  of  a  large  irrigation  project  consists  of  many 
different  classes,  no  single  piece  of  work  is  likely  to  be  of 
much  magnitude  from  a  standpoint  of  size,  except  in  the 
case  of  a  large  addition  and  betterment  job.  This  condiiton 
makes  it  necessary  for  the  field  parties  to  jump  here  and 
there  over  the  project,  and  take  up  sometimes  three  or  four 
different  classes  of  work  a  week.  The  proposition  of  obtain- 
ing unit  costs  under  these  conditions  is  rather  more  difficult 
than  during  construction  days  when  a  field  party  would  be 
occupied  for  weeks  at  a  time  on  one  class  of  work. 

An  engineering  order  system  was  evolved  whereby  each  job 
is  covered  by  an  engineering  order,  showing  a  number,  the 
canal,  reservoir,  structure  or  land  involved,  the  class  of 
work,  and  the  information  regarding  the  necessity  for  the 
survey.  This  order  is  then  given  the  chief  of  party,  who 
consults  the  records,  referring  to  the  original  construction,  or 
the  original  land  classification  survey,  as  the  case  may  be, 
and  obtains  all  data  bearing  on  the  case.  After  completing 
the  field  work,  the  field  salary  cost  is  placed  upon  the  order 
and  turned  to  the  drafting  room.  After  its  passage  through 
the  drafting  room  it  contains  the  additional  costs  accrued, 
and  finally  emerges  as  a  statement  of  the  work  performed, 
all  references  thereto,  and  the  salary  costs.  At  the  end  of 
the  month  the  proportionate  amount  of  engineering  expense, 
transportation  and  overhead  is  pro-rated  to  each  order  to 
obtain   the  grand   total   cost  of  the  job. 

A  monthly  cost  distribution  and  time  sheet  was  designed 
to  better  enable  the  men  to  distribute  their  time  to  the  proper 
classifications.  The  chief  of  party  is  supplied  with  time 
sheets  for  each  man,  as  is  also  the  office  engineer  for  his 
men.  These  sheets  show  the  numljer  of  each  engineering 
work  order,  its  classification  and  the  time  and  portion  of 
the  salary  chargeable  thereto.  The  usual  field  party  con- 
sists of  four  'men,  namely,  the  chief  of  party,  instrument- 
man,  one  rodman,  and  one  chainman,  the  rodman  acting  as 
a  chainman  while  making  measurements. 

A  large  amount  of  the  work  covered  by  engineering  orders 
Is  of  such  a  nature  that  it  would  be  difficult  to  divide  it  into 
units.  Only  those  costs  actually  incurred  and  chargeable 
against  the  units  are  used.  There  remains,  therefore,  a 
good  proportion  of  the  yearly  payroll  which  is  not  applicable 
to  work   involving  units. 

The  construction  of  new  structures  and  new  canals  is 
considered  as  addition  and  betterment  work;  this,  and  the 
yearly  maintenance  work,  on  canals  and  structures  is  done 
by  company  outfits  under  the  direction  of  the  superintendent 
of  maintenance.  Estimates  of  material  needed,  detailed  plans 
and  the  necessary  information  as  to  location,  etc.,  of  the 
staked  structure  or  the  canal  staked  for  cleaning  are  fur- 
nished by  the  engineering  department  to  the  superintendent 
of  maintenance.     Reports  of  materials  used  are  furnished  by 


the   foreman  in  charge  and  much  of  the  inspection   is  done 
by  the  superintendent  of  maintenance. 

The  following  tables  give  the  unit  costs  for  the  years  1916, 
1917,  191S,  and  the  salaries  of  the  men  who  performed  the 
work.  There  is  also  given  the  computed  percentage  of  the 
salary  cost  occupied  by  the  cost  of  transportation,  engineer- 
ing expense,  and  overhead.  This  percentage,  when  added  to 
the  salary  costs,  gives  the  total  cost  of  the  work,  and  is  so 
represented  by  the  unit  costs  as  shown. 

MONTHLY    SALu'VRIES    OF    ENGINEERING    FORCE. 

1916. 

Chief  of  party $120 

Instrumentnian 90 

Rodman     80 

Chairman     80 

Office  engineer    

Draftsman     100 

Drillman    

Helper    

Tlie  cost  of  transportation,  all  eng'inceringr  expense  and  over- 
head wa.=!  4-1  per  cent  of  salary  costs  in  1916:  50.1  per  cent  of  salary 
<usts  in  1917  and  47.7  per  cent  of  salary  costs  in  1918. 

The  item  of  auger  holes  mentioned  in  the  unit  costs  for 
1917  covers  the  boring  with  6-in.  augers  in  a  soil  composed 
of   loam,   clay   and   some    sand.     Some   of   these   holes   were 


1917. 

1918. 

$150 

$160 

130 

140 

105 

100 

90 

90 

150 

160 

130 

150 

130 

130 

120 

120 

Field  Book  No I>a 


..191     ..  Regular  Case 
191 Special  Case 


('omiilaiiit  or  rcqiilrempiil 


Work    tr.   Ill'  .1.11 


Heferrod  to  assistant  engineer  by  assistant  chief  engineer 

Fifld  work  101    .     Hours  Field  work  completed... 


...191... 
.191... 


■  Total  Time Hours  Cost,  $... 


r>''>icriiition  of  work   performed,  difficulties  encountered,   agreement.'*   desired   by    farmer,   elc 


A  sat.  Eng'r. 

R.-f.tr.il  to  Office  Engineer  by  As-islstant  Chief  Engineer 191. 

iiffi.-(>  work  101.        Hours  By 

191.  -         ■•         " 

191.  -.,       "         ■' Total Hours 

Office  work  cbecked  by 191 Cost  $. 

I)i\-<crlptlon  of  office  worlc 


H.'fcrred  to  assistant  chief  engineer... 
Itemurks 


Ut'ferred  to  Chief  Engineer 191 

Itomiirks 


...„.J91 

.A><istaDt  Chief  Engineer 


Engineering    Work    Order    Form;    Actual    Size    6x11    In. 

The  duplicate  of  the  eng-ineering:  order  showing"  the  results  of 
the  survey,  the  office  work,  and  the  advice  of  the  engineering' 
department  regarding  the  work,  and  to  which  are  attached  the 
necessary  plans  and  bills  of  material,  is  given  to  the  maintenance 
department  by  the  assistant  chief  engineer.  Prom  the  data  con- 
tained thereon  a  construction  work  order  is  issued  by  the  main- 
tenance department,  which  must  contain  the  signature  of  the  chief 
f^ngineer,  as  authority  for  the  expenditure.  The  construction  work 
order  is  then  given   to  the  foreman,   to-  whom  the  job  is  assigned. 


Classification. 


UNIT  COSTS  OF  ENGINTiJERlNG  WORK. 
Unit. 


Canal  grades  Mile 

Hig'hland   ..Acre*' 

„_,    ,,     ^       .  Acre   credit 

Small  structures   Structure    .... 

Fence  lines  Mile 

Farm  laterals   ,..'..."  Mile   

New  laterals   '\\'  Mile  

Auger  holes   .'.'.'....'.'  Feet 

Drill   holest    '.'.'. '.'.....*.  Feet    

*Acre  of  gross  acreage  Involved.' * 'tCalyx  core'driu' holes. 


, Cost  in  1916 

, Cost  in 

1917 V 

, Cost  in  1918 ^ 

Xumber 

Unit 

Nunii>er 

Unit 

Xumber 

Unit 

of  units. 

f'0.*^t. 

of  units. 

cost. 

of  units. 

cost. 

19.48 

$6.2S 

199.S9 

116.38 

46.05 

$17.61 

1.640 

.166 

i.S40 

.198 

11,600 

.177 

234.37 

1.16 

255.64 

3.7S 

852.82 

2.42 

61 

3.11 

32 

4.67 

389 

6.64 

12.7.'-, 

4.90 

17 

8.57 

17 

12.42 

18.60 

5.38 

28.93 

14.96 

211.55 

S.15 

.... 

1.5 

32.38 

4.2 

66.9.3 

1.261 

.50 

202 

'2.34 
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bored  to  a  depth  of  20  tt.  by  using  a  tripod  derrick  to  steady 
the  pipe  when  the  auger  was  withdrawn  with  its  load. 

The  item  designated  as  calyx  core  drill  holes  In  unit  costs 
for  191S  covers  work  done  to  determine  the  nature  of  various 
strata  and  the  position  of  the  water  table.  These  holes 
were  drilled  with  a  type  G.  O.  calyx  core  drill  which  is  sold 
as  a  hand  driven  drill,  but  which  was  connected  up  with 
a  gasoline  engine.  This  drill  has  a  2V^-in.  bit.  The  material 
encountered  was  clayey  loam  top  soil,  gravel  and  finally 
cement  gravel.  The  nature  of  the  material  precluded  any 
speedy  progress.    The  maximum  depth  drilled  was  IS  ft. 

The  item  designated  as  highland  consists  of  a  survey  to 
determine  the  classification  of  land,  as  to  irrigable,  high, 
waste,  meadow,  and  grazing.  Since  the  original  classification 
was  made  in  1911  and  1912,  all  later  surveys  are  in  the  nature 
of  a  check  on  the  original  work  and  revisions  thereof.  It 
is  necessary  to  assemble  all  the  original  data,  investigate 
the  ground,  possibly  retrace  a  portion  of  the  old  survey,  run 
the  highland  boundary  ditches,  establish  boundaries  of  the 
land  classified  as  waste,  meadows,  etc.,  and  make  a  transit 
location  of  same,  after  which  the  work  is  plotted  up  and  the 
revision  noted  on  all  records. 

It  will  be  noted  that  there  are  two  different  units  and  unit 
costs  appearing  against  this  item,  one  entitled  "Acre  of 
Gross  Acreage  Involved,"  and  the  other,  "Acre  Credit."  The 
former  represents,  as  an  example,  the  40  acres  contained 
within  a  one-sixteenth  section  upon  which  a  reclassification 
survey  was  made,  while  the  acre  credit  represents  the  acre- 
age credited  back  as  non-irrigable  and  reclassified  as  either 
high  waste,  grazing  or  meadow.  To  compute  unit  costs  of  this 
class  of  work  on  a  basis  of  an  acre  of  gross  acreage  involved, 
is  to  the  writer's  mind,  the  fairest  way  to  handle  it,  the  acre 
credit  bearing  less  relation  to  the  amount  of  effort  or  work 
involved  than  does  the  acre  of  gross  acreage,  considering 
that  generally  the  entire  forty  must  be  investigated  before 
results  are  obtained,  whether  these  results  show  little  or 
much  credit. 

The  item  designated  as  small  structures  relates  to  turnouts, 
checks,  drops,  wasteways,  and  small  flumes  and  chutes. 
Standard  plans  were  designed  for  these  structures.  They 
are,  however,  changed  from  time  to  time  in  an  endeavor  to 
improve  their  efficiency  in  operation.  The  engineering  work 
consists  of  the  compilation  of  data  relative  to  the  canal 
wherein  the  structure  is  to  be  placed,  picking  up  station  num- 
ber, nearest  B.  M.,  setting  grade  hub  and  guard  stakes,  and 
designating  location   with  2x4   stake  ?,  in.  long,  painted   with 


canal,  station  number,  etc.  After  data  io  in  ofnce.  plan,  bill 
material,  duplicate  engineering  order,  and  memo  U  glv-n 
maintenance  department. 

Farm  laterals  consist  of  Investigation  of  original  highland 
data  and  plats,  examination  of  tract,  determination  of  moNt 
practical  arrangement  of  and  number  and  proximlnlty  of 
ditches,  proper  gradients  and  provision  for  waste.  This 
work  is  done  for  the  farm  upon  his  retiuest,  provided  time 
can  be  spared  from  regular  work.  Farm  lateral  ByHlomi)  are 
surveyed  on  lands  farmed  by  the  company  an  a  portion  of 
the  regular  work. 

Canal  grades,  for  cleaning  out  or  widening  exlHlIng  canalH, 
consists  of  setting  grade  stakes  or  cut  stakes  in  bottom  and 
fill  stakes  on  bank,  obtaining  exact  station  numbers,  eleva- 
tions and  dimensions  of  all  structures,  painting  station  num- 
bers on  structures,  setting  B.  M.'s  on  all  turnouts,  checks  and 
drops.  Duplicate  engineering  order  containing  the  necessary 
information  as  to  canal  section,  etc..  Is  given  the  maintenance 
department. 

New  laterals  consist  of  location,  cross  section,  computa- 
tion, inspection,  final  grades,  drawing  proftle,  plotting  align- 
ment and  noting  data  on  all  records.  The  necessary  struc- 
tures on  new  laterals  are  placed  under  the  beading  of  struc- 
tures. 

Fence  lines  consist  of  locating  the  necessary  subdivision 
corners,  and  setting  sights  for  line.  This  work  is  done  for 
the  farmer  upon  his  request,  provided  time  can  be  spared. 


Wages  of  Workmen  in  Steel  Mills. — Elbert  H.  Gary,  chair- 
man of  the  United  States  Stool  Corporation  board  of  direc- 
tors, testifying  Oct.  1  before  the  Senate  Committee  on  Edu- 
cation and  Labor,  investigating  the  steel  strike,  set  forth 
working  hours  in  the  corporation's  steel  mills  and  wage  ad- 
vances since  1914,  in  the  following  figures:  icmploycs. 

Twelve  hours ti'J,:g4 

Ten  hourp   199,8;'fi 

EiKl'.t   hours    SS.SOI 

MANUFACTfRINO   WAGES. 

I'.ill.  1S19. 

Averag-e  of  all $2.9S         $6.27 

-:*oaI    and    coke    works 2.74  i».20 

Iron  ore  work.s  2.7.'»  5.70 

Transportation    2.71  .'■«.n2 

rvli.scellaneous 2.26  4.4R 

.VVBRAGE  WAGES  I'ER  DAY, 
(Excluding   administration    and    selling,'   forCf.s. ) 

•TulN     I,    1'I19 .■ 16.27 

J;llv    1.    1!)13 .1.S3 

.ruiv  1.  i!n7 4.10 

.Tulv    1,    1!I16 3.2» 

.lulv   1.    :ai5 2.92 

Julv   1.    1914 2.8S 
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IVIonthly   Distribution  Sheet  for  Engineering  Time   Record  and  Cost  Distribution;  Actuat  Size  of  Sheet  9'/2Xl6  In. 
The    monthly   distribution    sheet    contains    main   office    numbers,  under  which  appear  various  classes  of  engineering- work.     The  rea- 
son for  this  is  that  the  main  office  books  show  a  general  distrib-jtion,   while  for  the   purrwse  of  unit  costs,   the  cnglneerins  depart- 
ment classifies  the  work  in  detail.  ,  , 
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Form  for  Reporting  Operations  and  Results 
of  Water  Purification  Systems 

The  present  plan  of  the  State  Board  of  Health  of  Wiscon- 
sin contemplates  active  general  supervision  over  all  water 
purification  systems  in  the  state.  The  report  form  illustrated 
below   has   been   prepared   for   the   purpose   of   keeping  the 


State  Board  of  Health 

Monthly  Summary  of  Operations  and  Results 
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before  that  one  of  our  greatest  natural  problems  is  the  eco- 
nomic production  and  distribution  of  goods.  And  the  great- 
est factor  in  this  problem  is  that  of  man  power  of  executive 
ability.  We  do  not  lack  devices  for  production,  systems  of 
credit,  methods  of  management — the  tools  to  work  with — but 
our  need  is  men  of  vision,  ability  and  force,  well  trained  in 
commerce,  finance  and  technology  to  direct  our  industrial 
organizations  and  cause  them  to  function  properly  in  all 
these  particulars. 

The  development  of  men  for  such  service  is  important  to 
the  public  welfare.  It  is  of  more  than  passing  interest, 
therefore,  to  note  that  the  Engineering  Schools  of  Columbia 
University  have  given  serious  consideration  to  this  question 
and  have  developed  a  plan  for  training  men  for  this  service. 
Some  years  past  Columbia,  appreciating  the  growing  impor- 
tance of  all  engineering  service  to  the  public  welfare  and  the 
increasing  responsibility  of  the  engineer  to  the  public,  raised 
its  requirements  for  attainment  of  its  engineering  degrees  to 
provide  a  more  liberal  education  in  the  arts  and  the  human- 
ities. It  provided  that  this  new  development  shall  also  stand 
on  the  same  broad  educational  foundation.  An  equivalent  of 
three  years'  college  training  will  therefore  be  required  of  all 
candidates  for  instruction  in  this  branch  of  service.  The  in- 
struction  under  the   supervision  of   the   engineering   faculty 
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board  informed  as  to  what  each  system  is  accomplishing. 
The  daily  results  of  treatment  are  tabulated  by  the  operators 
and  at  the  end  of  each  month  the  form  is  returned  to  the 
board  and  filed. 


Training  of  Industrial  Executives 

The  successful  conduct  of  manufacturing  enterprises  de- 
mands that  type  of  managerial  talent  which  fully  compre- 
hends and  effectively  co-ordinates  the  social,  commercial  and 
technical  forces  which  condition  the  life  and  prosperity  of 
such  institutions.  The  proper  embodiment  of  physical,  chem- 
ical and  mechanical  laws  in  industrial  processes  is  the  first 
essential  in  establishing  a  manufacturing  enterprise  upon  a 
good  technical  foundation. 

The  provision  of  those  conditions  which  release  the  cre- 
ative faculties  of  the  mind,  which  bring  about  the  co-oper- 
ative efforts  of  men  and  which  establish  understanding  be- 
tween labor  and  capital,  are  the  golden  fruits  of  management. 
The  distribution  and  marketing  of  the  products  of  the  fac- 
tory, the  financing  of  the  enterprise  and  control  of  its  activ- 
ities in  the  light  of  market  conditions  are  among  the  most 
serious  problems  dealt  with  in  directing  the  affairs  of  an  in- 
dustrial undertaking.  Accordingly,  therefore,  any  training 
for  service  in  manufacturing  and  industry  which  has  for  its 
object  the  development  of  men  who  shall  occupy  executive 
positions  should  be  directed  toward  the  great  problems  of 
labor  and  the  human  side  of  engineering,  the  problems  of 
costs,  accounting  and  finance,  as  well  as  the  scientific  and 
technical  problems  arising  in  industrial  processes. 

We  are  beginning  to  realize  that  the  management  of  in- 
dustrial enterprises  is  a  matter  of  public  interest  and  con- 
cern. The  late  war  has  demonstrated  most  forcefully  the 
I'act  that  our  ability  to  combat  is  in  direct  proportion  to  our 
ability  to  produce  goods;  and  between  nations  of  equal  re- 
sources the  decision  is  generally  in  favor  of  the  one  which 
can  produce,  handle  and  use  its  goods  most  economically. 
As  we  enter  the  reconstruction  period  and   begin  to  adjust 


ourselves  to  the  new  economic  and  social  conditions  which 
have  arisen  as  a  consequence  of  the  war,  we  realize  as  never 
extends  over  a  period  of  three  years,  and  is  about  equally 
divided  between  technical  and  commercial  subjects.  The 
School  of  Business  of  Columbia  University  is  co-operating  in 
the  project  and  will  give  instruction  in  commercial  practice 
and  finance. 

At  a  recent  meeting  of  business  men  and  educators  held  in 
Washington  it  developed  that  the  Carnegie  Institute  of  Tech- 
nology and  the  University  of  Cincinnati  were  also  working 
out  similar  projects  and  were  offering  instruction  at  the  pres- 
ent time  in  those  commercial  subjects  which  are  most  im- 
portant in  matters  dealing  with  the  management  of  factories 
and  the  conduct  of  commercial  enterprise. 

With  our  universities  and  colleges  developing  men  of  broad 
vision  and  understanding  in  matters  relating  to  the  industrial 
and  commercial  development  of  our  country,  and  with  the 
introduction  of  these  men  into  our  business  life,  it  is  felt  that 
the  whole  plane  of  commercial  operation  will  be  lifted  and 
the  problems  perplexing  labor  and  capital  will  be  more  thor- 
oughly understood  and  more  wisely  handled. — Walter  Rauten- 
strauch  in  the  September  Journal  of  the  American  Society  of 
Mechanical  Engineers; 


One  Result  of  the  War. — The  Knights  of  Columbus  offered 
100  scholarships  in  colleges  and  universities  to  service  men. 
It  is  a  significant  fact  that  of  the  2,300  applicants,  50  per 
cent  requested  courses  in  engineering,  15  in  liberal  arts,  10 
in  mining.  5  in  agriculture,  10  in  foreign  service,  commer- 
cial and  consular,  and  10  in  medicine  and  law. 


Convention  of  Iowa  Section  American  Water  Works  Asso- 
ciation.— The  fifth  annual  convention  of  the  Iowa  Section  of 
the  American  Water  Works  Association  will  be  held  at  Mason 
City,  la.,  Oct.  22  and  23.  The  headquarters  will  be  the 
Chamber  of  Commerce.  Jack  J.  Hinman,  Jr.,  Iowa  City,  la., 
is  secretary  of  the  section. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydraulic  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Reduction  of  Insulation  Resistance 

in  High  Pressure   Fire  Service 

Motors,  Due  to  Moisture 

An  investigation  of  the  change  in  insulation  resistance  of 
the  electric  motors  which  drive  the  high  pressure  fire  service 
pumps  at  the  four  stations  in  Manhattan  and  Brooklyn  has 
shown  some  interesting  and  rather  surprising  results.  In  a 
paper  presented  last  week  at  the  38th  annual  convention  of 
the  New  England  Waterworks  Association  Wm.  W.  Brush, 
deputy  chief  engineer,  Bureau  of  Water  Supply,  Department 
of  Water  Supply,  Gas  and  Electricity,  City  of  New  York, 
describes  what  has  been  observed  and  what  has  been  planned 
to  prevent-in  the  future  dangerous  lowering  of  the  insulation 
resistance.     The  following  is  an  abstract  of  the  paper: 

High  Pressure  Fire  Service  Motors. — The  more  important 
commercial  sections  of  New  York  City  lying  in  the  boroughs 
of  Manhattan  and  Brooklyn  are  afforded  exceptionally  effec- 
tive fire  protection  by  the  high  pressure  water  supply  sys- 
tem which  is  used  only  for  the  extinguishment  of  fires.  In 
each  borough  there  are  two  stations  which  have  pumping 
equipment  of  similar  design.  In  each  Manhattan  station 
there  are  six  6-stage  centrifugal  pumps  having  a  capacity 
of  3,000  gal.  per  minute  when  delivering  against  a  pressure 
of  300  lb.  per  square  inch,  while  in  Brooklyn  the  main  station 
has  five  such  pumps  and  the  reserve  station  three  pumps. 
The  pumps  are  driven  by  6,600  and  6,300  volt  induction  mo- 
tors in  Manhattan  and  Brooklyn,  respectively.  Ten  of  the 
Manhattan  motors  were  installed  in  1908  and  two  in  1911. 
All  of  the  Brooklyn  motors  were  installed  in  1907. 

One  of  the  Manhattan  stations  is  on  South  St.,  facing  the 
East  River,  while  the  other  is  on  Gansevoort  St.,  adjoining 
the  North  River  docks.  The  main  Brooklyn  station  is  on 
Joralemon  St.,  near  the  East  River,  and  the  reserve  station 
on  St.  Edwards  St.,  about  one  mile  from  the  river  front.  The 
proximity  of  three  of  the  stations  to  the  water  increases  the 
humidity  of  the  air  in  their  vicinity.  The  Manhattan  and 
the  reserve  Brooklyn  stations  have  the  operating  floor  at  the 
street  level,  while  the  main  Brooklyn  station  floor  is  about 
10  ft.  below  the  street  level.  In  all  the  stations  the  provi- 
sions for  ventilation  are  normal.  In  the  main  Brooklyn  sta- 
tion the  basement  is  damp,  and  there  is  usually  more  mois- 
ture in  evidence  here  than  at  the  other  stations. 

Normal  Operating  and  Maintenance  of  Motors.— In  Man- 
hattan a  motor  is  started  upon  receipt  of  an  alarm  in  the 
district  covered  by  the  station,  and  the  necessary  pressure 
maintained  until  notice  is  given  by  the  fire  department  that 
no  further  supply  is  required.  The  number  of  times  the 
service  is  required  averages  550  per  year  for  each  station. 
In  addition,  every  24  hours  each  motor  is  started  and  run 
for  about  five  minutes,  when  not  otherwise  put  in  service. 
This  operation  is  mainly  for  the  purpose  of  testing  the  con- 
dition of  the  motors  and  pumps,  but  also  helps  to  dry  out 
the  motors.  In  Brooklyn,  up  to  the  introduction  of  the 
Catskill  water,  the  proper  station  covering  the  district  af- 
fected started  a  motor  on  each  alarm,  but  during  the  past 
two  years  a  motor  is  not  started  unless  -more  than  about 
100  lb.  pressure  is  called  for.  Under  present  operating  con- 
ditions the  two  stations  combined  only  operate  on  about  121 
fires  per  year.  The  practice  of  running  each  motor  once 
each  day  for  about  5  minutes  has  also  generally  been  fol- 
lowed in  Brooklyn.  ..   .      „ 

Failure  of  Insulation  of  Three  Motors  in  the  Mam  Brook- 
lyn  Station.~On  Aug.  20th,  1917,  there  was  a  fire  «i  Brook- 
lyn, and  after  the  station  had  been  in  operation  for  about  48 
minutes  one  of  the  motors  burned  out.  A  second  motor  was 
started  and  ran  for  42  minutes  when  it  burned  out,  and  a 
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third  motor  was  started  and  ran  for  Gti  minuto.s,  when  it  also 
burned  out.  A  fourth  motor  finished  the  run  on  Ihla  flre, 
which  required  it  to  be  in  operation  for  about  43  minutes. 

An  examination  showed  that  the  insulation  of  the  staters 
had  tailed,  and  that  they  would  have  to  be  rewound.  This 
work  was  done  at  a  total  cost  of  $5,305,  the  greater  part  of 
the  work  being  done  at  the  station.  The  order  to  make  the 
repairs  was  given  in  August,  1917,  and  the  repairs  were  not 
completed  until  December,  1917.  One  of  the  three  motors 
developed  a  short  circuit  in  its  rotor  when  it  was  being 
tested  after  repairs,  and  this  damage  required  two  months 
to  effect  the  repairs,  and  cost  $2,120. 

It  seems  probable  that  the  failure  was  due  partly  to  the 
natural  deterioration  of  the  insulation  from  age.  combined 
with  severe  conditions  due  to  infrequent  operation  and  high 
moisture.  To  minimize  the  danger  of  a  repetition  of  failure 
from  this  cause,  orders  were  given  to  run  each  motor  for 
not  longer  than  30  minutes,  and  then  change  over  to  a  fresh 
motor.  Tests  made  at  this  time  on  the  remaining  machines 
at  the  Joralemon  St.  station  showed  insulation  resistance 
from  1  to  l.S  megohms  cold.  Insulation  resistances,  meas- 
ured warm,  after  20  hours"  baking  by  direct  current  of  ap- 
proximately full  load  amperage  sent  through  the  stater  coils 
measured  0.7  to  1.8  megohms.  These  same  machines  showed 
4  to  6  megohms  cold. 

This  baking  process  was  continued  for  about  one  week,  at 
the  end  of  which  time  the  resistance  cold  measured  from  8 
to  10  megohms.  The  resistance  warm,  however,  would  drop 
to  slightly  under  two  megohms.  It  may  be  remarked  that 
the  weather  conditions  for  the  month  of  August,  1917,  were 
relatively  favorable,  the  humidity  being  considerably  below 
and  the  sunshine  considerably  above  normal.  These  ma- 
chines were  baked  and  varnished  in  Jinuary.  1918,  after 
which  the  resistance  measured  some  300  megohms.  In  the 
summer  of  1918,  however,  some  eight  months  after  the  ma- 
chines were  baked  and  varnished,  the  insulation  resistance 
dropped  to  slightly  under  two  megohms  on  days  when  the 
weather  conditions  were  unfavorable.  In  the  spring  of  1919 
attention  was  called  to  the  tendency  for  this  Insulation  re- 
sistance to  fall,  and  tests  were  made  to  overcome  this  by  the 
application  of  external  heat  to  the  windings. 

Inquiry  of  the  manufacturers  showed  that  they  considered 
a  minimum  of  five  megohms  resistance  as  necessary  for 
safety  of  operation,  although  operating  men  of  experience 
gave  their  opinion  that  two  megohms  would  be  sufficient. 

During  the  nine  days  of  rain  in  July  tests  were  made  in 
Manhattan  and  Brooklyn,  which  showed  a^'eslstance  as  low 
as  0.4  megohm  on  some  meters.  It  is  evident  that  the  mo- 
tors absorbed  moisture  from  the  air  in  sufficient  volume  to 
lower  the  insulation  resistance  to  a  dangerous  degree,  and 
that  the  operation  of  a  motor  still  further  increases  this  re- 
duction in  resistance  and  endangers  the  continuance  In 
service  of  a  motor  in  case  it  is  required  for  fire  use.  Such  a 
condition  manifestly  could  not  be  permitted  to  continue,  and 
it  therefore  became  necessary  to  promptly  determine  the 
steps  to  be  taken  to  secure  an  effective  remedy. 

Measures  Taken  to  Prevent  Reduction  In  Insulation  Re- 
sistance.—It  is  evident  that  it  is  necessary  to  expel  the 
moisture  present  in  the  insulation,  and  then  either  mamtaln 
a  dry  air  around  the  motors  or  else  to  expel  moisture  from 
the  motors  at  such  intervals  as  might  be  found  necessary 
to  maintain  a  safe  resistance.  As  far  as  could  I'e  deter- 
mined, during  the  period  when  the  stations  were  arlificially 
heated,  the  resistance  was  reasonably  high,  but  there  is  not 
sufficient  evidence  to  be  conclusive  on  this  point. 

It  was  decided  to  try  various  devices,  such  as  covering 
each  motor  with  a  canvas  housing,  which  could  readily  be 
removed  by  one  man  in  case  the  motor  was  needed  for  ser- 
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vice,  and  apply  heat,  using  a  small  steam  coil  at  the  base 
of  the  motor  frame.  The  canvas  cover  is  to  be  made  so  that 
circulation  of  air  through  openings  can  be  secured  if  de- 
sired, and  it  is  believed  that  the  canvas  hood  and  steam  coil 
will  prove  effective.  Whether  heat  will  be  applied  contin- 
uously or  intermittently  will  be  determined  by  experiment. 
A  megger  outfit  has  been  requisitioned  for  use  mainly  in 
testing  these  motors,  and  in  the  future  regular  as  well  as 
special  tests  will  be  conducted. 

Consideration  was  given  to  the  use  of  unhealed  air,  dried 
by  means  of  a  special  electric  fan  or  blower,  and  this  method 
offers  interesting  possibilities  which  may  later  be  tried  out 
by  tests,  but  for  the  present  the  drying  of  the  air  by  heat- 
ing seems  to  be  the   surest  in   its  results. 


Pumping  Plants  for  Small   Water 
Works* 

By   HENRY   A.    SYMONDS. 

In  designing  a  plant  for  pumping  water  for  a  small  com- 
munity, it  is  usually  the  case  that  the  per  capita  cost  of 
operating  and  maintenance  is  greater  than  in  the  large  city 
plants,  and  it  is  important  that  a  careful  study  l)e  made  of 
the  relative  merits  of  the  diiferent  forms  of  power  available, 
their  adaptability,  their  cost,  and  efficiency  when  operating 
to  do  the  particular  work  desired.  It  is  usually  the  case  that 
strict  economy  must  be  practiced  in  the  introduction  of  these 
works,  and  studies  relative  to  first  cost  have  usually  been 
made  to  bring  the  cost  of  the  work  within  the  ability  of  the 
communities  to  pay.  Not  so  much  attention,  however,  has 
been  paid  to  the  question  of  relative  efficiency  and  daily  cost 
of  operation,  and  it  frequently  occurs  that  plants  are  in  oper- 
ation which  citizens  of  the  town,  and  even  the  water  works 
officials  themselves,  believe  to  be  highly  economical,  and 
that  are  the  reverse.  The  difference  in  cost  of  operation  may 
be  so  great  as  to  make  it  good  business  to  pay  a  much  higher 
price   for  an   economical   unit. 

The  centrifugal  pump  has  been  known  for  a  great  many 
years,  but  for  a  long  time  after  it  was  invented  the  difficulty 
of  getting  suitable  drive  with  sufficiently  high  speed  retarded 
the  development  of  successful  operation  of  this  type  of 
pump.  The  real  growth  of  this  pump  has  occurred  in  the 
past  10  years,  during  which  time  the  use  of  the  steam  turbine 
and  the  electric  motor  with  direct  connection  to  the  cen- 
trifugal pump  has  brought  up  the  efficiency  of  the  pump  to 
a  relatively  high  stage.  At  the  present  time  the  use  of  the 
steam  turbine  as  applied  to  pumping  water  is  mainly  in  the 
large  units,  and  the  motor  is  generally  adopted  for  driving 
the  smaller  plants. 

The  result  of  the  use  of  steam  is,  on  the  whole,  satisfac- 
tory, but  for  the  small  water  plants  it  is  subject  to  the  ob- 
jections that  the  economical  pumping  machines  with  boilers 
are  expensive  and  occupy  much  space,  and  provision  for 
large  storage  of  coal  and  adequate  pumping  station  buildings 
are  required,  all  of  which  conditions  add  to  the  first  cost  of 
the  plant  and  are  aggravated  by  the  fact  that  licensed  engi- 
neers are  required  to  operate  such  a  station. 

Today  we  consider  the  ideal  small  pumping  engine  that 
which  is  economical  in  first  cost,  and  is  self-contained;  1.  e,, 
operates  from  a  s*urce  of  power  which  is  part  of  the  engine 
or  at  least  located  in  the  same  station.  It  is  desirable  to 
have  it  occupy  as  small  space  as  is  practicable,  be  simple  in 
operation  and  not  require  the  services  of  licensed  men,  easily 
repaired,  quickly  started,  using  fuel  which  is  readily  avail- 
able at  all  times,  and  be  capable  of  producing  power  at  a 
relatively  low  unit  cost. 


•From  ihc  .Iourn,iI  of  the  Ntw  KnKland  Water  Works  .\ssooiation. 


Many  of  the  conditions  of  an  ideal  plant  are  met  by  the 
electric  motor,  and  the  electrical  installation  has  become 
more  and  more  common.  The  advantages  are:  Low  first 
cost;  requires  little  space;  low  cost  of  maintenance;  no  ex- 
pert supervision;  it  is  especially  well  adapted  to  drive  cen- 
trifugal pumps  with  direct  connection,  which  saves  friction 
loss  of  gears,  and  prevents  noise;  it  may  have  automatic 
control;  it  may  operate  during  periods  of  low  load  at  central 
station,  thereby  getting  lower  rates;  instant  starting;  as  it 
has  no  reciprocating  parts,  it  can  be  left  to  operate  without 
attendance  better  than  any  other  form  of  drive.  The  use  of 
electricity  has  two  serious  defects  in  the  average  municipal 
plant;  namely,  it  is  not  self-contained,  but  depends  upon  a 
line  of  wires  and  a  power  plant,  usually  at  a  distance,  for 
its  operation.  For  this  reason  neither  one  nor  two  units  in 
a  pumping  station  operated  from  the  same  plant  are  satis- 
factory to  the  insurance  authorities,  as  they  rightly  claim 
that  an  accident  to  the  wire  line  or  the  power  plant  will  put 
both  units  out  of  use  as  quickly  as  one  and  leave  the  town 
or  city  in  an  unprotected  condition  in  case  of  fire. 

The  advocates  of  the  use  of  motors  base  their  claims  of 
low  cost  of  operation  upon  the  fact  that  attendance  may  be 
a  minimum  and  that  this  is  really  the  large  item  in  operating 
small  water  plants.  The  writer  believes  that  this  argument 
has  considerable  merit,  and  that  the  improvement  in  effi- 
ciency brought  about  recently  in  the  centrifugal  pumps,  and 
the  low  cost  of  the  pump  and  motor,  with  the  advantage 
above  referred  to,  make  this  form  of  pumping  plant  a  very 
close  competitor  of,  and  in  some  cases  it  will  be  found  actu- 
ally to  be  a  better  business  proposition  than  the  other  types 
of  pumps  and  engines  in  spite  of  the  difference  in  efficiency. 

Another  form  of  drive  which  has  been  used  in  some  of  the 
small  pumping  plants  is  the  gasoline  engine.  This  form  of 
power  has  practically  all  the  advantages  above  mentioned 
except  cost  of  operation,  and  in  this  it  falls  down  badly,  as  it 
is  operated  upon  a  fuel  of  such  high  cost  as  to  make  the 
operation  per  horsepower-hour  too  high  for  practical  purposes 
in  the  ordinary  municipal  water  works.  However,  in  plants 
where  an  emergency  unit  is  wanted  and  electricity  is  not 
available  or  desirable  for  any  reason,  the  gasoline  engine 
may  meet  the  requirements  in  a  satisfactory  manner. 

The  gas  producer  as  a  source  of  power  corresponds  to  the 
boiler  in  a  steam  plant.  It  has  a  great  many  advantages, 
and  when  combined  with  a  proper  engine  for  utilizing  the  gas 
to  the  best  advantage  may  be  considered  as  having  most  of 
the  requirements  of  the  ideal  plant.  This  form  of  power  has 
been  used  for  some  time,  and,  so  far  as  the  writer  has  record, 
with  good  satisfaction  in  all  cases.  Gas  produced  in  this 
way  may  be  used  in  various  types  of  internal-combustion 
engines  with  slight  modification.  A  plant  of  this  kind  can  be 
installed  at  reasonable  first  cost,  is  self-contained  in  so  far 
as  the  power  is  generated  directly  next  to  the  engine  itself, 
and  operates  at  a  remarkably  low  cost  upon  a  relatively  in- 
expensive form  of  coal.  The  plant  takes  up  more  room  than 
some  of  the  other  types,  and  calls  for  a  larger  pumpmg  sta- 
tion  space. 

In  the  writer's  experience,  in  nine  cases  out  of  ten  fuel-oU 
engines  have  proved  an  ideal  installation  for  plants  from 
25  to  150  hp.,  and  for  this  reason  It  may  be  proper  to  give 
some  extra  details  regarding  this  engine.  The  term  "fuel- 
oil"  is  here  used  to  mean  any  oil.  from  the  heavier  crude 
petroleum  up  to  kerosene.  Fuel-oil  engines  are  today  known 
under  two  general  heads  as  Diesel  and  Semi-Diesel,  or  sur- 
face  ignition. 

The  idea  conceived  by  Diesel  is  the  bringing  into  com- 
pression a  mixture  of  air  and  oil  vapor  to  a  point  where 
heat  is  generated  sufficient  to  ignite  the  combination.  The 
compression  reached  varies  from  500  to  1,100  lb.  per  square 


TABLE  I— COMPARATIVE  COSTS  FOR  DIFFERENT  TYPES  OF   PUMPING  PLANT, 
1,500  g.p.m.,  250-ft.  total  head;  operating  300  clays  per  vear,  9  hours   i)er  clav 
Pump  Cost  of  Total  fuel  cost  Estimated  " 

etnolency  H.p.  re-     fuel  per  per  per   300  cost 

llinip.  Unve.  percent,  quired,      h.p.  hour.        hour.  davs.  of  plant 

Vert,  triplex         B  uel-oU  engine         "'  ••"  -«— .  —  ...  --  -^-  -.  -   '-     - 


Centrifugal 

Vert,  triplex 
Centrifugal 
Vert,  triplex 


Fuel-oil  engine 
Steam  turbine 
Steam  turbine 
Electric  motor 


Centrifugal  Electric  motor 

Cross  -  compound,     fly  -  wheel, 

ste.am  pumping-  engine 
Compound -duplex -Deane    steatn 

pump    (original    plant).      Rate 

about   700  g.p.m. 


85 
71 


71 

7(; 


64 


112 

134 
112 
134 
125 


14S- 


$0,004 

0.004 
0.0075 
0.0075 
0.0124 


0.0124 


$0,498 

0.536 
0.840 
1  005 
1.55 


$1,209.60 

1,547.20 
2,268.00 
2,713.50 
4.185.00 


4.968.00 
1,350.00 


2,725,61 


$17, ISO 

16,343 

13,657 

9,957 

11,116 


6,248 
17,000 


S  FOR  SMALL  WATER  WORKS, 
theoretical  h.p..  94.7. 


Remarks. 
Guarantee — 1  h.p.  for  0.55  lb.  fuel  oil  per 
hour.    Price  fuel  oil,  4  ct.  per  gal. 

Coal  at  $6  per  ton  (2,000  lb.) 

Efficiency  is  combined  pump  and  motor. 
Electricity  cost.  0.9  ct.  per  h.p.-hr.  plus 
"service  charge"  of  77  ct.  per  h.p.,  based 
upon  max.  h.p.  in  use,  per  month. 


(  Actual  figures  of  present  cost. 

\  Rates  of  pumping  about  700  g.p.m. 
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inch,  but  when  the  proper  temperature  occurs  the  gases  burn 
rather  than  explode,  and  it  is  the  claim  of  the  producers  of 
the  Diesel  type  that  this  slower  burning  conserves  the  power 
of  the  gases,  and  the  energy  realized  is  utilized  almost  en- 
tirely in  pushing  the  piston  through  the  length  of  its  stroke. 
In  order  to  permit  of  the  great  pressure  produced  by  this 
process,  the  machine  must  be  exceedingly  heavy,  and  the 
great  amount  of  work  which  is  reeiuired  to  perfect  the  Diesel 
engine  makes  it  too  expensive  for  the  ordinary  requirements 
of  small   water   supply   plants. 

The  Semi-Diesel,  or  surface-ignition  engine,  on  the  other 
hand,  gets  its  power  by  the  explosion  of  a  mixture  of  air  and 
oil  gas  in  the  cylinder  under  compression  around  200  to 
300  lb.  per  square  inch.  While  part  of  the  energy  is  un- 
doubtedly used  in  the  shock  against  the  metal  of  the  plunger 
and  cylinder,  the  resulting  thrust  produces  motion  of  the 
piston,  which  is  connected  through  the  crosshead.  or  directly 
to  a  crank  shaft  which  gives  the  motion  to  the  driving  pulley 
or  gear.  The  Semi-Diesel  seems  to  meet  all  the  ordinary 
requirements  of  the  ideal  engine  described  above,  and  while 
the  first  cost  of  this  engine  is  considerably  greater  than  that 
of  the  gasoline  engine  or  the  electric  motor,  the  operating 
costs  are  so  low  that  this  outweighs  in  most  cases  the 
advantages  of  the  low  cost  of  the  other  machines. 

In  the  types  which  are  considered  as  small  pumping  out- 
fits, designed  to  pump  the  water  for  communities  of  from 
1,000  to  10,0110  inhabitants,  the  engines  required  ranged  from 
25  to  150  hp.,  but  in  the  writer's  opinion  there  is  a  large 
field  for  a  still  larger  oil  engine,  and  there  are  some  ma- 
chines now  being  produced  that  show  wonderful  efficiency 
in  operation.  They  are  of  the  Semi-Diesel  type,  but  are 
.able  to  operate  on  the  poorest  grade  of  fuel  oil,  and  even 
tar  products  which  have  to  be  heated  before  it  is  possible  to 
get  them  into  the  cylinders.  The  oil  used  runs  as  low  as 
18°,  while  in  the  smaller  machines — that  is,  below  60  hp. — 
the  writer  knows  of  good  results  with  oil  heavier  than  26'. 
and  with  25  to  35  hp.  engines  kerosene  or  light  oils  of  that 
grade  have  seemed  to  give  the  most  satisfactory  results. 
Pre-war  prices  ranged  from  2  cents  to  7  cents  for  the  various 
grades. 

The  ordinary  time  of  starting  with  fuel  oil  is  from  12 
to  IS  minutes,  but  engines  of  this  type  may  be  equipped  with 
apparatus  which  permits  of  instant  starting  by  electric  igni- 
tion and  gasoline,  the  fuel  oil  being  turned  on  after  a  few 
minutes,  without  interruption  of  the  operation  of  the  engine. 
This  latter  contrivance  is  of  especial  value  where  but  little 
storage  of  water  is  possible  and  pumps  have  to  be  operated 
in  case  of  fire,  as  the  delay  in  heating  the  cylinder  head  may 
be  serious  if  the  supply  of  water  is  not  available. 

It  is  claimed  by  the  advocates  of  the  electric  motor,  in 
comparison,  that  the  motor  requires  little  attendance,  while 
the  oil  engine  calls  for  constant  supervision.  This  claim  is 
not  entirely  substantiated  in  practice,  for  many  of  the  oil 
plants  are  operating  for  long  periods  of  time  without  at- 
tendance. This,  of  course,  assumes  that  there  are  duplicate 
units  which  will  take  care  of  any  fire  hazard  if  repairs  are 
necessary.  It  should  also  be  considered  that  constant  at- 
tendance does  not  eliminate  many  of  the  breakdowns. 

Perhaps  the  most  satisfactory  combination  that  can  be 
installed  for  a  small  pumping  plant  for  general  municipal 
needs  is  made  up  of  two  duplicate  units,  of  which  it  is  prob- 
able that  the  fuel-oil  engine  meets  the  needs  fully  as  well  as 
any  other  drive  which  has  been  developed  up  to  this  time. 

One  advantage,  of  considerable  importance  in  some  cases, 
that  steam  machines  have  over  most  of  the  other  types  is 
in  the  varying  of  speed  in  operation.  The  speed  in  the 
electric  motor  and  of  the  internal-combustion  engines  is 
variable  only  to  a  small  extent,  except  by  change  gears  or 
belt  pulley,  and  it  is  sometimes  necessary  to  pump  to  waste 
or  through  a  bypass  back  into  the  suction,  an  uneconomical 
process,  in  order  to  keep  the  rate  of  delivery  as  desired. 

The  writer  had  occasion,  a  short  time  ago,  to  make  a  com- 
parison of  different  types  of  pumping  plants,  to  determine 
which  plant  would  best  meet  the  needs  of  a  community.  In 
connection  with  this,  the  results  of  investigation  of  different 
units  are  given  in  Table  I.  These  figures  are  not  to  be  con- 
sidered as  exact,  either  of  operation  or  first  cost,  but  are 
obtained  by  using  quotations  and  guaranteed  efficiencies  by 
the  manfacturers  of  the  different  lines  of  machinery.  These 
figures  were  also  taken  before  the  extreme  rise  of  prices 
which  occurred  since  the  United  States  entered  the  war,  and, 
while  they  are  far  above  the  averages  of  5  years  ago.  it  is 


probable  that  they  are  nearer  what  we  may  expect  In  the 
next  few  years  than  pre-war  prices. 


Suggested  Improvements  for  Water- 
works of  Fort  Wayne,  Ind.* 

City  in  General. — Population  eslimal.;d  to  be  )»2,000;  the 
United  States  census  of  1910  showed  (;3,933.  The  city  Ib 
located  at  the  junction  of  the  St.  Mary's  and  St.  Joseph 
rivers,  which  form  the  .Maumee.  and  is  an  important  manu- 
facturing and  railroad  center.  The  city  covers  an  area  of 
11.4  square  miles,  additions  having  been  made  in  1914;  about 
90  per  cent  is  built  upon.  The  surface  of  the  city  Is  undu- 
lating;  elevations  in  feet  above  mean  sea  level  range  from 
753  to  803;;  in  the  congested  value  district,  elevations  range 
from  763  to  775.  Grades  are  slight,  the  maximum  for  the 
city  being  a  short  stretch  of  4  per  cent.  There  are  212  miles 
of  streets.  111.2  miles  of  which  are  paved;  57  per  cent  with 
asphalt.  29  per  cent  brick  and  14  per  cent  miscellaneous.  In 
and  around  the  congested  value  district  streets  are  paved 
and  in  fair  to  good  condition;  elsewhere  their  condition 
ranges  from  poor  to  good.  Unpaved  streets  are  in  poor  con- 
dition. Street  widths  in  the  congested  value  district  range 
from  60  to  66  ft.,  averaging  65  ft.  In  the  residential  districts. 
street  widths  average  60  ft. 

Conclusions  Regarding  Mains,  Valves  and  HydranU.— The 
system  of  main  arteries  and  secondary  feeders  Is  incom- 
plete. The  lack  of  large  mains  in  several  manufacturing 
districts  is  particularly  serious,  resulting  in  excessive  fric- 
tion losses  at  times  of  high  consumption  and  preventing  ade- 
quate qualities  for  fire  protection  being  delivered.  Minor 
distributers  are  very  largely  6  in,  in  diameter,  poorly  grid- 
ironed.  The  department  has  shown  poor  judgment  in  con- 
tinuing to  lay  4-in.  pipe.  Pipes  have  a  moderate  amount  of 
incrustation. 

Valve  spacing  is  wide  in  all  parts  of  the  city,  necessi- 
tating the  cutting  out  of  excessive  lengths  in  making  repairs. 
Non-uniformity  in  the  direction  of  opening  Is  a  bad  feature. 
The  condition  of  valves  and  boxes  is  poor,  showing  the  need 
of  regular  and  systematic  inspection. 

Hydrant  spacing  is  wide  in  all  parts  of  the  city,  requiring 
the  use  of  excessively  long  lines  of  hose  at  large  fires.  Hy- 
drants are  of  good  size,  are  in  good  condition,  but  very 
few  have  valves  in  connection   to  main. 

Summary  Water  Supply  Conditions. — Municipal  works. 
Unsatisfactory  features  in  organization.  Records  incomplete. 
Emergency  operations  fair.  Direct  pumpage  from  wells  at 
four  stations;  distribution  in  one  service  with  equalizing 
reservoir.  Well  supply  seriously  inadequate.  Pumping  ca- 
pacity allows  no  reserve.  Boiler  capacity  adequate.  Stations 
have  some  wood  in  construction;  hazards  well  guarded:  no 
exposures.  Consumption  moderately  low.  Pressures  low. 
Arterial  system  fair;  excessive  proportion  of  small  pipe: 
gridiron  fair  to  poor.  Valves  not  inspected;  in  poor  condi- 
tion; spacing  wide.  Hydrants  of  good  size;  in  good  condi- 
tion;  few  connections  gated;   spacing  wide. 

Recommendations  Regarding  Water  Supply. — Organization: 
That  all  oilicials  and  employes  of  the  water  department  be 
placed  under  suitable  civil  service  rules  requiring  proper 
qualifications  with  removal  from  office  only  for  cause. 

Records:  That  complete  detail  drawings  be  made  of  the 
piping  and  other  important  features  of  the  well  fields,  pump- 
ing stations  and  reservoir. 

Supply  Works:  That  a  reliable  supply  be  developed  by  one 
of  the  following  plans.  (A)  By  increasing  the  well  supply. 
*  *  »  (B)  By  developing  a  supply  from  the  SL  Joseph 
River.     *     »     • 

Mains:  That  the  distribution  system  be  strengthened  by 
the  installation  of  the  additional  mains  to  frunlsh  fire  supply 
as   follows: 

a.  In  residential  districts,  1.500  to  2,500  gal.  a  minute. 

b.  In  minor  mercantile  and  manufacturing  districts.  3,000 
to  5,000  gal.  a  minute. 

c.  In  the  congested  value  district.  8,5O0  gal.  a  minute. 
The  above  quantities  to  be  in  excess  of  maximum  domestic 

consumption  and  to  be  available  in  high  value  districts  about 
any  large  building  or  group  of  buildings  of  special  hazard, 
and  in  other  districts  about  any  block. 

That  the  following  be  adopted  as  the  standard  minimum 


•Abstract  of  report  of  National  Board  of  Fire  Underwriters"  Cotn- 
niittee  on  Fire  Prevention  and  ESiglneering  Standards. 
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sizes  of  mains  used   for  hydrant   supply  for  all  future  con- 
struction: 

a.  In  residential  districts,  8-in. ;  66-in.  to  be  used  only 
where  it  completes  a  good  gridiron  and  in  no  case  in  blocks 
600  ft.  or  more  in  length. 

b.  For  mercantile  and  manufacturing  districts,  8-in.  and 
12-in.;  the  former  to  be  used  where  it  completes  a  good  grid- 
iron and  the  latter  for  long  lines  not  cross-connected. 

That  all  4-in.  mains  supplying  hydrants  be  replaced  ac- 
cording to  the  foregoing  recommendation.  Larger  mains 
should  be  substituted  immediately  in  important  mercantile 
and  manufacturing  districts  and  in  other  localities  in  accord- 
ance with  a  well-defined  plan  by  which  all  4-in.  pipe  will  be 
replaced  within  a  reasonable  period. 

That  dead  ends  be  eliminated  wherever  practicable  and 
mains  be  connected  at  all  intersections. 

NOTE. — The  National  Board  believes  that  it  is  essentially 
the  business  of  each' municipality  to  lay  out  its  system  of 
distributing  mains,  as  it  is  best  able  to  judge  of  present  and 
future  consumption  in  each  district  and  of  other  local  condi- 
tions involving  paving,  topography,  pressures,  size  and  type 
of  hydrants,  etc..  but  practical  experience  has  shown  that  the 
above  sizes  are  required  for  good  fire  protection  in  districts 
such  as  are  found  in  this  city,  and  that  a  gridiron  system  of 
mains  of  the  sizes  recommended  above,  is  satisfactory  only 
when  cross-connected  at  all  intersections,  free  from  dead 
ends,  and  with  large  secondary  cross-feeder  mains  at  frequent 
intervals. 

Gate  Valves:  That  the  distribution  system  be  equipped  with 
a  sufficient  number  of  gate  valves,  so  located  that  no  case  of 
accident,  breakage  or  repair  to  the  pipe  system  in  important 
districts  will  necessitate  shutting  from  service  a  length  of 
main  greater  than  the  side  of  a  single  block,  or  a  maximum 
of  500  ft.,  or  in  other  districts  greater  than  two  sides  of  a 
single  block  or  a  maximum  of  800  ft. 

That  the  stems  and  nuts  of  all  valves  opening  to  the  left 
be  changed  to  conform  in  direction  of  opening  to  the  ma- 
jority of  those  in  service. 

That  all  valves  be  inspected  yearly  and  large  valves  more 
frequently  and  that  records  be  kept  of  inspections,  operation 
and  condition. 

Hydrants. — That  additional  hydrants  be  installed  so  that 
there  will  be: 

a.  In  the  congested  value  district,  two  hydrants  at  each 
street  intersection,  and  intermediate  hydrants  on  two  sides  of 
each  block. 

b.  In  important  minor  mercantile  and  manufacturing  dis- 
tricts, two  hydrants  at  each  street  intersection  with  inter- 
mediate hydrants  in  long  blocks. 

c.  In  other  districts,  one  hydrant  at  each  street  intersec- 
tion with  intermediate  hydrants  in  long  blocks,  the  distance 
between  hydrants  in  no  instance  to  exceed  350  ft. 

That  all  hydrants  installed  in  the  future  and  those  at  pres- 
ent connected  to  large  mains,  particularly  in  important 
manufacturing  and  mercantile  districts,  be  provided  with 
gated  connection  to  main. 

That  the  misuse  of  hydrants  be  reduced  by  confining  their 
use  to  the  fire  and  water  departments,  and  that  cranes  be 
provided  for  filling  street  sprinkling  and  flushing  wagons. 


Personals 

M.  D.  Hadley  has  been  appointed  city  engineer  of  EUensburg, 
Wash. 

Richard  H.  Brinkley,  city  engineer  of  Suffolk.  Va.,  has  been 
appointeil  city  manager. 

Fred  E.  Bucl<,  assistant  city  engineer  of  Butte,  Mont.,  has  been 
appointed  state  irrigation  engineer  of  Montana. 

George  J.  Calder  has  been  appointed  construction  engineer  for 
the  Sacramento  Kiver  filtration  plant  of  the  City  of  Sacramento. 
Calif. 

G.  N.  Pfeiffer,  of  Herrin,  111.,  and  Arthur  C.  Mallams,  of  Pitts- 
htirK.  Kan.,  have  entered  into  a  partnership  under  the  firm  name 
of  Pfiiffer  &  Mallams  and  will  engage  in  a  consulting  engineering 
business  wit'i  offices  at  Herrin. 

Leonard  Peterson,  for  the  past  nineteen  vears  superintendent 
of  the  water  and  light  department  of  Thief  River  Falls,  Minn.,  has 
resigned  to  become  local  manager  of  the  Crookston  Water  Works 
Power   &   Light  Co..   Crookston,   Minn. 

Walter  E.  Rosengarten  has  resigned  his  position  as  highway 
eng'ineer  in  the  U.  S.  Bureau  of  Public  Roads  to  accept  the  posi- 
tion of  traffic  engineer  with  the  Asphalt  Asociation,  with  head- 
quarters at  15  Maiden  Ijane.  New  York  City. 

J.  K.  Anderson,  who  has  been  the  chief  engineer  of  the  West 
Virginia  Public  Service  Commission  for  the  last  six  years,  or  ever 
since  the  commission  was  first  organized,  has  tendered  his  res- 
ignation to  the  commission  and  will  go  into  private  engineering 
business.  Mr.  Anderson  will  be  succeeded  by  George  E.  Taylor 
as  chief  engineer,  and  Mr.  Taylor's  position  as  assistant  engineer, 
which  he  has  held  for  four  or  live  years,  will  be  filled  by  W,  Q. 
Galligher  of  Charleston.  W.  Va..  who  formerly  was  an  engineer 
with  the  Virginian  Power  Co. 


Lieut, -Col.  E.  V.  R.  Payne,  the  first  resident  barge  canal  engi- 
neer stationed  at  Lyons,  N.  Y.,  who  is  now  assistant  engineer  In 
the  department  of  the  state  engineer  and  surveyor  at  Albany,  has 
received  his  final  citation  and  decoration  as  a  chevalier  of  the 
Legion  of  Honor  of  France. 

Capt.  Robert  B.  Murdock,  who  has  recently  returned  from  mili- 
tary service  in  France,  has  been  appointed  executive  engineer 
with  the  Asphalt  Association  at  15  Maiden  Lane,  New  York  City. 
He  will  directly  assist  the  secretary  of  the  association  in  devel- 
oping   the   organization   and   operating  policy. 

Paul  L.  Bean  has  resigned  as  chief  engineer  of  the  Public  Utili- 
ties Commission  of  Maine  and  will  enter  into  a  partnership  with 
Walter  H.  Sawyer,  under  the  firm  name  of  Sawyer  &  Bean.  The 
firm  will  PTigage  in  general  engineering,  specializing  in  hydraulic 
engineering  and  rate  cases.     Offices  are  at  Lewiston.  Me. 

William  M.  Black  has  been  appointed  chief  engineer  of  the  State 
Public  Utilities  Commission  of  Maine  He  graduated  from  the 
University  of  Maine  in  1909,  after  which  he  had  two  years  with 
the  American  Bridge  Co.,  a  year  in  subway  construction,  and  the 
balance  of  the  time  in  general  engineering'  in  New  York  City. 

Capt.  Charles  H.  Lee  of  Berkeley,  Calif.,  has  been  appointed 
executive  member  of  the  State  Water  Commission  of  California. 
Capt.  Lee  was  connected  with  the  U.  S.  Geological  Survey  in  1905 
and  1906.  and  from  1906  to  1912  was  a  member  of  the  engineering 
force  that  built  the  Los  Angeles  aqueduct.  From  1912  to  1917  he 
engaged  in  private  practice,  devoting  himself  to  irrigation. work. 

C.  M.  Baker  of  Nashville,  Tenn.,  has  been  appointed  chief  sani- 
tary engineer  of  the  department  of  sanitary  engineering  of  the 
Wisconsin  State  Board  of  Health.  Mr.  Baker  took  his  civil  engi- 
neering* degree  at  Cornell  University  in  1908  and  master's  degree 
in  1907.  He  has  been  instructor  in  engineering  at  Cornell,  assist- 
ant sanitary  engineer  with  the  New  York  State  Department  of 
Health  four  years,  and  with  the  United  States  Public  Health  Ser- 
vice one  year. 

Maj.  C.  E.  Smith,  recently  with  tlie  construction  division  <)i 
the  army,  has  resumed  the  management  of  C.  B.  Smith  &  Co.. 
consulting  engineers.  St.  Louis,  Mo.  The  companv  has  opened  a 
Chicago  office  at  1313  Steger  Bldg.,  in  charge  of  W.  C.  Curd,  who 
was  engaged-  for  many  years  in  general  railway  work,  also  as 
drainage  and  water  service  engineer  for  the  Missouri  Pacific  sys- 
tem, and  with  Layne  &  Bowler  Co.,  and  Wm.  Graver  Tank  Works 
on  water  supply  and  purification.  He  w'ill  give  special  attention 
to  water  supply,  river  protection  and  drainage.  W.  D.  Hudson, 
formerly  assistant  bridge  engineer,  Missouri  Pacific  system,  and 
G.  H.  Packwcod,  Jr.,  formerly  electrical  eng'ineer,  City  of  St.  Loui.", 
have  become  as.s^ociated  with  the  company. 


Industrial  Notes 

Charles  C.  Eaird,  former  western  manager  of  sales,  National 
Fireproofing  Co.,  has  associated  himself  with  The  Camp  Brothers 
Co.,  Akron,  O.,  to  engage  in  the  manufacture  of  hollow  building 
tile  and  other  clay  products. 

The  Bucyrus  Co.,  South  Milwaukee,  Wis.,  has  moved  its  soutii- 
ern  sales  ofhce  from  New  Orleans  to  Birmingham,  Ala.,  where  it 
will  be  located  at  Room  -2212.  Jefferson  County  Bank  Bldg.  C.  N. 
Ballentine  remains  as  southern  sales  manager  and  will  be  assisted 
by  E.  J.  Wilkie.  v.'ho  for  many  years  has  been  connected  with  the 
sales    department   at    South    Milwaukee. 

The  Van  Wie  Pump  Co.,  Svracuse.  N.  Y.,  successors  to  the 
Baldwinsville  Centrifugal  Pump  Works,  established  in  1860.  has 
retired  and  sold  its  business — drawings,  patterns,  good  will.  etc. — 
to  the  East  Iron  &  Machine  Co.,  Lima.  O.  The  line  manufac- 
tured by  the  Van  Wie  Co.  includes  vertical  and  horizontal  centrif- 
ugal pumps,  double  suction  pumps,  sand  pumps,  hydraulic  dredge 
pumps,  single  acting  triplex  pumps  and  vertical  steam  engines. 
The  EJast  Iron  &  Machine  Co.  at  its  plant  in  Lima  will  manufac- 
ture the  entire  line  as  well  as  make  parts  and  repairs  for  all  \  an 
Wie  products.  It  is  also  their  intention  to  make  improvements 
in  several  of  the  pumps. 

Statement   of   the    Ownership,    Management,   Circulation,    Etc.,    Re- 
quired by  the  Act  of  Congress  of  August  24,  1912. 
of    Engineering    and    Contracting,    published    every    Wednesday    at 
Chicago,   111.,  for  October  1,   1919. 

State  of  Illinois.  County  of  Cook,  ss. — Before  me,  a  notary 
public  in  and  for  the  state  and  county  aforesaid,  personally  ap- 
peared H.  P.  Gillette,  who,  having  been  duly  sworn  according  to 
law,  deposes  and  says  that  he  is  the  Editor  of  Engineering  and 
Contracting  and  that  the  following  is,  to  the  best  of  his  knowledge 
and  belief,  a  true  statement  of  the  ownership,  management,  etc  . 
of  the  aforesaid  publication  for  the  date  shown  in  the  above  cap- 
tion, required  by  the  Act  of  August  24,  1912.  embodied  in  section 
443.  Postal  Laws  and  Regulations,  printed  on  the  reverse  of  this 
form,  to-wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  man- 
aging editor  and   business   manager  are: 

Publisher— Engineering  and  Contracting  Publishing'  Co..  Chi- 
cago. HI. 

Lditor— H.  P.  Gillette,  Chicago,  111. 
Managing  Editor — C.  T.  Murray,  Chicago,  III. 
Business  Manager — L.    S.   Louer.   Chicago,   111. 

2.  That  the  owners  are:  (Give  names  and  addresses  of  indi- 
vidual ow'ners.  or,  if  a  corporation,  give  its  name  and  the  names 
anc  addresses  of  stockholders  owning  or  holding'  1  per  cent  or 
more  of  the  total  amount  of  stock.) — H.  P.  Gillette.  Chicago,  111.; 
L.  S.  Louer,  Chicago.  1I1.:.N.  M.  F^odgers,  Chicago,  III. 

3.  That  the  known  bondholders,  mortgagees  and  other  security 
holders  owning  or  holding  1  per  cent  or  more  of  total  amount  of 
bonds,  mortgages  or  other  .securities  are:  (If  there  are  none,  so 
state.) — None. 

4.  That  the  two  paragraphs  ne-xt  above,  giving  the  names  of 
the  owners,  stockholders  and  security  holders,  if  any,  contain  not 
only  the  list  of  stockholders  and  security  holders  as  they  appear 
upon  the  books  of  the  company  but  also,  in  cases  where  the  stock- 
holder or  security  holder  appears  upon  the  books  of  the  company 
as  trustee  or  in  any  other  fiduciary  relation,  the  name  of  the  per- 
son or  corporation  ifor  whom  such  trustee  is  acting,  is  given;  also 
that  the  said  two  paragraphs  contain  statements  embracing  af- 
fiant's full  knowledge  and  belief  as  to  the  circumstances  and 
conditions  under  which  stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  company  as  trustees,  hold  stock 
and  securities  in  a  capacitv  other  than  that  of  a  bona  fide  own?r; 
and  this  affiant  has  no  reason  to  believe  that  any  other  person, 
association  or  corporation  has  any  interest,  direct  or  indirect,  in 
the  said  stock,  bonds  or  other  securities  than  as  so  stated  by  him. 

(Signed)  H.  P.  GILLETTE.  Editor. 

Sworn  to  and  subscribed  before  me  this  29th  day  of  September, 
1919.  C.  E.  Meinders. 

(Seal.)  (My  commission   expires   June   7.    1920.) 


(108) 


Railways  and  Excavation  Monthly  Issue 

ENGINEE^NG  ^^-  CONTRACTING 

Published  by  Engineering  &  Contracting  Publishing  Co.,  608  South  Dearborn  St.,  Chicago. 

H ALBERT  P.  Gillette.  President  and  Editor  Lewis  S.  Louer,   Vice-President  and  General  A/u>iui;<-r 

New  York  Office:  701  Woolworth  Bldg.,  Richard  E.  Brown.  Eastern  Manager 

Cleveland  Office:    Room  413   Engineers'  Bldg.,   Leo  Ehlbert,  Manager 

The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.  (52  in  all)  entirely  cover  the  civil 
engineering  and  contracting  field  if  subscribed  for  as  a  weekly  at  $3.00  a  year;  but  any  one  of  the  four 
special  monthly  issues  may  be  subscribed  for  as  a  monthly  at  $1.00  a  year  for  any  two  monthly  issues 
at  $1.50  a  year)  and  the  4  special  quarterly  issues  will  be  sent  without  extra  charge.  Three  of  these 
special  quarterly  issues  relate  entirely  to  foreign  engineering  and  construction  practice,  and  the  fourth  is 
our  annual  "New  Equipment  Issue."  The  articles  in  the  first  two  issues  of  each  month  1 1st  and  2nd 
Wednesdays)  completely  cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the 
first  and  last  issues  of  each  month  (1st  and  4th  Wednesdays)  completely  cover  county  engineering  and 
highway  engineering  and  contracting.  The  articles  in  the  3rd  and  last  issues  of  each  month  (3rd  and 
4th  Wednesdays)  completely  cover  steam  and  electric  railway  location,  design  and  construction.  See 
the  "mast  head"  on  the  first  page  of  the  Weekly  News  Section  for  information  about  our  weekly 
contract  news. 


Roads   and  Streets — 1st   Wednesday 

(a)  Roads 

(b)  Streets 

Waterworks  and  Hydraulics — 2nd  Wednesday 


(c)  Street  Cleaning 

(d)  Municipal    Miscellanies 


(a)  Waterworks  (k?)    Irrigation    and    Drainage 

(b)  Sewers    and    Sanl-       ft)   Power    and    Pumping 

tatlon 

<e)    Management    and    Office 
System 


Railways   and   Excavation — 3rd   Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  (d)   Railways,   Steam   and 

(b)  Rivers   and   Canals  Electric 

*e>   Management  and  OtBce 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Harbor   Structures 

(b)  Bridges  (d)   Miscellaneous  StruclurM 

<e)   Properties  of  Materials 
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The  Cummins  Bill  for  the    Con- 
trol of  the  Railways,  and  Its 
Cardinal  Weakness 

Th".  Serate  Committee  on  Interstate  Commerce,  of  which 
Senator  Cummins  is  chairman,  is  about  to  present  to  the 
Senate  the  draft  of  a  bill  to  regulate  railways  doing  an  in- 
terstate business.  It  is  likely  that  in  a  modified  form  this 
bill  will  become  a  law  within  the  next  six  months,  possibly 
sooner.    The  six  salient  features  of  the  bill  are: 

1.  The  return  of  the  railroads  to  private  ownership,  but  with 
the  understanding  that  their  operation  is  to  be  .strictly  supervised 
by  a  federal  board  of  tran.=!portation,  created  for  that  purpose. 

2.  Division  of  the  country  into  several  districts  and  the  group- 
ins  of  the  railroads  for  purposes  of  rate  making 

3.  Consolidation    of    the    railway    lines    into 
nor  more  than  35  distinct  competing  systems. 

4.     Settlement  o  f  d  1  s- 


not    less    than    20 


putes  between  the  em- 
ployes and  the  companies 
by  means  of  a  committee 
on  wages  and  working 
conditions,  consisting'  of 
eight  members,  of  whom 
four  would  represent  la- 
bor and  four  the  railroad 
companies. 

5.  Prohibition  of  rail- 
road strikes  or  lockouts, 
with  drastic  penalties  for 
any  attempt  to  obstruct 
interstate  commerce  b  y 
such  means. 

6.  Division  of  profits 
in  excess  of  a  fair  return 
on  the  value  of  the  prop- 
erty into  two  equal 
shares,  one  to  be  used 
in  bettering  working 
conditions,  and  the  other 
in  improving  service. 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest— easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  m.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


The  last  two  of  these  six  features  are  the  most  radical  In 
the  eyes  of  most  people.  The  American  Federation  of  Labor, 
through  its  president,  Samuel  Goniper.s,  has  declared  that 
the  strike  weapon  must  not  be  taken  from  the  hands  of 
labor.  Several  great  railway  presidents  have  declared  that 
to  deprive  every  railway  system  of  all  profits  in  excess  of, 
say,  6  per  cent  on  the  "value'"  of  the  system  would  remove 
nearly  all  incentive  to  economize  in  operation.  Charles 
Evans  Hughes  goes  so  far  as  to  say  that  it  would  be  un- 
constitutional to  allow  "profits"  in  excess  of  a  fair  retrun. 

The  daily  papers,  especially  since  the  great  railway  strike 
in  England,  have  been  almost  unanimous  in  approval  of  the 
provision  of  the  Cummins  bill  for  "disarming  the  railway 
unions."     Thus  the  Chicago  Tribune  says: 

Mr.  Gompers  recently  has  asserted  that  the  rummins  railroad 
hill  would  enslave  workers  by  denying  them  the  fundamental  right 
of  striking.  He  fails  to  reflect,  we  think,  that  there  1b  another 
ritht   involved:    the  right  of  the  sovereign   people  to  maintain   the 

intecrlly  of  industries  ab- 
solutely e«.**ential  to  life 
itself. 

It  is  pretty  well  under- 
stood that  certain  scr- 
vices  are  inextricably 
bound  up  in  the  welfare 
of  the  nation.  A  soldier 
having  the  right  to  strike 
at  will  might  choose  the 
crucial  moment.  Xot 
even  ill  bolshevlst  Russia 
.would  It  be  tolerated.  A 
policeman,  standing  1  n 
the  position  of  public 
guardian  and  with  au- 
thority delegated  directly 
by  the  people,  can  have 
only  one  duty,  and  this  to 
his  sovereign,  the  people. 
We  speak  of  these  di- 
rectly delegated  services 
because  scU-defense  1  s 
fundamental.  We  will 
thrust    aside    every    con- 
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vention  to  maintain  the  principle.  But  if  the  presence  of  a  mate- 
rial and  physical  enemy  arouses  us  to  such  a  pitch  of  defense, 
what    of    the    no    less   deadly    but   unseen  enemy  of  hunger? 

The  right  of  lailroad  men  to  strike  implies  the  right  to  throttle 
transportation,  an  industry  essential  in  a  vital  degree  to  our  very 
lives;  implies,  in  short,  the  right  to  suspend  the  nation's  right  to 
eat.  AVithout  railroads  we  can  have  neither  food  nor  fuel.  Will 
120,000,000  people  grant  this  autocratic  privilege  to  a  small  per- 
centage of  the  whole  co-operative  community? 

Group  rule  inevitably  must  lead  to  a  rule  of  sub-groups,  and  so 
on  down  to  the  individual;  until,  at  last,  suspending  the  whole 
fabric  of  fraternal  protection  and  mutual  help,  the  race  must  find 
itself  where  it  came  from— living'  in  the  trees  and  carrying  knot- 
ted clubs. 

The  new  era  we  are  talking  about  must  be  an  era  of  co-opera- 
tion and  responsibility  and  good  will,  not  of  group  assertiveness 
and  group  jealousies,  else  the  tree  and  the  club. 

We  have  already  editorially  expressed  our  approval  of  the 
plan  to  take  the  strike  weapon  from  railway  employes,  and 
this  we  did  twelve  years  ago,  as  well  as  in  a  recent  issue. 
But  it  was  also  about  twelve  years  ago  that  we  pointed  out 
the  economic  fallacy  of  limiting  the  net  earnings  of  any 
railway  to  a  fixed  percentage  on  the  invested  capital.  We 
showed  that  such  a  plan  not  only  removes  the  greatest  in- 
centive to  reduce  ton-mile  and  passenger-mile  operating  ex- 
penses, but  that  it  actually  puts  a  premium  upon  excessive 
investment  in  plant.  Under  such  a  plan,  Marconi,  for  ex- 
ample, would  have  had  no  incentive  to  develop  the  wireless 
telegraphy,  for  his  chief  object  was  to  reduce  telegraph  plant 
investment  to  a  minimum,  and  the  attainment  of  his  object 
would  have  resulted  in  no  reward  had  the  government  pre- 
scribed a  profit  limit  of,  say,  6  per  cent  on  the  cost  of  the 
wireless  plant. 

Anyone  can  easily  see  that  the  limiting  of  profits  to  a  fixed 
percentage  on  plant  cost  would  discourage  most  inventors 
and  practically  all  capitalists  who  finance  inventors.  But, 
due  to  a  misconception  as  to  the  fundamental  nature  of  in- 
ventions, relatively  few  people  realize  that  nearly  every  bit 
of  economic  progress  involves  some  originality,  some  in- 
ventiveness. Take,  for  example,  the  work  of  a  civil  engi- 
neer engaged  in  designing  a  bridge.  It  may  involve  no 
radical  departure  from  precedent,  but  it  invariably  involves 
some  departure,  if  it  is  not  a  mere  copy  of  some  existing 
bridge.  Structural  engineers  know  that  no  two  engineers 
will  design  exactly  the  same  bridge  for  a  given  river  cross- 
ing, also  that  one  of  the  two  will  be  more  economic  than 
the  other,  also  that,  other  qualifications  being  equal,  the  more 
inventive  engineer  will  produce  the  more  economic  design. 
Precisely  the  same  thing  holds  true  of  every  sort  of  design, 
even  to  the  design  of  a  system  or  plan  of  managing  men. 

Inventors  who  secure  a  patent  are  given  an  opportunity  to 
enjoy  some — but  not  all— of  the  fruits  of  their  ingenuity. 
For  a  term  of  17  years  they  are  protected  against  competi- 
tion in  the  use  of  their  specified  invention.  In  similar  man- 
ner it  is  feasible  to  reward  originality  exercised  in  the  loca- 
tion, desgn  and  operation  of  a  railway,  for  rates  of  charge 
for  transportation  can  be  flxedd  for  a  specified  term  of  years. 
But  under  the  Cummins  bill,  as  soon  as  net  earnings  are 
increased  by  sagacious  management  the  owners  of  the  rail- 
way face  the  certainty  that  they  will  enjoy  none  of  the  in- 
crease. It  has  been  this  very  condition  of  affairs  during  the 
past  15  years  that  has  driven  so  many  capitalists  away  from 
the  railway  field. 

Interstate  commerce  commissions  and  state  railway  com- 
missions have  repeatedly  reduced  railway  rates  because  they 
yielded  net  earnings  exceeding  some  fixed  "fair  return"  per- 
centage on  invested  capital.  The  result  has  been  not  merely 
to  bring  most  railways  to  the  verge  of  bankruptcy,  but,  what 
is  worse,  to  bankrupt  many  of  them  as  to  directive  brains 
among  the  principal  owners — those  in  whom  the  authority  to 
authorize  changes  finally  rests.  Elsewhere  in  this  issue  we 
quote  a  pertinent  editorial  on  this  subject,  from  a  recent 
issue  of  the  Philadelphia  Public  Ledger. 


railway  operation,  yet  scarcely  a  protest  is  heard!  Is  it 
because  people  are  becoming  so  accustomed  to  enormous 
taxes  that  they  accept  another  40  million  a  month  as  a  mat- 
ter not  worth  quibbling  over? 

Directly  or  indirectly  every  earner  of  an  income  pays 
taxes.  Unfortunately  most  of  us  pay  most  of  our  taxes  in- 
directly and  do  not  therefore  realize  what  a  large  sum  we 
really  pay.  The  landlord  passes  most  of  his  taxes  on  to  the 
tenant,  in  the  form  of  higher  rent.  The  merchant  does  the 
same  sort  of  thing  to  his  customers,  in  the  form  of  higher 
prices.  So  the  game  of  passing  the  tax  "buck"  goes  merrily 
on,  although  few  realize  the  extent  to  which  the  "buck" 
serves  to  reduce  the  amount  of  goods  that  they  can  buy. 

It  is  estimated  that  the  government  will  pay  out  ten 
billion  dollars  in  1919,  or  $90  for  every  man,  woman  and 
child,  or  about  $350  for  every  family.  About  $25  of  the  $350 
is  going  to  make  good  the  government's  deficit  in  operating 
the  railways.  Well  might  each  of  us  ask  our  congressmen 
why  railway  freight  rates  should  not  be  raised  so  as  to 
eliminate  the  deficit  in  net  earnings,  for  why  should  not 
each  shipper  pay  his  own  freight  bills  in  full? 


Why   Should   Smith    Pay  Part  of 
Jones'  Freight  Bill? 

During  the  first  eight  months  of  1919  the  railroad  deficit 
in  the  net  earnings  guaranteed  by  the  government  has  been 
300  million  dollars.  Not  many  years  ago  it  cost  only  a  bil- 
lion dollars  a  year  to  run  our  entire  government.  Now  the 
government  must  raise  nearly  one-third  of  that  amount  in 
taxes  merely  to  make  good  two-thirds  of  a  year's  deficit  in 


The  Effect  of  Democracy,  Polit- 
ical or  Industrial,  Upon 
Wages 

Nearly  all  cities  have  been  lagging  behind  private  cor- 
porations in  raising  the  wages  of  employes.  A  typical  in- 
stance is  Chicago.  The  annual  salary  of  the  average  em- 
ploye of  this  city  is  now  $1,715,  as  compared  with  $1,194  in 
1915,  or  an  increase  of  44  per  cent.  The  U.  S.  Steel  Corp. 
now  pays  its  average  employe  (exclusive  of  the  administra- 
tive and  selling  forces)  $1,950  a  year,  as  compared  with  $925 
in  1915,  or  an  increase  of  more  than  110  per  cent. 

The  following  table  shows  the  increase  in  salaries  of  the 
different  classes  of  city  employes  in  Chicago  since  1915: 

1915.  1919.     Pet.  inc. 

Medical $1,062  $1,427  34 

Ensineering    1.793  2.179  22 

CleHcal        ...  1.232  1.660  29 

Police 1.335  1.836  38 

Operating  engineers    1.652  1,878  49 

jrii-g     ,        l,4^o  i.yyi  od 

Inspection    1,405  1,925  37 

Sui*ervisintr  1,315  1,527  16 

IkilfeTlabor    1.235  1,672  35 

Common  labor  'Oi  1.265  76 

Average    $1,142  $1,684        .     47 

Exempt  2,0n  2,416  16 

General  average   $1,194  $1,715  44 

The  "exempt"  class  includes  the  mayor  and  other  elected 
and  appointed  officials  exempt  from  civil  service  examina- 
tions. The  "exempt"  and  the  "supervising"  classes  stand  at 
the  bottom  of  the  list  in  point  of  percentage  increase,  each 
having  only  16  per  cent.  Next  in  order  of  rank  as  holders 
of  the  "dirty  end  of  the  stick"  stand  the  technical  engineer- 
ing forces,  with  an  increase  of  only  22  per  cent.  Is  it  any 
wonder  that  many  of  the  technical  engineering  force  have 
joined  the  draftsmen's  union? 

Many  inferences  may  be  drawn  from  such  data  as  these, 
but  perhaps  the  most   important  inferences  are  these  two: 

First,  that  where  city  or  national  governments  are  the 
employers  of  men  there  is  a  tendency  to  pay  about  the  same 
salary  to  every  class  of  employes.  This  explains,  in  part, 
the  quite  prevalent  desire  of  labor  unions  to  "nationalize 
industry." 

Second,  that  those  classes  of  men  that  command  the  most 
votes,  either  because  of  their  numbers  or  because  of  their 
organized  affiliation' with  other  classes,  secure  the  greatest 
increases  in  income.  This  explains,  in  part,  the  tendency  of 
labor  unions  to  affiliate,  as  in  the  American  Federation  of 
Labor. 

Opposed  to  the  "one  big  union  idea,"  which  is  naturally 
espoused  by  workmen  whose  pay  is  relatively  small,  are  the 
classes  of  union  men  whose  income  is  relatively  large.  The 
Brotherhood  of  Locomotive  Engineers,  for  example,  is  not 
particularly  desirous  of  surrendering  its  independence  by 
joining  a  labor  democracy.  Were  it  to  do  so.  being  outnum- 
bered by  workers  receiving  lower  wages,  this  brotherhood 
would  soon  be  compelled  either  to  accept  a  lower  wage  for 
its  members  or  to  witness  a  rise  in  all  lower  wages  to  the 
level  of  the  higher  wages. 

Those  who  incline  to  favor  "industrial  democracy"  will 
do    well    to    consider    the    ultimate    outcome    of   a    plan    that 
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would  give  each  worker  a  vote  not  only  as  to  what  his  own  Power    tO    Prevent    Strikes 

wage  should  be,  but  as  to  what  the  wages  of  other  classes 

of  men  should  be.     "Industrial  democracy"  has  an  attractive  Editorial  in  ttie  I'ulilic  I-t-dKi-r.  i'luliLlrlpliiu. 

ring  in   the   ears  of  members  of  a   political  democracy,  but  Whichever  one  of  the  several  suggested  methods  for  the 

this  should  not  be  allowed  to  lead  to  an  emotional  approval  ultimate  surrender  of  the  railroads  of  the  country  to  the  man- 

because  of  its  sweet  cadence.     What  is  really  back  of  this  ^m   „f   t^^j,.   „„„ers    may   be   Anally   accepted    by    the 

euphonious    sound?     What   is   the   meaning   of   it?     Does   it  ,    j,    ,  ,     .t,„  /..,,„.„i„.  ,.i„„  tr.r 

merely  signify  a  plan  to  give  every  worker  a  limited  voice  Congress,  the  suggestion  embodied  In  the  Cummin.  i.lan  for 

in    the    management    of    industry?      Or    does    it    give    every  the  elimination  of  strikes  and  lockouts  ought  by  all  moans  to 

worker  as  much  of  a  voice  as  every  other,  including  those  be  included.     It  is  significant  that  this  portion  ot  the  Cum- 

who  are   directing  the  work?     If  the  latter  is  the  meaning.  ^^j^g  |,,j^^  ^^^  already  been  attacked  by  the   leaders  of  the 

then  there  will  be   the  most  vigorous  opposition  to  "Indus-  railroad  unions,  which  resent  any  suggestion  of  a  limitation 

trial  democracy."  upon  their  right  to  use  the  strike  as  a  weapon  against  their 

In   the   conduct   of   any   enterprise    involving   the   coopera-  employers,  whether  they  be  the  private  owners  of  the  roads 

tion  of  many  men,  it  is   fatal  to  give   each  of  the  men  an  ^^  ^j^^  government.     They  forget,  however,  the   Interests  of 

equal  vote  on  every  question  at  issue.     Not  only  does   such  ^^^^  ^j^j^.^j  p^rty  to  the  issue,  the  great  American  public,  and 

a  procedure  result  in  endless  wrangling,  but  it  is  tantamount  j^^.   ^.jg^^  j^   j,"jg  uninterrupted   service  of  this,  the  greatest 

to  approval  of  the  ridiculous  proposition  that  any  man  is  as  ^^^^    ^^^^^^    ^.^^^^    ^j    jl,gj^    public    utilities.      The    subject    Is 

well  qualified  to  pass  judgment  on  a  given  question  as  is  any  fraught  with  diftitulties.  but  as  a  legal  correspondent  of  the 

other   man.     We   who  are   engineers  know  all   too  well  that  ^^^^,  york  Tribune  indicates,  the  Supreme  Court  of  the  I'nlted 

no  technical  problem  can  be  solved  so  well  by  non-technical  states  has  pointed  out  the   difference  between  the  right  of 

as  by  technical  men;   and  we  chafe  whenever  we  are  com-  employes  engaged  in  private  business  to  leave  their  employ- 

pelled  to  submit  a  technical  question  to  laymen  to  pass  upon.  ^^^^  '^^^  ^^.^^  j,y  concert  of  action  to  agree  with  others  to 

Yet,  every  economic  problem  is  really  a  technical  problem.  jgave,  and   the  position  of  employes  engaged  in  a   business 

that  is,  one  that  requires  scientific  study  for  its  correct  solu-  ^-jj^rged  with  a  public  interest.     And  the  same  tribunal  has 

tion.     The  management  of  men,  for  example,  requires  noth-  j^  effect  if  not  expressly  decided  that  the  Congress  has  the 

ing  less  than  the  solution  of  a  vast  number  of  psychological  ^.jgj^j  ^^  legislature  to  protect  the  public  right  in  such  a  case 

and    physical    problems.     Shall   such   facts   be   ignored,    and  ,^^  j^   presented   by   the   present  discussion.     It  is   certainly 

shall   every    man   have    an    equal   voice    in    the    management  ^^  intolerable  wrong  that  the  people  should  have  no  protec- 

that  controls  his  own  actions  as  well  as  those  of  his  fellows?  ^^^^  against   the   iri-eparable   injury   that   would   be   inflicted 

Let  Russia,  if  she  will,  continue  to  work  upon  the  theory  ^^^^^  ji^pj^  jf  ^^J^  ^aih-oad  brotherhoods  should  carry  out  the 

that  complete  industrial  democracy  will  yield  a  larger  income  jhreat  with  which  they  accompanied  their  last  demand  for  a 

for  the  average  man  than  is  attainable  under  the  capitalistic  ^^,^gg  increase.     And  the  Congress  would  be  negligent  of  its 

system.     Let  the  experiment  be  tried  by  any  other  country  ^^^^^^  imperative  duty  were  it  to  fail  to  heed  the  emergency 

that  chooses  to  do  so,  but  let   America  continue  to   operate  ^^^  ^^^^  means  to  safeguard  the  public  rights,   whether  by 

under    the    old    plan,    with    such    modifications    as    naturally  ^^^^  system  of  compulsory  arbitration  where  public  utilities 

evolve.      When    Russia    or   any    other    country    demonstrates  ^^.^  concerned  or  by  penalizing  the  breaking  of  contracts  by 

that  complete   industrial   democracy   yields   a   larger   income  ^j^^^g  engaged  in  the  transportation  of  interstate  commerce. 

and  a  greater  meed  of  pleasure  to  the  average  worker,  then 

we  may  safely  pass  from  what  we  know  to  be  fairly  good  to  „.,„,,,,,  p.^^^  ^n  Manitoba.-One  of  the  largest 

what  IS  proven  to  b^^ter^ hvdrTelectric  planls  in  North  America  is  to  be  built  at  Lit- 
tle du  Bonnet  Falls,  on  the  Winnipeg  River,  a  short  distance 

Railway    Commission    Fixes    Rate  for  northeast  of  Winnipeg,   it  is  proposed  to  expend  $9,000000 

\f    .         rr          1      W«..1arto  on  the  work  and  the  expectation  is  that  160,000  h.p.  w.l    be 

Motor   Truck    Haulage  aeveloped.     The  first  step  in  the  project  will  be  the  building 

Standard  rates  for  motor  truck  haulage  have  been  estab-  ^f  ^  ^am  of  concrete,  2,000  ft.  long  and  of  a  maximum  heighl 

lished  for  eastern  Nebraska  by   the  State  Railway  Commis-  of  70  ft.  across  the  Winnipeg  River  at  Little  du  Bonnet    'aiis. 

sion     In  fixing  these  rates  the  following  estimate  of  operat-  ^he  dam  will  create  a  reservoir  from  oO  to  .0  ft.  in  "^P'"-  "*• 

ing  costs,  based  on  the  truck  with  a  4.000  lb.  load,  driven  50  tending  several  miles  up  the  river  to  the  second  ^"•^),"""^ 

miles  daily,  was  used  by  the  Commission:  Falls,  and.  by  raising  the  river's  level  ;V''  ^';°7„,°"  „un^es 

Per  ton  mile.  ^^  Bonnet  Falls  where  the  river  drops  3..  ft.  In  four  plunges. 

Operating:                                                ^^    ^            ,  ,                    Pk^  p,„u,  turbines  of  21,000  h.p.  each,  of  four-runner,  horizontal 

StL'^Ll^./U^|Is%\  we^S,V^.y.%"2'/a?^.%Vpenseai:      '  7^  St  t>^e,  will  be  installed  in  pits  in  the  -ncre^t.  substruc- 

lowanco)    ^■^'"'  ture     The  water  from  the  reservoir  will  pass  directly  Into 

Maintenance;     .                                                                                 2.500  jjjg  turbines  at  20  000  cu    ft.  per  second.     The  power  gener- 

Deprecfat^iorron  basis'ori600miies):\";::: 4.160  ^^^  ;^.i,,  ^g  conveyed  to  Winnipeg  by  a  double 

Ge'^nTrlV;  °'  '"''•  ^"^  ''''"  °'  '''                '1  circuit  transmission  line  supported  across  country  on  struc- 

'"skfaHes.  rent,  etc ^fgS  tural  towers  54   ft.  high.     A  second   double^ircu.t   line   will 

Insurance ■.■.■.■.■.■.'.'.■.'.      .800  connect  the  power  house  with  the  power  plant  at  the  Wlntii- 

^xes''"($l,200pl?-ionfoVfirsryear  of  ■truck's  lite,  $800  ^^^^i^    Railway    at    Pinawa    higher   up    the    river.'   A 

n^rr^fJei^n^  ?f  "p.^ c/n',',"'  .'""' !  i  i  i ! !  i  i !  i  1 : :  i    2-111  Luble-Ioop  connection  will  thus  be  maintained  between  the 

''5  057  city  and  the  source  of  power. 

Total   "  ■  "                                    . 

The   rates  cover  a   schedule   within   a   radius   ot   60   miles. 

Fouf  clas  "ficatLns  are  provided  for  in  these   rates  between  3,,   stripping  for  Miami  Conservancy  District  Da^s.-^^^^^^ 

points   not  within  the  same   city  or  village.     The   mm.mum  cavation  for  the  soil  str.ppm.?  for  the  dan  .for  the  fi^e  retard 

charge   for  first  class  commodities  is   15  ct.   per   100  lb.,  in  ^,,i„,  ot  tbe  Miami  Conservancy  District  of^ayt""'^' 

^ddUion  to  which  a  char-e  of  1.5  ct.  is  made  for  each  mile.  j^^^  ^een  done  by  means  of  elevating  graders.    The  speciflca- 

Secondc  as     rates  are  sfper  cent  of  this  figure,  third  class  ^j^^,  required  the  removal  of  all  vegetation,  stumps,  roots 

raTeslre  70  percent  and  f'ourth  class  rates  are  60  per  cent.  ,  •„.  „,.  „,o..e  in  diameter  or  ->"  ""-'^^f  ^^-^^^/^bftS^^ 

The  minimum  charge_i^^O^ Englewood  f^^l^^l^^U^^ZlSly  T^^^.sV^  .ead. 

Trailer    Bonus    for    Crushed    Stone    Oeliveries.-A    simple  IZ^XZ" ^^^orl'^'^^^-"^^^^^^^^^^^ 

trailer  bonus  plan  is  operated  by  the  Dunbar  Stone  Co..  De^  ^^  Tuts"cio'the  foes  of  the  dam,  to  be  later  spread  over  the 

troit.  Mich.     Every  time  a  driver  take  °^' ^Jl'''' ^^^^^  ^ed      o^^s  as  soil  dressing.     Work  was  done  during  the 

a  brass  check;  he  accumulates  these  until  pa>   day.  ^ hen  he  S^^^^y    ^     j^       There  were  56  possible  working  days  and 

turns   them   in   and   gets   a   stipulated  amount  of  mone>.  Jo-"  ™tu,\?  worked,   a  loss   of  time  of  16   per  cent  due  to 

each  in  addition  to  his  regular  wages.     All  the  drivers  haul^  f '  ^^^°^g"/"Vl,7^^erage  loaded  haul  was  from  150  to  200  ft 

ing    trailers    get   so   much    per   hour   extra   all   thro 'f  f  ^  The  material  moved  aggregated  45.000  cu.  yd.  and  the  depth 

tnfnth,  in  addition  to  the  bonus.     They  are  c°°^idered  m  a  The  material  mo           ^^J^^^           .^^^     ^^^  ^.^^^^.  yardage 

class  a  little  above  the  regular  truck  drivers,  for  thej   carry  of^cut  ^^^^^^^  ^^^  ^^'  ^^   ^„^^i„g  ^  10-hour  shift, 
a  helper  while  the  others  du  not. 
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Method  of  Controlling  Curvature 
of  Diamond  Drill  Holes 

One  o£  the  main  limitations  of  the  diamond  drill  has  been 
its  inability  to  drill  a  straight  hole.  To  depths  of  1,000  ft. 
the  deflection  often  is  not  lai-ge,  but  all  holes  tend  to  curve 
and  take  somewhat  erratic  courses.  Accurate  survey  methods 
have  made  it  possible  to  interpret  curved  holes,  but  there 
are  many  cases  where  highly  valuable  information  cannot  be 
obtained  if  the  curvature  cannot  be  controlled.  The  Mond 
Nickel  Co..  which  drills  about  50,000  ft.  per  year,  has  adopted 
a  standard  practice  of  wedging  for  controlling  the  direction 
of  drill  holes  that  appears  to  overcome  one  of  the  large  limi- 
tations of  the  diamond  drill.  Holes  that  warrant  this  ex- 
pense are  wedged  both  to  vertical  or  both  to  a  straight  line 
as  soon  as  they  show  de- 
flection of  over  3°.  The 
method  of  the  Mond  Nickel 
Co.  was  described  by  0. 
Hall  and  V.  P  Row,  respec- 
tively mine  superintendent 
and  exploration  engineer 
of  the  company,  in  a  paper 

presented     last     month     at  M-*^ — Bins  ueamed  on 

the  Chicago  meeting-  of 
the  American  Institute  of 
Mining  and  Metallurgical 
Engineers.  An  abstract  of 
the  paper  follows: 

A  diagram  of  diverting 
wedges  is  shown  in  Fig.  1. 
Each  wedging  requires  the 
use  of  a  wooden  plug,  a 
drive  wedge  A,  a  pilot 
wedge  B,  a  deflecting  w  edge 
D,  a  special  clinometer  C, 
Fig.  2,  and  a  special  ream- 
ing bit  E.  Wedging  is  pos- 
sible in  any  hole  and  no 
change  of  size  is  made,  that 
is  an  "E"  hole  remains  "E" 
size,  an  "A"  hole  "A"  size, 
and  a  "B"  hole  "B"  size. 
The  dimensions  and  de- 
scription given  are  for  "A" 
holes. 

To  wedge  a  hole  at  any 
point,  a  dry,  turned,  wood- 
en plug  grooved  to  allow 
water  to  pass  is  pushed 
down  with  the  rods  to  the 
point  where  it  is  desired  to 
branch  the  hole  and  allowed 
to  swell.  A  drive  wedge  is 
then  dropped  into  the  hole 
and  driven  into  the  wooden 
plug,  using  a  blank  bit  for 
driving.  The  drive  wedge, 
being  cut  out  below  the 
face,  usually  falls  with  the 
face  of  the  wedge  in  the  di- 
rection of  dip  but  in  every 
case  its  position  is  sur- 
veyed carefully  by  using 
the  special  clinometer  0, 
Fig.  2.  Lines  are  cut  on 
the  inside  of  the  clinometer 
parallel  to  and  in  the  plane 
of  the  long  axis  of  the  30° 
beveled  part  of  the  clinom-  wcuaci. 

eter.  Lines  indicating  this  plane  are  marked  on  the  side  of 
a  glass  tust  tube  with  a  small  carbon,  the  low 
point  of  the  bevel  face  being  indicated.  The  glass  tube 
is  filled  to  a  height  of  about  2  in.  with  hydrofluoric  acid 
diluted  with  two  parts  of  water,  a  cork  put  in, 
gummed  paper  placed  over  cork  and  fastened  to  the  sides  of 
the  tube,  and  the  plane  marked  across  the  paper  so  that  it 
fits  the  clinometer  snugly  and  when  lowered  into  the  clinom- 
eter the  marks  coincide.  The  clinometer  i^  lowered  into  the 
hole  and  allowed  to  set  30  minutes  to  take  the  etching;  it  is 
then  pulled  up,  the  tube  cleaned  and  dried,  and  the  low  and 


-Pilot  Wedge 


■  Wedge 


,  Plug 


Fig. 


Diverting 


high  points  of  the  etching  marked  when  the  tube  is  held  ver- 
tical. The  relative  direction  of  the  face  of  the  drive  wedge 
and  the  dip  of  the  hole  are  indicated.  If  the  two  low  points 
coincide,  they  are  the  same  and  it  is  only  necessary  to  set  the 
face  of  the  pilot  wedge  and  the  face  of  the  deflecting  wedge 
in  the  same  direction  and  lower  them.  If  the  two  low  marks 
do  not  coincide,  it  is  necessary  to  determine  the  angle  be- 
tween them  and  to  rotate  the  pilot  wedge  with  regard  to  the 
deflecting  wedge,  to  bring  the  deflecting  wedge,  when  in 
place,  in  a  direction  opposite  to  the  dip  of  the  hole.  Strips  of 
paper  wound  around  the  test  tube  and  wedges  allow  marking 
and  measuring  the  arc  determining  the  angle.  If  the  dip  is 
small,  a  standard  dip  protractor  or  the  transit  and  protractor 
may  be  necessary  to  determine  the  low  point  of  the  etching. 

A  ring  is  left  at  the  top  of  the  deflecting  wedge  to  lower  it. 
The  pilot  wedge  and  deflecting  wedge  properly  orientated  are 
lowered  by  riveting  a  special  lowering  plug  threaded  into  a 
blank  "A"  bit  to  the  ring  with  a  copper  rivet.  Neither  the 
30°  face  of  the  drive  wedge  nor  the  face  of  the  pilot  wedge  is 
brought  to  a  thin  point  but  an  end  %  if-  thick  is  left.  This 
provides  a  surface  for  driving  the  drive  wedge;  also,  in  one 
position,  the  point  of  the  pilot  wedge  will  rest  on  the  point 
of  the  drive  wedge  and  on  being  rotated  180°  the  pilot  wedge 
will  drop  2  in.  into  its  place,  indicating  when  the  two  are  in 
their  proper  relation.  Shearing  of  the  copper  rivet  gives  a 
further  drop  of  3  in.  The  amount  of  stretch  in  the  rods 
must  also  be  taken  into  account  in  working  at  depth;  1.500  ft. 
of  "A"  rods  have  about  2.5  in.  of  slack. 

When  the  deflecting  wedge  is  in  place,  an  "E"  bit  and  core 
barrel  are  used  and  an  "E"  hole  drilled  to  a  point  3  or  4  ft. 
(0.9  or  1.2  m.)  below  the  wedge.  The  curved  face  of  the 
deflecting  wedge  is  "E"  size,  so  the  "E"  bit  follows  the  wedge 
without  cutting  into  it.  After  the  "'E"  drilling,  the  wedge 
and  deflected  hole  are  reamed  out  with  the  special  reaming 
bit  "E."  The  small  part  of  this  is  "E"  size  and  acts  as  a  pilot. 
Diamonds  are  set  in  the  beveled  part  to  ream  the  wedge  and 
hole  out  to  "A"  size.     After  doing  this,  the  regular  "A"  rods 
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Fig.  2 — Wedges  and   Clinometer  for  "A"  Rods. 

and  "A"  bit  are  used,  but  reaming  w-ith  the  "A"  bit  is  started 
at  the  top  of  the  wedge  to  make  sure  there  is  ample  clear- 
ance for  passing  up  and  down.  The  "A"  hole  is  continued  as 
an  "A"  hole  below  the  wedge. 

Wedging  was  first  tried  in  a  vertical  hole  that  had  been 
abandoned  as  useless  at  1.100  ft.  The  hole  was  branched  by 
a  wedge  at  436  ft.  where  the  deflection  was  5°  and  by  using 
seventeen  wedges,  was  guided  to  a  depth  of  over  2,400  ft. 
with  a  deflection  under  24°.  The  correction  per  wedge  was 
less  than  expected  and  the  work  indicated  that  it  would  have 
paid  to  start  a  new  hole  and  wedge  whenever  the  deflection 
exceeded  3°.  The  upper  part  of  the  hole  was  a  fissured  gran- 
ite or  gneiss;  the  lower,  fissured  quartzite.  The  first  wedg- 
ings  were  expensive  and  only  partly  satisfactory  but  a  skill- 
ful setter  and  crew  corrected  the  difficulties,  making  accurate 
wedgings  without  difficulty  after  the  third  wedging.  The 
average  correction  per  wedge  was  2°.  Two  subsequent  holes 
in  norite,  greenstone,  and  granite  were  drilled  to  depths  of 
over  2,500  ft.,  keeping  the  deflection  within  5°  by  using  three 
wedges  in  each.  One  of  these  holes  had  deflected  to  5°  at  a 
depth  of  362  ft.  It  was  wedged  at  328,  472,  and  580  ft.,  bring- 
ing it  back  to  1°  10'.  The  other  was  out  2°  25'  at  a  depth  of  700 
ft.  A  wedge  brought  this  back  to  0°  35'.  Though  new  to  the 
work  the  setters  and  crews  on  the  latter  holes  had  no  diffi- 
culties. Thin  core  shells  being  lowered  to  recover  lost  cores 
should  be  lowered  slowly  past  the  top  of  a  wedge.  The  first 
deflecting  wedges  were  made  without  the  extra  foot  of  the 
base  and  one  gave  trouble  by  loosening. 
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A  set  of  wedges,  comprising  a  drive,  a  pilot,  and  a  deflect- 
ing wedge,  cost  about  $25  in  1918.  The  average  cost  of  a 
wedging  was  about  $250,  labor  $1(10,  fuel  $50,  carbon  $50. 
wedges  $25,  and  miscellaneous  $25.  Experienced  crews  took 
five  shifts  to  complete  a  wedging,  a  shift  placing  a  wedge. 
one  shift  drilling  with  "E"  bit.  two  shifts  reaming  "E"  hole 
to  "'A"  size,  one  shift  reaming  through  the  wedge  with  the 
"A"  bit. 

Credit  for  the  many  suggestions  is  due  the  members  of  the 
firm  of  Smith  &  Travers.  contractors.  A  successful  wedging 
method,  in  addition  to  overcoming  curvature,  can  be  used  to 
branch  a  hole  for  any  purpose,  for  securing  additional  rec- 
ords of  strata  or  additional  samples  of  the  vein  or  deposit. 
The  application  of  wedging  to  the  correction  of  curvature  ap- 
pears to  overcome  one  of  the  large  limitations  of  the  diamond 
drill. 


Method   of    Building  Railway 
Track  Across  a   Lake 

In  a  recent  extension  of  the  Chicago  Surface  Lines  south- 
ward to  reach  an  industrial  section  located  in  Hegewisch,  it 
was  found  advisable  to  locate  the  line  through  a  swamp  and 
a  shallow  lake.  The  6-mile  stretch  of  line  was  built  in  an 
unusual  way  despite  great  difficulty  and  danger.  As  de- 
scribed in  Electric  Traction,  the  method  of  construction 
consisted  In  first  making  a  sort  of  a  raft  of  old  timbers  and 
telegraph  poles.  The  old  second  hand  telegraph  poles  were 
placed  longitudinal  with  the  track  and  to  these  were  fas- 
tened crosswise  old  ties  or  timbers.  This  material  was 
brought  up  to  the  front  on  the  newly  constructed  track  and 
was  floated  into  place.  Continuing  with  the  cribbing  method, 
old  ties  and  timbers  were  fastened  to  the  raft  until  the  crib- 
bing extended  about  three  feet  above  the  water.  The  rails 
were  then  laid  at  standard  gage  on  this  cribbing  and  center 
dump  cars  were  used  to  build  up  the  embankment  with  slag, 
placed  through  the  openings  in  the  cribbing.  Slag  for  this 
purpose  was  obtained  from  a  nearby  industry.  This  material 
proved  much  more  satisfactory  than  sand  or  earth  fill,  as 
there  was  several  feet  of  soft  muck  on  the  bottom  of  the 
lake  and  this  spread  out  beneath  the  slag  a  considerable 
distance  each  side  of  the  track.  It  is  believed  that  sand  or 
earth  would  have  spread  out  a  greater  distance,  thus  requir- 
ing a  greater  amount  of  filling  to  complete  the  embankment. 
When  suflicient  slag  bad  been  placed  by  means  of  the  cen- 
ter dump  cars,  side  dump  cars  were  utilized.  This  method 
resulted  in  placing  the  slag  on  either  side  of  the  track  form- 
ing the  initial  roadbed.  The  ties  were  then  placed  on  the 
roadbed  and  the  rails  w^ere  removed  from  the  cribbing  and 
replaced  on  the  newly  laid  ties.  This  method  was  repeated 
rail  by  rail  until  the  track  across  the  lake  and  swamp  was 
completed.  Once  across  the  swamp,  the  ordinary  methods 
of  track  construction  were  adopted. 

It  is  interesting  to  note  that  as  the  work  proceeded  through 
the  swamp,  it  was  found  possible  to  successfully  reclaim 
about  50  per  cent  of  the  old  timbers  and  poles  used  for  crib- 
bing, so  that  for  each  length  of  track  built  some  of  the  orig- 
inal timbers  were  being  used.  The  manner  in  which  these 
timbers  came  floating  to  the  surface  of  the  water  after  hav- 
ing carload  after  carload  of  siag  unloaded  on  top  of  them  and 
being  imbedded  in  the  embankment  so  that  they  could  not 
be  seen,  was  an  interesting  feature  of  the  work. 

Another  economical  feature  of  the  work  consisted  of  using 
for  track  ballast  the  excavated  material  from  another  part 
of  the  line.  The  street  at  this  point  w^as  a  paved  macadam 
roadwav  and  the  excavated  material  from  this  portion  of  the 
line  was  used  as  filling  for  the  tracks  at  a  railroad  crossing, 
where  it  was  necessary  to  grade  the  tracks  to  meet  the  rail- 
road, a  1  per  cent  grade  being  used. 

Owing  to  the  adverse  conditions  encountered  by  the  fact 
that  the  greater  part  of  the  extension  had  to  be  constructed 
through  a  swamp  with  water  from  a  depth  of  1  to  3  ft.  and 
below  the  water  a  mass  of  soft  mud  or  muck  several  feet  in 
thickness,  the  progress  of  the  work  was  necessarily  much 
slower  than  on  ordinary  track  construction.  Accordmg  to 
soundings  taken,  this  muck  was  found  to  vary  from  3  to  9 
ft.  in  depth.     Below  this  a  sound  bottom  was  found. 

Considering  the  conditions  under  which  the  work  was  car- 
ried on.  it  is  remarkable  that  there  were  no  accidents  and 
that  the  derailment  for  the  entire  job  consisted  only  of  two 
wheels  off  the  track. 


Present  Day   Paintinj^  Practice  in 
Railway  Field 

Prom  various  papers  presented  before  a  recent  convention 
of  the  Master  Car  and  I.«coraotlve  Painters'  ABHOciation,  wp 
have  taken  the  following  as  representing  present  day  prac- 
tice and  the  accumulated  experience  and  Judgment  of  some 
of  the  master  painters  and  foremen  painters  In  the  railway 
field: 

The  chemical  testing  of  varnish  or  paint  materials  has 
up  to  date  been  of  little  value  as  a  reliable  source  "of  Infor- 
mation, especially  as  regards  durability.  In  fact,  up  to  date. 
except  in  the  case  of  raw  materials,  a  chemical  test  Is  of  no 
use  to  the  painting  department.  The  experienced  painter  by 
a  few  practical  tests,  such  as  elasticity,  working  and  drying. 
can  usually  determine  and  foretell  through  bis  experience 
the  possible  durability  of  the  article  in  question. 

For  some  time  past  the  railway  paint  shops  have  been 
receiving  many  paint  oils  as  substitutes  for  linseed  oil.  It 
is  believed  there  is  none,  as  yet,  equal  to  linseed  oil  as  puint 
making  oil.  A  paint  oil  as  a  substitute  for  linseed  oil  for  use 
in  the  railway  paint  shop  can  be  made,  and  is  being  made 
and  sold  by  many  companies,  on  a  linseed  oil  base,  and  of 
the  same  gravity.  This  dries  with  a  good  gloss,  as  it  contains 
enough  of  volatile  oils  as  conveyers  to  assist  materially  In  the 
application  of  the  paint  and  when  evaporated  in  drying, 
leaves  a  thoroughly  elastic  and  highly  protective  oil  film  in 
ccmbination  with  the  pigment.  This  paint  oil  can  be  used 
in  thinning  out  paints  of  any  character,  oxide,  carbon,  lead 
or  zinc,  where  oil  is  desired  as  a  thinner  without  danger  of 
any  chemical  action.  Such  oil  would  proliably  be  called  a 
combination  oil. 

Vegetable  oils  are  used  by  many  in  making  up  their  paint 
oils,  namely,  cotton  seed  oil,  soya  bean  oil,  hempseed  oil, 
corn  oil,  peanut  oil,  cocoanut  oil,  etc.  These  vegetable  oils 
being  largely  food  oils  and  used  extensively  in  paint  making 
oils  as  substitutes  for  linseed  have  found  an  increasing  mar- 
ket. Mineral  oils  are  also  used  in  the  paint  oils  to  some 
extent,  but  it  is  not  advisable  to  be  too  free  in  the  use  of 
paraffin  oils.  Owing  to  the  great  demands  for  linseed  oils 
and  the  scarcity  of  the  supply,  also  prices  soaring  up  almost 
to  a  prohibitive  figure  for  general  use  in  the  paint  shop,  sub- 
stitute oils  have  found  a  place  in  making  paint  oils  for  use 
in  the  railway  paint  shop. 

There  are  quite  a  number  of  these,  drying,  semi-drying 
and  non-drying,  and  not  a  few  have  their  special  uses  in  paint. 
The  most  important  of  the  drying  variety  is  China  wood  oil  or 
tung  oil.  Poppyseed  oil  is  prominent  for  grinding  the  finer 
grades  of  zinc  white  and 'artists'  colors,  and  must  be  classed 
among  the  drying  paint  oils  for  the  reason  that  when  pressed 
from  ripe  seed  it  dries  very  nearly  as  rapidly  as  raw  linseed 
oil.  The  reason  tor  the  use  of  poppyseed  in  colors  or  paints 
is  due  to  the  non-darkening  of  this  oil  and  its  free  spreading. 
Bombay  nut  oil  was  at  one  time  largely  offered  at  a  price 
somewhat  lower  than  poppyseed  oil.  It  was  very  clear,  almost 
water  white,  and  its  drying  properly  fully  equal  to  that  of 
bleached  linseed  oil.  However,  this  oil  has  not  been  heard 
from  in  the  market  for  some  time. 

Sunflower  seed  oil  is  also  classed  among  the  drying  oils, 
but  it  has  not  found  Us  way  into  general  commerce  and 
therefore  nothing  more  is  known  about  it  than  has  been 
ascertained  in  an  experimental  way.  Hempseed  oil  also 
belongs  to  the  class  of  vegetable  drying  oils,  but  this  seed 
being  raised  principally  in  Russia  and  a  few  other  localities 
in  Europe,  is  used  mostly  .there  as  a  paint  oil;  and  if  any  is 
brought  to  this  country  it  comes  as  an  admixture  with  linseed 

Another  vegetable  drying  oil  that  has  been  largely  im- 
ported for  some  time  into  this  country  and  Europe,  under  the 
name  of  candle  nut  oil  by  soapmakers  and  known  to  science 
a^  Kukui  oil.  is  now  being  tested  by  progressive  varnish  and 
paint  manufacturers.  It  bids  fair  to  be  a  strong  competitor 
of  linseed  oil  when  its  characteristics  become  better  known 
to  the  trade  and  it  is  prepared  in  a  more  scientific  manner 
than  it  is  now.  Other  drying  vegetable  oils,  as  nigerseed 
oil    tobacco   seed   oil,   Scotch   firseed   oil.  etc.,   that  are   not 
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readily  obtainable  in  commerce,  are  not  at  all  interesting  to 
the  paint  maker  and  color  grinder. 

Another  oil,  which  is  of  animal  origin,  is  the  fish  oil  known 
as  Menhaden  oil.  This  is  baiTed  out.  however,  from  use  in 
many  paint  materials,  especially  in  interior  paints,  because 
of  its  offensive  odor,  and  is  made  use  of  only  in  special  out- 
side paints  as  in  roof  paints  and  stack  paints,  and  by  some 
manufactniers  in  other  specialties. 

Among  the  substitutes  tor  linseed  oil  that  Interest  paint 
manufacturers  most  should  be  classed  soya  bean  oil,  corn 
oil.  and  cottonseed  oil.  Soya  bean  oil  requires  fully  ten  days 
to  dry  to  a  film  and  then  the  film  will  not  be  as-  firm  as  raw 
linseed  oil,  which  requires  six  days  to  dry  to  a  film.  Since 
linseed  oil  is  extraordinarily  high  priced,  there  is  quite  a  de- 
mand for  bean  oil  and  it  is  quite  a  task  for  paint  makers  to 
discover  methods  to  make  their  products  dry  in  the  ordinary 
way.  The  usual  practice  was  to  use  equal  portions  of  soya 
bean  oil  and  boiled  linseed  oil,  or  when  this  would  not  work 
out  well  in  some  paints  the  bean  oil  portion  was  increased 
and  also  the  driers. 

Corn  or  maize  oil  has  been  in  use  in  paints  for  many  years, 
but  is  made  use  of  only  when  the  linseed  oil  is  high  in  price. 
This  oil  has  very  little,  if  any,  drying  properties,  and  will 
harden  to  a  brittle,  rather  mealy  film  in  from  twenty  to  thirty 
days.  Cottonseed  oil  has  no  drying  properties,  but  is  a  good 
lubricant,  and  previous  to  its  rise  in  price  when  it  came  to 
be  used  as  a  cooking  and  table  oil,  it  was  used  to  adulterate 
linseed  oil.  Rosin  oils  are  not  only  used  in  printing-ink  mak- 
ini.,  but  were  largely  employed  in  making  paint  for  rough 
surfaces,  though  since  their  price  has  advanced  to  twice,  even 
three  times  their  former  cost,  they  have  been  replaced  by 
mineral  paint  oils  to  a  great  extent  in  paint.  Rosin  oils  are 
practically  non-drying,  and  while  they  harden  in  time  will 
soften  again  under  the  influence  of  sun  heat  and  make  the 
paint  film  part,  or  alligator.  Pine  oil  and  tar  oil  are  products 
from  the  distillation  of  wood  spirit  and  of  rosin,  and  are 
used  in  the  manufacture  of  marine  paints,  especially  paints 
for  ships'  bottoms.  These  oils  are  semi-drying  and  water 
resisting  to  a  degree. 

Mineral  paint  or  paint  and  putty  oil.  so  called  among  the 
trade,  is  refined  petroleum  or  neutral  oil,  so  named  because 
debloomed.  These  oils  cannot  be  used  without  being  mixed 
in  certain  percentages  with  boiled  linseed  oil,  as  they  lack 
binder  and  are  apt  to  wash  off  the  surface  in  case  of  driving 
rains.  Even  when  used  in  large  portions  in  a  liquid  paint  for 
rough  surfaces  such  paints  have  been  known  to  wash  oft 
when  they  were  supposed  to  have  dried  hard  a  month  or  two 
before. 

Petroleum  products  of  this  class  will  sweat,  causing  soft- 
ening of  the  film  and  consequent  damage  by  water. 

Cheap  paints  for  use  on  rough  lumber  or  other  rough  sur- 
faces can  be  made  by  grinding  the  base  in  linseed  oil  (usually 
boiled)  thinning  with  a  mixture  of  about  35  gal.  of  gloss  oil 
(rosin  and  benzine  mixture),  10  gal.  of  raw  linseed  oil  and 
5  gal.  of  liquid  drier.  Or  if  it  must  be  still  cheaper,  a  thinner 
can  be  made  of  30  gal.  of  gloss  oil,  15  gal.  of  debloomed 
neutral  parafiin  oil  and  5  gal.  of  lead  and  manganese  drier. 
In  any  case,  however,  the  pigment  to  be  used  as  the  base 
for  the  pHiut  should  be  ground  in  linseed  oil. 

So  far  linseed  oil  has  not  found  an  equal  in  paint  making, 
although  the  subject  has  been  one  of  deep  study,  and  while 
other  fixed  oils  have  been  discovered  that  for  certain  purposes 
have  been  expected  to  take  its  place,  it  has  yet  to  be  demon- 
strated that  such  is  really  the  case  in  long  practice.  China 
wood  or  tung  oil,  while  superior  to  linseed  oil  in  certain  di- 
rections, especially  in  its  resisting  power  to  water,  has  not 
shown  itself  adapted  to  replace  linseed  oil  in  making  oil 
paints  as  we  know  and  desire  them. 

When  linseed  oil  is  placed  on  a  strip  of  glass  that  has  been 
painted  jet  black  and  shows  a  bloom,  or  iridescence,  it  is 
adulterated  with  mineral  oil  or  rosin  oil.  Admixtures  of  lin- 
seed oil  and  corn  oil  or  linseed  oil  and  cottonseed  oil  can  be 
detected  by  placing  some  of  the  oil  between  the  palms  of 
the  hands,  rubbing  briskly  and  noting  the  odor  thus  emitted. 
The  presence  of  soya  bean  oil,  however,  cannot  well  be 
asceri.'iined  by  simple  tests,  and  a  chemical  analysis  is  neces- 
sary though  even  that  is  sometimes  misleading. 

Ii  was  stated  by  one  master  painter  that  mineral  oil  should 
not  be  used  with  putty  as  it  evaporates  and  leaves  a  powder 
thnt  soon  flakes  off,  affording  no  protection  for  the  glass. 
Good  putty  effects  a  saving  of  glass  and  labor  many  times 
greater  than  the  increased  cost  of  the  material. 


Advantages  of  the   Electric  Horn 
for  "Paging"   Employees 

In  a  paper  presented  last  spring  before  the  Rochester, 
N.  Y.,  section  of  the  American  Institute  of  Electrical  Engi- 
neers' V.  Karapetoff,  Professor  of  Electrical  Engineering  at 
Cornell  University,  points  out  the  advantages  of  the  electric 
horn  with  code  systems  over  the  ordinary  telephone  for 
notifying  employees  when  they  are  wanted.  The  system  is 
used  in  industrial  plants  and  is  applicable  to  mines  and  pos- 
sibly to  construction  operations.  An  abstract  of  the  paper 
follows: 

A  private  telephone  system,  however  extensive,  promptly 
establishes  communication  with  any  important  employee  only 
so  long  as  the  needed  man  is  at  his  desk.  As  soon  as  he 
leaves  his  desk  the  problem  of  finding  him  becomes  a  hit- 
or-miss  proposition.  On  the  other  hand,  a  superintendent, 
a  foreman,  or  a  repair  man  is  ordinarily  useful  only  in  so 
far  as  he  can  move  about  the  plant  or  property  freely,  with- 
out the   fear  that  someone  of  importance  may  need  him. 
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Electric   Signal    Horn   Apparatus. 

An  electric  signal,  similar  in  construction  to  the  familiar 
electric  "horn"  used  on  automobiles,  can  be  introduced  for 
notifying  heads  of  departments  or  foremen  when  they  are 
needed  at  the  head  office.  It  consists  of  a  diaphragm  with 
an  anvil  at  its  center.  A  toothed  wheel  driven  by  a  small 
electric  motor  strikes  the  anvil  many  times  a  second  and 
causes  it  to  vibrate  vigorously.  The  device  is  provided  with 
a  projector  or  horn,  the  shape  of  which  depends  on  whether 
it  is  desired  to  scatter  the  sound,  to  intensify  it  in  a  hori- 
zontal direction,  or  to  deflect  it  downward.  Such  motor- 
driven  signals  are  now  made  much  more  powerful  than 
automobile  horns,  and  are  wound  for  110  or  220  volts,  direct 
or  alternating  current,  so  that  they  can  be  connected  to  a 
lighting  or  power  circuit,  and  do  not  require  a  separate  low- 
voltage  battery. 

When  someone  who  may  be  anywhere  in  the  plant  is  de- 
sired, the  telephone  operator  simply  sounds  this  particular 
man's  call,  whereupon  he  comes  to  the  nearest  telephone,  and 
reports,  and  the  operator  then  connects  him  with  the  person 
at  the  other  end.  A  special  code-calling  automatic  instru- 
ment has  been  developed  for  this  purpose.  The  operator 
merely  sets  the  desired  person's  code  number  on  a  dial  and 
pulls  a  lever.  A  contact-making  mechanism  is  thereby  set 
in  motion,  which  closes  the  electric  circuit  and  operates  the 
code  signals  throughout  the  plant  the  required  number  of 
times  (usually  three  times)   and  it  stops  automatically. 

A  further  application  of  loud  electric  horns  in  industrial 
iilants  is  for  extensions  to  telephone  bells.  The  ordinary 
telephone  ringer  is  not  loud  enough  in  many  shops  when 
the  foreman  is  away  from  his  desk.  In  this  case,  a  relay 
is  connected  in  parallel  with  or  in  place  of  the  telephone 
ringer,  and  when  it  is  actuated  it  closes  a  secondary  circuit, 
which  causes  an  electric  horn  to  sound.  This  call  should  be 
a  single  blast,  to  distinguish  it  from  code  calls. 

A  modern  coal  mine  may  have  miles  of  passages  and  rooms 
underground,  so  that  the  superintendent  and  his  assistants 
have  to  cover  an  extensive  area.  A  system  of  powerful  horns 
installed  throughout  the  mine  and  connected  to  a  code-calling 
instrument  outside  the  mine  would  instantly  convey  any  call. 
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and  the  superintendent  or  whoever  is  called,  would  come  to 
the  nearest  telephone  and  report  to  the  operator. 

A  further  improvement  of  this  system  might  consist  in 
providing  the  superintendent,  the  foremen,  the  electrician 
and  others  with  portable  telephones,  which  could  be  con- 
nected to  the  line  wires  at  any  point.  This  is  possible  in 
many  mines  in  which  bare  steel  wires  are  used  for  the 
telephone  circuit.  In  some  mines,  especially  where  rope 
haulage  is  used,  the  man  on  the  train  is  given  a  piece  of 
metal  with  which  he  short-circuits  these  two  wires,  and 
cause  a  signal  gong  to  ring  at  the  winding  engine.  In  this 
case  the  telephones  are  connected  through  condensers,  and 
electrical  connections  are  used  similar  to  those  which  per- 
mit slmulataneous  telegraphy  and  telephony  over  the  same 
wires. 

The  same  acoustic  signals  may  be  used  for  sounding  emer- 
gency calls  or  for  a  general  alarm,  although  the  exact  ar- 
rangement would  have  to  be  worked  out  separately  to  meet 
the  conditions  In  each  individual  mine. 


side  to  allow  passing,  was  a  wood  burning  cook  sluvi-.  antl 
at  the  other  end  was  a  built-in  ice  cheBt.  The  non-pprlshable 
commissary  supplies  were  stored  under  the  "tableH."  Con- 
siderable economy  was  effected  by  this  portable  camp,  an  U 
was  easily  moved  by  three  men  and  one  team  and  the  crews 
seldom  had  to  walk  more  than  a  few  hundred  feet. 


Wagon   Camps   for  Housing  Construction 

Crews 

In  building  a  transmission  line  from  a  central  station  in 
St.  Petersburg,  Fla.,  to  Clearwater,  Fla.,  considerable  econ- 
omy was  affected  by  providing  portable  camps  for  the  con- 
struction force.  The  following  description  is  taken  from  an 
article  by  Carl  L.  Raymond  in  the  Electrical  World: 

The  construction  commenced  in  September  with  a  crew  of 
18  men.     The  crew  was  divided  into  three  gangs— one  fram- 


Inside  of  Mess  and  Commissary  Wagon. 

mg  the  poles  (which  had  been  distributed  as  fast  as  re- 
ceived), putting  on  cross-arms,  bayonets  for  the  ground  wire 
and  insulators;  the  second  digging  holes,  and  the  third  erect- 
ing poles,  a  gin  wagon  being  used  for  this  latter  work.  The 
wire  was  not  strung  until  after  the  poles  had  all  been  erected, 
which  enabled  the  use  of  a  smaller  camp  than  would  other- 
wise have  been  required,  the  same  equipment  serving  both 
crews.  The  right-of-way,  which  was  practically  free  from 
underbrush,  was  cleared  just  ahead  of  the  wire  crew. 

The  camp  equipment  was  composed  of  three  camp  wagons 
fashioned  after  the  prairie  schooner,  two  for  sleeping  and 
one  a  combination  cooking  and  dining  wagon.  The  sleeping 
wagons  consisted  of  enlarged  wagon  beds  mounted  on  stand- 
ard running  gears  extended,  sheltered  by  heavy,  water- 
proofed canvas  stretched  over  light  framework  rounded  on 
the  top  and  supported  by  seven  light  stanchions  and  struts 
down  the  center  of  the  wagon.  This  divided  the  sleeping 
space  into  eight  individual  bunks,  each  being  equipped  with 
a  mattress.  Ventilation  was  secured  by  fastening  the  canvas 
a  few  inches  outward  from  the  floor,  all  open  spaces  being 
covered  with  mosquito  netting,  including  the  ends  of  the 
wagons.  The  end  netting  was  made  in  the  form  of  flaps, 
allowing  free  passage. 

The  commissary  wagon  was  built  similarly  but  without 
center  stanchions  or  struts,  and  the  canvas  on  the  sides  was 
arranged  to  be  raised  outward  for  awnings.  In  the  center 
of  the  wagon  was  an  aisle  on  the  sides  of  which  were  ele- 
vated platforms  covered  ^v.th  oilcloth  that  served  as  tables 
At  meal  time  the  men  drev;  up  on  the  outside,  sitting  on  light 
portable   benches.     At   one   end   of  the   aisle,   a   Uttte   to   one 


The  Railroad  Labor  Supply 

Mr.  Hugh  Keid  of  ilie  V .  S.  l)<-pl.  of  Labor,  in  hpeakini; 
before  the  recent  roadniasters'  convention  in  Chicago,  nave 
some  interesting  figures  concerning  the  labor  outlook  for 
the  future.  He  pointed  out  that  there  are  approximately 
;S7,000,000  persons  in  gainful  occupations  In  the  United 
States,  nearly  11,000,000  of  whom  are  engaged  in  farming.  Of 
the  remainder  approximately  3.594.000  are  unsklllfd.  The 
I'nited  States  is  a  consumer  of  unskilled  labor,  converting 
it  into  skilled  artisans.  Its  supply  of  unskilled  labor  comes 
almost  wholly  from  abroad. 

Previous  to  the  war  over  l.OOO.OOO  Immigrants  entered  the 
United  States  annually,  of  which  approximately  600,000  were 
imskilled.  Following  the  outbreak  of  the  European  war. 
this  immigration  was  reduced  to  25  per  cent  of  normal  at 
once  and  in  191S  and  1919  it  was  only  9  per  cent  of  the  pre- 
war figure,  while  in  the  latter  years  the  percentage  of  un- 
skilled labor  to  the  total  fell  from  approximately  50  per  cent 
to  less  than  25  per  cent.  During  the  war  large  numbers  of 
unskilled  men  also  returned  to  their  homes.  With  immigra- 
tion shut  off,  a  swirling  movement  of  labor  was  set  up  In  the 
United  States,  as  a  result  of  which  about  600,000  negroes 
came  north,  creating  crop  shortages  in   the  south. 

Speaking  of  the  future.  Mr.  Reid  gave  it  as  his  opinion 
that  no  one  could  for^ast  accurately  what  may  develop.  The 
index  to  immigration  to  America  is  the  industrial  situation 
in  Europe.  He  did  not  anticipate  any  great  immigration 
immediately  because  of  the  expense  and  difficulty  in  reaching 
our  shores.  In  his  estimation  the  great  problem  Is  not  that 
of  the  shortage  of  labor,  but  of  its  distribution.  Because  of 
the  surplus  which  has  ordinarily  prevailed,  the  United  States 
has  never  had  to  develop  an  elaborate  system  of  labor  dis- 
tribution such  as  has  been  built  up  in  Europe  In  the  form 
of  public  employment  exchanges. 

In  conclusion  he  stated  that  it  was  his  belief  that  the  labor 
situation  will  remain  practically  as  it  is  now  Insofar  as  It 
may  be  affected  by  conditions  outside  of  the  XTnited  States. 


Recommended  Salaries  for  Baltimore  Engineers. -The  Bal- 
timore Chapter  ot  ttje  .\morican  .\ssociation  of  Engineers 
presented  to  the  Board  ot  Estimates  of  the  city  of  Baltimore, 
under  date  of  Sept.  27.  a  report  of  the  compensation  com- 
mittee of  that  chapter  on  salaries  of  engineer  employes  of 
the  city,  with  the  request  that  the  board  analyze  the  situa- 
tion and  take  such  action  as  seems  advisable.  The  schedule 
recommended  covers  more  than  60  grades  of  engineer  em- 
ployes of  the  city.  It  recommends  an  increase  for  the  chief 
engineer  of  at  least  $2,500  to  bring  his  salary  up  to  a  mlnJ- 
mum  of  $10,000  per  annum,  with  a  maximum  of  $15,000.  Some 
of  the   other  recommendations  are   tabulated   below: 


r'ri'scnt 
Present    title.  innual 

salary. 
Highways  Engineer.  Water  Kn- 

ttineer.       Harbor       Enginrer. 

riiief  Engineer  Pavlns  Coin- 

rni.ision      and      Inspector     of 

Buildings   ♦<-SJJ 

nivision   Engineer  of  Sewers..       3. Sim 
Principal    Assistant    Engineer. 

Water  Pep.irtment    J.unu 

:Mechanical     Engineer.     Water  _ 

Department   ••--       ^■">" 

.\ssistpnt  Engineer,  Water  De- 

;)artment    i,- VV  '  • '         ' 

\Eslstant    En(rlneer  of  Bridges 

and   Improvements,   Highway 

Department    ■.^■;   '       "' 

Designin.K       Engineer,       Water 

Department    A'j-V;' 

Assistant  Engineer.  Grade  AA, 

W'ater  Department 

OlTioe   Engineer.  Paving  Com- 

mission     ■ ■•■•       2.000 

FiPld   Engineer,  Highways  De- 

partmc-nt    , ;■■•       J-cIiiJ. 

Draftsman,    all    departnjents  .       1.500 
Instrumentmen,       all      depart- 

ments     : i'n9ft 

Rodmcn.  all  departments l.nzo 

Tracers,    all   departments......  MU 

Chainm.n,    all    departments...  900 

■^laxinium. 


.Vnniial  salary  recom- 
mended hv  commlttei-. 
.Minimum.       .Maximum. 


$5,000 
3.60« 

.■J,600 

3.6011 

2.700 

2. TOO 

2.700 

2.400 

2.400 

2.400 
1.500 

1..500 
1.210 
1.080 
l.OSO 


J7.50O 
.1.000 

5.000 

5.000 

3.300 

3.300 

3.300 

3.000 

3.000 

3.000 
2.100 

2.100 
1.500 
1.200 
1.200 
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Methods  of   Constructing  Hy- 
draulic Fill  Dams  of  Miami 
Conservancy  District 

In  connection  with  its  tiood  control  project  for  the  Miami 
Valley.  Ohio,  the  Miami  Conservancy  District  is  now  con- 
structing five  retarding  basin  dams  involving  about  8,000.000 
cu.  yd.  of  embankment.  The  greater  part  of  this  yardage 
will  be  hydraulic  fill,  making  the  work  the  largest  of  its 
kind  yet  undertaken.  An  excellent  description  of  the  meth- 
ods employed  in  constructing  these  dams  was  given  by  H.  S. 
R.  McCurdy,  division  engineer  of  the  district  in  a  paper  pre- 
sented last  month  at  the  convention  of  the  New  England 
Water  Works  Association.  An  abstract  of  the  paper  follows: 
Stream  Control.— The  first  important  consideration  in  the 
program  of  construction  was  the  problem  of  stream  control. 
These  dams  are  situated  above  large  centers  of  population, 
where  any  sudden  release  of  impounded  water  would  spell 
disaster.  Therefore,  the  sequence  of  operations  must  be  so 
planned  as  to  be  safe  beyond  a  reasonable  doubt  even  should 
a  repetition  of  the  great  m?y  flood  occur.  This  is  done  in 
two  ways,  depending  upon  the  type  of  outlet  works.  At 
Lockington,  Huffman  and  Taylorsville  the  outlet  works  are 
simply  openings  through  the  lower  portion  of  the  spillway 
weir.  It  is,  therefore,  a  simple  matter  to  construct  the 
bottom  and  side  walls  of  the  structure,  making  an  admirable 
flume  for  the  passage  of  water.  The  weir  itself  is  not  built 
in  until  the  dam  has  reached  a  safe  height. 

For  the  covered  conduit  type  of  outlet  works,  as  at  Engle- 
wood  and  Germantown,  however,  the  stream  control  problem 
is  vastly  more  difficult.  Here  it  is  necessary  to  retain  the 
original  waterway  or  provide  an  artificial  one  until  such  time 
as  the  adjacent  portions  of  the  dam  can  be  carried  up  to  an  ■ 
elevation  of  safety,  and  subsequently  to  make  the  closure 
during  the  season  of  low  flows.  At  Germantown  the  problem 
is  simplified  by  the  narrow  valley  and  the  yardage  involved 
in  raisins  the  embankment  clear  of  the  danger  point  is  sufli- 
ciently  small  to  permit  the  river  closure  to  be  made  this 
season.  In  fact,  the  work  is  now  going  on.  These  closures 
are,  of  course,  greatly  facilitated  by  the  temporarily  in- 
creased  capacity  of  the  conduits. 

At  Englevvood  the  stream  control  problem  is  somewhat 
complex.  The  country  Is  so  flat  that  a  closure  entirely 
across  the  river  valley  during  one  low-flow  season  is  not  to 
be  thought  of.  The  alternative,  therefore,  lies  in  what 
amounts  virtually  to  liuilding  the  dam  in  sections.  The  first 
season  a  cross  dam  is  built  on  the  east  bank  of  the  river. 
This  cross  dam  is  nothing  more  or  less  than  a  short  section 
of  the  main  embankment  built  from  toe  to  toe  to  serve  as  a 
retaining  wall  for  the  end  of  the  hydraulic  All.  Where  this 
end  dam  lies  within  the  outer  portions  of  the  main  embank- 
ment it  is  liuilt  up  of  porous  material;  where  it  crosses  the 
middle  portion  of  the  main  dam  impervious  material  is  used. 
Thus  the  composition  of  the  main  dam  from  end  to  end  is 
not  interfered  with  by  the  tact  that  the  cross  dam  is  inter- 
posed. The  cross  dam  is  carried  up  only  fast  enough  to 
keep  well  clear  of  the  hydraulic  fill.  Where  within  the  cen- 
ter portions  of  the  main  dam  the  material  for  the  cross  dam 
is  pumped  into  place  integral  with  the  main  hydraulic  fill. 
The  central  portion  is  rolled  in  6  in.  layers  using  a  12-ton 
steam   roller. 

With  the  cross  dam  in  place  to  elevation  S40  something 
over  1,000.000  cu.  yd.  of  hydraulic  fill  can  be  pumped  without 
ilisturl)ing  the  river  channel.  This  is  a  good  season's  work. 
In  the  meantime  west  of  the  river  a  temporary  spillway, 
guarded  on  the  east  by  a  cross  dam  carried  to  elevation  850, 
will  be  constructed  and  next  April,  with  about  11  months  of 
imnmnity  from  severe  floods  ahead,  the  river  closure  can  be 
made  and  the  hydraulic  flU  carried  up  to  elevation  850.  The 
third  season  sees  a  comparatively  easy  closure  of  the  tem- 
porary spillway  and  no  further  worry  from  flood  flows,  even 
should  a  repetition  of  the  1913  flood  occur.  The  dams  should 
be  completed  the  fourth   season. 

Hydraulic  Fill  Material.— At  all  the  dams  the  material  for 
the  hydraulic  fill  comes  from  the  river  valley  upstream  and 
consists  of  a  modified  glacial  drift.  A  slight  exception  to 
this  occurs  in  the  case  at  Taylorsville,  where  glacial  fill  from 
the  excavation  for  the  spillway,  so  long  as  it  lasts,  is  being 
pumped  into  the  dam. 

In   cross   section   the   outer  portions   of   the   dam   are   com- 
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posed  of  cobbles,  gravel  and  sand  and  the  central  core  of 
silt  and  clay.  In  the  interests  of  safety  the  width  of  core 
in  all  the  dams  is  confined  to  comparatively  narrow  limits. 
Such  a  procedure  does  not  entail  any  particular  hardship, 
inasmuch  as  the  modified  drift  from  the  borrow  pits  contains 
roughly  the  desired  proportion  of  clay.  At  Taylorsville,  how- 
ever, where  the  dam  at  present  is  being  built  of  glacial  till 
from  the  spillway  excavation,  the  proportion  of  clay  is  so 
great  as  to  necessitate  some  w^asting  from  the  pool.  For 
simplicity  the  width  of  core  has  been  arbitrarily  taken  as 
zero  at  the  top  of  the  dam,  with  slopes  of  2  on  1.  Thus  the 
width  at  any  elevation  is  equal  to  its  distance  down  from  tke 
top.  Expressed  as  a  fraction  of  the  width  of  dam  the  core 
as  placed  would  amount  to  about  one-sixth.  No  particular 
justification  can  be  advanced  for  adopting  precisely  this 
ratio,  excepting  to  say  that  in  the  minds  of  the  engineers  it 
represented  a  structure  eminently  stable  against  sloughing 
and  at  the  same  time  one  that  contained  sufficient  core  to  be 
impervious  against  impounded  water.  Very  conveniently 
the  adopted  proportion  of  core  coincides  with  the  "fines"  in 
the  material  from  the  borrow  pits.  This  may  not  be  entirely 
a  coincidence.  Hydraulic  fill  is  in  progress  at  this  writing 
(Sept.  1)  at  Englewood,  Taylorsville,  Germantown  and  Lock- 
ington dams.  Huffman  has  a  big  railroad  relocation  prob- 
lem on  its  hands  and  will  not  be  ready  to  pump  dirt  mucK 
before   next   year. 

Dragline  Excavation  at  Borrow  Pit.— The  Englewood  bor- 
row pit  is  located  upstream  from  the  dam.  The  material  is 
excavated  by  means  of  two  115-ton  dragline  excavators,  one 
electric  and  the  other  steam,  equipped  wtih  85  ft.  booms  and 
fVi-yd.  buckets.  The  draglines  are  ranged  along  the  same 
track,  about  1.000  ft.  in  advance  of  the  other. 

An  interesting  comparison  is  offered  as  to  the  relative 
merits  of  steam  and  electricity  as  power  for  machines  of 
this  type.  With  electricity  at  slightly  less  than  1.6  ct.  per 
kilowatt  hour,  the  steam  dragline  is  somewhat  more  expen- 
sive. The  latter  is  more  rapid  in  operation,  but  the  cost  of 
coaling  runs  the  uniTcost  above  that  of  the  machine  using 
electrical  power. 

The  depth  of  face  in  the  pit  averages  perhaps  15  ft.  and 
the  draglines  load  into  standard  gage  12-yd.  air-dump  cars. 
Under  these  working  conditions  each  machine  can  com- 
fortably move  from  150  to  180  cu.  yd.  per  hour.  A  double 
track  system  is  arranged,  with  suitable  crossovers,  in  such 
a  manner  that  no  interference  occurs  in  the  handling  of 
trains. 

There  are  tour  trains  from  the  borrow  pit  containing  7 
cars  each,  which  are  handled  by  40-ton  locomotives.  They 
climb  a  2  per  cent  compensated  grade  into  a  trestle  175  ft. 
long  paralleling  and  close  to  the  upstream  toe  of  the  dam. 
l-'rom  the  trestle  the  car  dumps  into  what  has  been  given  a 
name  more  practical  than  euphonious:     "The  Hog  Box." 

Revolving  Screens  Eliminate  Oversize  Rock.— The  hog  box 
is  essentially  a  tro\igh  150  ft.  long  and  27  ft.  wide  ranged 
alongside  the  track  from  the  borrow  pit.  which,  at  this  place, 
is  carried  on  a  pile  trestle.  The  floor  of  the  hog  box  is  13 
'"t.  below  the  rail  and  cones  at  approximately  4  per  cent  to 
an  opening  in  the  opposite  side  from  the  track.  The  opening 
discharges  into  revolving  screens  through  which  the  material 
passes  to  the  sump.  The  sump  is  a  concrete  well,  8  ft.  by  If! 
ft.,  divided  by  a  partition  into  two  chambers  S  ft.  square. 
The  floor  is  Kj  ft.  below  the  floor  of  the  hog  box. 

The  material  as  dumped  from  the  trains  into  the  hog  box 
may  be  dry  or  wet,  according  to  whether  the  draglines  hap- 
pen to  1)6  digging  above  or  below  ground  water  level.  As  the 
material  lies  in  the  hog  box  it  is  washed  through  the  revolv- 
ing screens  into  the  sump  by  means  of  two  hydraulic  giants 
or  monitors,  one  at  each  end  of  the  box  box.  Pressure  for 
this  sluicing  water  is  furnished  by  two  10-in.  centrifugal 
pumps,  operating  at  a  speed  of  1,140  r.p.m.  and  each  driven 
by  a  100  h.p.  motor.  The  pressure  is  maintained  at  approx- 
imately 60  lbs.  and  the  jet  is  directed  through  a  3-in.  nozzle. 
The  revolving  screens  are  the  product  of  several  rejected 
schemes  for  eliminating  the  oversize  rock  from  the  material 
being  fed  to  the  dredge  pumps.  At  first  sloping  gratings  of 
several  types  with  square  openings  were  tried.  These  were 
fairly  satisfactory  when  the  material  was  not  coming  too 
fast  or  when  there  was  not  too  great  a  proportion  of  clay 
lumps.  At  such  times  the  tendency  was  for  the  gratings  to 
clog.  Furthermore,  each  grating  required  the  services  of 
three   men,   clearing   away   the   material.     But   the   revolving 
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screens  seem  to  have  effected  a  complete  and  simple  solu- 
tion of  tlie  rejection  of  oversize. 

The  screens  are  cylindrical  in  shape.  4  ft.  in  diameter,  have 
an  effective  screening  length  of  about  9  ft.  and  are  pierced 
with  G  in.  circular  holes  in  one  case  and  6%  holes  in  the 
other.  The  latter  size  is  in  the  last  screen  installed  and  is 
an  attempt  to  use  the  largest  size  openings  possible  without 
choking  the  dredge  pumps.  While  the  6i^  in.  holes  are  sat- 
isfactory it  is  not  known  as  yet  whether  or  not  this  size  can 
safely  be  increased.     The  screens  pitch  %  in.  to  the  foot. 

The  first  screen  installed  was  given  a  speed  of  14  r.p.m.  bu: 
in  its  companion,  installed  later,  the  speed  has  been  reduced 
to  9  r.p.m.  and  seems  to  give,  if  anything,  more  efficient  sur- 
face. Each  screen  is  operated  by  a  small  electric  motor,  belt 
connected,  the  reduction  in  speed  being  accomplished  through 
a  countershaft.  From  the  screens  the  acceptable  material 
drops  directly  into  the  sump,  while  the  oversize  rock  goes  out 


inverted  pyramid.  It  has  been  found  that,  with  a  flat  floor, 
the  mud  has  a  tendency  to  pile  up  until  at  Home  point  a  great 
mass  will  slough  off  and  bury  the  auction.  Then  coin-s  the 
plug  and  a  vexatious  delay  until  the  suction  pipe  Is  cleared. 

The  Business  End  Hydraulic  Fill  Plant— the  Dredge 
Pumps. -At  Knglewood  the  present  Installation  comprisei* 
two  15in.  centrifugal  pumps,  designed  for  i:,(l  ft.  head,  oper- 
ating at  a  maximum  of  TiOr.  r.p.m.  and  each  driven  by  a  500 
h.p.  slip  ring  Induction  motor.  These  pumps  are  made  of 
cast  mangane.se  steel,  containing  perhaps  5  or  6  per  cent  of 
manganese  (although  the  makers  have  not  disclosed  this). 
-Vs  yet  this  particular  alloy  seems  to  be  by  far  the  best  Utted 
for  standing  the  abrasive  wear  of  sand  and  gravel.  The  shell 
of  these  pumps  is  from  2V4  to  3  In.  in  thickness,  dependlnB 
upon  the  place. 

An  item  of  the  utmost  importance  Is  the  design  of  the  Im- 
peller, a  matter  which  is  complicated  by  the  range  of  head 
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of  the  end  into  bottom  dump  buckets  which  are  hoisted  out 
with  a  stift'Ieg  derrick  and  dumped  into  a  standard  car  in 
which  they  are  hauled  away  to  the  downstream  slope  of  the 
dam. 

Not  only  do  the  revolving  screens  serve  to  reject  the  over- 
size rock  but.  in  addition,  they  fulfill  another  most  important 
function.  The  tendency  of  the  giants,  even  with  the  most 
skillful  handling,  is  to  wash  the  material  into  the  sump  in 
masses.  Thus,  one  minute  the  dredge  pumps  would  be  han- 
dling comparatively  clear  water  while  the  next  they  w-ould  be 
staggering  to  clear  themselves  of  an  overload.  The  action  of 
the  revolving  screens,  however,  tends  to  rectify  this  irregular 
feed  and  to  deliver  the  material  to  the  suctions  of  the  dredge 
pumps  in  a  uniform  flow. 

It  is  of  the  utmost  importance  that  the  delivery  of  the  mud 
to  the  pumps  be  as  uniform  as  possible.  A  neglect  of  this 
precaution  has  a  most  dire  effect  upon  the  output.  Directly 
beneath  each  screen  is  an  inverted  truncated  pyramid  with 
an  opening  2  ft.  square  directly  above  the  suction  of  the 
dredge  pump.  The  object  of  this  is  to  remix  the  tine  material 
passing  one  end  of  the  screen  and  the  stones  passing  farther 
on.  The  suctions  frotn  the  dredge  pumps  are  inclined  at  an 
angle  of  4.5°  from  the  vertical  and,  in  order  to  lead  the  mate- 
rial to  them  along  the  easiest  lines  the  floor  is  shaped  as  an 
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against  which  the  pump  is  called  upon  to  operate.  For  in- 
stance, at  Knglewood  the  dredge  pumps  are  working  under 
heads  which  at  the  beginning  are  not  more  than  25  ft.,  but 
which  are  steadily  increasing  until  a  maximum  of  l.iO  ft. 
shall  be  reached,  at  which  point  a  booster  pump  will  be  in- 
serted in  the  line.  To  compensate  for  this  variation  dilTerent 
size  runners  are  being  tried,  a  smaller  one  for  the  lower 
heads  and  increasing  in  size  as  the  heads  shall  increase.  This 
arrangement  is  adapted  to  develop  more  fully  the  power  of 
the  motors.  With  the  large  runner  against  low  heads  a  large 
percentage  of  horsepower  is  wasted  in  overheating  the  grids. 
Diameters  of  runners  of  from  38  in.  to  46  in.  are  being  tried. 
but  as  yet  it  is  too  early  to  state  results.  The  matter  Is. 
however,  one  of  vital  importance -and  will  be  carried  along 
to  definite  conclusions. 

The  life  of  one  of  the  manganese  steel  pumps  as  at  present 
designed,  pumping  sand  and  gravel,  is  slightly  less  than  200,- 
000  cu.  yds.  At  Englewood  the  second  pair  of  pumps  Is  now 
in  service,  but  the  designers  are  making  modifications  in  de- 
sign for  future  deliveries  from  which  are  expected  better 
results.  The  impellers  show  wear  at  50.000  cu.  yd.,  but  can 
be  used,  with  doubtful  efficiency,  for  perhaps  100,000  cu.  yd. 

The  consensus  of  opinion  among  those  studying  the  oper- 
ation of  the  pumps  is  that  it  does  not  pay  to  use  equipment 
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after  it  is  badly  worn.     Economy  is  better  served  by  scrapping  notify  the  pumpmun  to  increase  his  power.     This  was  a  big 

the  old  shells  and  runners  the   moment  they  show  signs  of  advance   over   anything   tried    before,    but    it    had   one    weak 

letting  down.     Inasmuch  as  the  dredge  pumps  are  the  neck  spot — the  gages  in  practice  did  not  always  operate  as  swiftly 

of  the  bottle,  and  the  entire  organization  is  succeeding  in  its  or  as  surely  as  was  desired.     Sometimes  the  line  would  plug 

purpose  only  to  the  extent  that  the  pumps  are  functioning,  it  before  the  gages  had  given  warning. 

is  obvious  that  they  should  operate  at  the  highest  pitch.  To  The  difficulty  has  been  solved  by  a  very  simple  little  de- 
increase  the  life  of  the  impellers  renewable  shoes,  for  the  vice.  The  first  sign  of  plugging  in  the  pipe  is  manifested  by 
wearing  parts,  are  being  tried.  a  reduction  of  velocity.     This  at  once  becomes  apparent  at 

The  operation  of  the  dredge  pumps  and  monitor  pumps  re-  the   discharges    from    the   pipe   line   by   a   slackening   of   the 

quires  about  31  c.f.s.  of  water.     The  location  of  the  sump  is  issuing  stream.     With  this  in  mind  the  resident  electrician 

450   ft.   from   the   river.     Rather   than   pump   the   water   this  ripped    up   a    small    attachment    consisting    essentially    of   a 

distance    a    4-ft.    corrugated    iron    culvert    was    laid    through  steel  clapper  working  on  a  hinge  and  forming  contact  at  one 

which  the  water  flows  by  gravity.     Near  the  sump  a  concrete  end  with  an  insulated  wire  running  to  the  pump  house  and 

well  was  built  in  the  line  to  serve  as  a  sump  for  the  monitor  at  the  other  end  with  the  jet  from  the  pipe, 

pumps.     Each  of  the  two  monitor  pumps  handles  2,000  gal.  The  theory  of  the  contrivance  is  that  with  a  full  jet  issuing 

per  min.     The  nominal  capacity  of  each  dredge  pump  is  7,000  from    the    pipe    the    clapper    is    pushed    against   the    contact 

gal.  per  minute,  which  latter  figure  is  the  amount  to  be  pro-  points  and  the  circuit  is  closed,  but  as  the  jet  falls  the  con- 

vided  for,  inasmuch  as  the  discharge  from  the  monitor  pumps  tact  breaks  and  the  circuit  is  opened.     Connected  in  the  cir- 

feeds  into  the  sump.  cuit  are  incandescent  lamps,  one  at  each  monitor  and  one  at 

Pipe    Lines    and    Method    of    Ensuring     Even    Wear. — The  each   pump.     Thus   the   monitor  men   and   the   pumpman   are 

dredge  pumps  pick  the  material  up  from  the  sump  and  dis-  constantly  and  instantly  informed  as  to  the  condition  of  flow 

charge  it   to  the  dam  through  15  in.  pipe.     Where  the  pipe  through   the    pipe    and    can    govern   themselves    accordingly, 

line  runs  up  the  side  of  the  dam,  and  is  therefore  more  or  less  This  simple  device  has  resulted  in  a  marked  increase  in  the 

permanent,  the  heaviest  class  of  standard  cast  iron  flanged  output  and   has   borne   a   large   share   in   the   elimination   of 

pipe  is  used.     For  the  shore  lines,  however,  where  the  pipes  plugs. 

are  changed  for  each  run,  a  lighter  pipe  than  the  cast  iron  In  building  the  dam  the  pipes  are  ranged  along  the  toes  of 

one  that  can  be  handled  with  rapidity  and  ease  is  required.  the  slope.     As  the  material  builds  up  pipes  are  added,  a  16 

For  this  purpose  one  of  the  large  rolling  mills  is  manufac-  ft.  length  at  a  time,  until  the  end  of  the  run  is  completed, 

turing  a  special  welded   manganese   steel   pipe.     This   metal  The  line  is  then  taken  apart  and  a  fresh  start  made,  each 

contains  0.50  to  0.60  per  cent  carbon  and  0.60  to  0.70  manga-  run  being  4  ft.  higher  than  the  previous  one.     Upon  issuing 

nese,  which  limits  are  imposed  by  the  rolling  process.     The  from  the  pipe  the  coarser  material  tends  to  settle  first,  leav- 

pipes  are  slip  joint,  i.  e.,  have  a  slight  bell  on  one  end  and  ing  the  finer  to  be  borne   by  the   fiowing  water  toward  the 

are   held   together  by   wire   stretched   over   hook   lugs.     The  central  pool.    On  reaching  the  edge  of  the  standing  water,  or 

thickness  of  shell  is  11/64  in.,  the  pipes  are  in  16  ft.  lengths  slightly  farther,  depending  upon  the  velocity,  all  coarse  par- 

and  weigh  2,883  lbs.  per  lin.  ft.     It  is  not  known  to  date  just  tides  are  immediately  precipitated  on  a  slope  of  about  1  to  1. 

what  the  life  of  these  manganese  steel  pipes  is,  for  the  very  Beyond   this   nothing   is   carried   but    silt   and   sand.     It   will 

good  reason  that,  to  date,  none  has  worn  out.  be.  seen,  therefore,  that  the  width  of  core  is  dependent  upon 

The  greatest  yardage  that  any  of  the  pipes  have  passed  the  width  of  pool,  provided,  of  course,  that  the  material  be- 
to  date  is  about  300,000.  Riveted  steel  pipe,  made  from  ordi-  ing  pumped  contains  a  sufficient  percentage  of  "fines"  to 
nary  steel  plate  containing  0.10  to  0.20  carbon  proved  very  make  a  core  of  the  desired  width.  If  more  than  this  occur 
short  lived.  Claim  has  been  made  that  the  manganese  pipe  the  excess  clay  must  be  wasted  with  the  outflow  from  the 
will  last  10  to  15  times  as  long  as  0.15  carbon  steel  and  this  pool, 
may  prove  to  be  so.  In  the  advance  of  the  pipe  line,  to  prevent  a  portion  of  the 

To  insure  an  even  wear  around  the  circumference  of  the  discharge  from  flowing  down  the  slope  of  the  dam,  a  levee  is 
pipe  they  are  turned  120'  for  each  new  run.  Observation  thrown  up.  At  Englewood  this  is  done  by  means  of  35-ton 
shows  that  practically  all  of  the  solids  flow-  within  the  lower  steam  dragline  excavators,  mounted  upon  caterpillar  tractors, 
third  of  the  pipe,  the  upper  two-thirds  being  ttlled  with  water  one  operating  just  in  advance  of  each  pipe  line, 
bearing  only  the  lightest  particles.  Consequently,  for  a  Slope  of  Fill. — The  slope  of  the  fill  from  the  pipe  line  to- 
given  run  it  is  the  lower  portion  of  the  pipe  only  which  is  ward  the  pool  is  dependent  upon  the  coarseness  of  the  ma- 
subjected  to  any  considerable  wear.  No  difficulty  is  experi-  terial  and  the  percentage  of  solids  in  the  discharging  stream, 
enced  in  practice  in  doing  this:  one  end  of  each  pipe  is  num-  For  the  Englewood  material  this  slope  ran  uniformly  at  ap- 
bered  1,  2  and  3.  120°  apart,  and  each  time  a  line  is  relaid  proximately  6  per  cent  for  several  months.  During  August, 
the  pipes  are  revolved  until  the  next  number  is  uppermost.  however,    with    an    increased    output,    the    slope    has   jumped 

Co-ordination  of  Operations  in  Pumping  Earth  Materials. —  up  to  about  7.75  per  cent.  A  small  amount  of  the  water 
The  trick  in  pumping  earth  materials  seems  to  lie  in  develop-  entering  the  pool  seeps  out  through  the  gravel,  appearing 
ing  the  consistent  maximum  capacity  of  the  pumps  and  then  as  small  springs  along  the  toes  of  the  dam.  The  greater 
feeding  them  uniformly  to  that  capacity  and  no  more.  If  portion,  however,  must  be  led  away  in  some  form  of  waste- 
the  pumps  are  not  receiving  all  the  solids  they  can  handle  way.  The  method  in  use  at  Englewood  is  to  dig  a  ditch 
money  is  being  wasted.  If,  on  the  other  hand,  the  pumps  about  8  ft.  deep  at  one  end  of  the  pool,  following  the  con- 
receive  more  than  they  can  handle  for  any  considerable  time  tour  of  the  hillside.  In  this  ditch  a  small  earth  dam  is  built 
a  plug  ensues  and  the  entire  pumping  outfit  spends  many  through  which  are  laid  some  old  20  in.  dredge  pipe.  A 
profane  hours  in  clearing  out  the  pipe,  not  a  pleasant  or  easy  wooden  paddle  serves  as  a  gate  for  each  pipe.  Each  spill- 
job  at  best.  way,  progressing  up  the  hillside,  serves  two  runs,  or  8  ft.  in 

Of  course,  short  overloads,  if  not  too  heavy,  can   be  han-  elevation    of   the    pool, 

died  by  the  reserve  power  in  the  motor,  but  there  is  a  limit  Core  Material  and  Behavior  of  Core. — As  previously  stated, 

to  the  length  of  time  this  reserve  can  be  applied  without  in-  the  material  in  the  outer  portions  of  the  dam  is  composed 

juring  the  motor  and  also  a  limit  to  the  amount  this  power  of  cobbles  from  6  in.  diameter  down  to  gravel  and  sand.     At 

can   handle.     The   whole    method    involves    a    synchronizing  the   "drop   oft"   just   inside   the   shore   line   of  the   pool,   the 

of  effort  on  the  part  of  the  monitor  men  and  the  pump  run-  grading  changes  to  sand,  quickly  diminishing  in  size  to  silt 

ner.     Either  working  without  due   regard   to   the   other  can  and  clay.    An  analysis  of  the  core  material,  made  by  the  Bu- 

waste  eflSciency  or  plug  the  system.     It  the  pumpman  does  reau  of  Soils  at  Washington,  showed  the  following  gradation: 

not  throw  in  an  extra  finger  on  the  switchboard  at  exactly  Material.                                                      Sieve                 Percent 

the  same  time  that  the  monitor  men  are  crowding  the  dirt.      Fine  gravel    2  to  i  mm.  0 

trouble  ensues.  S?^''.^*'  ^'^"'^^ i  to  0.5  mm.  n.4 

,.    „      ,  J    *u      c      .      ,         i,  ^.        .  ,  Medium  sand  0.5  to  0  25   MM.  0.3 

At  Jinglewood  the  first  plan  for  co-ordinatmg  the  various      Fine  sand  n  25  to  O.l  mm.  4.6 

operations   consisted    in    establishing   a    control   tower   over-      Very  fine  sand 0.l^to0.05MM  19,6 

looking  the  hog  box.  Here  were  installed  pressure  and  c\^V^'.'.'.V.'.'.'.'.'.'.'.'.'.'.'.'.'.'.V.V.'.'.'.'.'.  0.005  to  0  2216 
vacuum  gages,  electric  bell  connections  to  pumpman  and  Studies  are  being  made  as  the  dam  progresses  of  the  be- 
nionitor  men  and  connections  with  portable  telephones  at  havior  of  the  core.  It  is  known  that  it  is  becoming  stiff  at 
the  end  of  the  pipe  Ime.  By  his  electric  gong  signals  the  the  lower  elevations.  A  IVa  in.  diameter  pole  shoved  into 
foreman  in  the  tower  could  direct  operations— signal  the  the  core  meets  sensible  resistance  at  about  15  ft.  The  stiff- 
monitor  men  for  more  or  less  food  as  the  case  might  be.  or  ening   increases   until    at    25   or   30   ft.   a   man's   weight  will 
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loixe  the  pole  no  farther.  It  is  the  intention  to  test  the  rate 
of  stiffening  in  the  core  by  noting  the  penetration  of  a  6  in. 
east  iron  ball.  By  this  means  a  direct  comparison  can  be 
had  between  the  cores  at  the  five  Conservancy  dams.  Fur- 
thermore, this  ball  method  was  in  use  at  the  Calaveras  dam 
for  the  Spring  Valley  Water  Co.  in  California,  and  compari- 
sons in  penetration  can  be  had  with  that  dam.  It  is  also 
the  Intention  to  insert  in  the  core  a  number  of  pressure  re- 
cording devices,  developed  by  the  Engineer  of  Tests,  Bu- 
reau of  Public  Roads,  Washington,  for  the  purpose  of  meas- 
uring pressure  in  semi-fluid  masses. 

Friction  Head  in  Dredge  Pipe. — At  the  time  the  pumping 
plant  was  laid  out  very  little  authentic  data  were  available 
in  reference  to  friction  head  in  dredge  pipe.  It  w^as  thought 
that,  with  the  velocities  of  12  ft.  per  second  the  loss  of  head 
would  be  about  4  ft.  in  lOll  ft.  In  the  clayey  glacial  till, 
such  as  is  being  pumped  at  Taylorsville,  this  is  appro.\imately 
true,  but  in  the  gritty  sands  and  gravels  at  Englewood  and 
Germantown.  using  velocities  of  15  ft.  per  second  or  upward, 
it  is  found  that  the  friction  head  is  unexpectedly  large, 
amounting  to  as  much  as  S  ft.  per  100  ft.  Such  a  condition 
throws  a  heavy  penalty  upon  length  of  discharge  line  and 
accordingly,  at  Englewood,  studies  are  being  made  to  aban- 
don the  present  sump  late  this  season  and  to  use,  pro- 
gressively, three  other  sumps  so  located  as  to  reduce  both 
static  and  friction  head  to  the  least  amount  compatible  with 
securing  a  satisfactory  railroad  grade  from  the  borrow  pit. 

A  matter  entering  vitally  into  the  rate  of  progress  of  the 
hydraulic  fill  is  the  per  cent  of  solids  in  the  water  handled 
by  the  dredge  pumps.  At  times  clear  water  is  being  pumped : 
at  others  as  much  as  15  or  20  per  cent  of  solids  are  carried 
for  short  periods.  The  present  average  is  probably  from 
6  to  10  per  cent.  Obviously,  the  higher  the  percentage  the 
lower  the  unit  cost  and  studies  are  being  made  along  these 
lines  to  find  out  just  what  can  be  handled.  In  the  first  place 
there  is  vast  room  for  improvement  in  the  sumps.  A  sump 
is  now  being  designed  at  Englewood  from  which  much  Is 
expected.  The  principle  being  followed  is  to  drop  the  mate- 
rial passing  the  revolving  screens  into  the  path  of  the  water 
flowing  to  the  suction  of  the  pump  and  to  fashion  the 
entrance  to  the  suction  into  a  bellraouth  to  reduce  the  loss 
of  head  at  entrance.  But  it  is  one  thing  to  get  the  material 
into  the  pump  and  another  to  pass  it  through  along  discharge 
line  without  plugging  the  latter.  This  feature  is  engaging 
the  attention  of  the  engineering  force  and  studies  are  under 
way  looking  to  some  foim  of  spiral  or  rifling  device  which 
will  keep  in  suspension  the  solids  in  the  discharge  pipe  and 
offset  the  tendency  to  settle  in  the  bottom  of  the  pipe. 

Dredge  Pumps  Average  150  Cu.  Yd.  Per  Hour. — The  month- 
ly progress  at  Englewood.  working  two  15-in.  dredge  pumps 
two  shifts  of  10  hours  each,  has  averaged  100,000  cu.  yd. 
Some  minor  changes  in  the  screens  and  sump  have  lately 
served  to  increase  that  figure  so  that  at  present  (Sept.  1) 
each  pump  is  delivering  consistently  150  cu.  yd.  per  hour 
or  a  total  for  the  two  of  fi.OOO  cu.  yd.  per  day.  The  total 
amount  placed  to  date  aggregates  approximately  fl.TO.OOO 
cu.  yd. 

Hydraulic  Fill  at  Other  Dams  of  the  Conservancy  District. — 
This  is  following  so  closely  the  methods  in  use  at  Englewood 
that  only  the  essential  differences  will  be  noted.  At  Ger- 
mantown the  material  is  to  be  pumped,  the  location  of  the 
borrow  pit  and  the  general  arrangement  differs  in  no  essential 
from  Englewood.  The  dredge  pump  motors  are  350  H.  P. 
instead  of  500  H.  P.,  but  this  is  on  account  of  the  lower 
head  against  which  they  will  be  called  upon  to  operate. 

At  Taylorsville,  however,  the  problem  at  present  is  some- 
what different.  This  dam  requires  an  excavation  of  some- 
thing like  500,000  cu.  yd.  of  glacial  till  overlying  ledge  rock 
for  the  spillway.  This  till  is  high  in  clay,  containing  perhaps 
50  per  cent.  The  logical  thing  was  to  use  the  excavated 
material  for  the  construction  of  the  dam,  and  the  easiest 
way,  considering  that  a  hydraulic  fill  dam  was  to  be  built, 
was  to  pump  it  into  place.  Accordingly,  a  pumping  plant 
consisting  of  four  6-in.  pumps,  operated  by  75  H.  P.  motors, 
was  installed  at  a  convenient  place  near  the  river.  From 
here  water  is  pumped  through  15-in.  spiral  riveted  pipe  to 
the  excavation  at  130  lb.  pressure  and  played  upon  the  face 
of  the  pit  by  means  of  a  hydraulic  giant  fitted  with  a  3-in. 
nozzle.  More  water  is  needed  to  convey  the  material  than 
to  break  it  down,  consequently  an  18-in.  wood  stave  line 
is  run  to  the  top  of  the  face  under  sufficient  pressure  only 
to  flow  freely.     Water  for  this  line  is  furnished  by  one  12-in. 


pump  with  1511  H.  P.  direct-connected  motor.  The  high  ures- 
sure  nozzle  handles  6.4  c.  f.  s.,  while  through  the  low  prebhure 
pipe  12  c.  f.  8.  are  carried.  The  sluiced  material  Mows  by 
gravity  down  a  rough  channel  Into  a  sump  from  which  it  U 
pumped  in  a  manner  similar  to  that  at  Englewood  Into  the 
dam. 

The  method  of  handling  the  levee  ahead  of  the  dlHcbarge 
pipe  differs  materially  at  Taylorsville  from  tho  dragline 
scheme  described  for  Englewood.  At  Taylorsville  the  pipe. 
as  it  comes  into  the  dam,  is  separated  by  a  V  into  two  UU- 
charge  lines.  The  end  of  the  pipe  line  nearest  tlie  slope 
is  slotted  in  the  bottom  In  such  a  manner  that  the  greater 
portion  of  the  solids  runs  out,  building  up  a  windrow  beneath 
the  pipe.  A  few  laborers  handle  this  material  into  the  levee. 
As  each  length  of  pipe  is  filled  up  the  discharge  Is  deflected 
at  the  Y  into  the  line  nearer  the  center  of  the  dam  and  Hows 
through  that  line  until  an  extra  length  of  the  pipe  has  been 
inserted  and  the  "window"  pipe  again  attached.  While  this 
method  seems  on  the  face  of  it  to  involve  less  expenditure 
than  Uiat  in  use  at  Englewood,  it  is  not  applicable  at  the 
latter  dam,  owing  to  the  much  greater  output  there. 

But  one  pump  is  operating  at  Taylorsville  and  working 
one  shift  only.  The  reason  for  this  seeming  lack  of  haste  is 
that  they  are  not  ready  to  begin  building  the  dam  in  earnest 
at  this  time.  The  hydraulic  fill  is  simply  the  logical  way 
to  handle  the  earth  excavation  and.  In  turn,  the  earth  exca- 
vation is  well  ahead  of  the  rock  excavation,  which  latter  Is 
the  key  to  the  spillway  construction  and  river  diversion. 

Life  of  Dredge  Pump  Impeller. — The  dredge  pump  at  Tay- 
lorsville is  cast  iron.  At  first  3-1-in.  cast  Iron  impellers  were 
used  in  this  pump,  but  they  handled  only  from  G.OOu  to  10,000 
cu.  yd.  These  were  replaced  by  39-in.  cast  Iron  Impellers 
which  handled  from  17,000  to  22,000  cu.  yd.  Manganese  steel 
impellers,  34.  in.  diameter,  fitted  with  36-in.  shoes,  were 
then  substituted  and  have  handled  to  date  60.000  cu.  yd.  of 
material  without  showing  undue  wear.  The  original  cast  iron 
pump  shell  is  still  in  service.  The  pumping  at  Taylorsville 
has  averaged  about  120  to  130  cu.  yd.  per  hour  with  the  one 
pump.  To  date  approximately  150,000  cu.  yd.  have  been 
placed.  As  nearly  as  can  be  determined  the  percentage  of 
solids  in  the  mixture  being  pumped  to  the  dam  average 
about  6. 

The  arrangement  of  the  pumping  plant  at  Lockington  Is 
somewhat  similar  to  that  at  Taylorsville.  although  for  an 
entirely  different  reason.  There  is  plenty  of  suitable  earth 
material  well  up  on  the  hillside  favorably  located  for  placing 
into  the  dam.  Furthermore,  the  old  Miami  and  Erie  Canal, 
a  relic  of  70  years  ago,  passes  at  one  end  of  the  dam  at  a 
high  elevation.  This  portion  of  the  canal  can  easily  be 
adapted  for  a  water  supply.  Taking  advantage  of  these 
favorable  circumstances  a  pumping  plant,  consisting  of  two 
8-in.  centrifugal  pumps  direct  connected  to  100  H.  P.  motors, 
was  located  at  a  high  elevation,  receiving  water  from  the 
canal  through  a  flume,  and  serving  a  hydraulic  giant  in  the 
borrow  pit  at  60-lb.  pressure.  This  giant  breaks  down  the 
face  of  the  pit  and  washes  the  material  down  a  ground  sluice 
into  a  sump.  Here  it  Is  picked  up  by  a  dredge  pump  and 
forced  through  a  12-in.  line  into  the  dam.  As  yet  the 
hydraulic  fill  at  Lockington  is  only  started  and.  beyond  a  suc- 
cessful beginning,  little  has  been  accomplished. 

At  the  Huffman  Dam  an  extensive  scheme  of  railroad  relo- 
cation has  placed  the  hydraulic  fill  operations  farther  down 
on  the  program  than  at  any  of  the  other  dams.  It  is  ex- 
pected that  pumping  will  begin  in  the  early  spring  of  next 
year. 


Lengthening  Life  of  Hose  on  Suction  Dredge. — A  simple 
device  employed  on  midwest  sand  and  gravel  dredges  for 
preventing  wear  on  10-in.  or  12-in.  suction  hose  is  described 
in  a  recent  issue  of  Rock  Products.  On  a  suction  intake 
end  of  the  dredge  is  a  crib  of  timbers  surrounding  the  intake 
pipe.  On  top  of  these  timbers  is  an  arc  of  steel  pipe  about 
2  in.  in  diameter  and  6  or  8  ft.  long.  To  the  pipe  intake  be- 
yond its  connection  with. the  flexible  hose  coupling  Is  fas- 
tened a  lOxlO-in.  square  timber  by  means  of  two  iron  straps. 
The  other  end  of  the  timber  is  free  to  move  about  the  arc 
of  2-in.  pipe  as  a  fulcrum.  The  lOxlO-in.  timber  carries  the 
weifeht  of  the  intake  pipe  and  provides  a  universal  joint  at 
Its  connection  to  the  dredge,  which  prevents  load  and  wear 
on  the  hose  coupling.  This  device  lengthens  the  life  of  the 
hose  mr.ny  times  over  the  u.sual  connection  where  the  hose 
takes  al!  the  wear  and  strain. 
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Enyinceruig  cmd  ContractuKj  for  October  15.  1919. 


Methods   for   Obtaining  Increased 
Efficiency  in  Track  Labor 

Mr.  C.  A.  Morse.  Chief  Engineer  of  the  Chicago.  Rock 
Island  &  Pacific  Ry.,  spealiing  on  maintenance  of  way  labor 
before  the  Roarimasters  and  Maintenance  of  Way  Association, 
at  Chicago,  on  Sept.  17.  1919.  put  into  his  address  so  much  of 
sound  common  sense  and  human  interest  that  we  are  reprint- 
ing it  nearly  in  full; 

There  has  never  been  a  time  in  the  past  generation  when 
it  was  necessary  that  there  should  be  such  radical  changes 
in  methods  of  maintenance  of  way.  as  is  the  case  at  the  pres- 
ent time.  We  have  always  been  able  to  get  cheap  labor,  and 
have,  in  fact,  used  the  cheapest  class  of  labor  on  mainte- 
nance of  way  work.  The  result  has  been  little  incentive  for 
the  use  of  mechanical  appliances  or  for  being  particularly 
careful  that  every  hour  of  every  man  was  put  in  to  the  best 
advantage. 

With  the  cost  of  labor  doubled  and  the  wages  of  section 
foremen  increased  50  per  cent  there  opens  up  a  big  field  for 
the  careful  study  of  the  use  of  both  man  power  and  ma- 
chinery in  cur  maintenance  of  way  work.  There  are.  in  my 
opinion,  many  advantages  in  this  change  in  the  wages  of 
both  section  foremen  and  track  laoor.  In  the  first  place, 
there  was  no  class  of  men  on  the  railroads  that,  considering 
the  responsibility  that  rested  upon  them,  were  so  poorly  paid 
as  the  section  foremen.  They  were  and  are,  responsible  for 
the  track  on  their  sections  24  hours  in  the  day,  and  a  more 
faithful  and  loyal  set  of  men,  as  a  class,  does  not  exist;  and 
I,  for  one,  was  much  pleased  to  see  them  get  the  increase  in 
salary  that  they  did. 

Better  Class  of  Labor  Now  Available  for  Track  Work. — The 
low  wages  paid  track  labor  gave  us  the  poorest  class  of  labor 
in  the  land,  in  fact — except  in  the  country  districts — we  only 
got  what  was  left  after  every  one  had  taken  the  pick  of  the 
men,  and  we  were  breaking  in  much  of  the  foreign  labor  that 
could  not  speak  English.  They  worked  on  the  railroad  main- 
tenance-of-way  gangs  until  they  could  understand  and  speak 
a  little  English,  and  then  the  best  of  them  left  for  work  that 
paid  higher  wages.  One  result  of  this  was  that  we  were  very 
short  of  material  for  making  foremen,  and  on  many  roads 
they  were  putting  on  special  apprentices  at  increased  wages 
in  order  to  train  men  for  foremen.  With  the  increase  in 
price  now  paid  we  will  be  able  to  pick  our  men.  and  also  to 
have  plenty  of  timber  out  of  which  to  make  foremen;  and 
the  salary  now  paid  the  section  foremen  will  make  it  an  at- 
traction to  them. 

The  fact  that  we  are  going  to  be  able  to  have  a  better  class 
of  men  brings  us  another  problem,  which  is.  that  of  provid- 
ing proper  housing  facilities.  We  have  furnished  little  more 
than  "flops"  for  maintenance-of-way  laborers  for  years.  Old 
car  bodies,  tie  houses,  anything  that  resembled  a  protection 
from  the  weather  has  been  considered  all  that. was  necessary. 
The  result  has  been  poor  sanitary  conditions,  half  sick  men 
and  poor  service.  It  is  a  good  thing  that  something  has  come 
up  to  bring  about  a  change  in  such  methods,  and  we  should 
all  insist  on  good,  clean,  commodious,  comfortable  and  sani- 
tary quarters  for  track  laborers.  There  should  be  sanitary 
cots,  bathing  facilities,  good  drinking  water,  lockers,  where 
men  can  put  their  extra  clothes  and  valuables,  and  room 
enough  for  men  to  assemble  for  games  or  reading  in  bad 
weather  and  on  evenings  and  Sinidays.  There  is  no  reason 
why  a  man  working  on  the  tracks  of  a  railroad  should  not 
have  a  place  to  eat.  sleep  and  rest  that  is  comfortable  and 
inviting  and  where  a  man  can  maintain  his  self-respect. 

Ways  of  Getting  Best  Results  in  Maintenance-of-Way 
Work. — Now.  with  choice  men  well  quartei-ed  comes  the 
problem  for  the  section  foremen,  roadmasters  and  main- 
tenance officials  of  using  the  services  of  these  men  to  the 
best  advantage,  so  that  every  hour's  work  of  every  man  is 
done  where  and  in  such  a  way  as  to  return  the  best  results 
to  the  property.  Our  maintenance-of-way  work  has  too  often 
been  done  in  a  haphazard  manner,  this,  to  a  greater  or  less 
extent,  because  of  the  many  interruptions  that  break  into  a 
day's  work.  Washouts,  burnouts  and  derailments  are  emer- 
gencies that,  call  for  the  immediate  services  of  the  section 
gang  regardless  of  all  plans  for  regular  work.  These,  how- 
ever, on  the  average  well  maintained  railroads  really  consume 
but  a  small  percentage  of  the  time  of  the  maintenance  of  way 
forces. 

In  order  to  get  the  best  results  from  a  certain  expenditure 
on  a  section  or  on  a  roadmaster's  division,  the  work  should 


by  systematized,  and  it  should  always  be  kept  in  mind  that 
maintenance-of-way  begins  at  the  outside  of  the  right  of  way 
fence,  on  one  side  of  the  right  of  way,  and  extends  to  the 
outside  of  the  fence  on  the  other  side;  and  that  right-of-way 
fences,  surface  ditches,  policing  of  right  of  way,  cutting  of 
brush  and  grass,  cleaning  of  cut  ditches,  including  opening 
up  of  the  same  at  the  ends  of  cuts,  keeping  inlets  and  out- 
lets of  boxes  and  other  waterways  opened  up.  are  as  much 
a  part  of  maintenance-of-way  work  as  is  tie  renewals,  bal- 
lasting or  working  with  rail  and  track  fastenings.  All  must 
be  kept  up  if  one  is  to  do  a  good  job  of  maintenance. 

It  is  customary  t'o  replace  or  put  splices  on  a  broken  rail 
at  once  when  discovered.  Next  in  importance  should  be  the 
replacing  of  a  broken  tie,  as  soon  as  possible  after  it  is  dis- 
covered. This  on  the  principle  that  if  it  is  left  in  it  not 
only  makes  bad  riding  track,  but  it  tends  to  pull  the  track 
out  of  line  and  out  of  surface;  and,  with  the  heavy  wheel 
loads  of  the  present  day,  it  throws  too  much  of  a  shock  on 
the  ties  on  either  side  and  is  apt  to  break  ties  that  would 
be  good  for  one  or  two  years'  more  service  had  it  not  been 
for  this  broken  tie  being  left  in  the  track  three  or  four  days 
when  it  should  have  been  taken  out  when  found,  or  the  next 
day  after  it  was  found. 

Ditching  of  cuts  should  be  done  systematically,  and  not 
left  for  "odd  time"  work.  There  is  no  work  that  pays  for 
itself  so  promptly  as  ditching  cuts:  it  saves  surfacing  the 
track  through  the  cut  at  least  once,  and  often  twice,  a  year. 
A  day  should  be  set  aside  and  section  gangs  required  to  ditch 
cuts  either  all  of  that  day  or  a  half  of  that  day,  and  the  fore- 
man should  be  required  in  his  weekly  report  to  show  the  num- 
ber of  lineal  feet  of  cuts  ditched  on  one  side  during  the  week, 
and  the  location  of  the  work.  Repairs  to  right-of-way  fences 
should  be  handled  in  the  same  manner. 

There  has  been  an  idea  on  some  railroads,  especially  with 
those  where  ballasting  has  been  done  only  for  a  few  years, 
that  track  ballasted  with  broken  stone,  gravel,  slag,  etc., 
should  not  be  taken  "out  of  face,"  but  that  the  low  spots 
should  be  raised  and  the  line  and  surface  maintained  in  that 
way.  This  is  a  mistake.  All  ballasted  track  should  be  taken 
out  of  surface  once  in  every  three  or  four  years,  and  each 
section  foreman  should  be  required  to  take  at  least  one-fourth 
of  his  track  out  of  face  each  year,  doing  what  he  does  con- 
tinuously to  a  face.  In  this  way  it  w-ill  be  all  taken  out  of 
face  every  four  years. 

In  taking  it  out  of  face,  the  material  on  the  shoulder  should 
be  screened  and  cleaned  of  dirt  and  used  to  make  a  2-inch  lift 
and  new  ballast  should  be  furnished  to  fill  in  between  the  ties 
and  for  a  new  shoulder. 

Another  matter  that  has  attracted  my  attention  this  sea- 
son, particularly  In  the  w'estern  country  where  we  had  so 
much  w'et  weather  and  where  we  have  such  great  crops,  in- 
cluding a  rank  crop  of  weeds,  and  that  is  that  our  section 
foremen  do  not  seem  to  realize  the  advantage  of  keeping  this 
vegetation  out  of  the  track  and  ballast  material.  They  are 
inclined  to  chase  weak  spots  rather  than  to  get  after  the 
vegetation.  By  digging  out  the  grass  and  weeds  it  permits 
the  sun  and  wind  to  dry  out  the  ballast  and  embankment,  and 
when  dried  out  any  work  done  on  the  track  stays  there;  while 
if  the  track  remains  wet  it  goes  down  again  after  a  few  trains 
have  passed  over  it.  We  want  to  remember  always  that  the 
sun  and  the  wind  are  good  track  men.  They  do  not  have  to 
be  transported  to  work — they  furnish  their  own  living  quarters 
and  they  work  from  ten  to  sixteen  hours  a  day.  and  do  not 
have  to  be  paid  any  overtime.  We  have  all  had  it  drilled 
into  us,  and  know  from  our  own  experience,  that  good  drain- 
age is  the  first  requisite  for  good  track,  and  the  drying  out 
of  the  ballast  and  embankment  by  letting  the  sun  and  wind 
get  to  it  is  the  same  thing  as  drainage — one  gets  rid  of  the 
surface  water,  the  other  .gets  rid  of  the  water  that  has  soaked 
into  the  material. 

Track  bolts  should  be  tightened  at  least  twice  a  year,  and 
both  the  bolts  and  the  joints  should  be  given  a  coating  of  crude 
oil  at  the  same  time.  Some  roads  are  oiling  the  rail  below 
the  head,  including  spikes,  tie  plates,  joints  and  bolts,  and 
they  think  it  economical  to  do  so,  especially  where  they  have 
much  brine  drip  from  refrigerator  cars. 

Maintenance  of  Way  Budget  as  Means  for  Systematizing 
Work. — In  order  to  do  nuiiutenance-of-way  work  systemat- 
ically there  should  be  a  maintenance-of-way  budget  made  up 
for  each  roadmaster's  territory,  subdivided  into  section  fore- 
men's territory.     This  budget  should  be  divided: 

First — Into  the  minimum  organization  that  can  keep  up  the 
track,  not  including  tie  renewals. 
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Second— The  additional  lielp  required  to  do  work  that  is 
required  at  certain  seasons,  sucli  as  mowing  right  of  way  and 
the  tie  renewal  program. 

Third— The  additional  help  required  to  do  work  that  would 
be  of  benefit  and  that  would  tend  to  cheapen  future  mainte- 
nance cost,  such  as  widening  of  embankments  and' cutting  of 
surface  ditches. 

Fourth — An  amount  to  cover  extraordinary  expense  due 
to  weather  conditions,  wrecks,  removal  of  snow,  ice  and  sand, 
and  other  extraordinary  expenses.  This  item  should  be 
based  on  average  expenses  for  this  class  of  work,  say  during 
the  past  five  years,  revised  to  fit  pre.sent  labor  and  material 
prices. 

Under  each  of  these  headings  the  labor  cost  and  material 
cost  should  be  stated  separately.  This  budget  should  be 
made  up  in  detail  as  to  linear  feet  of  rail  of  diffeernt  weights 
to  be  relaid:  ties  to  be  renewed,  divided  as  to  main  tracks 
and  sidings,  cubic  yards  of  ballast  of  each  kind  required,  giv- 
ing location  where  rail  and  ballast  are  to  be  inserted;  num- 
ber linear  feet  and  location  of  cuts  to  ditch;  number  linear 
feet  and  location  of  surface  ditches;  number  of  linear  feet 
and  location  of  banks  to  be  widened;  number  and  kind  of 
roadway  signs  to  be  renewed,  etc.,  etc.  With  a  budget  of  this 
kind  carefully  prepared,  each  section  foreman  has  his  year's 
work  laid  out  for  him  and  has  something  to  work  to. 

Labor-saving  Tools  and  Machinery. — With  high-priced  labor 
it  becomes  all  the  more  necessary  to  keep  tools  in  good  re- 
pair, and,  in  the  case  of  axes,  adzes,  scythes,  shovels,  and 
hoes,  that  they  be  kept  sharp.  A  tool  grinder  should  be  kept 
on  the  section  car  at  all  times  so  that  tools  may  be  sharp- 
ened as  soon  as  they  become  dulled. 

There  are  several  types  of  mowing  machines  made  that 
can  be  attached  to  a  motor  car  or  handcar  which  will  cut 
from  5  to  7  ft.  outside  the  rail;  there  are  disk  weed  cleaners 
that,  in  the  case  of  gravel,  burnt  clay  or  cinder  ballast,  will 
clean  the  weeds  from  the  shoulders.  Tie  tamping  machines 
are  in  use  on  many  roads,  and  experiments  have  been  made 
in  the  use  of  a  caterpillar  tractor  for  mowing  right  of  way. 
plowing  fire  guards  and  ditching  cuts.  With  the  class  of 
men  that  we  can  get  for  the  wages  paid  at  this  time  \ve  can 
operate   any   of  these   maciiines. 

Much  good  work  is  being  done  at  present  in  the  use  of  the 
oxy-acetylene  torch  in  repairing  worn  frogs  and  switches. 
Study  should  be  made  to  see  how  any  class  of  work  can  be 
done  the  cheapest,  and  it  some  mechanical  arrangement  will 
cheapen  the  work  it  should  be  used. 

The  heavy  sections  of  rail  now  in  general  use  make  it  nec- 
essary to  use  track-laying  machines,  and  by  their  use  the 
number  of  men  necessary  in  a  gang  employed  in  relaying 
rail  has  been  cut  down  fully  one-half.  In  a  similar  way  on 
ballast  work,  by  the  use  of  convertible  side  and  center-dump 
cars,  the  amount  of  shoveling  to  be  done  in  getting  ballast 
to  its  proper  location  has  been  very  much  reduced. 

The  steam  shovel  and  the  ditching  machine,  together  with 
a  modern  spreader,  have  reduced  hand  labor  to  a  minimum 
in  widening  cuts  and  embankments.  This  is  particularly 
true  of  the  ditcher,  the  only  trouble  being  that  we,  as  a  rule, 
have  too  few  of  them.  There  should  be  a  steam  ditcher  on 
every  operating  division,  and,  in  many  places,  on  every  road- 
master's  division.  They  should  be  equipped  with  a  20-cu.-yd. 
dump  car  at  each  end  of  the  ditcher,  and,  tor  all  'round  pur- 
poses, should  be  fitted  up  with  a  clam  shell  and  attachment 
for  using  the  same  This  permits  of  loading  sand,  gravel, 
cinders,  etc. 

Treated  Ties  Reduce  Maintenance  Expense.— Treated  ties 
should  be  used  to  reduce  maintenance  expense.  While  one 
may  not  have  the  authority  to  get  them  on  his  particular 
road,  he  can.  by  calling  attention  to  the  saving,  hel])  to  get 
the  people  on  his  road  who  do  have  the  authority  to  thinking 
about  the  matter,  and  if  they  look  into  this  feature  they  will 
not  put  off  providing  them  very  long. 

Many  roads  have  not  adopted  the  treatment  of  ties  because 
there  are  not  some  immediate  economy  and  saving  shown. 
Everv  official  of  a  railroad  should  remember  that  he  is  only  a 
link  in  the  chain,  and  if  he  breaks  and  has  to  be  taken  out 
of  the  service  some  one  else  will  take  his  place;  but  the  rail- 
road and  its  maintenance  are  a  permanent  thing  and  the  life 
of  an  untreated  tie  is  comparatively  short;  and  when  one  has 
used  treated  ties  for  a  period  equal  to  the  average  life  of  the 
untreated  tie,  he  will  begin  to  reap  the  benefit  of  the  invest- 
ment. 

Today  the  railroads  that  began  using  treated  ties  10  years 
ago  are  reaping  the  benefit  of  the  investment  in  big-  figures. 


They  are  averaging  about  2(I0  lleB  to  the  mil>^  oi  all  trucks. 
while  the  average  number  of  ties  used  on  a  road  where  Ireat- 
ment  has  not  been  used  is  over  :!00  per  mile  of  all  tracks 

This  means  that  a  railroad  that  is  usIhk  2.(to0.iiuu  Ireuled 
lies  per  year  would  have  to  buy  3.000,00(1  tteB  had  they  not 
adopted  tie  treatment  ten  years  before.  Tills  meuns  $1,000.- 
0(J0,  at  the  price  that  ties  cost  today,  for  the  lies  alone,  and 
much  more  than  that — it  means  saving  the  cost  of  transporta- 
tion, the  cost  of  unloading  and  the  cost  of  the  insertion  of  a 
million  ties;  and  the  saving  on  insertion  alone,  which  at  thi» 
time  is  from  32  to  4o  ct.  per  tie,  is  a  saving  of  from  $320,0yi» 
to  $400,000  of  expense.  There  is  yet  another  saving;  one  has 
disturbed  his  track  in  only  two-thirds  as  many  spots,  and 
there  is  the  saving  of  much  retamping  required  later  to  get 
the  track  as  solid  as  it  was  before  the  new  tie  was  inserted. 

Treated  ties  should  be  adzed  and  bored  by  adzing  and 
boring  machine  before  treating.  This  insures  the  seat  for 
both  rails  being  in  the  same  plane  and  gives  a  full  bearing 
for  the  tie  plates,  as  tie  plates  should  always  be  used  on 
both  treated  and  untreated  soft  wood  ties,  and  on  all  treated 
hardwood  tics. 

Advantages  of  Rail  Anchors.— Large  sums  are  spent  in 
squaring  up  ties  where  track  has  run,  and  this  has  to  be 
done  at  least  once  a  year.  By  the  use  of  rail  anchors,  this 
(an  be  avoided,  and  the  labor  of  squaring  up  the  ties  and 
retamping  them  and  of  getting  the  track  back  in  shape  will 
be  saved.  They  will  save  money  if  put  on  any  track  that  Is 
running,  but  they  should  always  be  applied  on  track  when 
new  rail  is  being  laid,  whether  they  wer'>  used  before  or  not. 
What  we  must  do  to  save  money  is  to  utilize  any  appliance 
that  will  hold  the  rail  and  ties  where  they  belong,  and  noi- 
perniit  them  to  shift  and  move  under  train  movements. 

We  began  years  ago  when  we  had  light  rail  and  light  power 
trying  to  prevent  rail  from  creeping  by  slot-spiking  at  the 
joints.  In  the  days  of  the  fish  plate  a  slot  was  cut  in  the 
base  of  the  rail  and  a  spike  was  driven  there  to  hold  the  rail 
from  running.  Later,  when  the  angle  bar  replaced  the  fish 
Iilate,  we  stopped  slotting  the  rail  and  slotted  the  angl»  bar 
where  it  projected  beyond  the  base  of  the  rail.  It  was  found 
that  even  this  would  not  hold  against  creeping,  and  the  rail 
anchor  came  into  use. 

We  have  been  slow,  however,  with  the  perfecting  of  the 
rail  anchor,  to  stop  slot-spiking  the  joints,  even  though  we 
all  recognized  that  the  joint  was  the  weakest  part  of  the 
track.  Those  who  have  stopped  slot-spiking  have  seen  its 
advantages,  and  it  will  not  be  many  years,  in  my  opinion.. 
until  it  will  be  a  thing  of  the  past. 

Owing  to  our  joint  troubles,  there  has  been  no  end  of  pat- 
ented rail  joints,  but  within  the  last  few  years  It  has  been 
recognized  that  what  was  most  needed  was  improved  mate- 
rial in  the  joints;  and  we  now  have  the  heat-treated,  oil- 
quenched  track  joint  and  track  bolt,  and  by  using  this  class 
of  material  in  joints  and  bolts,  and  a  good  spring  washer,  and 
by  holding  the  rail  with  rail  anchors,  thus  slopping  the  creep- 
ing action,  the  expense  of  keeping  joints  in  good  condition 
and  the  bolts  tight,  has  been  cut  in  two. 

Steady  Work  Year  'Round  for  Section  Gang.— It  would  be 
a  great  thing  for  all  concerned,  including  the  men  employed 
on  the  section,  if  the  work  could  be  arranged  so  as  to  keep 
practically  the  same  number  of  men  on  the  section  the  year 
"round.  Four  men  the  year  'round  would  be  the  same  a.s  two 
men  six  months,  and  six  men  the  other  six  months.  When 
we  can  provide  steady  work  the  year  'round  for  men  they 
will  make  homes  and  be  able  to  live  much  better  and  be  more 
contented  and  dependable.  Much  work,  such  as  relaying  of 
rail,  could  be  done  in  the  winter  with  section  gangs,  by 
doubling  them  up.  even  to  the  extent  of  grouping  four  gangs; 
and  with  motor  cars  they  could  make  the  distance  to  and 
from  the  work  and  not  lose  much  time. 

We  have  been  inclined  to  use  large  gangs,  partly  because 
the  labor  was  so  poor  in  quality  that  it  took  about  three  men 
to  do  two  days"  work,  -and  partly  because  the  labor  was 
cheap.  Under  present  conditions  a  careful  study  should  be 
made  of  different  classes  of  work  where  extra  gangs  are  em- 
ployed to  see  just  how  many  men  can  be  worked  to  the  best 
advantage,  and  only  that  number  of  men,  with  a  few  extra 
men  to  insure  full  gangs  at  all  times,  should  be  employed. 

Section  Work  Should  Be  Planned  Ahead. — Section  gangs 
that  have  several  classes  of  work  to  do  should  plan  to  do 
that  which  is  off  the  main  track  at  the  time  in  the  day  when 
the  most  trains  are  scheduled,  and  the  main  track  work  when 
there  are  the  fewest  trains  to  interrupt  the  work.  They 
should  have  a  list  of  the  special  work  on  their  sections  which 
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it  is  planned  to  do,  and  should,  when  they  send  in  their 
weekly  reports,  say  how  much  of  each  class  of  that  work  they 
performed  during  the  week,  and  should  give  an  outline  of  the 
work  they  expect  to  do  the  coming  week.  This  tends  to 
make  them  plan  ahead  on  their  work  and  not  go  at  it  in  a 
haphazard  way. 

Although  many  section  foremen  do  plan  their  work,  all 
are  not  gifted  with  the  faculty  to  do  so;  but  they  can  be 
trained  to  do  a  pretty  good  job  at  it  it  the  roadmaster  will 
take  interest  in  their  planning  and  discuss  the  matter  with 
them  when  he  goes  over  the  section.  The  roadmaster  also 
should  revise  his  methods  with  the  new  order  of  things,  so 
as  to  keep  in  closer  touch  with  the  methods  employed  by  the 
foreman  to  get  the  best  work. 

The  days  of  the  roadmaster  riding  on  the  back  of  a  pas- 
senger train  and  throwing  off  "butterflies"  has  about  gone. 
While  he  should  ride  a  passenger  train  over  his  territory  in 
daylight  about  once  a  week,  to  keep  in  touch  with  the  riding 
of  the  track,  he  should  get  over  his  territory  the  balance  of 
the  time  on  a  motor  car  or  on  foot.  A  roadmaster  should 
plan  to  walk  over  every  foot  of  his  track  twice  a  year.  He 
should  plan  to  walk  over  one  section  each  week,  having  the 
section  foreman  with  him,  if  possible.  He  can  do  this  in  a 
half  day,  and  he  should  make  a  written  record  of  the  things 
that  he  sees  that  requires  attention;  and  when  he  gets  In 
he  should  write  a  letter  to  the  section  foreman,  calling  atten- 
tion to  them,  so  that  the  foreman  _will  have  a  record  of  the 
matters,  and  when  the  roadmaster  walks  that  section  six 
months  later  he  should  have  this  record  with  him  and  see  if 
the  things  he  called  attention  to  have  been  corrected. 

Prizes  for  Best-kept  Sections. — There  should  be  a  continual 
campaign  on  to  keep  the  right  of  way  clean,  and  all  scrap 
should  be  picked  up  and  shipped  regularly  to  the  storekeeper. 
The  custom  of  giving  prizes  for  the  greatest  improvement 
and  best-kept  section  is  of  great  value  (much  more  than  the 
cost)  in  stimulating  every  one  to  try  and  keep  things  neat, 
and  to  maintain  good  track  and  right  of  way. 

I  was  recently  over  a  railroad  which  is  through  a  desert 
country,  where  prizes  are  offered  for  the  best  and  prettiest- 
kept  section  house  yard,  also  for  the  neatest  appearance  of 
the  interior  of  the  section  houses,  and  it  was  surprising  what 
beauty  spots  some  of  the  section  house  yards  were,  with  nice 
trees  and  shrubs  and  both  vegetable  and  flower  gardens. 
The  engineer  of  maintenance,  whom  I  know,  is  making  a  cam- 
paign among  section  foremen  to  get  them  to  have  a  good 
vegetable  garden,  with  the  result  that  nearly  every  section 
house  has  a  good  garden,  which  helps  to  give  the  family  a 
better  living  and  to  reduce  the  present  high  cost  of  living. 

The  8-hour  day  has  reflected  a  greater  hardship  on  rail- 
road maintenance  of  way  than  probably  any  other  class  of 
work,  for  the  reason  that  section  gang's  work  is  scattered 
out  from  4  to  10  or  12  miles,  and  the  men  go  to  and  from  the 
work  on  the  company's  time.  The  result  is  that  where  hand 
cars  are  used  the  effective  time  on  track  is  only  6% 
hours,  and  even  with  motor  cars  it  is  only  about  7  hours  per 
day.  This  gives  the  men  a  long  period  of  daylight  when  they 
are  not  working  on  the  railroad,  and  they  should  be  encour- 
aged to  put  in  a  portion  of  this  time  during  the  summer 
months  in  making  and  maintaining  a  garden,  and  should  also 
be  encouraged  to  keep  hens  and  a  pig,  and,  when  possible,  a 
cow. 

This  will  tend  to  reduce  their  cost  of  living  and  it  will,  by 
the  additional  production,  help  in  a  small  way  to  offset  the 
great  economic  loss  that  has  been  caused  by  the  general  in- 
troduction of  the  8-hour  day,  which  has  curtailed  production 
and  thereby  increased  the  cost  of  living  in  this  country  from 
20  to  25  per  cent,  and  this  does  not  take  into  account  the  in- 
creased amount  that  a  man  in  a  town  or  city  will  spend  with 
two  hours  more  of  loafing  time  on  his  hands.  Every  man 
whom  we  can  encourage  to  have  a  garden,  to  saw  up  ties 
into  firewood,  or  anything  else  that  will  increase  production, 
will  be  helping  to  decrease  this  great  loss  and  the  consequent 
increase  in  the  cost  of  living. 

We  can  improve  our  methods  and  create  a  better  feeling 
among  the  section  foremen  If  the  roadmaster  will  get  them 
all  together  at  some  central  point  once  or  twice  a  year  and 
have  a  general  discussion  of  section  work.  A  program  should 
be  made  up,  giving  a  list  of  classes  of  work,  and  each  in  turn 
should  be  discussed,  and  every  man  should  be  obliged  to  get 
up  and  say  something  about  it.  The  section  foremen  should 
also  be  encouraged  to  talk  such  matters  over  with  the  men 
ir  their  gang. 

Encouraging  Employes  to  Save  Money. — There  is  bound  to 


be  an  adjustment  of  wages  downward  when  things  get  settled 
in  this  country.  Every  one  should  try  to  save  something  out 
of  the  present  high  wages.  There  is  no  class  of  people  who 
find  it  harder  to  save  money  than  railroad  employes,  owing 
to  their  being  transferred  from  place  to  place,  and  thus  being 
discourage'd  from  purchasing  real  estate. 

Building  and  loan  associations  are  today  regulated  by  the 
states,  the  same  as  banks,  and  are  safe  places  to  invest 
money,  and  they  have  the  advantage  of  taking  monthly  pay- 
ments. Building  and  loan  stock  matures  usually  in  from  100 
months  to  10  years,  and  the  time  passes  very  quickly. 

The  oflScials  of  the  Santa  Fe  road  formed  such  an  asso- 
ciation about  17  years  ago,  at  Pueblo,  Colo.,  to  encourage  em- 
ployes to  save  money.  We  paid  60  ct.  per  month  per  share 
I  took  ten  shares,  costing  me  $6  per  month,  and  when  it 
matured  and  I  got  a  thousand  dollars  I  hardly  knew  where  it 
came  from,  it  had  taken  so  little  effort  to  save  it. 

I  want  to  suggest  that  you  talk  to  your  section  foremen 
about  saving  some  of  their  money  in  this  way,  and  they  may 
induce  some  of  the  men  to  do  the  same  thing,  and  it  would 
not  be  a  bad  plan  for  each  of  you  to  set  them  the  example 
by  picking  out  some  local  building  and  loan  association  and 
taking  out  ten  shares  of  stock.  If  they  find  you  are  doing 
this  they  will  be  more  apt  to  try  it.  The  man  who  is  saving 
money  is  more  apt  to  want  to  work  steadily,  and  he  is  also 
more  apt  to  be  saving  for  the  company  that  he  works  for. 

Now  then,  let  us  take  off  our  coats  and  get  down  into  the 
collar  and  pull  for  more  and  better  work;  more  and  better 
living  quarters;  more  and  better  acquaintance  with  our  men 
and  our  work,  and  more  and  better  economy,  both  in  our  own 
expenditures  and  in  those  for  the  railroad  company.  Let  us 
try  to  save  some  of  our  surplus  earnings  in  these  flush  times, 
and  let  us  further  bear  in  mind  that  the  days  of  rough  lan- 
guage and  the  pick  handle  are  gone  and  that  we  should  treat 
every  one  under  us  fairly,  requiring  good,  steady  work,  not 
only  with  their  hands  and  feet,  but  with  their  heads;  but  be 
square  with  them,  so  that  they  may,  while  working  hard, 
keep  their  self-respeet  and  have  respect  for  us. 


Cutting  Weeds  on  Railway  Right  of  Way 
With  Farm  Mowing  Machine 

Mr.  Edwin  Main,  Chief  Engineer  of  the  Rockford  &  Inter- 
urban  Ry.,  describes  in  the  Electric  Railway  Journal  an  out- 
fit for  mowing  weeds  used  on  his  railway.  It  is  a  long,  slow 
job  to  mow  miles  of  right-of-way  by  hand,  and  to  more  ex- 
peditiously handle  such  a  situation  the  Rockford  &  Inter- 
urban  Railway  has  drafted  into  service  a  standard  farm 
mowing  machine  and  substituted  a  single-truck  motor  car 
for  the  customary  pair  of  horses. 

An  Emerson  Brantingham  standard  7-ft,  mower  is  used 
with  the  wheels  replaced  by  city  electric  car  wheels  of  the 
same  diameter.  In  order  to  obtain  standard  gage  it  was  also 
necessary  to  install  a  new  axle.  The  sickle  bar  was  a  little 
too  long  to  clear  the  poles  of  the  two-pole  system  so  6  in., 
including  the  shoe,  was  cut  off.  On  portions  of  the  line  sin- 
gle-pole construction  is  used  and  here  it  is  still  necessary  to 
raise  the  sickle  bar  at  each  pole. 

The  tongue  of  the  mower  acts  as  a  safety  valve  and  is 
therefore  constructed  of  a  grade  of  oak  which  will  break 
should  the  sickle  bar  hit  a  stump  or  pole.  The  tongue  is 
made  of  4-in.  x  4-in.  oak  about  7  ft.  long  and  extra  tongues 
are  carried  for  emergency  use. 

The  mower  is  coupled  behind  a  single-truck  two-motor 
car  with  plenty  of  resistance  temporarily  built  into  the  in- 
terior of  the  car  so  that  the  equipment  may  be  operated  on 
two  or  three  points.  This  gives  a  speed  of  about  5  m.p.h. 
The  crew  is  composed  of  three  men,  including  a  motorman. 
a  mower  operator  and  a  man  to  raise  the  sickle  when  neces- 
sary. 

On  the  divisions  equipped  with  double-pole  construction, 
12  miles  per  day  is  the  average  moved.  About  7  miles  per 
day  is  accomplished  on  the  divisions  equipped  with  single- 
pole  construction. 


Convention  of  National  Drainage  Congress. — The  National 
Drainage  Congress,  an  association  of  interests  throughout 
the  nation  directly  or  indirectly  concerned  in  the  drainage, 
reclamation  and  development  of  swamp  and  overflowed 
lands,  will  hold  its  annual  convention  in  St.  Louis  on  Nov. 
11th.  12th  and  13th.  with  headquarters  at  the  Planters  Hotel. 
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Results  of  Improved  Inspection  in 
Steel  Rail  Manufacture 

In  a  paper  presented  at  the  ChicaKo  meeting  of  the  Ameri- 
can Institute  of  Mining  and  Metallurgical  Engineers  in  Sep- 
tember, Mr.  Robert  \V.  Hunt,  the  well  known  rail  expert, 
describes  the  system  of  special  inspection  inaugurated  by 
him  in  1912  and  used  in  behalf  of  several  of  the  large  rail- 
way companies,  and  gives  the  general  results  coming  from 
this  improved  and  greatly  detailed   inspection. 

This  "Special  Inspection"  consists  in  placing  inspectors  in 
all  the  departments  of  the  steel  works,  beginning  at  the 
open-hearth  furnaces  or  Bessemer  converters,  at  the  soak- 
ing pits  and  the  blooming  mill,  the  rail  mill,  the  drop-testing 
machines,  the  hot  beds,  drilling  and  straightening  depart- 
ments, and,  finally,  the  inspection  of  the  finished  rails.  These 
men  are  placed  at  each  of  these  several  departments  day 
and  night,  their  duties  being  to  observe  carefully  all  the  de- 
tails taking  place;  and  if  there  should  be  any  deviation  from 
the  provisions  of  the  specifications  under  which  the  rails 
were  purchased,  or  deviations  from  the  accepted  practice  of 
the  mills,  or  abnormal  conditions  of  any  kind,  to  make  note 
of  the  same;  and  while  not  at  liberty  to  interfere  directly 
with  the  workmen,  to  call  the  attention  of  the  foreman  of 
the  particular  department  in  which  the  occurrence  is  taking 
place  to  what  is  happening,  and  also  to  pass  a  written  re- 
port to  the  inspector  stationed  in  the  next  succeeding  de- 
partment, and  so  on  to  the  finished-rail  inspectors.  The  chief 
inspector- is  also  required  to  give  a  written  report  of  unsat- 
isfactory conditions  to  the  superintendent  of  the  mill,  so 
that  there  may  be  an  absolute  record  of  what  has  happened 
to  each  heat  of  steel  made  on  either  turn,  be  it  day  or  night. 
and  as  the  rails  are  stamped  with  their  heat  numbers,  and 
location  in  the  ingots  from  which  they  w-ere  rolled,  the  mill 
management  will  possess  an  individual  history  of  each  rail, 
with  the  possible  identification  of  the  individual  workmen 
who  were  in  control  of  the  manipulation  of  the  rail  from  be- 
ginning to  end. 

Moreover,  a  comprehensive  report  is  rendered  to  the  proper 
official  of  the  railway  company  for  which  the  rails  are  manu- 
factured, resulting  in  the  archives  of  that  railroad  possess- 
ing a  detailed  history  of  the  making  of  the  rails.  Hence, 
should  a  rail  fail  in  service,  it  will  be  possible  to  not  only 
have  cognizance  of  all  the  details  of  its  manufacture,  but 
the  makers  will  be  able  to  determine  the  workmen  who  par- 
ticipated in  that  manufacture.  As  can  be  appreciated,  this 
leads  to  a  personal  responsibility  being  attached  to  every 
rail.  It  must  be  remembered  that  the  workmen  at  the  mills 
are  paid  by  the  ton,  hence  they  are  naturally  desirous  of 
producing  as  large  an  output  as  possible,  and  under  the  ordi- 
nary system  of  inspection,  as  soon  as  the  rail  left  the  works, 
all  individual  connection  with  it  vanished,  or,  at  best,  any 
process  of  personal  connection  was  extremely  diflScult  and 
uncertain. 

The  result  of  this  special  system  of  inspection  has  been 
most  satisfactory  to  both  the  manufacturers  and  the  pur- 
chasers, and  it  receives  the  approbation  of  the  workmen 
themselves,  as  each  man  knows  that  if  he  properly  performs 
his  duties,  he  is  protected  against  the  danger  of  being  held 
responsible  for  the  acts  of  a  less  careful  operative,  while  the 
mill  management  has  given  it,  without  cost,  a  thorough  sys- 
tem of  supervision.  That  it  has  proved  satisfactory  to  the 
railway  companies,  who  have  been  employing  it,  is  best  evi- 
denced by  the  following,  gathered  from  the  rec9rds  of  the 
American  Railway  Engineering  Association. 

The  statistics  covering  open-hearth  steel  rails  give  the 
failures  that  have  occurred  in  5  years,  ending  Oct.  31.  1917. 
on  37,862  miles  of  track.  Forty-five  per  cent  of  this  mileage 
comprised  rails  rolled  under  special  inspection,  and  there- 
fore 55  per  cent  was  made  under  other  conditions. 

The  total  number  of  failures  per  hundred  track  miles  on 
all  the  mileage  reported  was  31.1.  while  the  number  of  fail- 
ures per  hundred  track  miles  on  the  rails  covered  by  special 
inspection  was  26.6,  and  the  number  of  failures  per  hundred 
track  miles  of  those  not  covered  by  special  inspection  was 
34.8.  Thus,  there  was  30  per  cent  in  favor  of  specially-in- 
spected rails. 


Drag -Line    Car    for    Ilandlinji  Track 
Materials 

The  I'nited  Railways  of  .St.  Louis  has  recently  ecjulpped  a 
flat  car  so  that  rails,  switches,  frogs,  and  other  track  material 
may  be  handled  with  a  minimum  of  labor.  The  car  Ih  4u  ft 
long  and  has  embedded  In  the  floor  as  skids.  CO  lb.  4  In. 
Trails.  The  equipment  consists  of  a  drag  line  operated  from 
an  8  in.  by  11  in.  drum  driven  by  an  old  WestinghouHe  30-h.p. 
railway  motor  suspended  from  the  car  floor  on  the  left  side 
just  ahead  of  the  forward  truck.  It  Is  connected  by  sprocket 
and  chain  to  a  drum  mounted  in  the  cab. 

A  rack  has  been  built  along  the  left-hand  side  of  the  car. 
There  are  four  6-in.  I-beam  uprights  extending  •>  ft.  above 
the  floor  and  braced  at  the  bottom.  There  Is  one  lighter  I- 
beam  upright  just   back   nf  th-  rnl,   uiii.i.   i.^   i. raced  against 


Drag-Line    C.ir    Used    at    St.    Louis    tor    Handling    Track    Materials. 

the  cab.  The  top  longitudinal  member  is  a  'iin.  channel 
with  a  wood  filler.  The  drag  line  passes  from  the  pulley  In 
the  cab  through  a  block  which  may  be  fastened  at  any  one 
of  the  uprights. 

The  tongs  used  with  the  drag  line  were  designed  espe- 
cially for  the  purpose,  for  they  are  always  pulling  at  such 
an  angle  that  the  ordinary  tongs  would  catch  on  the  edge  of 
the  car  floor.  Sections  of  4-in.  T-rail  are  used  as  skids  and 
these  hook  into  angle  braces  on  the  side  of  the  car.  Two 
skids  are  used  for  rails,  but  for  other  pieces  of  special  work 
three  or  four  may  be  used. 

The  Electric  Railway  Journal,  from  which  the  above  la 
taken,  states  that  formerly  10  to  14  men  were  used  in  a  crew 
to  handle  rails  and  special  work.  With  the  equipment  de- 
scribed above  it  is  a  very  simple  matter  to  handle  prac- 
tically anything  of  this  nature  with  three  men  and  a  motor- 
man.  Thus  a  great  saving  in  labor  expense  is  realized  and 
a  negligible  amount  of  heavy  work  is  required  of  the  men. 

This  equipment  for  handling  track  material  was  originally 
designed  because  of  the  impossibility  of  obtaining  sufficient 
labor. 


Building  Materials  Congress  in  Norway.— The  Norwegian 
Association  for  Dwelling  Improvements  is  planning  to  hold 
a  building  material  congress,  probably  in  January.  1920,  at 
Christiania. 


Herbert  Hoover:  An  Appreciation. — At  the  dinner  given 
Sept.  16  by  the  American  Institute  of  Mining  and  Metallur- 
gical Engineers  in  honor  of  Herbert  Hoover,  loose  leaf  pages 
were  provided  at  each  table  for  the  signatures  of  members 
and  guests.  These  pages  were  afterward  bound  together  in 
book  form,  together  with  an  illuminated  appreciation,  and 
presented  to  Mr.  Hoover.  The  appreciation  follows:  The 
members  and  guests  of  the  American  Institute  of  Mining 
and  Metallurgical  Engineers,  assembled  to  commemorate  his 
return  home,  extend  the  welcome  due  an  eminent  American 
citizen,  a  successful  engineer,  a  genius  of  constructive  ad- 
ministration, a  practical  economist,  a  statesman  of  world 
vision.  In  him  they  honor  an  idealist  who  was  able  to  vital- 
ize the  altruism  of  America  and  save  from  hunger  and  an- 
archy vast  areas  of  Europe  where  millions  of  men.  women 
and  children  in  a  score  of  languages  lift  their  voices  to  call 
him  blessed.  He  is  loved  and  honored  for  his  gift  of  leader- 
ship and  inspiration  which  called  many  thousands  of  volun- 
teers to  his  aid  in  the  great  tasks  he  undertook  and  ac- 
complished. Realizing  that  no  gift  of  gold  or  precious  stones 
could  convey  the  deep  feeling  of  appreciation  we  wish  to  ex- 
press, we  simply  subscribe  our  names  as  fellow  engineers, 
co-workers  and  admiring  friends. 
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Tunnelling  Machines  in  Sewer 
Excavation 

Tunnelling  machines  are  being  used  in  constructing  a 
12,000  ft.  section  of  the  $9,000,000  sewer  project  now  under 
way  at  Detroit,  Mich.  This  section  consists  of  3-ring  brick 
and  concrete  sewer  7  ft.  to  9  ft.  in  diameter.  It  is  being 
built  through  a  tough  and  tight  blue  clay.  The  machine 
consists  essentially  of  a  revolving  cutting  head  driven  by  an 
electric  motor.  This  cutting  head  is  fitted  with  knives 
backed  with  springs  to  make  them  more  flexible.  A  screw 
conveyor  at  the  center  of  the  cutting  head  connects  with  two 
continuous  belt  conveyors.  The  machines  are  provided  with 
continuous  trend  traction.  When  the  machine  is  in  opera- 
tion the  earth  is  shoved  from  the  face  of  the  head,  guided 
into  the  screw  conveyor  and  thence  onto  the  belt  conveyor, 
where  it  falls  into  muck  buckets.  The  following  particulars 
regarding  the  operation  of  the  machines  are  taken  from  Suc- 
cessful Methods: 

At  intervals  of  about  1,000  ft.  shafts  10  by  12  ft.  in  size 
are  sunk  to  the  depth  of  the  proposed  sewer.  This  depth 
varies  from  20  to  40  ft.  The  shafts  are  lined  and  thoroughly 
braced.  At  the  foot  of  these  shafts  headings  are  started 
and  enlarged  until  sufficient  space  is  provided  to  permit  the 
erection  of  tunnel  machines. 

Two  lines  of  14-in.  gage  track  are  provided,  upon  which 
small  cars  run,  each  one  loaded  with  two  muck  buckets. 
Loaded  cars  leave  on  one  track  and  the  empties  return  on 
the  other.  These  cars  are  pushed  by  men  to  the  foot  of  the 
shaft  where  chains  are  hooked  on  and  they  are  hauled  to 
the  surface.  The  muck  buckets  are  lifted  by  a  20  hp.  hoist 
using  a  %-in.  cable  over  a  12-in.  pulley  until  clear  of  the  re- 
ceiving platform,  a  5-ft.  gage  car  is  run  under  them  and  they 
are  lowered  to  the  car.  This  car  is  pushed  out  on  the  dump- 
ing platform  by  hand  and  the  buckets  are  tilted  over  dump 
boards  into  wagons  waiting  to  receive  the  spoil.  The  spoil 
is  hauled  off  and  used  for  filling. 

The  average  progress  made  by  two  tunnel  machines  over 
a  period  of  29  days  of  8  hours  each  was  16  ft.  for  one  machine 
and  15  ft.  for  another.  These  machines  were  operating  in 
different  headings,  but  muck  from  them  was  hauled  to 
the  sanie  shaft. 

At  the  end  of  S  hours'  operation  the  tunnel  machine  is 
stopped  and  the  workmen  spend  an  hour  cleaning  up  and 
getting  ready  for  the  bricklayers.  During  the  night  the  tun- 
nel cut  in  the  preceding  shift  is   completed  by  lining  with 


Cutting   Head  of  Tunneling   fviachine. 

brick  or  concrete.  In  building  a  brick  lining  5  bricklayers 
take  care  of  the  work  of  2  machines.  In  making  the  tunnel 
lining  5  men  lay  the  invert  following  one  machine  and  set  the 
steel  templates.  When  this  is  done,  3  of  the  men  go  to  the 
other  end  of  the  tunnel  and  begin  to  lay  the  invert,  follow- 
ing the  other  machine,  while  the  other  2  men  finish  the  arch. 
Lagging,  3  by  3  in.  in  size,  is  placed  as  the  cylinder  is  com- 
pleted. A  whole  18-ft.  section  is  completed  on  both  sides 
except  for  a  2  ft.  space  at  the  top.  Key  boards  are  inserted 
in  this  space,  supported  by  the  lagging  on  either  side,  and 
the  whole  key,  18  ft.  long,  is  built  at  one  time.     While  2  men 


are  finishing  the  key  the  other  men  go  back  in  the  other  end 
of  the  tunnel  and  assist  in  the  completion  of  the  arch,  fol- 
lowing the  other  machine.  Mortar  is  mixed  at  the  surface 
in  a  small  concrete  mixer  and  delivered  through  a  6-in.  pipe 
chute  to  the  bottom  of  the  shaft. 

The  following   force   is  required   to  operate   the    machines, 
drive  th»  tunnel  and  care  for  the  spoil; 


Night. 
5  bricklayers. 
14  laborers. 

1  foreman. 

2  in.spectors. 
]   hoist  man. 


Day. 
6  tunnelmen. 
.s  laborers  below  grouml. 
S  laborers  on  top. 
2  engineers. 
1   in.spector. 
I   foreman. 
T  teams. 


This  force  operates  2  machines.  Three  men  are  used  to 
operate  each  machine  and  teams  are  used  only  in  the  day- 
time, as  the  machine  does  not  operate  at  night. 


Lining  Operation 
Under    Ground    Pla'nt    Layout. 

The  contractors  on  the  work  are  Jaynes  &  Affeld,  of  De- 
troit, Mich.,  with  Fred  Jaynes  as  superintendent.  John  A. 
Wagner  is  city  inspector,  acting  tor  C.  W.  Hubbell,  city 
engineer  of  Detroit. 


Why 


the  Unions'  Railroad  Plan  Is  Doomed 
to  Failure 

(Editorial   from   the   Public  Ledger.   Philadelphia.) 

The  fallacy  in  tlie  whole  plan  of  the  "Big  Four"  brother- 
hoods lies  in  the  assumption  that  a  great  railroad  system, 
can  be  run  and  expanded  without  great  constructive  genius, 
and  that  great  constructive  genius  will  work  without  ade- 
quate  inceittive. 

It  was  the  brain  of  J.  J.  Hill  that  conceived  and  built  tlie 
Great  Northern  system  and  developed  the  Northwest.  The 
opportunity  was  there,  but  Hill  saw  it  and  had  the  nerve  to 
take  risks  in  order  to  prove  that  liis  faith  in  the  future  of  the- 
district   was   well   founded. 

There  are  just  as  efficient  conductors  and  engineers  and 
firemen  working  on  the  road  as  when  he  laid  the  first  rails, 
but  they  could  not  have  built  up  the  system. 

There  is  in  every  city  a  score  of  large  business  enterprises, 
which  existed  first  in  the  brain  of  one  man.  The  employes, 
whom  he  has  called  to  his  assistance  could  not  have  devel- 
oped the  business,  though  some  of  them  think  that  they 
should  control  it  and  tell  the  directing  brain  what  he 
should  do. 

And  there  is  in  every  city  one  or  more  great  enterprises 
built  up  by  the  genius  of  a  single  man  which  have  gone  to 
ruin  when  that  man  died. 

Men  of  ordinary  ability  are  for  sale;  but  the  constructive 
genius  never  sells  himself.  He  commands  the  services  of" 
others  and  builds  on  the  foundations  which  are  embedded  in 
his  own  will  and  in  his  own  determination  to  put  the  thing 
across. 

The  world  is  full  of  wrecks  of  big  enterprises,  the  inheritors 
of  which,  whether  they  were  the  heirs  of  the  founder  or  the 
subordinates  who  took  it  over  at  his  death,  were  too  little  to 
carry  on. 

There  may  be  railroad  geniuses  in  the  brotherhoods,  but 
they  are  not  in  sight,  and  the  chances  are  all  against  the 
success  of  their  plan,  even  if  it  were  advisable  for  other 
reasons. 
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Drilling  and   Blasting  Methods  in 

Sinking    1,830   Ft.  Mining 

Shaft 

High  tirilliny  efflciency  and  rapid  progress  were  obtained 
in  sinking  a  shaft  at  the  Pa  list  mine  of  the  Oliver  Iron  Min- 
ing Co..  Ironwooil.  Mich.  The  work  was  started  on  .June  L'U, 
1917,  and  in  March,  1919,  the  1.S30  ft,  shaft  was  completed. 
During  this  period  all  steel  sets,  bearers,  dividers,  concrete 
lath  and  skip  runners  were  placed,  and,  :n  addition,  all  sta- 
tions were  cut,  pockets  built,  and  cages  and  buckets  put  in 
operation.  The  progress  made  in  the  sinking  and  equipping 
the  shaft  is  thought  to  establish  a  record  for  the  district. 
The  following  particulars  regarding  the  woik  are  taken  from 
an  article  by  A.  J.  Wagner  iu  the  Engineering  and  Mining 
Journal. 

When  the  Avork  was  started  it  was  decided  to  make  each 
part  of  the  job  as  complete  as  possible  while  sinking  pro- 
ceeded, for  it  was  believed  that  in  the  long  run  time  would 
be  saved  by  so  doing,  rather  than  to  push  the  sinking  and 
then  complete  the  steel  work  and  equipment  later. 

The  shaft  is  vertical,  with  outside  dimensions  of  IS  ft.  4  in. 
X  11  ft.  4  in.,  and  is  divided  into  one  cage  compartment  10  ft. 
s  5  ft.  S  in.,  two  skip  compartments,  each  5  ft,  x  6  ft.:  one 
pipe  compartment,  3  ft.  S  in.  x  5  ft.,  and  one  ladder  com- 
partment, 3  ft.  8  in.  X  5  ft. 

The  long  axis  of  the  shaft  was  placed  perpendicularly  to 
the  strike  of  the  formation,  taking  the  natural  ground  slip- 
page on  the  end  of  the  shaft.  This  is  the  first  shaft  so  sit- 
uated on  the  Gogebic  Range.  In  sinking,  the  first  9  ft.  was 
overburden,  and  this  was  followed  by  slate  that  continued 
to  a  depth  of  725  ft.  At  this  point  granite  was  cut,  and 
granite  with  dikes  continues  to  the  bottom  of  the  shaft  1,830 
ft.   from  surface. 

The  sinking  crew  consisted  of  eight  miners  and  one  shift 
boss  on  each  of  three  S-hour  shifts,  making  a  total  of  27 
men.  These  men  performed  all  the  work  in  the  shaft,  such 
as  drilling,  charging,   blasting,  mucking  and  timbering. 

The  drill  equipment  at  the  beginning  consisted  of  12  But- 
terfly Jackhamers,  Type  BCR430,  equipped  with  %-in. 
hollow  hexagon  steel  and  four-point  bits.  These  were  used 
in  the  slates  to  a  depth  of  589  ft.,  at  which  point  harder 
ground  required  a  stronger  and  heavier  drill.  Twelve  Jack- 
hamer  sinkers.  Type  DDRW13,  then  replaced  the  Butterfly 
machines.  The  factor  of  primary  importance  in  speed  of 
sinking  is  to  break  the  ground,  and  the  remarkable  ac- 
complishment of  the  drilling  machines  used  in  the  shaft 
made  possible  the  fast  record.  A  9-ft.  sink  the  full  size  of 
the  shaft  was  drilled,  charged  and  blasted  in  8  hours,  the 
actual  drilling  of  the  full  round,  totaling  442  ft.,  requiring 
from  5  to  6  hours.  The  drilling  time  from  start  to  finish  of  a 
9-ft.  hole  in  granite  averaged  30  minutes. 

When  material  was  removed  from  the  shaft  at  the  end  of 
each  drilling  period  the  eight  used  drill  machines  were  sent 
to  the  shop  with  the  drill  steel,  and  each  machine  was 
opened,  inspected,  cleaned  and  lubricated  before  it  was  re- 
turned to  the  shaft.  The  result  was  an  extremely  low  main- 
tenance cost  and  a  uniformly  high  drilling  efficiency.  The 
warehouse  record  shows  a  maintenance  cost  for  the  year  191S 
to  have  been  only  $2.51  per  month  per  machine.  As  each 
machine  drilled  6,000  lin.  ft.  in  hard  ground,  the  cost  of 
maintenance  was  $.005  per  foot  drilled.  As  convincing  proof 
of  the  value  of  high-grade  inspection  and  careful  lubrication, 
it  may  be  stated  that  upon  completion  of  the  shaft  the  drills 
were  mounted  and  placed  in  service  on  the  main  level  drift 
and  on  sinking  work  at  other  mines. 

As  %-in.  hollow  hexagon  steel  was  in  stock,  this  size  was 
used  in  the  sinkers,  although  they  were  designed  to  use  1-iu. 
steel.  The  drill  steel  was  made  up  with  2  ft.  starters,  and 
the  last  drill  was  11  ft.  long.  The  bits  were  standard  four- 
point  with  a  90°  cutting  edge  and  5°  and  14°  taper.  The  gage 
of  starters  was  2%  in.,  with  i-'s-in.  change  in  gage  and  18-in. 
change  in  length.  The  steel  was  machine  sharpened  at  the 
collar  of  the  shaft  in  a  No.  5  Leyner  sharpener  .  No  diffi- 
culty was  encountered  with  steel  breakage  or  inability  to 
make  the  drills  "follow." 

Air  for  the  machines  was  supplied  by  a  6-in.  air  pipe  pro- 
vided with  a  standard  manifold.  A  specially  designed  header 
was  discarded  early  in  the  work,  as  its  use  was  found  to  be 
troublesome. 

The  cut   was  drilled  so  as  to  remove,  when  blaste.<J.  a  "V" 


at  the  center  of  the  shaft,  and  couHisied  of  live  row*  o(  Ave 
holes  each  in  each  half  of  the  shaft,  with  three  extra  Uoleh 
drilled  straight  down  across  the  center  of  the  shaft  An 
accnmpanying  diagram  shows  a  plan  and  section  of  the  dl»- 
tribution   of   the   holes. 

In  the  diagram  53  holes  are  shown.  In  slates  50  holes 
were  drilled,  the  three  center  holes  marked  "B"  being  omll- 
ted.  The  numbers  on  the  holes  refer  to  the  order  of  blast- 
ing. The  three  holes  marked  "B"  were  shot  by  means  of  u 
battery  to  relieve  the  cut.  The  holes  numbered  1  were  dred 
first:  2,  second,  and  the  others  in  rolaflon.  and  the  row  num- 
bered 1  was  fired  first;  row  2,  second,  and  succeedlnB  rows 
in  like  order,  the  rows  up  to  6  being  shot  and  then,  this  part 
mucked  out.  Rows  7,  8,  9  and  10  were  next  fired  In  sequence. 
completing  the  cut.  By  firing  in  this  order  a  wiggle,  or 
staggered,  effect  was  obtained,  throwing  the  dirt  from  side 
to  side,  breaking  any  big  blocks  loo.sened.  saving  the  shaft 
timber  from  damage,  and  i)utting  the  entire  charge  off  as  U 
was  timed  to  go.  without  prematurely  exploding  other  holes. 
Delayed   fuses   were   used   and   the  holes  charged   with   elKht 
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Ver  tical    Section 
Order    Followed    in    Blasting    Machine    Drilled    Rounds. 

sticks  of  80  per  cent  Red  Cross  gelatine,  the  detonator  be- 
ing placed  in  the  fourth  stick  from  the  bottom.  This  arrange- 
ment is  contrary  to  the  rule  for  placing  the  detonator,  but 
owing  to  the  fact  that  the  holes  are  close  together,  the  collar 
often  breaks  prematurely  and  tears  out  the  detonators  that 
have  not  been  exploded.  When  this  happens  some  of  the 
holes  do  not  explode  and  too  much  burden  is  placed  on  other 
holes. 

No  cut  failed  to  be  pulled  clean,  and  not  one  steel  shaft 
set  was  bent,  although  the  sets  were  kept  within  15  to  20 
ft.  of  the  bottom.  The  blasts  were  timed  so  close  together 
that  the  effect  was  to  blend  the  concussion  in  one  slow. 
rattling  blast. 

After  blasting,  the  muck  was  hoisted  in  two  20  cu.  ft. 
sinking  buckets,  provided  with  special  guides.  At  the  trestle 
landing  the  buckets  were  dumped  while  hanging  straight 
on  the  cable,  the  rock  falling  on  an  inclined  shaft  cover. 
This  sloping  cover  was  hinged,  provided  with  high  sides 
that  formed  a  chute,  and  was  swung  in  and  out  of  position 
by  means  of  air-operated  cylindei's.  The  complete  cycle  of 
work  in  sinking  was  as  follows: 

Tl.MK  l!F:(JflRRD  PER  CTCLK  OF  WORK  I.V  .SINKIXO   PABST 
"H"    SHAFT. 

Time. 
Operation.  hour?. 

Take  down  material  and  drill  entire  jCUI 6.0 

rharf.-<'   holts    (first    blasti 1.0 

Remove  material  and  blast. 1.0 

Blow  smoke   l,."* 

Muck  flrsi  blast  S'.O 

Charge  K>rcond  blast  and  Are .  0..t 

Blow  smoke 1.5 

.M'uck  .second  blast 6  0 

Hoisting  water  with  bucket,  per  day 1,5 
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Timbering.  p.^r  set 5.5 

Cutting   and   blasting   hitches 8.0 

Installing?  bearers    3.0 

The  shaft  sets  extending  through  the  encountered  slates 
are  made  of  S-in.,  34-lb..  "H"-section  steel  and  6-in.,  22.8-lb., 
"H"-section  throughout  the  remainder  of  the  shaft.  They 
were  spaced  at  5  ft.  centers.  Dividers  were  of  steel.  Bearers 
were  placed  every  100  ft.  in  depth,  four  bearers  to  a  set,  one 
under  each  end  plate  and  one  under  each  cross  divider.  The 
bearers  are  12  in.,  31.5-lb.,  I-beams,  17  ft.  long,  cut  in  the  mid- 
dle for  purpose  of  installing  and  spliced  after  being  placed. 
Hitches  3%  ft.  deep  were  cut  to  fit  the  steel,  and  this  was 
done  by  drilling  one  side  and  the  bottom  of  each  hitch,  the 
holes  being  placed  side  by  side,  each  hitch  requiring  nine 
holes.     Iron  wedges   secure  the  bearers. 

The  lath  or  lining  consisted  of  pre-cast  concrete  slabs  8 
in.,  10  in.,  and  12  in.  wide  by  4  ft.  10  in.  long  and  3  in.  thick 
in  the  slates  and  2  in.  thick  in  the  granite.  The  slabs  were 
designed  with  one  vertical  edge  on  each  face,  beveled  to 
permit  easy  installation,  and  held  in  place  by  angles  riveted 
to  the  "H"  sections.  The  lath  was  wedged  from  the  rear 
with  cedar  blocking.  Men  and  material  were  handled  on  a 
cage  and  dirt  was  hoisted  by  buckets,  the  three  hoisting 
compartments  being  used. 


Loading  Cars  With  a  Drag  Scraper 

A  device  which  was  used  in  loading  a  small  iron-ore  stock 
pile  on  one  of  the  Minnesota  ranges  is  illustrated  in  the  ac- 
companying sketch.     Little   ore  was   stocked   in   the   winter. 
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Method  of   Loading  Cars  with  Scraper. 

and  the  entire  tonnage  contained  in  the  mine  was  removed 
during  the  following  shipping  season.  The  ore  hoisted  in 
the  summer  was  dumped  from  the  skip  into  a  loading  pocket 
and  thence  drawn  off  into  standard  railroad  cars.  The  stock- 
pile tonnage  was  small,  amounting  to  only  a  few  thousand 
tons,  and  the  expense  of  installing  a  steam  shovel  for  its 
removal  was  considered  unnecessary.  The  method  employed 
is  described  as  follows  in  the  Engineering  and  Mining  Jour- 
nal: 

A  small  loading  platform  of  8-in.  diameter  round  posts  and 
2-in.  plank  was  constructed  near  the  track,  which  was  con- 
tinued some  distance  beyond  the  shaft  to  permit  the  spotting 
of  coal  cars.  The  two  uprights  on  the  track  side  were  ex- 
tended above  the  top  of  the  platform  and  connected  so  that 
they  formed  a  frame,  from  the  center  of  which  was  suspended 
a  small  block  pulley.  The  platform  was  about  three  feet 
above  the  top  of  the  cars,  but  sloped  on  the  outer  edge  so 
that  the  ore  would  run  into  the  cars.  An  ordinary  road 
scraper  was  used,  fastened  to  %-in.  cable  passed  through  the 
pulley  and  attached  to  a  small  hoist,  which  was  furnished 
with  steam  from  the  boiler  house.  The  far  side  of  the  stock- 
pile was  removed  first.  The  operation  of  the  scraper  re- 
quired two  men.  When  about  half  of  the  pile  was  moved, 
the  grade  became  too  steep,  and  it  was  necessary  to  provide 
a  small  incline  to  secure  the  remainder  of  the  ore.  AlU  ma- 
terial, with  the  exception  of  the  scraper  and  the  pulley,  was 
in  stock  at  the  mine,  and  the  entire  rigging  was  built  at 
slight  expense. 


Accident  Prevention   in   Con- 
struction a  Source  of 
Profit* 

By  F.  L.  HURLBUTT, 
Of  the  Safety  Section  of  E.  I.  du  Pont  de  Neniour.-i  <i   Co. 

The  writer  proposes  to  treat  this  subject  from  the  data  and 
experience  of  the  construction  forces  of  the  Du  Pont  Co.  In 
the  Du  Pont  Company  safety  on  construction  work  is  divided 
into  two  distinct  branches:  home  office  and  field  work,  each 
of  which  is  in  such  close  contact  with  the  other  as  to  benefit 
by  the  other's  experience  and  ideas. 

Work  in  the  Home  Office. — The  work  of  the  home  ofllce 
branch  covers  co-operation  with  the  design  division  of  the 
engineering  department  in  the  initial  stages  of  all  contem- 
plated construction  work  and  later  with  the  drafting  room 
forces  when  actual  drawings  are  being  prepared.  Close  con- 
tact with  the  design  division  is  absolutely  necessary  in  order 
to  get  preliminary  data  on  manufacturing  processes  involved 
in  which  there  may  be  industrial  poisoning  hazards,  the  ne- 
cessity for  ventilating  systems,  the  possibility  of  explosive 
hazards  necessitating  proper  barricading  and  separation  of 
buildings  and  quick  escapes  for  operatives;  in  short,  all  such 
important  points  as  require  special  investigation  and  decision 
before  judicious  recommendations  can  be  made  to  the  draft- 
ing room  forces.  By  conference  with  members  of  the  design 
division  all  these  points  are  thrashed  out  and  decisions 
reached,  so  that  no  delay  is  experienced  when  the  work  has 
gotten  on  the  drafting  boards.  Too  great  stress  can  not  be 
laid  on  the  importance  of  carefully  reviewing  all  projects  for 
safety  in  the  design  or  formulative  stage.  This  is  particu- 
larly true  when  construction  work  is  to  be  done  for  such 
highly  specialized  industries  as  the  chemical,  steel  and  ex- 
plosives branches.  At  this  stage  the  incorporation  of  the 
necessarj-  safety  and  health  features  can  be  included  at  about 
one-third  the  cost  of  doing  them  than  as  additional  work  after 
the  job  is  completed.  Furthermore,  they  can  never  be  done 
as  satisfactorily  or  made  as  effective  when  done  afterwards 
due  to  the  layout  of  apparatus,  equipment,  stairs  and  eleva- 
tors within  the  buildings.  One  member  of  the  safety  office 
is  detailed  to  the  drafting  room  to  check  drawings  for  safety 
and  to  advise  the  draftsmen  on  the  application  of  the  Safety 
Standards  where  complicated  situations  arise  or  where  un- 
usual conditions  make  deviation  from  the  standards  neces- 
sary. 

The  review  of  the  contemplated  work  and  the  check  in  the 
drafting  room  are  in  tlie  main  to  cover  structural  plans  and 
layouts  of  equipment  for  safety  and  not  the  mere  noting  of 
locations  for  safety  devices  which  is  primarily  a  field  job. 
To  insure  the  inclusion  of  this  work  in  the  finished  job  a 
formal  note  is  placed  on  every  drawing  stating  that  all  equip- 
ment is  to  be  guarded  in  accordance  with  the  standards, 
thereby  giving  the  field  engineer  authority  to  carry  out  this 
work  and  at  the  same  time  freeing  the  drawings  from  a  mass 
of  notes  and  sketches  of  machine  guards. 

The  actual  installation  of  safeguards  and  safety  devices  by 
the  field  engineering  forces  in  the  case  of  large  undertakings 
is  supervised  by  the  Safety  Engineer  assigned  to  that  par- 
ticular construction  job  and  in  the  case  of  small  jobs  by  trips 
by  members  of  the  home  safety  office. 

Actual  Field  Safety  Work. — On  all  projects  requiring  a  field 
force  of  500  men  and  upwards  it  has  been  found  not  only 
desirable  but  essential  to  include  on  the  engineering  staff  a 
safety  department,  the  personnel  of  which  must  be  varied  as 
conditions  dictate,  from  a  single  man  to  as  many  as  eight 
men  devoting  their  full  time  to  safety,  supplemented,  if  neces- 
sary, by  an  injury  clerk  and  accident  investigators  with  ade- 
quate clerical  and  stenographic  help  to  maintain  full  and  ac- 
curate records  of  all  injuries.  Such  a  department  as  this 
last  may  seem  unnecessarily  large,  but  1  want  to  assure  you 
that  on  our  two  largest  construction  jobs  where  such  depart- 
ments were  maintained,  the  members  were  about  the  busiest 
individuals  on  the  ground.  Not  only  must  physical  inspec- 
tions be  made  of  the  work  under  erection,  the  unloading  and 
piling  of  vast  quantities  of  materials,  inspections  made  of 
railways,  cranes,  tool  rooms  and  what  not.  but  educational 
safety  for  the  field  forces  must  be  carried  out,  accidents  in- 
vestigated   in   order   that   preventive    measures   may    be    ap- 

*From   a   paper   presented   Oct.    2   at    the    KiKhth    .\nniial    Safetv 
Congress  of  the  Na.tional  Safetv  Council. 
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plied  and  full  data  surroimdlng  the  accident  secured.  Thor- 
ough accident  investigation  has  proven  of  enormous  value 
and  is  one  of  the  most  important  duties  of  all  our  safety  de- 
partments. As  in  all  professions,  an  accurate  determination 
of  causation  will  generally  hring  to  light  the  proper  remedy. 
How  Safety  Work  Has  Justified  Itself  and  Dividends  It  Has 
Returned.— In  the  early  part  of  191S  the  company  undertook 
its  largest  construction  project,  namely,  the  complete  design 
and  erection  of  a  smokeless  powder  plant  for  the  United 
States  Govornment.  Some  idea  of  the  magnitude  of  the  un- 
dertaking may  be  gained  from  the  fact  that  an  average  work- 
ing force  of  2.5,000  men  was  maintained.  Like  all  war  proj- 
ects this  was  a  rush  job  and  had  to  be  carried  out  in  the  face 
of  the  very  serious  labor  shortage  and  consequent  high  labor 
turnover  that  existed  at  that  time. 

At  the  outset  the  question  arose  as  to  how  safety  and  in- 
jury work  should  be  handled.     Two  courses  presented  them- 
selves.    First,    to   carry    liability    insurance   with   an   outside 
company  and  waive  any  further  responsibility  in  the  matter. 
or  second  to  carry  our  own  insurance  and  organize  a  com- 
plete  safety  department   on  accident  prevention  work.     The 
former  scheme  might  have  been  adopted  in  view  of  the  diffi- 
culty of  getting  good  safety  men  on  short  notice  at  that  time, 
but  the  excellent  results  attained  on  our  other  big  jobs  com- 
pleted prior  to  this  country  going  to  war  justified  our  pur- 
suing the  latter  course.     As  a  result  a  safety  department  con- 
sisting  of   a   safety   engineer,   an    assistant   safety   engineer, 
seven  inspectors,  a  personal  injury  clerk  and  assistant,  two 
accident  investigators  and  five  stenographers  was  organized. 
As  in  the  case  of  all  successful  safety  work  the  resident  en- 
gineer gave  the  department  his  unqualified  support  and  "put 
safety  on  the  map"  from  the  start  by  stating  his  stand  at  the 
weekly  staff  meetings  and  seeing  to  it  that  his  division  engi- 
neers were  carrying  out  their  share  of  the  responsibility  of 
accident   prevention.     This   he   was   able   to   do   through   the 
daily  accident  reports   forwarded  him  by  the  safety  depart- 
ment.    The   policy  of  carrying  out  safety  work  through  the 
organization   rather  than  allowing  the  safety  department  to 
do  it  all  was  the  basic  principle  followed.     Meetings  of  the 
division  engineers  and  their  assistants  were  always  attended 
by  a  member  of  the  safety  department  who  showed  the  re- 
sults   accomplished    and   brought   up   points   to    be   rectified. 
Again,  foremen's  meetings  were  held  in  the  various  divisions 
at  which  the  division   engineers  put  the  proposition   of  safe 
working    conditions    for    the    men    and    accident    prevention 
squarely  up  to  the  foreman.     And  right  here  let  me  digress 
for  a  moment  to  emphasize  the  importance  of  the  foreman  in 
any   accident   prevention   work,   no  matter  whether  it  is  an 
operating  or  construction  job.     Only  when  your  foremen  are 
whole  souledly  behind  the  safety  movement  which  you  are 
pushing  will  you  effect  permanent  accident  reduction.     These 
)ren   are   the  most  important  factors   in  your  campaign  and 
the  bulk  of  your  efforts  should  be  directed  towards  winning 
them  to  your  ideas.     You  look  to  them  for  the  desired  speed 
ef  the  work  and  for  its  quality;  why  then  should  you  not  look 
to  them   for  the  safety  of  the  workmen  entrusted  to  them? 
But  to  return  to  our  subject.     Without  going  into  too  great 
detail    on   the   methods   followed   by   the   safety   department, 
suffice  it  to  say  that  the  department,  in  addition  to  the  educa- 
tional   work    carried    on    through    engineers'    and    foremen's 
meetings  made  daily  physical  inspections  of  the  work,  posted 
thousands  of  bulletins  and  superintended  the  installation  of 
over  3,500  safeguards  for  mechanical  equipment. 

The  injury  department,  through  its  investigators,  investi- 
gated every  accident  and  submitted  complete  reports  on 
them.  The  result  was  that  the  number  of  court  cases  result- 
ing from  injury  was  very,  very  small.  This  is  a  phase  of 
safety  work  on  construction  in  non-compensation  states 
which,  it  carried  out  effectively,  pays  a  handsome  return.  If 
all  accidents  are  reported  and  immediately  investigated  and 
the  injured  brought  to  the  hospital  for  treatment,  the  likeli- 
hood of  the  cases  being  taken  to  court  are  greatly  minimized. 
It  only  takes  about  one  or  two  court  cases  where  a  verdict  is 
rendered  in  favor  of  the  plaintiff,  to  pay  the  entire  cost  of  a 
safety  department  on  a  fair  sized  job. 

On  March  23rd,  shortly  after  the  start  of  construction  ac- 
tivity, the  safety  engineer  arrived  on  the  job  and  began  build- 
ing up  his  organization  which  had  by  the  latter  part  of  April 
assumed  working  proportions.  By  this  time  the  department 
had  started  an  effective,  organized  safety  campaign  with  the 
following  results:  During  March  and  April,  the  period  of  or- 
ganization for  the  department,  the  "Lost  Time  Rate"  ex- 
pressed in  days  had  steadily  increased  until  it  stood  at  2.27 


days  lost  per  man  per  year.  By  May  31«l.  oni-  nionlh  after 
safety  activities  had  been  prosecuted  In  eurnoKt.  thJK  llgure 
was  reduced  to  1.2X,  the  next  month  saw  It  lowered  to  .744. 
the  following  month  It  stood  still,  but  the  next  month  kuw  a 
further  reduction  to  .684.  then  came  a  drop  to  .:i51.  In  the 
ne.\t  thii-ty  days  we  llnd  the  only  upward  trend  In  our  curve, 
when  the  figure  went  up  from  .351  to  .441,  really  an  excellent 
figure  in  itself.  But  again,  with  the  last  month  of  activity, 
we  (ind  the  downward  tendency  resumed,  with  the  n-sMli  that 
the  lowest  figurest  of  all  was  atUilned.  namely,  .21ti.  Helloci 
lor  a  moment  what  this  means.  In  the  seven  nionthK  of  the 
safety  department's  activities  the  lost  time  rate  had  been  re- 
duced from  2.27  to  .216,  a  90  per  cent  reduction,  which  is 
truly  a  remarkable  record,  when  you  consider  that  it  was 
made  in  the  face  of  a  very  high  labor  turnover  and  with  u 
working  force  almost  entirely  new  to  the  company.  The 
total  frequency  calculated  on  the  annual  basis  after  the 
federal  practice  was  58.9.  The  fatality  frequency  rate  calcu- 
lated on  the  same  basis  was  1.0. 

When  the  gigantic  project  was  first  conceived  a  rate  wag 
quoted  the  company  for  carrying  liability  insurance  on  all 
the  construction  employes.  Using  this  rate,  the  cost  of  In- 
surance against  injuries,  both  fatal  and  non-fatal,  to  the  com- 
pany would  have  been  $452,752,  as  against  the  actual  cost  of 
$66,101,  a  saving  of  $386,651.  Deduct  from  this  the  co.st  of 
maintaining  the  safety  department.  $50,000,  and  we  have  a 
net  saving  of  $336,651. 

On  the  construction  of  a  large  shell  loading  plant  where 
similar  safety  efforts  were  carried  out  by  the  company. 
though  not  on  quite  as  large  a  scale,  equally  impressive  fig- 
ures are  available.  Here  the  success  of  the  safety  work  re- 
sulted in  the  actual  cost  of  injuries  being  but  $5,733.  as 
against  a  figure  of  $103,545,  had  we  chosen  to  cairy  liability 
insurance  with  an  outside  firm.  This  gives  a  saving  of  $97.- 
812.  from  which  the  cost  of  maintaining  the  safely  depart- 
ment. $10,500,  must  be  deducted,  giving  a  net  saving  of  $S7.- 
312.  Here  the  total  frequency  rate  was  47. .S  and  the  fatality 
frequency  rate  was  zero.  The  figures  quoted  are  meant  in  no 
way  to  deprecate  the  practice  of  carrying  liability  insurance. 
Most  assuredly  such  a  policy  is  a  meritorious  one  on  small 
and  good  size  contracts,  but  when  an  undertaking  assumes 
such  gigantic  proportions  as  did  the  construction  of  the  Gov- 
ernment powder  plant  just  mentioned,  one  is  faced  with  a 
liroposition  which  could  never  be  as  satisfactorily  met  by  any 
outside  agency  as  by  a  department  which  is  a  part  of  and  co- 
ordinating with  the  contractor's  own  organization. 

To  digress  a  moment  from  monetary  savings,  let  me  relate 
an  interesting  accident  prevention  story  that  occurred  in  con- 
nection with  the  powder  plant  construction  and  one  which 
carried  good  evidence  of  whether  real  safety  work  pays  on 
construction.  In  May,  1916,  during  a  temporary  lapse  in 
construction  activities  in  his  particular  line,  one  of  our  best 
(construction  engineers  was  made  safety  engineer  on  one  of 
our  largest  plants,  where  an  average  operating  force  of  12,000 
men  and  a  construction  force  of  700  was  then  being  main- 
tained. For  two  years  he  acted  in  this  capacity  and  became 
a  real  convert  to  the  safety  cause.  When  construction  work 
was  started  on  the  Government  powder  plant,  this  individual 
was  made  a  division  engineer  in  charge  of  the  ".Miscellaneous 
Division,"  which  comprised  a  force  of  from  2,500-2,800  men. 
This  was  exactly  the  opening  he  wanted— an  opportunity  to 
practice  as  an  engineer  on  construction  what  he  for  two  years 
had  been  preaching  to  other  construction  engineers.  Were 
his  preachings  vindicated?  His  record  will  answer  that  ques- 
tion. From  March  16,  1918.  to  Sept.  1.  1918.  his  working 
force  of  2,500-2,800  men  had  but  one  major  injury 

Accident  Prevention  Work  and  Safety  Campaign  on  Recent 
Construction. — Such  examples  as  I  have  cited  may  seem  to 
be  of  such  an  unusual  character  and  the  work  carried  on  un- 
der such  abnormal  conditions  that  it  is  not  fair  to  use  the 
results  obtained  therefrom  in  arriving  at  a  decision  whether 
safety  work  pays  on  construction.  To  allay  any  such  doubL«. 
let  me  tell  you  of  the  accident  prfevention  work  and  safety 
campaign,  with  the  excellent  results  attained,  which  has  been 
carried  on  during  our  construction  of  a  large  chemical  plant 
these  past  eight  months. 

This  construction  was  under  the  direction  of  a  resident 
engineer  with  ten  assistant  engineers  on  his  staff.  The 
average  number  of  full  time  workers  employed,  using  the 
Federal  basis  of  calculation,  for  the  first  eight  months  of  the 
year  was  692.  Directly  under  the  resident  engineer  was  a 
field  safety  engineer,  with  an  assistant  and  one  man  acting 
as  an  accident  investigator,  clerk  and  stenographer.     In  out- 
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lining  the  safety  campaign  it  was  decided  to  try  two  scliemes, 
both  of  wliicli  were  new  to  us  on  construction  worlt.  These 
schemes  differed  only  in  application,  the  basic  thought  behind 
both  being  to  hold  the  foremen  and  general  foremen  responsi- 
ble for  carrying  on  the  safety  work,  with  the  safety  depart- 
men  functioning  in  a  stimulating  and  advisory  capacity  to 
the  engineering  organization  and  foremen. 

The  construction  was  divided,  into  two  divisions  which,  for 
convenience  in  explanation,  we  shall  designate  as  "A"  and 
"B." 

In  Division  "A''  there  were  scheduled  Foremen's  Safety 
Meetings  twice  a  month  for  the  varied  crafts,  each  meeting 
being  presided  over  by  the  general  foreman  of  that  particular 
craft  and  attained  by  the  Safety  Engineer  solely  in  advisory 
capacit.y.  This  division  had  a  safety  committee  made  up  of 
its  seven  general  foremen,  one  of  whom  was  appointed  per- 
manent chairman  and  another  secretary  by  the  division  engi- 
neer. The  personnel  of  the  committee  was  not  rotated. 
Bvevy  other  Saturday  afternoon,  from  one  until  three  o'clock, 
they  made  a  safety  inspection  of  the  construction  work  in 
their  division  and  submitted  a  written  report  of  their  findings 
to  the  division  engineer,  with  a  copy  to  the  safety  engineer. 

In  Division  "B"  there  were  scheduled  weekly  safety  meet- 
ings of  the  foremen  and  general  foremen  of  all  crafts  in  this 
division,  presided  over  by  one  of  their  own  number  and  hav- 
ing a  secretary  appointed  by  the  division  engineer.  This 
division  had  tliree  safety  committees  of  three  men  each, 
each  man  serving  six  weeks,  with  one  man  being  dropped 
every  two  weeks  and  a  new  member  appointed  by  the  com- 
mittee chairman,  who  was  elected  by  ballot.  These  committees 
made  inspections  every  two  weeks  of  the  construction  work  in 
this  division  and  submitted  a  written  report  of  their  findings 
to  the  division  engineer 

After  the  two  schemes  had  lieen  tried  out  tor  five  months 
it  was  seen  that  the  first  or  meetings  of  crafts  was  not  as  suc- 
cessful as  the  second  in  which  the  foremen  and  general  fore- 
men of  all  crafts  met  together.  This  was  attributed  to  the 
fact  that  each  craft  meeting  was  too  small,  there  being  only 
six  to  ten  foremen  at  a  meeting  and  also  because  the  com- 
petitive spirit  shown  at  the  meetings  of  the  various  crafts 
was  entirely  lacking.  As  a  result  a  reorganization  covering 
the  entire  construction  was  effected  along  the  lines  of  the 
secomi  scheme,  wherein  the  foremen  and  general  foreman  of 
all  crafts  held  a  safety  meeting  at  a  regular  hour  on  the  same 
day  of  each  week.  This  particular  time  every  week  came  to 
be  known  on  the  job  as  the  "safety  hour." 

The  procedure  followed  at  these  meetings  is  of  interest: 

(1)  Roll   call — (attendance  averages   90  per   cent;   10    per  cent  ab- 

sent due  solely  to  ru.sh  T\ork). 

(2)  Reading   of   minute.s    of   la.st   meeting — (copies    go    to    resident 

engineer  and  home  safety  ofBce). 

(3)  Safety  committee  chairman  reads  inspection   report,   which  is 

followed  by  open  discussion. 
(1)     Cliairmar  asks  for  any  suggestions. 
(5)     Safety    engineer    g'ives    brief   talk    on    current    accident    news. 

and  tha  length  of  time  which  the  various  crafts  have  gone 

without  accident, 
(0)     Frequently   an   injured   man   is  brought    in    to    the   meeting   to 

tell  in  his  own  words  how  he  was  in.1ured. 
(7)     Kvery  third  meeting  a  speaker  from  the  outside  is  secured  to 

give  a  short  talk  on  some  particularly  interesting  phase  of 

safety  work. 

The  safety  engineer  always  made  it  a  point  to  give  assist- 
ance to  the  chairman  outside  of  meetings,  so  that  he  could 
keep  them  going  smoothly  and  in  the  proper  channels.  The 
safety  engineer's  stenographer  recorded  the  minutes  and 
acted  as  secretary  under  the  new  scheme.  At  all  these  meet- 
ings the  safety  engineer  kept  himself  in  the  background  as 
much  as  possible,  but  he  was  ready,  should  discussions  lag 
or  subjects  be  found  wanting,  to  start  something  new  and 
keep  the  meeting  alive.  In  all  the  meetings  held  he  had  oc- 
casion but  once  to  take  the  initiative.  The  great  virtue  of 
these  foremen's  Safety  Meetings  was  to  give  Safety  work  a 
serious  place  in  the  workmen's  eyes. 

Although  the  safety  committees  submitted  written  reports 
of  their  findings  at  the  next  meeting  and  copies  went  to  the 
resident  engineer,  it  was  their  endeavor  to  take  up  on  the 
spot  with  the  foreman  affected— not  with  the  men — all  points 
needing  correction.  In  the  majority  of  cases  this  was  pos- 
sible, because  on  construction  work  a  foreman  is  generally 
to  be  found  near  his  men.  Of  prime  importance  was  the  fol- 
low-up of  the  committees'  reports  subsequent  to  the  meeting 
ut  which  they  were  presented  and  prior  to  the  next  meeting 
at  which  the  status  of  the  recommendations  was  always  given. 
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Nothing  will  kill  a  safety  committtee's  interest  more  quickly 
than  to  see  no  action  taken  on  its  recommendations.  The 
safety  engineer  made  this  follow-up  and  went  directly  to  the 
division  engineers,  when  necessary,  to  see  that  the  recom- 
mendations were  carried  out.  When  a  recommendation  was 
turned  in  which  it  was  impracticable  to  carry  out,  the  safety 
engineer  had  the  division  engineer  come  to  the  next  meeting 
and  state  frankly  why  it  could  not  be  done.  Frequently  this 
resulted  in  some  excellent  discussions. 

You  need  have  no  fear  of  construction  safety  committees 
swamping  you  with  a  lot  of  impossible  suggestions  bearing 
on  structural  changes.  On  the  contrary,  you  will  find  that 
their  recommendations  bear  chiefly  on  safe  working  condi- 
tions as  applied  to  ladders,  scaffolds,  shoring,  walkways,  tools 
and  equipment.  In  this  respect,  we  have  found  our  construc- 
tion safety  committees  far  more  practical  than  those  used 
on  operations.  But  let  me  caution  you  in  dealing  witli  your 
ccmmittees  to  be  absolutely  frank  and  always  acknowledge 
their  suggestions  with  honest  reasons,  if  you  find  it  necessary 
to  turn  any  of  them  down.  We  have  also  found  that  the  men 
appreciate  a  designating  mark  for  their  service  on  the  com- 
mittee, so  we  give  them  a  safety  committee  emblem. 

Again  on  this  job  the  effectiveness  of  the  safety  work  was 
shown  in  the  difference  between  the  actual  costs,  including 
compensation,  plant  hospital  maintenance,  doctor's  salaries 
and  the  cost  of  maintaining  the  safety  department,  amount- 
ing to  $8,695,  for  seven  months,  as  against  the  premium  of 
$16,768  which  we  would  have  had  to  pay  on  employes'  liability 
insurance  carried  outside — a  net  saving  of  $8,073  for  the 
period.  An  average  annual  frequency  rate  of  100.1  and  an 
average  severity  rate  of  .50,  calculated  on  the  Federal  basis, 
was  maintained  for  the  first  eight  months  of  the  work.  I 
regret  that  the  September  figures  are  not  yet  available. 


Typical   Dynamic   Load  Diagrams  for 
Electric   Railway  Cars 

Mr.  R.  C.  Cram,  Engineer  of  Surface  Roadway,  Brooklyn 
Rapid  Transit  System,  in  a  recent  issue  of  the  Electric  Rail- 
way Journal  has  a  discussion  on  the  selection  of  rails  for 
electric  railway  service,  and  in  this  connection  shows  some 
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Load   Diagrams  for   Electric   Railway  Cars. 

typical  load  diagrams  as  having  an  important  bearing  on 
the  subject.  We  have  reproduced  the  diagrams  in  the  belief 
that  engineers  interested  in  railway  structures  will  be  able 
to  appreciate  the  increase  in  rolling  loads  and  to  make  cer- 
tain comparisons  between  the  rolling  loads  on  electric  lines 
and  those  on  steam  railroad  lines. 


Joint  Industrial  Councils  in  Great  Britain. — Seventy-one 
industries,  representing  about  2,000,000  workers,  in  Great 
Britain,  had,  up  to  May  13,  1919.  taken  steps  toward  the  for- 
mation ot  joint  industrial  councils. 
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Some    Present  Practices  in  Track 
Work 

At  the  oith  convention  of  the  Roadniasters'  and  Mainte- 
nance of  Way  Association,  held  in  Chicago  on  Sept.  16th. 
various  papers  were  read  on  different  phases  of  trackwork 
and  other  railway  maintenance,  and  from  abstracts  of  these 
given  in  the  Railway  Review  the  following  quotations  are 
made  in  the  belief  they  will  be  of  especial  interest. 

Motor  Truck  Haulage  About  Terminals. — Motor  trucks  are 
being  used  on  several  roads  for  hauling  small  material  about 
terminals.  In  many  situations  such  trucks  can  be  run  through 
city  streets  to  various  points  about  terminals  and  can  dis- 
tribute material  more  speedily  than  can  be  done  by  either 
motor  cars  or  work  trains  in  congested  terminals.  Fuel  for 
crossing  watchmen  can  also  be  conveniently  distributed  in 
this  manner.  Coleman  King,  supervisor  with  the  Long  Island 
R.  R.,  uses  a  motor  truck  in  such  service  covering  a  distance 
of  25  miles  in  different  directions  from  the  storehouse,  for 
delivering  small  material  in  congested  territory.  H.  Van 
Gorder.  of  the  Chicago  &  Northwestern  Ry..  said  that  reg- 
ular work  train  service  in  terminals  was  expensive  and  the 
motor  truck  in  many  situations  was  more  economical.  Mr. 
Lawrenz  recommended  the  use  of  locomotive  derricks  for 
the  transfer  of  heavy  material  in  yards  and  terminals,  and 
a  very  convenient  auxiliary  to  be  used  with  such  a  machine 
was  a  clamshell  for  handling  fuel,  cinders  and  other  material 
to  be  unloaded  or  transferred. 

Frogs  With  Curved  Wings  and  Switch  Point  Tips. — C.  J. 
Coon,  of  the  Grand  Central  Terminal,  New  York  Central  R. 
R.,  New  York  City,  recommended  the  use  of  frogs  with  curved 
wings,  instead  of  straight  v.ings.  which  require  the  turnout 
curve  to  end  in  advance  of  the  point  of  frog.  In  some  sit- 
uations where  he  had  been  obliged  to  use  frogs  with  num- 
bers as  small  as  6  and  6V2  he  had  found  much  satisfaction  in 
constructing  such  frogs  with  curved  wings. 

There  was  a  lengthy  discussion  on  the  use  of  manganese 
steel  tips  for  switch  points,  and  the  practice  of  housing  the 
switch  point  in  various  ways,  in  order  to  prevent  rapid  wear 
of  the  point  where  switching  is  heavy.  Mr.  Coon  said  he 
had  more  than  2,000  switches  equipped  with  manganese 
steel  points,  the  usual  length  of  such  tips  being  20  to  36 
in.  He  had  found  that  while  the  cost  of  equipping  the  switch 
point  in  this  manner  was  about  double  that  of  the  ordinary 
plain  point  of  open  hearth  or  Bessemer  steel,  yet  the  point 
with  manganese  tip  will  wear  six  or  seven  times  as  long  as 
will  plain  points,  and  the  hardened  tip  on  the  point  rail  also 
saves  wear  to  the  stock  rails.  He  kept  a  record  of  the  ser- 
vice of  some  manganese  points  where  traffic  as  large  as  270 
million  tons  had  passed  over  the  same.  As  a  means  of  get- 
ting maximum  wear  from  the  switch  point  behind  the  hard- 
ened tip,  he  uses  a  tip  not  quite  as  high  as  the  switch  point 
rail  in  rear  of  it. 

Housing  Switch  Points.— A  member  from  the  Pennsylvania 
R.  R.  spoUe  of  the  use  of  a  milling  machine  for  housing  of 
switch  points.  This  machine  mills  out  the  side  of  the  rail 
head  to  a  depth  of  Vs  in.,  the  recess  being  run  to  a  feather 
edge  in  a  length  of  24  or  27  in.,  and  the  side  of  the  rail  head 
being  slightly  undercut,  so  as  to  properly  house  the  end  of 
the  point  rail.  Other  members  spoke  of  the  practice  of 
housing  switch  points  by  kinking  the  stock  rail,  or  the  use 
of  the  so-called  "double  knuckle."  Still  another  means  of 
housing  the  ends  of  switch  rails  was  to  let  the  bend  of  the 
stock  rail  come  in  advance  of  the  end  of  the  pomt  rail. 

One  member  spoke  of  a  switch  where  the  traffic  was  so 
heavy  that  an  ordinary  point  rail  of  open  hearth  steel  would 
wear  out  in  seven  days,  but  by  housing  the  point  the  service 
of  a  plain  point  rail  at  the  same  switch  was  31  days.  By 
using  a  guard  rail  in  advance  of  the  point  the  service  of 
the  point  rail  under  the  same  conditions  was  13  months. 

In  connection  with  the  housing  of  point  rails,  inquio'  ^vas 
made  as  to  what  would  be  the  result,  in  such  practic^e,  from 
creeping  rails.  The  reply  was  that  when  a  cast  filler  block  is 
used  at  the  heel  of  the  switch  point,  if  rail  creeping  occurs 
under  such  conditions  the  stock  rail  will  move  with  it  and 
there  will  be  no  Interference  with  the  operation  of  the  point 

Method  of  Renewing  Rail  in  Long  Slip  Switch  Crossings.— 
An  interesting  method  of  renewing  the  rails  in  long  slip 
switch  crossings  was  described  by  a  member  from  the  Penn- 
svlvania  R.  R.  Short  crossings,  or  those  of  large  angle, 
were    frequentlv   assembled   and   lifted   into    place    by   steam 
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derricks,  but  in  this  inslunce  the  Hllp  swluhes  wvrv  loo  UiUK 
to  be  lifted  in  the  ordinary  manner.  They  were,  however, 
assembled  on  suitable  ground  at  a  dlKtunce  from  thi-  point 
of  service  and  bolted  up  from  end  to  end.  They  were  then 
stiffened  with  long  1-beains.  in  a  manner  to  underRo  liflinK 
bodily,  which  was  done  by  means  of  two  Hteam  derriclw 
lifting  at  intermediate  points,  with  two  masler  carpeniern" 
derricks  at  the  ends.  After  being  loaded  up<m  the  flat  earn 
they  were  run  on  a  parallel  track  to  a  point  oppo»ile  llu: 
site.  The  work  of  disconnecting  the  old  slip  switch,  lifting  It 
out  and  lifting  in  the  new  one  occupied  an  hour  and  twenty 
minutes. 

Reinforced  Concrete  Slab  Under  Crossings.  — Another  point 
of  interest  brought  out  was  that  the  fxpi-rience  of  rallwayK 
with  the  use  of  reinforced  concrete  slabs  under  croHHlnKX 
has  not  always  been  satisfactory.  While  some  nierabers  re- 
lated experiences  with  these  slabs  which  bad  proven  service- 
able and  satisfactory,  others  told  of  disappointments  In  their 
use  and  said  it  had  been  necessary  to  blast  them  out  and 
substitute  stone  ballast.  Unfortunately  the  condiiioni«  of 
soil  and  drainage  in  connection  with  these  unsatisfactory 
slabs   were   not    stated. 


Compensation  of  Enj^incfrs  and  Morale  of 
Engineering  Organizations 

Under  a  recent  date  the  State  and  Municipal  Section  of  lh« 
Engineering  Council's  Committee  on  the  Classification  and 
Compensation  of  Engineers  reports  that  45  responseB  have 
already  been  received  to  its  questionnaires  sent  out  a  few 
weeks  ago.  The  following  notes  are  supplied  by  the  chair- 
man of  the  commitee,  Mr.  Arthur  S.  Tuttle,  M.  Am.  Soc. 
C.  E.,  and  deputy  chief  engineer.  Hoard  of  Estimate  and 
Apportionment   of   the   City   of  New   York. 

In  the  case  of  eight  services  the  morale  is  reported  to  bo 
good,  but  in  most  of  these  it  appears  that  the  organization 
reported  is  a  new  one  or  that  radical  changes  in  compensa- 
tion have  recently  been  effected.  In  20  reports  no  comment 
is  made  as  to  the  present  morale,  while  in  17  instances  the 
general  conditions   are   said   to   be  as   follows: 

"Morale  would  be  improved  if  adequate  salaries  were  al- 
lowed." 

"Practically  all  men  are  clamoring  for  more  pay.  but  as 
our  budget  was  fixed  while  the  country  was  at  war  we  are 
unable  to  secure  the  additional  funds  necessary  to  raise  sal- 
aries further." 

•Impossible  to  hold  first  class  men  at  these  rates.    Morahi 

is  generally  good." 

"All   want    more   money.     Dissatisfied    on   account    of   low 

pay."  ,     . 

"Our  organization  is  in  a  condition  of  unrest  and  change 

owing  to  small  appropriation." 

"Loval  enough  generally,  hut  dissatisfied  with  pay,  an>l 
accept  better  offers  readily.     Difficult   to  fill  their  places  m 

same  rates." 

■Excellent,  hut  all  employes  desire  increase  in  compen- 
sation over  that  already  granted.  New  men  cannot  be  ob- 
tained at  previous  salaries."  _  14! 

"Dissatisfied  with  present  compensation." 

"Force  depleted.  Employes  leaving  to  take  positions  at 
greater  compensation.  Men  remaining  uneasy  and  dissatis- 
fied." .     _ 

"I  might  say  that  1  thoroughly  agree  with  the  men  in  New 
York  City  who  demand  a  flat  raise  of  $500  yearly  In  all 
classes   of  the   service." 

"There  is  a  decided  spirit  of  unrest  and  dissatisfaction  due 
to  the  fact  that  engineering  salaries  have  not  been  increased 
in  proportion  to  the  advance  in  the  cost  of  living,  and  to 
salaries  and  wages  paid  to  non-professional  men  and  skilled 

labor."  ,       ,.     1-      . 

"Rate  of  pay  tends  to  drive  more  active  and  self-reliant 
vounger  men  out  of  this  service— lowering  general  average." 

"Majoritv  of  men  feel  they  are  underpaid." 

"Lack  of  consideration  for  services  rendered  has  discour- 
aged the  force." 

"A  general  increase  of  $150  to  $400.  effective  Sept.  16. 
1919  has  improved  the  morale  of  the  force,  which  was  af- 
fected both  by  a  general  reduction  of  force  and  the  economic 

situation."  ,  ^,       ,     ,„ 

"Increasing  restlessness  on  the  part  of  the  entire  force 
due  to  lack  of  proper  salary  increases  to  meet  growing  ex- 
penses." 
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Management  and  Office  system 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydraulic  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Henry  Ford's  "Secret" 

By  HALEERT  P.  GILLETTE,  Editor. 
Henry  Ford  has  been  frequently  interviewed  by  magazine 
writers  who  were  searching  for  the  "secret"  of  his  manu- 
facuiring  success.  Although  he  has  given  out  several  form- 
ulas, it  is  doubtful  whether  he  has  stated  even  the  most 
salient  causes  of  his  phenominal  achievement.  !  am  of 
this  opinion  not  only  because  it  Is  the  general  rule  that  a 
successful  business  man  is  not  enough  of  a  philosopher  to 
summarize  and  analyze  all  his  methods,  but  because  every  one 
ot  the  methods  that  Ford  has  named  was  not  only  well  known 
prior  to  his  use  of  it,  but  was  in  use  by  at  least  some  of  his 
competitors. 

For  example,  he  places  foremost  his  plan  ot  specializing 
on  one  mo.lel  ot  automobile.  He  is  so  sure  that  it  is  a  great 
eccnoraic  rule  to  specialize  that  he  advises  shoe  manufac- 
turers to  make  only  one  size  and  model  ot  shoe! 

In  a  recent  article  I  pointed  out  that  no  financial  success 
is  attributable  entirely  to  one  cause,  but  rather  to  a  judi- 
cious application  of  many  laws  of  management.  Neverthe- 
less, if  several  competitors  in  a  given  field,  all  progressive 
and  ingenious,  are  badly  outstripped  in  the  financial  race  by 
one  man,  it  generally  happens  that  that  man  has  either  dis- 
covered or  invented  something  new  or  is  applying  an  old 
principle  that  his  competitors  are  neglecting  to  apply  effec- 
tively. Can  it  be  tiiat  Ford  has  discovered  soino  new  prin- 
ciple of  management?  He  disclaims  having  done  so,  but 
he  does  lay  great  stress  upon  his  practice  of  specializing  in 
one  model  of  car. 

So  long  ago  as  1776  Adam  Smith,  in  his  "Weath  oE  Na- 
tions," laid  down  the  economic  law  of  specialization  in  man- 
ufacture, although  he  termed  it  the  principle  of  the  subdivi- 
.sion  of  labor.  Nearly  every  comprehensive  treatise  on 
political  or  industrial  economics  contains  a  more  or  less 
elaboiate  explanation  of  this  economic  law.  It  is  well  known 
10  every  one  of  Ford's  competitor.s.  Have  they  simply  failed 
to  follow  it  to  its  logical  conclusion,  while  he  has  done  so? 
If  so,  what  is  the  logical  conclusion? 

it  seems  to  me.  after  a  careful  analysis  of  the  evident 
policies  of  Ford  and  his  competitors,  that  he  has  taken  a 
forward  step  in  the  application  of  the  law  of  specialization, 
or  rather,  that  he  has  applied  another  economic  law  co- 
incidently  therewith  and  in  a  manner  to  .give  full  effect  to 
the  economy  securable  by  specialization.  Ford  has  unques- 
tionably greatly  increased  the  demand  for  his  cars  by  lower- 
ing the  price.  This  served  not  merely  to  attract  customers 
away  from  oiher  cars,  but  it  converted  into  huvors  of  cars 
millions  of  people  who  would  have  bought  none  at  all  at  the 
old  high  prices.  This  law  of  demand  as  affected  by  price  is 
tl;o  one  that  Ford's  competitors  failed  to  apply  with  as  great 
intelligence  as  he  -applied  it. 

Ford  knew,  of  course,  that  if  he  could  greatly  increase 
his  yearly  output  of  cars  he  could  substantially  reduce  the 
cost  of  manufacture.  This  invariably  occurs,  for  several 
reasons,  but  two  of  the  leading  factors  are  (1)  the  subdivi- 
sion of  the  manufacturing  operations  so  as  to  utilize  ma- 
chines of  u  more  special  nature,  and  (2)  the  greater  skill  that 
workmen  acquire  through  greater  specialization  of  their  op- 
erations. U,  then.  Ford  could  forecast  roughly  the  reduction 
of  cost  per  car  as  a  result  of  doubling  his  annual  output, 
he  could  announce  in  advance  a  lower  price  for  his  car.  This 
l-.e  did.  and  startled  the  motor  car  world  by  his  announce- 
ments of  much  lower  prices.  While  other  car  manufacturers 
were  lowering  their  prices  only  as  fast  as  their  production 


costs  decreased  in  consequence  of  larger  annual  outputs. 
Ford  took  the  bold  step  of  making  sweeping  reductions  iu 
price  prior  to  the  actual  reduction  in  cost  of  manufacture. 
He  had  the  courage  to  base  his  selling  price  on  his  estimates 
cf  the  reduced  cost  that  would  follow  later  on  when  his 
output   had    increased. 

In  February,  191S,  the  Ford  factory  made  16,000  cars  with 
a  force  somewhat  in  excess  of  16,000  men  working  10-hour 
shifts,  or  at  the  rate  of  one  car  for  about  260  man-hours 
woik. 

In  February,  1914,  the  same  factory,  enlarged  and  equipped 
with  better  and  more  specialized  machines,  but  operated  by 
some'.vhat  fewer  than  16,000  men  working  8-hour  shifts, 
turned  out  :'!ij,000  cars,  or  one  car  lor  about  128  man-hours 
woriv. 

In  one  year's  time  Ford  had  more  than  cut  in  two  the 
number  of  hours  labor  required  to  make  a  car!  This  had 
been  accomi)li3hed  partly  by  stirring  the  ambition  of  the  em- 
ployes through  paying  a  minimum  of  $5  per  8-hour  day  to 
unskilled  workers,  and  proportionately  more  to  skilled  work- 
ers: but  the  increased  output  was  largely  due  to  improved 
machinery  and  greater  specialization  of  machines  and  men. 
However,  the  60  per  cent  increase  in  the  number  of  cars 
made  per  month  would  not  have  been  justified  had  it  not 
been  possible  to  market  the  increased  output.  Ford  had 
made  the  marketing  of  this  increase  a  certainty  by  lowering 
the  price  in  advance  of  selling  the  cars.  He  had  also  in- 
geniously secured  a  vast  amount  of  free  advertising  of  a  still 
lower  price  by  announcing  that,  if  his  sale  of  cars  exceeded 
300,000  for  the  year,  every  purchaser  would  receive  a  sub- 
stantial rebate  on  the  purchase  price.  This  itself  was  a 
novel  idea,  but  note  how  it  was  made  to  fit  in  with  the  major 
idea,  namely,  advance  announcement  of  a  lowering  of  the 
selling  price  as  the  annual  output  increased. 

Now,  turn  to  the  financial  result.  For  the  twelve  months 
ending  July  31,  1916,  Ford  produced  508,000  cars,  the  gross 
selling  price  of  which  was  $206,876,000,  or  $407  per  car.  The 
profits  on  these  sales  were  $59,994,000,  or  nearly  $120  per 
car,  or  about  30  per  cent  of  the  selling  price. 

Had  any  of  Ford's  competitors  been  told  before  this 
achievement  that  it  was  possible  to  manufacture  such  a  car 
for  $287,  exclusive  of  plant  interest  and  depreciation,  the 
teller  of  such  a  tale  would  have  probably  been  regarded 
either  as  hopelessly  ignorant  or  as  a  visionary  fool. 

Although  it  has  been  demonstrated,  times  without  number, 
that  '7i".nuf^cturing  costs  can  be  startlingly  reduced  when 
the  number  of  units  of  output  is  considerably  increased, 
still  there  are  relatively  few  instances  of  a  marked  reduction 
in  selling  price  offered  in  anticipation  of  a  lower  production 
cost.  1'here  arc  undoubtedly  many  fields  where  the  demand 
can  not  be  greatly  stimulated  by  lowering  selling  prices, 
but  it  will  certainly  pay  any  business  man  to  study  his 
own  field  carefully  before  concluding  that  a  reduced  price 
will   not   i)roduee   a   greater  demand. 


Action  of  Muriatic  Acid  on  {Manila  Rope. — At  the  instiga- 
tion of  the  National  Safety  Council,  an  investigation  has  been 
undertaken  by  the  Bureau  of  Standards,  Department  of  Com- 
merce, to  determine  the  action  ot  muriatic  acid  on  manila 
rope.  The  effect  of  this  acid  or  its  fumes  on  rope  ot  this 
kind  is  a  great  mencae,  as  the  acid  weakens  the  rope  se- 
riously without  any  superficial  trace  of  the  action  being  no- 
ticeable to  the  feye.  When  rope  is  exposed  to  this  acid,  as, 
for  instance,  when  it  is  used  in  blocks  and  falls  of  swinging 
staging  when  washing  down  brickwork,  etc.,  many  serious 
accidents  have  resulted,  some  ot  which  have  been  fatal,  ow- 
ing to  the  fact  that  the  rope  has  been  weakened  through  con- 
tact with  this  acid  or  its  fumes. 
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Cost  Keeping  Under  Cost-Plus- 
Fixed-Fee  Contracts 

By   F,  A.  WELLS. 

Vice    President    and    Treasurer.    Wells    Brothers    Construction    Co.. 

Chicago. 

No  contractor  who  values  his  capital  can  afford  to  do  with- 
out adequate  cost  records,  both  as  a  check  on  the  job  in 
progrebs  and  as  a  basis  for  future  estimating.  Yet  the 
simpler  that  system  of  accounting,  the  better,  and  any  reflne- 
iiients  further  than  those  necessary  to  give  the  actual  re- 
quired data  are  a  waste  of  time  and  money.  Some  con- 
tractors keep  their  books  under  their  hats  or  in  their  left- 
hand  pocket  of  their  coats,  where  all  invoices  go  preparatory 
to  paying.  At  the  opposite  extreme  are  firms  who  maintain 
a  complicated  system  of  accounts,  both  at  the  job  and  at  the 
home  office.  Accounting  methods  sufficient  for  the  lump-sum 
contract  may  be  insufficient  for  the  cost-plus-fixed-fee  con- 
tract, under  which  the  owner  and  architect  must  have  access 
to  the  accounts  at  all  times. 

We  have  found  the  follow'ing  system  to  be  adequate  for 
cost-plus  jobs  and  w-ith  only  a  few  changes  this  is  the  system 
put  into  effect  on  such  typical  work  as  the  four  warehouses 
we  have  built  for  Montgomery  Ward  &  Co.  at  Chicago  and 
Kansas  City,  the  Butler  Brothers'  Chicago  mail  order  ware- 
house. Rand  McNally  &  Company's  Chicago  publishing  house 
and  other  similar  work  in  this  country  and   Canada. 

Occasionally  we  have  found  an  owner  who  prefers  to  be 
given  such  data  as  will  permit  his  own  accountants  to  keep 
a  complete  system  of  books.  Generally,  however,  our  ac- 
counts, kept  on  the  job  and  open  at  all  times  for  inspection, 
are  considered  sufficient,  in  view  of  the  detail  statements 
we  render  to  the  owner  every  two  weeks — bearing  the  ap- 
proval of  the  owner's  representative,  who  is  designated  for 
that  purpose.  We  urge  owners  to  have  their  auditors  fre- 
quently make  examinations  of  accounts  for  their  ow'n  satis- 
faction. 

The  system  we  are  now  using  is  briefly  the  keeping  of — 
1.  Cashbook,  voucher  record  and  ledger,  combined;  2.  In- 
voice and  payroll  register,  combined:  3.  Detail  cost  record; 
4.    Accounts   payable   record    (vendor's   accounts). 

The  cashbook,  voucher  record  and  ledger  is  used  for  the 
recording  of  all  cash  received,  cash  disbursed  by  vouchers 
and  all  journal  entries. 

The  invoice  and  payroll  register  is  used  for  the  recording 
of  all  invoices  and  payrolls.  The  invoices  and  payrolls  are 
numbered  consecutively.  This  hregister  has  columns  for 
date,  invoice  number,  vendor's  name,  total  amounts,  both 
debit  and  credit,  and  individual  columns  for  the  20  main 
accounts  used  in  distribution  of  costs.  The  register  repre- 
sents an  absolute  detail  control  of  all  approved  charges  to 
the  job  as  only  audited  and  approved  items  are  given  a  reg- 
ister number  or  entered.  The  payrolls  are  given  register 
numbers  and  approved  the  same  as  invoices.  The  office 
copies  of  all  invoices  are  filed  in  numerical  order  in  an  ordi- 
nary letter  file  drawer,  and  bound  in  numerical  order,  in  lots 
of  50  to  100,  using  an  ordinary  heavy  file  folder  for  cover, 
clamping  the   invoice   to  the   folder. 

The  detail  cost  record  is  used  for  the  recording  in  detail 
the  distribution  of  costs  among  the  main  accounts  as  shown 
on   invoice  register. 

The  accounts  payable  (or  vendor's  accounts)  record  is 
used  for  the  recording  of  all  invoices  from  vendors.  After 
the  invoices  have  been  entered  in  the  invoice  register  and 
detail  cost  record  book,  they  are  entered  as  a  credit  to  vendor 
In  accounts  payable.  Each  vendor  has  a  separate  page  or 
sheet.  After  entry  is  made,  it  is  placed  in  file  under  ven- 
dor's name  until  ready  for  payment.  When  payment  is  made 
same  is  vouchered  and  charged  to  accounts  payable  (ven- 
dor's account)  and  cash  credited. 

Office   Routine  of  Purchase  Order,  Invoices  and  Voucher, 

Issuance  of  Purchase  Order— In  Quadruplicate:  The  orig- 
inal of  order  is  sent  to  vendor,  the  duplicate  is  filed  numeric- 
ally (which  forms  order  register),  triplicate  is  filed  in  open 
order  file  (vendor's  name  order),  quadruplicate  (which  forms 
material  receipt  or  tally  sheet)  is  filed  by  the  office  material 
clerk   awaiting   receipt  of  material. 

Receipt  of  Material:  X^pon  receipt  of  materials,  the  office 
material  clerk  checks  and  signs  the  material  receipt  portion 
of  the  order  and  file  completely  with  supporting  delivery 
tickets,  etc.,  awaiting  invoices. 

Checking  and  Auditing  Invoices:     Invoice  upon  receipt  is 
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checked  against  material  receipt  or  (ally  sheet  for  n-<eipt 
of  material.  Extensions,  prices  and  fuotUiKS  are  chi-^rked 
and  certified.  Cost  distribution  is  clieckod  and  entered  In- 
voice is  then  audited  for  discount  and  cost  distribution  und 
certified.  Invoice  then  passes  to  the  superintendent  for  bis 
approval  and   the  approval  of  the  owner'H  repreHentatlvc. 

Entry  of  Approved  Invoices  In  Invoice  Register  and  Ven- 
dor's Account:  Upon  return  of  approved  Invoice  from  the 
superintendent,  the  bookkeeper  kIvph  the  Invoice  numerical 
register  numlier  and  enters  in  the  Invoice  regliiler.  Only 
fully  approved  invoices  are  given  register  number.  Invoice 
is  then  posted  to  the  credit  of  the  vendor  in  accounts  pay- 
able account  and  a  charge  to  the  detail  cost  record. 

.Journalizing  Accumulated  Totals  of  Invoices  Registered  to 
Ledger:  Accumulated  totals  in  the  invoice  reglsler  are 
journalized  in  the  ledger  (which  is  also  the  voucher  record) 
at  daily,  weekly  or  semi-monthly  periods  as  is  found  prac- 
tical. 

Voucher  Check:  We  have  found  the  voucher  check  sys- 
tem to  be  the  most  convenient.  The  voucher  is  made  In 
quadruplicate  at  the  construction  office  on  the  job  and  Iho 
approval  of  the  owner's  representative  is  often  indicated  on 
all  copies  of  the  voucher.  The  check,  or  original  voucher. 
goes  to  the  vendor,  the  duplicate  to  our  general  office  for 
our  records,  the  triplicate  is  kept  as  the  job  record  and  the 
quadruplicate  is  the  "owner's  copy,"  which  Is  forwarded  to 
the  vendor  with  original  to  be  receipted  by  him  and  returned. 
At  intervals  we  furnish  the  owner  with  statement  showing 
vouchers  paid  and  receipted  vouchers  attached. 

Since  the  major  purpose  of  cost  accounting  is  to  give  an 
adequate  basis  for  future  estimating,  it  is  important  that  bo 
far  as  practicable  the  form  of  cost  accounting  shall  follow 
ihe  form  of  estimate.  This  is  not  practicable  to  the  last  sub- 
division of  each  of  our  general  accounts,  but  sufficient  to 
permit  intelligent  use  of  all  cost  figures.  With  such  figures 
it  is  possible  to  compare  not  only  final  costs,  but  costs  at 
any  stage  of  the  job,  with  the  original  estimated  cost  for 
that  portion  of  the  contract.  We  frequently  divide  our  esti- 
mate by  floors,  in  the  case  of  a  many-storied  building.  In 
order  to  have  a  check  upon  quantities  and  upon  expenditure 
at  several   stages  of  the   work. 

Distribution  of  Accounts. 

We  use  the  decimal  system  of  classilication  of  accounts. 
The  classifications  number  100  to  600,  inclusive,  and  900 
are  for  our  general  books  which  embrace  the  assets  and  lia- 
bilities, revenues  and  income  accounts — we  will  omit  these 
in  our  discussion  of  construction  cost  accounting  In  connec- 
tion with  cost-plus  and  fixed-fee  contracts. 

The  general  distribution  is  under  the  following  headings: 


TOO  and   SOO  Construction   Costs— (Summary  of  Ocn.-ral   HeadinKS). 

S10  Field  Overheat! 
820  Kxtra  work 
8S0  Subcontracts 
RIO  (SulK-ontract)   extra  work 
850 
860 

STO  Repair  contracts 
8S0 

890  Company     expense     (Vot 
charBealilc   to  owner) 


710     Excavation 

720  Caissons 

730  Footings 

740  Trench  and  Wall 

7.')"  Concrete  and  Fireproofins' 

760  .Masonry 

770  Carpentry 

7S0 

790 

SOO  Plant  Expense 


The  subdivisions  of  headings  710-790  are  between  the 
items  labor  II).  material  (2)  and  liability  insurance  (3). 
Thus  labor  in  excavation  would  be  711,  material  in  excava- 
tion  712,  and  liability  insurance   in  excavation  713. 

A  further  division  of  the  various  kinds  of  labor  and  mate- 
rials is  made.  The  following  classifications  Illustrate  this 
point: 
[>abor — 711 


Tlt.Ol  DiBKinK    (seneral) 
711.02  Digeing  sub-basement 
711. OS  Sheeting     and     shoring 

711.n(   Shoring  adjacent  bulld- 
inp 


Materl.-il— 712 

712.01  I.Amil>er 

712.02  L'nd'-rpinnlnf 
building 

712.0.3  Rings  (steel) 
712.04  Cement 
Liability  Insurance — 713 


iiiJJuccnt 


For  convenience  we  have  listed  the  charges  of  labor  and 
material  in  the  order  they  usually  appear  in  building  con- 
struction costs: 


Labor: 

.01  nigs'ing  (general) 

.02  nigging   (sub-basement). 

.03  Sheeting  and  bracing'  banks. 

.Ot  Shoring  adjoining  building. 

.05  Underpinning  adjoining 
building, 

.06  Pumping. 

07  Packfilling  and  grading. 

.O.S  Cuttinfe'   old    footings. 

.09 

.10  Placing  lagging  and  rings. 

.11  Ventilating. 

.12  Mixing     and     placing     con- 
crete. 


Material: 
.01  Lumber. 
.02  (Tnderpinnlng  adjoining 

building. 
.03  Rings    (steel). 
.0-1  Cement. 
.O.'i  Sand. 
.46  .Stone. 
.07  Brick. 

.08  Wall  tic  and  Inserts. 
.09  Steel   (structural). 
.10  Steel  (reinforcing). 
.11  Nails  and  wire. 
.12  Clamps,   purchasrd   nr 

rented. 


448 


KiifiiiH'i'iiiifj  (111(1  Contract niy  for  Octoljcr  15,  I'Jl'J. 


CD 


CLfto.*.   \Jo,>cJM-t'TV»t'+'^     'n»-..-<t<JI>  Jv»JLji-/ 


C„.-T..r.^  gr.^». 


?J<- 


WCU^^     1  Wj-^  UMX-A 


"Ou..*       e>«<t-j. 


itio 


(!) 


INVOICE  REGISTER 


■J  J, 


W^ 


^f 


t:^ 


8oo  «'o  A'co  ?J 


(5) 


-jiaJlP.J-  ?,.««4 


ACCOUNT       y/o    ^^&a.iM:A.if,. 


JOB  Jj/^TWLLCa^l..  _  TlaZii^njl^     Sn/22A      YEAR  ^-^Z.  ?.. 


itcV. •/.,..  4^^' 


7ro-    i<tj.^t1"'^> 


Hie. 


DlSTBtPUTlOW 


A,^^,tf.*^.7r 


-xq 


® 


-BJ..f  i-^rf^„.ii 


7<-      >7!„-/7,,^/ 


f 


fi. 


y^e^ 


y}  u2fAP-jy. .  -»^^..-  r: 


© 


l:rf>T.,..U,    ,/7I^ 


'^^a^/l^^ljli^ 


^m 


:i 


v/*^ 


PaaeVPro^nVDeT,nTo^,t"'R.?.^rH''  Book,  Voucher  Record  and   Ledger.     No.  2-Pages  from  Combined  Invoice  and  Payroll   Register.     No. 
i-ages    hroni    uetail    Cost    Record.     No.   A — Page    From    Accounts   Payable    Record. 


(108) 


Engineerinfi  ahd  Contractiuij  for  Uclubcr  13,  I'Jl'J. 


44'l 


.K!   Tile 

.14  Protection    (lumber,   etc.). 

.IJj  Terra  cotta. 

.16  Granite. 

.2.5  Frames  and  sash. 

..'iO  Interior  trim. 

.:!5  Copins. 


.13  Buildinti    forms    (general). 

.14  Building"  forms  (exterior 
columns). 

.15  Buildiny    forms    (interior 
columns). 

.16  Building:  forms   (spandrels). 

.23  Lav   brick. 

.26  Bend  steel. 

.35  Set  cut  stone. 

.44  Fit  and  hang  doors. 

.56  Unload  and  handle  ma- 
terial, etc. 

.60  Clean   up  rubbish. 

Add  as  many  new  accounts 
as  are  needed. 

Should  charges  be  made  in   connection  with  concrete  and 

fireproofing    under    subdivision    750,    they    would    follow    the 

same  order  as  in  excavation: 

751.12  (L.abor) — Jlixing-  and  placing  concrete. 
752.04   (Material)— Cement. 
753        Liability  insurance. 

Or.  Carpentry — Subdivision  770: 

771.44  (Labor) — Pit  and  hang  doors. 
772.25  (iNIaterial) — Frames  and  sash. 
773        Liability  insurance. 

Classification   of  Plant   Expense. 

Subdivision  800  covers  plant  expense  and  coul'orms  with 
the  sub-classification  of  the  700  accounts  as  much  as  prac- 
ticable. 

The  following  are   the   heading.?   under   SOO: 

SXIl  Excavation. 

502  Caissons. 

503  Footing's. 

804  Sawmill. 

805  (Concrete  and  fireprooflng. 

806  Masonry. 
.S07 

808 

809  General    (items  charged  to  general  e(iuipnientt. 

A  further   typical   subdivision   o(   the   accounts   under  this 

heading  is: 

801      Kxcavation. 

801.1  Transportation    (of  equipment    plant). 

801.2  Erection  of  equipment — 

501.21  Labor. 

801.22  Material. 

St)1.3  Equipment  on  charge  and  credit  basis — 

501.31  Labor. 

501. 32  Material. 

801.4  Rental  of  equipment. 

801.5  Fuel,   lubricants  and  power. 

801.6  Repairs. 

501. 7 

Should  charges  to  plant  in  connection  with  concrete  and 
fireproofing  be  made,  they  would  be  charged  as  805,  with 
divisions  shown  above. 


Field  Overhead. 


811  Salaries.    General    Labor    aniJ 

Expense: 
811.1  Superintendent      and 
engineers. 

.2  Office  employes. 

.3  Materialmen   and 
timekeepers. 

.4  Laying  out  building. 

.5  Watchman. 

.6  Waterboys. 

.7  Toolmen. 

.8  Liability  insurance, 
superintendent  and 
wat(?hman. 

.9  Traveling  expenses, 
superintendent,     en- 
gineer     and       office 
men. 

812  Engineering    Expense: 

812.1  Plan-s.    detail   and    en- 
gineerinf,'  supplies. 
.2  Photographs. 
.3  Engineering  service. 
.4  Architect's  fees. 
.5 
.6 
.7 


813  Office   Expense: 

813.1  Itent.  light  and  heat. 

.2  Stationers'  and  print- 
ing. 

.3  Telephone. 

.4  Telegraph. 

.5  Postage  and  express- 
age. 

.6  Rent  on  adding  ma- 
chine and  typewrit- 
ers. 

.7  Furniture. 

.S 

.9  Miscellaneous  o  (Ti  c  e 
expense,  towels, 
etc. 

814  Other   Fixed    Field    Expenses: 

814.1  Bonds   (maintena  n  c  t 
and  construction  I. 
.2  Permits    and    licen.sfs. 


817 
818 


820 


830 


832 


.  [  Stairs  and  ladders. 

.5  Fences,  sidewalks, 
covers  and  other  en- 
closures. 

.6  Temporary  platf  o  r  m 
and  driveways. 

.7 

.8  Repairs  and  pro  t  e  c- 
tion  to  adjacent 
property. 

.9  Protection  to  public 
utilities. 


Temporary    Light,    Heat    and 
Power: 

SlS.l    Light. 
.2  Heat. 
.3  Power. 
.4 
.5 


General    Cleaning: 
819.1  Labor. 
.2  Teaming. 
.3 
.4 
.5 

Extra   Work: 

821.1  L'se  as  many  numbers 
as  accounts  charged. 

S22 

Subcontracts: 
831      Wrecking,    excavating 
and  shoring,   etc, 
.1  Wrecking — Contract. 
.2  Excavation — Contract. 
.3  Shoring — Contract. 
.4 

Heating,     Plumbing.     Wiring, 
Elevators,  etc.: 
832.1  Sub-heading   for   each 
kind  of  sub-contract. 
Interior  Construction. 
Painting    and    Glazing. 
Millwork. 


Ijoller   InxiH'Ctlun. 
.3  Fire   InMUranee. 
.4   Legal    Hei*\-ice8. 
.5  Hurglar    liisunince. 
.6  Association  dues. 
.7  .Vdverllsenif ntK. 
.8  Floor  tests. 
.9  Kinj,'  tests. 


Doors     and      Win- 


836  Rooflng. 

837  Fireproof 
I  dowa. 

838  Interior    Finlih. 
339   Structural    Steel. 
S40  (Extra   Work)    Sub-contract*. 

Ml   Suli-heudinur     for     t-rti-h 
kind  iif  work  ilune. 
850 

815  g60 

870  Repair    Contractt    (for    ■mall 

816  Temporary  Structures  (Labor,  J..t.l>lM«  ■onirarU). 

and    Material):  890  C  o  m  p  a  n  y      Expense      (not 

816  1   Oniees.  1  charKi'd   In  owm-rH). 

.2  Toilets.  I  891   SulihiadinKH     fur     each 

.3  Toolhouse,   tilaiksmilh  kinil  of  .-xpeniM-. 

.*<honH.        8  t  fi  r  a  )?  e 
sheds,  etc.  I 

Statement   of  Construction   Cost. 

At  stated  periods  we  take  from  the  cost  recuMi.-  .i  .Num- 
mary and  detail  statement  of  construction  costs  in  the  fol- 
lowing form: 


Acct.   No. 
Name    of    Acct. 
Item  Amt. 


Cost  per  Unit 
Est,  Cost 
Difference 


The  last  column  is  in  black  or  red:  naturally  the  red  ilems 
will  have  careful  scrutiny  to  ascertain  why  costs  are  run- 
ning above  estimate.  This  statement  is  primarily  for  our 
own  use,  but  the  owner  may  have  a  copy  if  he  wishes. 

Owner  Knows  Total  Expenditure  at  All  Times. 
Under  the  cost-plus-flxed-fee  contract  the  owner  Kenerally 
furnishes  the  funds  to  finance  the  contract.  We  maintain 
an  entirely  separate  bank  account  for  each  cost-plus  con- 
tract representing  the  owner's  funds,  and  where  agreeable 
to  the  owner,  we  arrange  for  the  owner's  representative  to 
countersign  all  checks  drawn  by  us  on  this  account.  At  the 
start  of  the  work  we  furnish  an  estimate  of  the  anticipated 
amount  of  labor  and  material  bills  covering  an  initial  period 
of  two  weeks  or  more  to  the  owner,  who  then  advances  the 
funds  to  cover  these  requirements.  When  the  owner's  re- 
ceipted copies  of  vouchers  covering  this  period  are  returned 
from  the  vendor's,  a  statement  is  given  to  the  owner  show- 
ing amounts  actually  paid  for  payrolls,  materials  and  sul>- 
contract  work,  with  receipted  vouchers  attached  That  total 
is  then  credited  to  us  by  the  owner  on  account  of  contract. 

The  advantages  of  having  all  accounts  handled  at  (he  job 
are  apparent.  The  distribution,  if  not  clear  from  the  pur- 
chase order,  can  be  referred  to  the  superintendent  and  the 
fact  that  the  books  of  accounts  are  at  all  times  open  for  the 
owner's  inspection  is  an  assurance  to  him  of  honest  treat- 
ment. The  fact  that  he  approves  purchases  of  materials 
before  made  and  again  has  the  opportunity  of  questionInK 
invoices  prior  to  payment  leaves  the  control  with  him  and 
prevents  the  accumulation  of  minor,  disputed  items,  which 
if  left  for  settlement  until  the  completion  of  the  contract 
miglit   not  he  readily  explained. 

But  a  system  of  accounts,  no  matter  how  perfect,  cannot 
influence  the  cost  of  work  except  as  it  points  out  from  time 
to  time  divergence  from  the  preliminary  estimate  and  un- 
less such  differences  are  promptly  taken  in  hand,  the  rea- 
sons investigated  and  the  remedy  applied.  The  success  of 
work  under  the  cost-plus  contract  is  still  dependent  upon 
the  integrity  of  the  contractor  and  his  ability  lo  perform. 

We  have  used  this  system  of  accounting  with  entire  satis- 
faction to  firms  mentioned  above  in  this  article  and  to  many 
others,  such  as  the  \Vm.  Davies  fompany.  Ltd.,  the  largest 
packers  of  Canada;  the  Robert  Simpson  Co..  Ltd..  Toronto, 
for  whom  we  built  originally  on  the  cost-plus-flxed-fees  basis, 
and  from  whom  we  have  received  many  repeat  orders,  being 
now  engaged  in  work  at  Halifax  on  this  same  basis.  This 
is  adequate  proof  that  the  cost-plus  contract  is  workable  and 
that  the  owners  not  only  feel  safe,  but  prefer  this  method. 
because  under  it  90  per  cent  of  the  savings  under  the  pre- 
liminary estimate  accrue  to  the  owner,  because  the  lo  per 
cent  retained  by  us  is  a  reasonable  incentive  for  us  to  make 
every  possible  saving  and  because  additional  costs  incurred 
through  no  fault  or  omission  of  Ihe  contractor  are  rightly 
chargeable  against  the  builder  and  should  not  reduce  or  wipe 
out  his  profit.  There  is  incentive  for  the  contractor  to  make 
all  possible  savings  under  both  old  and  new  contract  and 
some  of  the  savings  must  go  to  the  contractor  to  give  him 
that  incentive.  Ten  per  cent  we  believe  to  be  adequate  and 
the  90  per  cent  going  to  the  owner  builds  up  for  us  a  good- 
will'account  which  practically  assures  repeat  orders  as  new 
work  becomes  necessary.  The  building  of  a  relationship 
which  will  insure  repeat  orders  is  juat  as  important  in  -^f"  - 
tracting  as  in  merchandising. 
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Surveying    Methods    for   Sub- 
dividing Oil  Lands 

By  .EDWIN  P.  ARNESON. 
Of  Walton  &  Arneson.  Engineers  and  Surveyors.  Snn  Antonio,  Tex. 
The  exploitation  of  oil  lands  has  developed  a  lively  busi- 
ness in  the  selling  and  buying  of  mineral  rights  of  real 
estate  lying  even  remotely  from  the  proven  fields.  For  the 
purposes  of  leasing,  owners  of  large  tracts  are  subdividing 
their  holdings  into  blocks  as  small  as  10  acres  and  are  call- 
ing upon  the  engineer  to  prepare  the  required  maps.  As 
the  prevailing  low  lease  values  in  such  instances  do  not 
permit  the  expense  of  much  surveying,  the  engineer  faces 
the  problem  of  laying  out  the  subdivision  with  a  minimum 
of  field  work,  yet  his  data  must  be  complete  enough  to  en- 
able him  to  stake  out  on  the  ground  any  particular  block 
in  the  tract.  The  writer  recommends  the  following  pro- 
cedure as  meeting  the  foregoing  requirements  satisfactorily. 

(1)  A  boundary  survey  is  made  of  the  entire  tract  to  be 
subdivided.  The  resulting  error  of  closure  should  not  be 
greater  than  1  in  2,000.  As  a  rule  no  more  field  work  than 
this  is  necessary. 

(2)  Latitudes  and  departures  of  all  sides  are  then  com- 
puted, using  as  a  meridian  that  bearing  possessed  by  most 
of  the  sides.  For  instance,  if  most  of  the  sides  of  the  boun- 
dary bear  North  45°  East  calculate  all  latitudes  and  depart- 
ures as  from  a  meridian  which  has  a  course  of  North  45 
East. 

(3)  Compute  the  total  area  of  the  land  by  the  method  of 
double  meridian  distances. 

(4)  Then,  by  the  use  of  the  latitudes  and  departures  al- 
ready obtained,  and  selecting  some  convenient  point  as 
origin,  the  coordinates  of  every  corner  of  the  boundary  are 
quickly    found. 

(5)  Prepare  map  by  plotting  the  boundary  by  coordinates. 
Check  the  lengths  of  sides  by  scaling  and  the  bearings  with 
a  protractor. 

The  engineer  now  has  an  accurate  map  before  him  and 
can  proceed  with  the  subdivision.  He  can  lay  out  the  reg- 
ular blocks  in  squares  and  the  irregular  tracts  along  the 
boundary  and  elsewhere  in  such  shapes  as  he  finds  conveni- 
ent. The  dimensions  and  areas  of  the  latter  he  can  com- 
pute from  the  data  presented  by  the  coordinates  of  the 
boundary  corners.  When  this  is  done  he  has  a  good  check 
on  his  work  by  comparing  the  sum  of  the  areas  of  all  in- 
terior blocks  with  the  gross  area  of  the  original  tract.  When 
he  is  ordered  to  stake  out  on  the  ground  any  interior  or 
border  block  the  same  coordinates  of  the  boundary  corners 
furnish  him  the  necessary  information  to  do  so  accurately. 


Supplement    to    Manual   American    Rail- 
way  Engineering   Association 

The  latest  (1919)  supplement  to  the  Manual  of  Recom- 
mended Practice  of  the  American  Railway  Engineering  As- 
sociation has  just  been  issued  as  a  part  of  Bulletin  No.  217. 
This  supplement  contains  the  following  matter: 

Roadway:  Means  for  Prevention  or  Cure  of  Water  Pockets 
in    Roadbed. 

Ballast:  Suggested  Diagram  for  Organization  and  Dis- 
tribution of  a  Ballast  Raising  Force  of  77  Men. 

Rail:     Standard  Test  for  Rail  Joints. 

Track:  Plans  for  Split-Switches,  Split-Switch  Fixtures, 
Rigid   Frogs  and   Spring  Rail   Frog. 

Buildings:  Definitions,  Coaling  Stations,  Dial  Scales,  High 
Platforms  at  Passenger  Stations. 

Signals  and  Interlocking:  List  of -Findings,  Conclusions, 
Standards  and  Specifications  of  Railway   Signal  Association. 

Water  Service:     Quality  of  Water,  Methods  of  Treatment 
>  and  Results  Obtained  Therefrom.     Efficiency  of  Water  Soft- 
eners.    Foaming  and   Priming.     General  Principles  of  Water 
Supply.     Instructions  for  Care  of  Water  Stations. 

Yards  and  Terminals:  War  Emergency  Yard  Improve- 
ments. General.  Ocean  Terminals.  Catechism  of  Yard  De- 
sign and  Operation.     Track  Scale  Specifications. 

Iron  and  Steel  Structures:  Column  Tests.  Specifications 
for  Bronze  Bearing  Metals  for  Turntables  and  Movable 
Railroad  Bridges. 

T'niform  General  Contract  Forms:  Industry  Track  Agree- 
ment  Form.     Agreement    Form  for   Interlocking  Plant. 


Labor  Conditions  in  the  Main- 
tenance of  Way  Field 

A  short  time  ago  the  Railway  Age  addressed  a  question- 
naire to  a  number  of  maintenance  of  way  officers  in  various 
parts  of  the  country,  soliciting  replies  to  the  questions  given 
below,  covering  matters  of  actual  fact  as  well  as  expressions 
of  personal  opinion  regarding  labor  problems: 

(1)  The  number  of  men  employed  now  as  compared  with 
a  year  ago  and  normal  pre-war  times. 

(2)  The  effect  of  the  higher  wage  rate  in  increasing  the 
eflSciency  of  the  existing  forces,  in  attracting  a  better  sup- 
ply of  labor,  etc. 

(3)  The  effect  of  the  8-hour  day  on  increased  efficiency, 
the  ability  to  secure  and  hold  men,  etc. 

(4)  The  effect   of   the   reported   exodus   of   foreign   labor. 

(5)  The  adequacy  of  supply  of  skilled  and  unskilled  labor. 

(6)  The  dissatisfaction  with  wage  scales  for  men  and 
foremen  in  the  various  branches  of  work. 

(7)  The  general  unrest  among  laborers. 

(8)  General    comments    regarding   other    influences. 

An  analysis  of  the  replies  received,  as  made  by  the  above 
mentioned  journal,  is  herewith  briefly  abstracted. 

The  number  of  men  at  present  employed  on  maintenance 
is  about  the  same  or  somewhat  less  than  in  years  past;  the 
figures  must  be  considered,  however,  in  the  light  of  the  fact 
that  they  are  generally  on  a  basis  of  the  8-hour  day,  while 
the  totals  for  other  years  are  generally  for  a  lO-hour  day. 
This  amounts  to  a  reduction  in  the  hours  of  labor  of  20 
per  cent,  which  is  increased  by  the  new  rule  that  traveling 
to  and  from  work  should  be  done  during  the  regular  work- 
ing hours,  in  contrast  to  the  old  rule,  under  which  the  men 
should  travel  in  one  direction  on  their  own  time. 

The  supply  of  labor  has  been  short  generally  owing  to  the 
exodus  of  Italians,  Greeks,  Poles  and  others  who  have  re- 
turned to  their  native  lands  in  large  nuinbers. 

Opinions  on  the  efficiency  of  w^age  advances  in  holding 
the  supply  of  labor  or  attracting  a  better  class  of  men  seem 
to  be  divided.  The  question  reduces  to  one  of  competition. 
Where  the  railroad  rate  is  better  than  that  offered  by  other 
employers  the  effect  has  been  good,  but  in  large  industrial 
centers  where  the  men  have  opportunity  to  get  better  paying 
jobs,  the  railroad  work  reverts  to  the  old  status  in  which  it 
attracts  only  the  least  desirable  class.  In  rural  districts,  on 
the  other  hand,  the  class  of  men  now  employed  is  better 
than  it  has  been  for  several  years.  Thus,  in  the  Middle 
West  in  particular,  the  railroads  have  been  able  to  employ 
local  native  help  to  the  almost  entire  exclusion  of  the  for- 
eigner. This  return  to  old-time  conditions  has  been  very 
welcome,  for  it  not  only  serves  as  a  compensation  for  the 
increasing  scarcity  of  the  alien  class,  but  gives  the  roads  a 
more  intelligent  and  agreeable  type  of  workman  to  deal  with 
and  largely  removes  the  need  for  camps  and  commissary 
facilities. 

A  number  of  maintenance  officers  reported  that  the  8-hour 
day  was  not  held  in  favor  by  the  men,  as  they  preferred  to 
work  10  hours  and  earn  the  additional  wages. 

In  the  majority  of  cases  the  reports  indicated  a  feeling 
that  no  such  increase  in  efficiency  has  taken  place  as  might 
i-easonably  have  been  expected  with  the  shorter  day  and  the 
higher  wages,  and  while  the  higher  rate  has  attracted  a  bet- 
ter class  of  men  in  some  cases,  the  general  observation  is 
that  the  efficiency  has  been  lessened.  One  railway  officer 
reports  an  improvement  which  he  believes  has  resulted  from 
the  shorter  working  period,  but  the  remaining  statemenis 
report  no  improvement,  if  not  a  definite  retrogression.  Sev- 
eral replies  give  good  reasons  for  this.  One  states,  "Reg- 
ular track  men  now  have  longer  hours  for  leisure,  tor  culti- 
vation or  for  other  occupations  and  for  pleasure.  In  conse- 
quence they  are  less  fit  to  give  a  full  day's  work  by  the  phy- 
sical exhaustion  of  these  additional  occupations."  Another 
says  of  the  Mexicans  that  the  shorter  working  day  gives  them 
more  time  to  get  into  trouble. 

There  are  two  prime  motives  that  will  tend  to  make  a  man 
work  harder.  First,  the  desire  to  hold  his  job  and,  second, 
eagerness  for  better  pay.  The  first  of  these  motives  is  en- 
tirely ineffective  during  any  labor  shortage,  for  as  soon  as  a 
man  knows  there  is  no  one  to  take  his  place,  he  is  not  going 
to  worry  much  about  his  job.  Labor  has  been  scarce  so  long 
in  this  country  that  the  indifference  of  the  laborer  as  to  the 
opinion  of  his  boss  has  become  almost  insolence. 

The  second  motive  can  be  utilized  to  get  more  effort  out  of 
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the  men  only  when  there  is  some  relation  between  the  in- 
creased effort  and  the  rate  of  pay.  and  this  fact  must  be  clear 
to  the  men.  No  recognition  has  been  taken  in  the  wage  ad- 
vances by  the  Railroad  Administration,  and  the  feeling  of  the 
men,  based  on  their  experience,  is  that  the  force  and  effec- 
tiveness of  their  representations  before  the  Board  of  Wages 
and  Working  Conditions  are  Infinitely  more  important  in  ob- 
taining a  raise  than  any  extra  effort  which  they  put  into  their 
work. 

This  current  unrest  has  been  ascribed  to  several  agencies, 
chief  among  which  has  been  mentioned  (1)  dissatisfaction 
with  wage  increases  as  affected  by  the  high  cost  of  living,  (2) 
the  organized  labor  movement  and  (3)  the  spread  of  an- 
archistic doctrine.  Fi-om  the  information  obtained  the  im- 
portance of  these  influences,  at  least  insofar  as  they  concern 
maintenance  of  way  employes,  is  about  in  the  order  named 
with  the  third  of  minor  or  very  slight  importance  in  most 
cases. 

Necessary  as  any  organization  of  workingnien  may  be  to 
secure  recognition  of  their  contentions  and  grievances,  It  is 
an  unfortunate  tact  that  the  formation  is  not  conducive  to 
Increased  effort  on  the  part  of  the  individual.  In  the  case  of 
the  maintenance  of  way  employe,  this  has  not  been  caused  so 
much  by  agitation  on  the  part  of  the  organizer  as  by  the 
policy  of  the  Railroad  Administration  in  dealing  with  the 
men.  For  instance,  one  report  states  that  the  foremen  "have 
been  more  or  less  dissatisfied  for  the  reason  that  the  men 
know  that  their  immediate  superiors  have  little  or  nothing  to 
do  with  the  increases  and  there  has  been  a  natural  tendency 
not  to  respect  the  foreman  or  officers." 

One  officer  describes  the  condition  as  follows:  "I  believe 
that  well  over  50  per  cent  of  the  men  are  decidedly  against 
any  wage  trouble,  but  on  account  of  the  Administration  policy 
of  forcing  all  men  to  organize  and  deal  only  with  organized 
units  many  of  the  more  stable  classes  of  men  have  been 
forced  into  the  organization  and  are  now  dominated  by  force 
and  fear  of  radical  element." 


The  Air  Drill  Repair  Man  Important  Factor 
in  Reducing  Maintenance  Costs 

The  idea  that  an  air  drill  is  "fool  proof,"  and  that  any 
person  on  the  job  can  repair  it,  is  a  mistake,  writes  Harry 
E.  Scott  in  the  Engineering  and  Mining  Journal.  A  drill 
must  be  cared  for  properly,  as  well  as  any  other  piece  of 
machinery.  No  matter  how  good  the  operator,  it  needs  over- 
hauling at  certain  intervals,  in  a  shop  fitted  for  that  purpose 
and  provided  with  a  meter  for  testing  the  amount  of  air  used. 
When  a  compressor  making  2,000  cu.  ft.  of  air  a  minute  has 
to  be  run  at  maximum  speed  to  furnish  air  to  a  number  of 
drills  which,  if  in  good  condition,  would  use  only  1.500  cu.  ft, 
there  is  something  wrong.  In  most  cases  it  will  be  found  in 
the  air  drill. 

The  air  drill  repair  man.  or  machine  doctor,  as  he  is  often 
called,  is  an  important  factor.  The  best  repair  men  are  those 
who  have  had  a  few  years'  experience  running  machines, 
and  who  are  handy  with  tools  and  mechanically  inclined. 
They  know  from  experience  the  work  to  he  done,  and  realize 
the  troubles  of  the  runner,  which  are  many.  A  man  of  this 
kind  who  had  become  familiar  with  the  cost  of  drill  parts, 
and  learned  to  throw  nothing  away  that  could  be  worked 
over  and  give  efficient  service,  took  a  Job.  During  the  first 
10  days  he  picked  up  over  $900  worth  of  drill  parts  from  the 
dump  and  junk-pile.  These  were  used  and  gave  as  good  re- 
sults as  new  parts  from  the  storeroom  would  have  done. 
They  had  been  thrown  away  by  the  man  who  was  repairing 
drills;  and  it  had  taken  him  only  a  short  time  to  do  it,  and 
with  only  16  machines  on  the  job! 

Any  property  using  a  small  number  of  air  drills  can  sup- 
port a  good  repair  man— one  who  can  keep  the  drilling  speed 
up  (with  sharp  steel)  and  the  maintenance  cost  down.  With 
the  machines  in  good  condition,  sharp  steel,  plenty  of  air. 
and  the  right  man  on  the  crank,  there  should  be  no  kick 
from  the  ofl^ice  concerning  the  number  of  feet  drilled. 


Railway  Electrification  In  Foreign  Countries.— European 
and  South  American  countries,  with  the  exception  of  Eng- 
land alone,  lack  an  adequate  supply  of  fuel,  but  many  of 
them,  including  Norway,  Sweden,  Switzerland,  Italy,  Spain 
and  Brazil,  have  large  amounts  of  water  power,  while  France 
has  a  moderate  amount.  These  resources,  combined  with 
the  high  cost  of  fuel,  make  extensive  railroad  electrification 
In  these   countries   inevitable   sooner  or  later.     The   neutral 


countries  will  probably  bo  the  first  to  undertake  thin  work. 
Switzerland  has  a  program  covering  a  term  of  years  well 
established,  while  both  Norway  and  Sweden  are  giving  active 
consideration  to  definite  projects.  In  England,  u  couHider- 
able  amount  of  electrification  Is  in  contemplation  along  with 
the  general  plan  for  the  eleclrlflcatlon  of  Industry.  A  French 
commission,  composed  of  government  and  railroad  engineers, 
have  already  visited  the  United  States  In  order  to  thoroughly 
familiarize  themselves  with  American  practice.  The  Italian 
government  will  continue  their  definite  program  as  soon  as 
financial  conditions  permit.  An  ofllcial  Belgian  Commission 
is  already  planning  to  rehabilitate  with  electric  power  at 
least  a  portion  of  the  railroads  destroyed  by  the  Uermans. 
In  Spain,  Brazil  and  South  Africa  as  well,  railroad  elec- 
trification is  under  active  consideration. 


New   Method  of   Bracing   Shimmed  Rails 

Mr.  I).  Mclntyre,  roadmastiM-  on  the  Can.  I'ac.  Uy.  at  Kort 
William.  Ont..  has  devised  a  rail  brace  clip  or  heel  illustrated 
in  the  rirawing  and  photograph  shown  herewith,  taken  from 
the  Railway  Maintenance  Engineer.  This  clip  is  designed 
to  make  more  effective  the  shim  braces  which  are  put  In  the 
track  to  make  up  for  the  decreased  holding  power  of  spikes 
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Approximate  Outline  of  a  Shim  Brace. 

in  rail  which  has  been  shimmed  on  account  of  heaving.  It 
consists  of  a  small  plate  of  malleable  iron  or  forged  metal, 
provided  with  three  holes  for  driving  spikes  into  the  lie  and 
with  a  vertical  bearing  surface  to  receive  the  end  of  the  brace, 
this  surface  being  provided  with  two  pointed  projections 
which  enter  the  end  of  the  bracing  stick  to  prevent  It  from 
slipping. 

The  effectiveness  of  a  rail  brace  heeled  with  one  of  these 
clips  instead  of  spikes  driven  in  the  ordinary  fashion  was 
tested  by  the  inventor  in  the  manner  shown  in  the  illustra- 
tion. Two  rails  were  placed  side  by  side  with  just  sufficient 
space  between  them  to  insert  a  small  screw  jack.  The  outer 
side  of  one  rail  was  braced  with  a  shim  in  the  ordinary  man- 
ner and  the  outside  of  the  other  rail  was  braced  with  a  shim 


IVIethod  of  Testing  Efficiency  of  Shim  Brace 

using  one  of  the  clips  described  above.  The  lateral  wheel 
pressure  on  the  rail  was  then  simulated  by  screwing  up  the 
jack  and  it  was  found  that  the  resistance  of  the  brace  sup- 
ported by  the  clip  was  much  more  than  that  held  by  the 
spikes.  These  clips  are  now  being  tested  under  actual  track 
conditions  by  a  number  of  roadmasters  in  the  vicinity  of 
Fort  William. 
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Small  Electric  Light  Plant  for  Construc- 
tion Operations 

A  compact  steam  turbo-generator  unit,  especially  designed 
for  lighting  steam  shovels,  dredge  boats,  locomotive  cranes, 
well  drilling  rigs  and  industries  using  a  steam  boiler  whose 
lighting  requirements  do  not  run  over  1  K.  W.,  has  been 
placed  on  the  market  by  the  Buda  Co.,  Railway  Exchange 
Bldg.,  Chicago.  The  steam  turbine  and  the  electrical  gener- 
ator are  built  compactly  into  one  unit.  The  speed  is  con- 
trolled by  an  automatic  governor  and  the  field  coils  of  the 
generator  have  a  compound  winding  which  keeps  the  volt- 
age uniform  on  any  lamp  ranging  from  zero  to  the  full  ca- 
pacity of  the  plant.    This  makes  the  operation  of  the  lighting 


Jack  for  Pulling  and  Straightening  Poles 

A  jack  designed  for  the  e.xpress  purpose  of  pulling  and 
straightening  poles  for  telephone,  telegraph,  electric  light, 
power  and  railway  companies,  municipalities  and  other  pub- 
lic utilities  having  pole  equipment,  is  illustrated.  It  Is 
claimed  that  with  this  jack  one  or  two  men  can  pull  the 
largest  pole,  whatever  the  depth,  soil  or  season  conditions, 
in  a  fraction  of  the  time  it  takes  the  usual  gang  of  .5  or  6 
men  to  do  the  work.  Also,  one  man  with  this  tool  is  said 
to  be  able  to  straighten  a  pole  in  one  minute,  a  job  that 
usually  takes  several  men  several  minutes  to  perform.  The 
jack  is  constructed  of  the  very  best  materials  and  along 
rugged   lines,  and  is  stated  to   he  so  designed  that  in  both 


plant  entirely  automatic,  requiring  no  other  attention  than 
turning  on  the  steam  when  the  lights  are  needed  and  turn- 
ing off  the  steam  when  lights  are  no  longer  needed.  The 
plant  is  made  in  two  sizes.  Model  1000,  with  a  capacity  of 
1  K.W.,  has  a  length  over  all  of  34  in.,  a  width  of  18  in.,  and 
a  height  of  20  in.  Its  net  weight  is  275  lbs.  Model  G.  W. 
has  a  capacity  of  1/2  K.  W.  It  has  a  length  over  all  of  30 
in.,  a  width  of  14  in.,  and  a  net  weight  of  163  lb. 


News   Letter 
St.  Louis  Items 

^,  ^'  ^-  l'''in'-V  lias  moved  his  outfit  on  to  a  State  Road  job  near 
Chatham,  111. 

John  Brogan.  Carrollton,  111.,  has  some  drag  line,  also  con- 
crete   work  to  let  near  Troy,  111. 

C.  S.  Jones,  the  boss  station  man,  has  started  on  several  new 
jobs  on  the  M.  K.  &  T.  R.  R.  in  Oklahoma. 

.  Stresenreuter-Cotton  &  Co.  report  their  several  state  road  jobs 
in  lllmois  as  well  started  and  getting-  along  fine  and  dandy. 

Contractors  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig  s  Labor  Agency.  612  Walnut  St..  St.  Louis.  JIo.,  or  503 
Delaware  St.,  Kansas  City,  JIo. 

Walsh  Const.  Co.  got  in  on  a  nice  steam-shovel  job  here  the 
other  day  for  tne  General  Motors  Co.  in  the  western  part  of  the 
city.     Standard   2  shovel  outfits  on   it. 

W.  B.  Kester  of  the  Middle  States  Const.  Co.  has  been  laid  up 
for  a  couple  of  weeks  at  his  home  in  Peoria,  but  we  are  pleased 
to  announce  that  he  is  up  and  around  again  on  their  road  job  in 

Jerry  Connors  subbed  150,000  yds.  of  team  work  at  Union  City 
Ind.,  on  the  Rig  Four  R.  R.  from  the  Walsh  Const.  Co.  Jenw  has 
moved  par^  of  his  outfit  that  he  had  on  the  General  Motors  Co. 
job  here   on   to   it. 

.„  I*-  J-  Murphy  Moberly,  Mo.,  has  about  10,000  vd.  of  work  on 
the  Wabash  R.  R.  m  the  western  part  of  the  state  to  let  Free 
transportation  for  men  and  teams  over  Wabash  R  R.  Murphy 
says  this  is  a  fine  piece  of  side  borrow  work. 

A.  L.  Cook,  of  Ottawa.  Kansas,  was  awarded  the  contract  for 
the  new  line  of  the  Rock  I.sland  R.  R.  in  southwestern  Oklahoma. 
He  has  some  nice  fresno,  borrow  and  waste  work  to  sublet  on  this 
job.  Free  transportation  for  labor  and  outfits  over  Rock  Island 
Lines. 

Contracts  have  been  let  for  the  wrecking  of  the  munition  fac- 
tories of  the  l.aclede  (,as  Light  Co.,  which  were  under  construction 
at  South  Broadway  and  River  Des  Peres  and  near  the  8600  block 
on  Manchester  avenue,  work  on  which  was  stopped  bv  the  signing 
of  the  armistice.  More  than  J5, 000. 000  had  been  spent  "on  the  build- 
ings and  for  machinery  and  other  equipment.  The  salvage  from 
these  buildings  will  bo  sold  to  the  highest  bidder,  in  accordance 
with  the  War  Department  resulations  for  the  dispo.sition  of  salvage 

The  eighth  annual  nieeting  of  the  National  Drainage  Congress 
will  be  held  in  St.  Louis  for  three  davs.  beginning  Nov  llth  Rep- 
resentatives of  the  Ch.amber  of  Commerce  and  the  St.'  Louiis  Con- 
vention and  Publicity  Bureau  met  last  week  to  start  a  movement 
to  have  the  congress  open  permanent  headquarters  here  The  con- 
vention will  discuss  measures  now  before  Congress  at  Washington 
providing  for  the  reclamation  of  waste  land  throughout  the  coun- 
try. A  considerable  iwrtion  of  '.and  awaitinp  reclamation  is  in  the 
Mis.5issippi  Valley  and  it  is  for  this  reason  that  efforts  will  be  made 
to  have  the  organization  maintain  its  headquarters  in  St    Louis 
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Pulling    a    Pole    With    Simplex    Pole   Jack. 


raising  and  lowering  its  operations  are  so  perfectly  con- 
trolled as  to  insure  absolute  safety — to  pole,  overhead  lines 
and  other  equipment  and  operator.  This  tool  is  known  as 
Simplex  No.  328  Pole  Jack.  It  is  manufactured  by  Temple- 
ton,  Kenly  &  Co.,  Ltd.,  1020  South  Central  Ave..  Chicago,  111. 

Personals 

Colonel  Clarence  S.  Coe  of  St.  Augustine,  Fla..  who  commanded 
the  .Seventeenth  Railway  Engineers  in  France,  has  been  appointed 
by  the  Juyo-Slav  republic  to  take  charge  of  railway  construction 
m  that   country. 

Major  W.  A.  Johnson,  assistant  engineer  on  the  staff  of  Colonel 
Spencer  Cosby.  United  States  armv  engineer  in  charge  of  the 
Galveston  district,  has  been  ordered  to  proceed  to  Montgomery, 
Ala.,  where  he  will  take  charge  of  the  Montgomery  district. 

G.  P.  Stocker  has  been  appointed  head  of  the  department  of 
civil  engineering  at  the  University  of  Arkansas.  Professor  Stocker 
received  the  degree  of  Bachelor  of  Science  in  civil  en&'ineering 
from  the  University  of  Wisconsin  in  1909.  He  has  taught  civil 
engmeerin.g  in  the  A.  &  M.  College  of  New  Mexico,  and  in  Swarth- 
more  College,  Swarthmore.  Pa.  He  comes  to  Arkansas  from  the 
Agricultural  College  of  Mississippi,  where  he  was  professor  of  ci\il 
engineering. 

W.  K.  Palmer,  Kansas  City,  Mo.,  who  closed  his  consulting 
engineering  practice  in  1917  to  enter  the  armv  as  major  of  engi- 
neers, has  organized  the  Engineering  Service  Corporation,  which 
has  absorbed  the  business  of  his  former  company,  the  W.  K. 
Palmer  Co.  The  new  corporation  in  addition  to  carrying  on  a 
consulting',  designing  and  supervising  engineering  practice  will  un- 
dertake the  organizing,  financing,  operating  and  managing  of  pub- 
lic utilities  and  industrial  properties.  Offices  have  been  opened  at 
1833  Continental  and  Commercial  Bank  Bldg.,  Chicago,  for  admin- 
istrative and  business  purposes.  The  operations  office  will  be  in 
Kansas  Cit.v,  Mo.,  where  all  engineering  work  will  be  done. 

Earl  Church  has  been  appointed  professor  of  civil  engineering. 
Pennsylvania  Military  College.  Chester,  Pa.  Prof.  Church  was 
graduated  from  SjTacuse  University  in  1911  with  the  degi-ee  of  C. 
E.  For  the  past  eight  y^ars  he  has  been  enga.ged  in  making  g'eo- 
detic  and  astronomic  computations  for  the  United  States  Coast 
and  Geodetic  Survey.  As  topographer  and  astronomer  with  Dr. 
Hamilton  Rice  on  exploration  work  in  Brazil  he  assisted  in  the 
mapping  of  some  2,000  miles  of  the  Amazon  and  the  Negros.  Pi-of. 
Church  comes  to  the  Pennsylvania  JNIilitary  College  from  France 
after  two  years  of  instructing  and  practical  work  in  all  geodetic 
operations  connected  with  map-making  and  artillery-fire  control. 
During  tiie  past  two  months  he  has  been  eng'aged  in  a  special  study 
of  the  application  of  airplane  photography  to  map-making.  Pi  of. 
Church  has  spent  four  summers  as  instructor  in  astronomic  work 
at  Columbia  University  Summer  School.  He  is  the  author  of  sev- 
eral pamphlets  on  astronomic  computations  for  tlie  army. 


Industrial  Notes 

L.  E.  Strothman,  formerly  manager  of  the  steam  turbine  and 
pumping  engine  departments  of  AUis-Chalmers  Manufacturing  Co.. 
has  become  vice  president  and  general  manager  of  the  Richardsoii- 
Pheiiix  Co..  Milwauliee.  Wis..  lubrication  engineers  and  manufac- 
turers  of   lubricating  devices. 

The  Lidgerwood  Mfg.  Co.,  of  New  York,  has  opened  a  branch 
office  in  the  Hammond  Building.  Detroit,  Mich.  R.  S.  Hutchinson, 
formerly  of  the  Lidgerwood  office  in  Philadelphia,  will  have  charge 
of  the  Detroit  ofl^ce,  under  the  direction  of  F.  B.  Knight  of  the 
Lidgerwood  Chicago  office,  who  previously  handled  this  business 
in   Detroit. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street  Cleanlns 

(d)  Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


^^ 


(a)   Waterworks 
<b)   Sewers    and    Sani- 
tation 

<e)    Management    and    Office 
System 


)  Irrigation   and   Drainage 


Power   and    Pumping 


Railways  and   Excavation — 3rd  Wednesday 

(a)  ExcsTStlon   and  (c)  Quarries  and  Pits 

Dredging  (d)    Kaiiways,    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management  and  Offlce 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)   Harbor   Structures 

(k)   Brldgss  (d)    Miscellaneous  Structure 

(e)    Properties  of  Materials 
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Errors  of  Political  Legislators  and 

Executives  Largely  Due  to 

Lack   of   Adequate 

Statistics 

Correct  reasoning  about  economic  matters  is  impossible 
■without  statistical  data.  No  large  company  is  without  elab- 
orate accounting  systfnis,  not  merely  because  it  is  necessary 
to  know  debit?  and  credits,  but  because  it  is  necessary  to 
Ivnow  the  efficiency  ot  the  management  as  disclosed  by  costs 
and  profits.  It  would  seem  self-evident  that  if  private  com- 
panies find  it  necessary  to  have  statistical  data  lo  guide 
their  directors,  managers  and  owners,  governments  should 
have  similar  data  for  similar  reasons.  Yet  it  is  notorious 
that  governments,  whether  county,  city,  state  or  national, 
lack  adequate  statis- 
tical data.  In  the  ab- 
sence of  such  informa- 
tion, the  most  capable 
mayor  or  governor  is 
almost  helpless  in 
forming  policies  and  in 
directing  their  execu- 
tion. 

All  the  statistical 
data  needed  to  run  a 
city  economically  are 
rarely  available.  Even 
worse  is  the  condition 
that  confronts  the  gen- 
eral manager  of  a  state, 
the  governor.  But 
worse  beyond  concep- 
tion is  the  condition 
under  which  the  ex- 
ecutive manager  of  the 
nation — the  President — 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


is  compelled  to  operate.  As  for  the  statistical  matter  needed  by 
statesmen  in  solving  the  complex  problems  of  economic  gov- 
ernment, so  little  is  ivailablb  as  to  make  statesmen  objects 
of  pity  rather  than  ridicule,  were  it  not  that  they  are  them- 
selves to  blame  for  most  of  the  lack  of  information. 

As  an  illustration,  take  the  U.  S.  Bureau  of  Census,  which 
is  the  greatest  statistical  department  in  the  world,  measured 
by  the  dollars  expended  in  its  operation.  Once  in  10  years 
it  ascertains  the  number  of  people  also  their  classification 
under  many  heads.  What  would  a  business  manager  think 
Hi  a  statement  of  the  number  of  the  employes  of  his  com- 
pany by  classes  were  he  handed  such  a  statement  only  once 
in  a  decade?  Moreover,  v.hat  woold  he  think  of  not  getting 
such  a  statement  until  five  years  after  it  had  begun  to  be 
compiled?  Would  he  not  be  filled  with  a  wrath  that  would 
lead  him  to  raise  heaven  and  earth  lo  remedy  such  a  con- 
dition? 

Suppose  a  busitiess 
manager  occupying  the 
office  of  President  were 
to  ask  for  an  inventory 
of  all  the  wealth  in 
.•\merica.  and  were  told 
that  no  such  inventory 
had  ever  been  taken, 
but  that  he  could  be 
provided  with  several 
very  good  guesses  by 
reliable  guessers.  whose 
guesses  ranged  from 
150  to  300  billion  dol- 
lars! Suppose  he  in- 
quired as  to  last  year's 
gross  income  of  all  peo- 
ple In  America  and 
were  told  that  that  also 
was  not  much  more 
definitely  known  than 
their    national    wealth. 
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Suppose    he    asked    what    the    annua"!    increment    in    national  by    $1.42    per   capita.     The    per    capita    debt    was    J77.53    (or 

wealth  had  been  last  year,  and  were  met  with  the  reply  that  SI. 17    more    than    for    1917) ;    hence    the    interest    charge   av- 

it  had  never  been  even  guessed  at.    What  would  such  a  Presi-  eraged  5.ti  per  cent,  which  is  considerably  higher  than  it  is 

dent  think  of  his  chance  of  acting  wisely  in   managing  the  commonly  supposed  to  be. 

vastest  plant  in  the  world — the  consolidated  property  of  the  Of  the   $3.39   per   capita   gross   revenue   from   water   works 

United   States  of  America — without  definite  knowledge  as  to  and   other   public   utilities.   $1.60.   or  about    47   per   cent,   was 

the  amount  of  capital  invested,  the  gross  annual  income,  or  the  paid  out  as  operating  expense.     Of  this  gross  revenue  $2.63, 

annual  net  savings?  or  77  per  cent,  was  derived  from  city  waterworks.     Since  it 

In  addition  to  these  major  items  that  any  business  execu-  apparently  cost  less  than  half  of  this  $2.1)3  to  operate  the 
five  requires  at  least  once  a  year,  there  are  hundreds  of  lity  water  works  plants,  there  would  appear  to  be  a  satis- 
minor  items  to  which  reference  is  made  by  him  or  his  factory  profit  from  the  water  works;  but  it  is  easy  to  show 
subordinates  every  month.  For  instance,  he  wishes  to  know  that  this  is  not  so.  The  investment  in  the  average  city 
whether  a  proposed  addition  to  the  plant  is  justified.  To  water  works  is  about  $40  per  capita;  and  .5.6  per  cent  interest 
ascertain  whether  or  not  it  is,  he  must  know  what  the  growth  on  this  $40  would  l)e  ?2.24  per  annum.  But  the  expense  of  op- 
of  the  business  has  been,  what  the  cost  of  the  addition  ir.  eri'ting  the  waterworks  wa^  aboul  40  per  cent  of  the  gross 
estimated  to  be,  what  will  probably  be  the  gross  and  net  reveniie.  or  0.96  per  capita,  leaving  net  earnings  of  $1.67  per 
revenues  after  it  is  in  operation,  and  sundry  other  facts.  capita,  or  only  4  per  cent  on  the  $40  investment. 
How  often  does  a  governmental  executive  or  a  legislative  [t  is  commonly  escimated  by  experienced  engineers  that  a 
body  seek  such  necessary  information,  or.  seeking,  gets  it?  depreciation  fund  ani.uity  of  at  least  1.5  per  cent  on  the  In- 
Almost  never.  Instead,  there  are  acrimonious  debates  and  vestment  in  the  a\  erage  waterworks  plant  should  be  set 
heated  harangues,  in  which  speculations  are  made  to  serve  aside  in  excess  of  current  maintenance  expenses.  It  is  also 
for  statistics,  and  guesses  for  quantitatively  deduced  con-  estimated  that  the  annual  taxes  in  the  large  cities  average  2.5 
elusions.  Such  is  the  present  status  of  political  manage-  per  cent  on  the  actual  investment  in  property.  Hence  the 
ment  everywhere,  except  in  relatively  few  departments  in  lost  taxes  on  municipal  waterworks  (2.5  per  cent)  plus  a 
relatively   few   governments.  moderate  depreciation  annunity  (1.5  per  cent)  total  4  per  cent 

Into  this  morass  of  managerial   ignorance,  engineers,  here  on  the  investment,  but,  as  we  ha\  e  shown  above,  the  apparent 

and  there,  are  beginning  to  enter  as  executives.    Almost  with-  net  earnings  were  only  4  per  cent  without  deducting  a  depre- 

out    exception   they    effect    improvements,    because   they    are  elation   annuity   and   lost   taxes.     Hence,   if   these   deductions 

trained  analysts  of  statistical  data.     Theirs  is  the  analytical  were  made,  nothing  at  all  would  be  left  as  interest  on  the  in- 

profession.      Unfortunately,    extreme    specialization    as    eco-  vestment  in  the  waterworks  plants  that  serve  .54.330,000  pec- 

nomic  analysts  has  made  most  engineers  poor  psychologists.  pie! 

Hence   the  difficulty   that    most    engineers    experience   in    se-  in  making  finauci;il   reports  of  the   kind   under  discussion, 

curing   and   holding   political   positions   that   are   not   secured  the  U.  S.   Bureau   of  Census  frequently  comments  upon   and 

through   examination.     But   the   younger   generation   of  engi-  compares    statistical   tlata,    but    both   the   comments   and    the 

neers,   warned   by   the   older   generation,  -is   giving   more   at-  comparisons  are  usually  inadequate  and  often  very  mislead- 

tention  to  the  art  and  science  of  controlling  men   and  win-  ing.     Thus  in  the  report  under  discussion  we  read: 

ning   personal   support.      If  they   will   study  practical   psychol-  Next   to    taxes,    the   source   of   the    largest    item   of   revenue   is 

ogy    with    as    great    assiduity    as    their    fathers    have    studied  found   in   the   earnings   of   public   enterprises,    which  amounted   to 

other  applied   sciences,   the  present   generation   of  engineers  $116,434,645.    This   sum  ie   considerably    more     than     double     the 

will   be   the   next   generation   of  political   leaders.  amount   of   payments   for    expenses   of   public   service   enterprises, 

?r.5,174,4S0,    thus    leaving    a    net    revenue    of    $61,320,165.     The    bulk  ' 

___^                                ,      ~           I      Z^  of    the    earnings    of    public    service    enterprises    came    from    water 

Why      Municipal      Expense      and      In-  ""PPly   systems,    from   which    re-elpts  aggregated    $00,139,705. 

|-.^|-|-«Q     Oiltil       A  rf»      TT^llilllv  ^®  '*  stands,  without  further  comment,  that  paragraph  will 

\-UlllC     ^-l^'-**     -TViC      ^JiiU<^lly  jp^^,   ^j^^  average   reader  to   infer  that  municipally   operated 

UeCeptlVe  utilities  are  very  proiitable;  for  when  the  average  man  reads 

Statistics  relative  to  the  cost  of  running  a  city  are  usually  that  more  than  half  the  receipts  from  the  operation  of  water- 
given  in  dollars  per  annum,  subdivided  into  a  few  sub-  works  and  other  utilities  is  "profit,"  he  inevitably  infers  that 
accounts.  Stated  thus  they  have  scant  significance  to  the  municipal  ownership  of  public  utilities  is  desirable.  As  there 
average  citizen.  All  such  statistics  should  be  given  in  dol-  '^  "o  ''"^  ™ore  subtle  than  half  truth,  so  there  is  no  statistical 
lars  per  capita  per  annum,  as  well  as  in  other  units  that  are  inform.ation  more  deceptive  to  the  average  person  than  that 
not  only  comprehensible  by  the  average  person,  but  that  can  dat  is  incomplete.  Of  course  it  will  be  contended  that  sta- 
he  compared   with   similar  data  from  other  municipalities.  tistical  bureaus  should  not  be  blamed  for  any  misinterpreta 

Recently   the   daily   papers    published    nearly    a    column    of  tion  placed  upon  the  data  they  publish.     But  is  it  not  pertinent 

municipal  income  and  expense  statistics  given  out  by  the  U.  to  ask  why  such  bureaus  do  not  at  least  make  it  plain  that 

S.   Census  Bureau.     We   venture  to  say  that   in  the  form  in  c^-rtain  essential  data  are  missing? 

which  the  matter  was  published  very  little  of  it  was  read  There  is  no  real  significance  in  any  statement  of  net  earn- 
and  still  less  was  correctly  comprehended.  To  begin  with  i"."*  unless  accompanied  by  a  statement  of  the  investment  in 
none  of  it  was  tabulated,  but  "run  in,"  which,  as  every  engi-  the  plant  that  produced  them  It  is  possible,  as  we  have  just 
neer  knows,  makes  it  exceedingly  difficult  to  perceive  the  "^hown  with  respect  to  municipal  waterworks,  to  have  a  60 
relative  importance  of  different  items  Next,  it  was  nearly  P^r  cent  "profit"  on  an  annual  income,  which  turns  out  to  be 
all  printed  in  totals  and  not  in  unit  revenues  and  costs.  The  only  4  per  cent  on  the  invested  capital.  And  'X  is  also  pos 
data  related  to  all  cities  in  America  whose  population  ex-  sible,  as  we  have  just  proved,  tor  all  of  this  (.O  per  cent 
ceeds  30.000,  the  number  of  which  is  227.  The  total  popula-  "profit"  to  be  merely  a  sham  profit,  since  part  of  it  should  be 
tion  of  these  cities  is  34,330,000;  or  about  30  per  cent  of  the  set  aside  to  cover  depreciation,  and  the  rest  to  make  good  the 
entire  population  of  America.  About  60  per  cent  of  our  taxes  that  would  have  been  paid  to  the  cities  had  the  water- 
population  lives  in  cities,  and  half  of  this  urban  popula-  works  been  privately  owned, 
tion  lives  in  cities  of  more  than  30,000.  It  seems  to    is  that  engineering  societies  should  endeavor 

For  the  fiscal  year  of  1918  the  per  capita  revenues  and  ex-  to  teach  public  officials  not  only  how  to  present  municipal 
penditures  of  these  227  cities  were  as  follows;  data  in  a  form  that  admits  of  comparisons,  but  how  to  inter- 
Revenues:    ^  pret  the  significance  of  the  data  to  the  public.     So  long  as  the 

Liquor  H'axes^! . ' '.'.'.'.'.'.'.'.'.'."".'. *'l04  Public  votes  on  economic  measures,  surely  every  effort  should 

Other  taxes  ■.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.      0.96  be   made   to  teach   the   public   the   significance   of   statistical 

Specia7°as^sl^men[s 'ami "iplciar charges- for -im^^^^^^^            ^■'''  '^^^a.     Unquestionably    municipal    accountants    do    not    inten- 

ments   2.12  tionally  deceive  the  public,  but  the  public  is  usually  self-de- 

Totll'^.""?*.'. '.'.:;::: ::;::;:::'.;: ::::;:: ^sH?  <=eived.  if  it  has  any  conception  at  aH.  as  to  the  published  ac- 

Expenditures:                                      "'  counting  summaries. 

Op?rTi?g°4ftirr^;?Jk'l'rnd'"othlr  uuiiVies:  l  i  1 1 1 1 : ;  l : : ; : ; :  ^'Slo  ^^-^-  Minings  said ;      -Flggers  won't  lie.  but  liars  will  figger." 

Interest  on  debts 4.34  It  would  be  more  correct,  if  not  so  funny,  to  paraphrase  him 

Impro'Vlments'Vp'avinR.'Vtc'.)!'.'.  ■.;;::::.:;;. ::;;:;:; *^8?o  ^y  saying:      Figures   won't  lle,  but   incompetents   will   figure. 

Grand  total   '.'.'.'.'.'.'.'.'.'.'.'..'.'.'.'.  $34116  Hence  the  desirability  of  making  it  difficult  for  incompetent 

It  •will  be  seen  that  the  expenditures  exceeded  the  revenues  flgurers  to  go  astray. 
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Freezing  a  Nation  Into  Submission 

A  .strike  order  has  been  issued  calling  upon  tiUU.ilOO  bitum- 
inous coal  miners  to  quit  work  Nov.  1  unless  their  demands 
are  granted.  .411  they  ask  is  a  six-hour  day  and  a  five-day 
week  at  present  weekly  wage  rates.  All  they  threaten  is  a 
heatless  winter  if  what  they  ask  is  refused.  No,  that  is  not 
quite  all  they  threaten:  in  addition,  they  threaten  takinK 
away  tlie  steam  power  that  operates  the  factories  and  elec- 
tric and  steam  railways,  electric  light  and  gas  plants,  and  the 
iike. 

Three  years  ago  a  somewhat  similar  threat  was  made  by 
the  railway  unions,  when  they  demanded  a  2.5  per  cent  in- 
crease in  wages  under  the  guise  of  an  S-hour  day.  The  threat 
was  effective.  The  Adamson  bill  was  passed  and  signed  by 
the  President.  Doubtless  the  railway  employes  were  entitled 
to  the  increase  in  the  wages  that  they  then  demanded,  but  their 
method  of  securing  the  increase  was  a  vicious  method,  for  it 
was  tantamount  to  a  threat  of  starvation  to  dwellers  in  cities 
unless  their  demands  were  graijted.  Emboldened  by  the  .suc- 
cess of  that  threat,  the  soft  coal  miners  are  now  about  to 
use  the  same  sort  of  a  threat.  We  believe,  however,  that  they 
have  failed  to  make  proper  allowance  for  the  difference  both 
in  conditions  and  in  public  sentiment  three  years  ago  and 
today. 

Three  years  ago  we  were  menaced  by  war,  today  we  are 
not.  The  railway  employes  three  years  ago  were  underpaid. 
The  coal  miners  today  are  not  underpaid.  Three  yeaz-s  ago 
many  congressmen  were  afraid  they  might  fail  of  re-election 
were  they  to  pass  a  bill  prohibiting  strikes  on  railways.  To- 
day they  realize  that  the  great  majority  of  the  voters  are  in 
favor  of  such  a  bill,  and  it  is  now  practically  certain  that  the 
-Strike  provision  in  the  Cummins  bill,  perhaps  in  modified 
form,  will  be  enacted  into  law.  In  short,  the  coal  miners' 
strike  bludgeon  is  being  waved  in  the  face  of  a  nation  that  is 
angry  clear  through  at  the  threat,  whereas  the  strike  bludgeon 
that  the  railway  unions  waved  three  years  ago  only  served  to 
start  an  anger  that  had  in  it  at  first  more  of  surprise  than  of 
deep  .seated  resentment. 

While  congressional  committees  are  engaged  in  drafting 
a  strike  clause  for  the  proposed  railway  control  law,  the  coal 
miners  are  preparing  to  give  the  eastern  and  middle  states  the 
bitterest  dose  that  they  have  ever  swallowed.  We  haven't  the 
slightest  doubt  as  to  what  the  patient  will  do  after  he  has 
been  forced  to  swallow  a  few  bottles  of  that  dose.  He  is 
going  to  get  up  and  beat  the  doser  into,  not  insensibility,  but 
sensibility.  He  is  going  to  force  congress  to  pass  antistrike 
laws  that  will  protect  him  from  such  vicious  attacks  as  the 
one  now  about  to  be  made  upon  him  by  the  soft  coal  miners' 
union. 

The  Chicago  Tribune  put  this  whole  matter  very  clearly  in 
one  paragraph: 

Mr,  Goini'ers  recently  ha.s  asserted  that  the  Cummins  railrosui 
bill  would  enslave  workers  by  deni-ing  thent  the  fundamental  right 
of  striking-.  He  fails  to  reflect,  we  think,  that  there  is  another 
right  involved:  the  right  of  the  sovereign  people  to  maintain  the 
integrity  of   industries  aljsolutely  e.ssential  to  life   itself. 

Where  a  relatively  small  number  of  workers  render  a  ser- 
vice that  is  vital  to  the  economic  welfare  of  a  large  number 
of  people,  it  is  scarcely  conceivable  that  the  smaller  number 
shall  be  free  at  any  time  to  bring  misery  and  even  death  upon 
the  larger  number.  Yet  we  have  reached  the  stage  in  eco- 
nomic and  social  evolution  when  the  smaller  number  actually 
has  the  hardihood  to  assert  its  right  to  starve  or  freeze  the 
larger  number  into  submission!  It  is  true  that  the  smaller 
number  (the  fiOO.OOO  coal  miners  in  this  case)  tries  to  make  it 
appear  that  their  fight  is  not  with  the  public  but  with  the 
mine  owners.  This  is  mere  camouflage.  Who,  in  the  last 
analysis,  is  going  to  pay  the  increased  price  of  coal  if  the 
coal  miners  win  the  fight  for  a  week  of  30  working  hours? 
Obviously  the  public.  So  the  final  cost  of  the  reduced  weekly 
productiveness  of  the  miners  is  to  be  assessed  against  the 
very  people  whom  they  disclaim  having  a  fight  against— the 
public. 

This  conflict  over  "the  freedom  to  strike"  is  an  inevitable 
conflict.  Congress  will  merely  delay  the  issue  and  intensify 
the  misery  if  it  does  not  meet  the  issue  courageously  now. 
Congressmen  would  be  more  than  human  if  they  did  not  count 
the  number  of  votes  that  will  be  influenced  by  their  decision 
as  to  the  -freedora  to  strike. '  Relatively  few  congressmen, 
however,  need  worry  over  antagonizing  all  the  labor  union 
votes  in  America,  for  the  entire  number  of  unionized  workers 
totals  only  4,500,000. 


Samuel  Gompers  said  the  other  day: 

In  llie  American  Koflcnillon  of  Ixihor  wr  hiivi-  unluiis  which 
In  total  number  nearly  4,000,000  membern.  The  four  brotherhoodi. 
represent  500.000.  That  meang  approximately  4.500,000.  Hut  lliat 
is  not  10  per  cent  of  the  population:  ll  In  Icah  than  5  per  cent. 

The  fact  which  l»  unuully  overlooked  Is  that  nnirly  every  one 
of  these  4,300.000  people  has  a  wife  and  children,  and  cuunlliiK  the 
American  ijuota  as  usually  presented,  live  to  a  fanilly,  iheae  4,!;«0.. 
(10(1  represent  about  1'I,ODO,0(pO  people,  or.  In  other  wordM,  very  neurly 
a  Muarter  of  the  population  of  the  United  Stiilen. 

Doubtless  Mr.  Gomper.s  Is  approximately  correct  in  hln 
statement  that  there  are  4,500,000  workers  In  all  the  unionH. 
Hut  it  can  easily  he  shown  that  his  estimate  that  24.000.OOU 
people  belong  to  the  families  of  those  union  men  Is'  groHgly 
crroneotis.  There  are  approximately  34,00ii,i)00  workerH  of  all 
classes  in  America,  or  about  one  worker  to  every  3.;!  people. 
If,  then,  we  multiply  the  4.5U(i,U00  union  workers  by  3.:i,  we 
have  14,850,000  people  that  are  members  of  the  families  of 
union  workers,  or  about  one  person  in  eight  of  our  total  pop- 
ulation, instead  of  the  one  in  four  claimed  by  .Mr.  (iompers. 
His  error  arose  from  his  confusing  the  word  "worker"  with 
the  word  "head  of  a  family.  "  There  are  about  five  persons  to 
a  family,  but  the  average  family  has  about  one  and  a  half 
workers. 

Jlr.  Gompers  tacitly  assumes  that  the  entire  4,.')00,000  union 
workers  will  fight  for  the  "freedom  to  strike."  While  he  may 
be  correct  in  this  assumption,  he  overlooks  the  fad  that  not 
one-third  of  these  union  men  are  engaged  on  public  utilities 
(including  railways)  and  in  coal  mines — the  two  great  classes 
upon  which  the  public  is  vitally  dependent.  Hence  if  congress 
were  lo  prohibit  strikes  only  by  members  of  those  two  classes 
of  workers,  the  prohibition  would  not  directly  affect  the  "free- 
dom" of  more  than  one-third  of  the  4,500,000  union  workers. 
These  1,500.U0(I  union  men  thus  affected  are  members  of  fam- 
ilies totaling  only  .5,1100,000  people.  So,  looked  at  purely  from 
a  vote  getting  point  of  view,  very  few  congressmen  need 
worry  about  continuing  to  hold  their  jobs  if  they  vote  accord- 
ing to  their  convictions  as  to  what  restriction  should  be  placed 
upon    "the  freedom  to  strike." 

The  prehistoric  freedom  to  carry  weapons  has  been  taken 
away  from  all  Americans  not  specially  privileged.  If  society 
can  thus  restrict  one  class  of  freedom,  it  can  restrict  other 
classes.  Unless  we  misinterpret  the  temper  of  the  American 
people,  we  are  about  to  witness  a  disarming  of  certain  strike- 
toting  unions  that  will  be  analogous  to  the  disarming  of  gun- 
toting  individuals  throughout  the  country  shortly  after  the 
civil  war. 


Likes  Engineering   and   Con- 
tracting's  Editorials 

To  the  Editor:  Kor  a  number  of  years  1  have  had  the  pleas- 
ure of  reading  Engineering  and  Contracting,  and  have  been 
particularly  interested  in  the  editorials.  I  have  the  oppor- 
tunity of  reading  a  number  of  engineering  magazines,  and 
with  all  due  respect  to  the  various  periodicals,  I  consider  the 
editorials  in  your  magazine  most  able,  clear  and  effective.  I 
congratulate  you  upon  the  character  of  the  editorials  pre- 
sented. 

SYLVESTER    Q.    CANNON,     . 

Salt   T^ke  City,  Utah.  City  Engineer. 


A  Good  Suggestion 

To  the  Editor:  Among  the  many  technical  uiugazines  that 
come  to  my  desk,  there  are  none  whose  editorials  satisfy  my 
taste  for  logical  thinking  so  well  as  those  of  Engineering 
and  Contracting.  I  thoroughly  appreciate  the  value  of  cor- 
rect definitions  to  start  with.  It  occurs  to  me,  anent  your 
article  on  the  deflnition  of  "engineering"  In  the  Oct.  8  issue, 
that  inasmuch  as  "production"  includes  all  acts  of  "service" 
to  a  "consumer,"  Mr.  Gillette's  definition  might  be  further 
clarified  by  using  the  word  "service"  instead  of  "production," 
making  it  read:  "Engineering  is  the  systematic  application 
of  science  to  the  problems  of  economic  service."  What  think 
you? 

Cleveland,  O.  FRED  SCHULDER. 

[Mr.  Schulder  suggests  an  excellent  change  in  Mr.  Gillette's 
definition,  because  the  word  "service"  is  now  commonly  re- 
garded as  broader  than  the  word  "production." — Editor.] 
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Book   Reviews 


Timber:  Its  Strength,  Seasoning  and  Grading. — By  Harold  S.  Belts, 
M  E.  Foiest  Ser\ice,  U.  S.  Department  of  Agriculture.  New 
York:  McGraw-Hill  Book  Co..  Inc.  London:  Hill  rulilishing 
Co.,  Ltd.     Cloth;    6x9  in.;   pp.  234;  illustrated. 

Reviewed  by  J.  C.   PENN. 

Associate  Professor  of  Civil   Engineering,   Armour  Institute   of 

Technology. 

Bulletiiis,  papers,  circulars  of  the  U.  S.  Department  of  Agri- 
culture, the  Forest  Service  in  connection  with  it,  the  Forest 
Prcducts  Laboratory,  the  ofRce  of  the  Industrial  Investiga- 
tions, the  various  lumbermen's  associations,  all  contain  very 
valuable  data,  but  until  such  data  are  classified  and  boiled 
down  and  presented  between  the  covers  of  one  book,  they  are 
practically  useless  and  merely  occupy  valuable  space  in 
libraries.  Mr.  Beggs  seems  to  have  solved  the  problem  of 
.assimilation  very  thoroughly. 

A  short  chapter  is  devoted  to  the  timber  resources  of  this 
country,  and  v.ith  pleasure  we  read  that,  "long  before  the 
present  enormous  forest  resources  are  eaten  up,  it  is  more 
than  prohable  that  readjusting  economic  conditions  .  .  .  will 
reduce  the  annual  drain  to  an  amount  not  more  than  the 
amount  of  growth." 

Chapter  II  consists  principally  of  a  table  classifying  the 
woods  as  to  weight,  shrinkage  and  strengths,  both  in  actual 
figure?,  and  as  compared  with  Hendricks  county,  Indiana, 
white  oak.  The  methods  oy  which  the  various  strength  fac- 
tors have  been  determined  are  well  explained  and  illustrated. 
The  17  pages  of  Chapter  III  are  devoted  to  effects  of  moisture. 

The  characteristics  effecting  the  strength  of  structural  tim- 
bers, density,  rate  of  growth,  direction  of  grain,  moisture, 
sapwood,  defects,  etc.,  are  taken  up  in  detail.  The  causes  of 
decay  are  well  illustrated.  Grading  and  classification  of  de- 
fects and  working  stresses  are  dealt  with  at  length. 

Strength  tests  of  telephone  posts,  cross  arms,  packing 
boxes,  vehicle  parts,  cultivator  poles,  should  be  of  great  in- 
terest to  the  manufacturer.  Some  36  pages  are  given  over 
to  this. 

Chapter  V  deals  with  the  seasoning  of  timber.  A  chapter 
on  grading  of  lumber  by  manufacturers'  associations  and  a 
chapter  on  the  quantity  of  lumber  produced  and  used  in  the 
United  States  finishes  the  book. 

Structural  Engineers'  Handbook:  Data  for  the  Design  and  Con- 
struction of  Steel  Bridges  and  Buildings. — By  Milo  S.  Ketchinn. 
C  E..  M.  Am.  Soc.  C.  E.,  Dean  of  the  College  of  Engineerinp. 
and  Professor  of  Civil  Engineering,  University  of  Colorado. 
Consulting-  Engineer.  Second  Edition.  New  York:  McGraw- 
Hill  Book  Co..  Inc.    Flexible  cover;  6x9  in.;  pp.  S96. 

Reviewed  by  JOHN  C.  PENN, 

Associate   Professor  of  Civil   Engineering,  Armour   Institute   of 

Technology. 

Ketchiim's  Structural  Handbook  is  almost  a  necessity  for 
the  structural  designer  and  it  is  to  be  regretted  that  the  au- 
thor was  not  able  to  carry  out  the  thorough  revision  which 
he  had  planned.  His  war  duties  as  Assistant  Director  in 
charge  of  construction,  U.  S.  Government  Explosives  Plant  at 
Nitro,  W.  Va.,  prevented  any  other  than  the  ordinary  correc- 
tion of  errors  and  addition  of  data  for  the  new  edition. 

Sixteen  pages  were  added  to  Chapter  I,  illustrating  stand- 
ard details  for  steel  windows  and  doors  giving  data  on 
cement  and  gypsum,  tile  roots  and  methods  of  determining 
sti-esses  in  mill  building  columns  and  in  rigid  frames. 

The  chapter  on  highway  bridges  has  been  rewritten  and  en- 
larged by  an  addition  of  16  pages.  The  bridge  standards  ot 
the  Wisconsin  and  Iowa  State  Highway  Commissions  have 
been  included.  The  addition  of  tests  on  floor-slabs,  a  discus- 
sion of  the  distribution  of  concentrated  loads  on  floor  string- 
ers, tables  and  diagrams  useful  in  design  of  floors  for  various 
motor  truck  loads,  standard  details,  all  help  towards  making 
this  good  mine  of  information  on  steel  designing  a  better  one. 

"The  book  is  a  source  book  and  is  not  a  treatise,  and  is  in- 
tended to  furnish  data  and  detail  that  are  available  only  to  a 
few  engineers,  and  standard  specifications  for  materials  ana 
workmanship  that  are  available  only  in  transactions  of  socie- 
ties and  special  treatises." 

The  actual  scope  of  the  work  is  best  shown  by  the  chapter 
titles,  as  follows: 

Chapter  I.     Steel  Roof  Trusses  and  Mill  Buildings,  68  pages. 

Chapter  II.     Steel  Office  Buildings,  2S  pages. 

Chapter  III.     Steel  Highway  Bridges,  40  pages. 

Chapter  IV.     Steel  Railway  Bridges,  75  pages. 

Chapter  V.     Retaining  W.tIIs,  1!)  pages. 

Chapter  VI.     Bridge  Abutments  and  Piers,  31  pages. 


Chapter  VII.     Timber  Bridges  and  Trestles,  22  pages. 

Chapter  Vlll.     Steel  Bins.  19  pages. 

Chapter  IX.     Steel  Grain  Elevators.  19  pages. 

Chapter  X.     Steel  Head  Frames  and  Coal  Tipples,  24  pages. 

Chapter  XI.     Steel    Standpipes    and    Elevated    Tanks    on 
Towers,  22  pages. 

Chapter  XII.     Structural  Drafting,  34  pages. 

Chapter  XIII.     Estimates  of  Structui-al  Steel,  15  pages. 

Chapter  XIV.     Erection  ot  Structural  Steel,  44  pages. 

Chapter  XV.     Engineering  Materials,  35  pages. 

Chapter  XVt.     Structural  Mechanics,  3S  pages. 

Chapter  XVII.  The  Design  of  Steel  Details,  27  pages,  and 
165  structural  tables,  covering  272  pages. 

Each  chapter  is  followed  by  a  set  of  specifications  suitable 
for  the  structure  under  discussion  and  by  a  list  of  references. 

The  chapter  on  estimates  of  structural  steel  contains  con- 
siderable information  on  costs  of  material,  fabricating,  draft- 
ing, mill  extras,  shop  labor,  shop  costs,  etc.  They  are  of  the 
vear  1914  and  earlier,  however;  in  fact,  the  cost  of  drafting 
is  given  for  1907;  and  in  very  many  cases  no  dates  are  given. 
Under  cost  of  erection,  a  quotation  is  given  without  date  or 
place.  Information  of  this  nature  without  full  details  is,  to 
say  the  least,  very  misleading. 

Applied  Mechanics. — Bv  Charles  E.  Fuller,  S.  B.,  and  William  A. 
Johnston,  S.  B.,  Professors  of  Theoretical  and  Applied  Me- 
chanics. Ma.<jsachusetts  Institute  of  Technology.  Vol.  II, 
Stn^ng-th  of  Materials.  New  York:  John  Wiley  &  Sons,  Inc. 
London:  Chapman  &  Hall,  Ltd.  Cloth:  6x9  in.;  pp.  556;  illus- 
trated. 

Reviewed  by  JOHN  C.  PENN. 

Associate  Professor  of  Civil  Engineering.    Armour   Institute   of 
Technology. 

"As  preparation  the  student  should  have  a  knowledge  of  dif- 
ferential and  integral  calculus,  the  principles  of  statics  and 
dynamics,  and  the  methods  of  determining  the  centers  of 
gravity  and  moments  ot  inertia  of  areas  and  solids."  S9 
states  the  preface,  and  indeed,  this  is  a  test  on  strength  of 
materials  that  contains  nothing  on  center  ot  gravity  and  mo- 
ments of  inertia  as  such,  and  no  mere  smattering  of  calculus 
will  do  to  read  and  understand  this  book.  I  surely  would  like 
to  have  the  opinion  of  an  average  college  student,  no  matter 
if  a  senior,  as  to  the  merits  of  this  text.  He  would  judge  it, 
of  course,  by  the  solid  pages  of  mathematics. 

The  first  chapter  contains  a  thorough  discussion  on  the 
physical  properties  of  materials,  but  it  is  mere  discussion,  the 
actual  properties,  the  results  of  tests  are  not  given.  Stress 
and  strain,  including  the  entire  theory  of  the  ellipse  of  stress, 
follows  in  the  next  chaper.  Chapter  III.  some  20  pages,  is 
devoted  to  uniform  stress  and  uniformly  varying  stress,  and 
contains  axial  tension  and  compression,  thin  hollow  cylinders, 
thin  hollow  spheres  and  riveted  joints.  Friction  in  riveted 
joints,  the  behavior  of  riveted  joints  under  test,  tables  giving 
the  shearing  and  bearing  values  of  rivets  are  not  given.  In 
fact  not  a  single  numercial  value  is  mentioned  under  any 
head  in  this  chapter. 

Stresses  on  beams  occupy  a  rather  long  chapter,  as  they 
should.  No  reference  to  a  "Carnegie  Pocket  Companion"  or 
any  standard  shape  of  steel  section  or  strength  ot  timber  is 
mentioned.  Deflection  and  continuous  beams  and  combined 
loading  follow.  Then  a  chapter  on  the  general  theory  ot 
flexure  is  inserted. 

The  chapter  on  columns  seems  out  ot  its  natural  order,  but 
on  the  whole  is  good.  Shafting,  springs,  curved  bars,  circular 
rings,  hooks  and  links,  occypy  many  pages.  A  chapter  on 
arclies  and  catenaries,  although  short,  is  inserted.  Cylinders 
and  plates,  tubes  and  thick  hollow  cylinders  are  explained  in 
a  manner  that  worries  any  mathematician.  Concrete  has  a 
very  short  space  at  the 'end  of  the  book. 

The  pioblems  at  the  end  of  each  chapter  are  numerous,  and 
as  a  whole  good.  Safe  loads,  allowed  stresses,  etc..  are  enu- 
merated under  each  problem,  without  stating  any  authority: 
nowhere  else  in  the  text  do  they  appear,  and  in  the  problems 
they  are  not  always  the  commonly  allowed  figures. 

The  preface  says  that,  in  a  brief  course  parts  of  Chapters 
II.  Ill,  IV,  V,  VII,  IX,  and  X.  and  the  whole  of  Chapters  VI 
Eind  XI  to  XIV,  inclusive,  may  he  omitted.  With  this  help 
and  with  the  help  of  supplementary  lectures  on  tests  of  mate- 
rials, this  book  might  make  a  good  text  book  on  strength  of 
materials. 

For  the  practicing  engineer  who  wants  figures,  it  promises 
little.  Yet.  as  a  reference  book  in  which  all  phases  ot  a  par- 
ticular problem  in  strength  of  materials  is  analyzed  to  a  last 
detail,  it  should  have  a  real  place  in  an  engineer's  library. 
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Proper  Methods  of  Applying  Roof- 
ing on  a  Gypsum  Roof  Deck 

By   CURTIS   F.   COLUMHIA, 
Industrial  Engineer,  New  York. 

There  are  no  available  statistics  to  determine,  even  as  an 
approximate  figure,  tlic  total  amount  of  roof  area  uonstruct-iri 
of  gypsum  during  the  past  15  years ;  but  it  is  safe  to  say  that 
the  great  number  of  installations  are  tremendously  signifi- 
cant and  conclusively  prove  that  the  leading  engineers  and 
architects  throughout  this  country  are  recognizing  the  pe- 
culiar value  01  gypsum  and  are  realizing  its  particular  adap- 
tability for  the  roof  decks  of  factories,  machine  shops,  power 
plants,  chemical  works,  paper  mills  and  all  other  types  of  in- 
dustrial buildings  as  well  as  certain  types  of  commercial 
buildings. 

This  populai-ity  is  directly  due  to  the  I'act  that  gypsum 
when  moulded  into  the  form  of  slabs  or  tile  is  perhaps  the 
best  known  material  for  fire  protection  as  well  as  possessing 
that  valuable  asset  of  lightness   which   cannot   be   found   in 


makes  it  an  ideal  method  for  re-rooUng  as  the  coti  ■ 
work  can  proceed  without  interference  with  plum  .., 

The  tile  are  placed  in  units  as  shown  in  KIg.  l,  *iiliou; 
mortar.  The  joints  between  the  tile  are  then  grouted  with 
gypsum  grout  consisting  of  1  part  unflbred  cement  gypsum 
plaster  and  .'i  parts  of  clean  sharp  wand.  A«  each  tile  i»  In- 
dividually machine  moulded  the  surface  of  the  roof  1h  prac- 
tically uniformly  smooth  and  there  |8  no  possibllily  of  unevon 
surfaces  tearing  or  cutting  the  roof  covering.  Curbs  under 
monitor  or  sawtooth  sash,  and  end  walls  of  monitors  or  saw- 
teeth are  constructed  of  3-in.  solid  gypsum  tile.  The  Illustra- 
tion shown  in  Fig.  2  shows  the  use  of  "gutter  till"  which  Is 
composed  of  gNpsum  and  wood  chips  and  Is  a  subsiitiite  for 
concrete  fill.  When  the  tile,  end  walls  and  gutter  (111  are  In 
place  the  roof  covering  may  be  applied  Immediately. 

This  roof  covering  may  be  any  one  of  the  various  forms. 
Ijut  when  baked  tile,  slate,  or  Ludowici  tile  are  to  be  applied, 
an  extra  dense  thick  nailing  deck  should  be  speciOed.  Cut 
nails  or  barbed  slater's  nails  are  used  having  at  least  l',4- 
in.  ))enetration  into  the  gypsum  deck.  No  nailing  strips  are 
required   as    in   concrete   roots.     This   is   particularly   advan- 


Fig.    1 — Gypsum    Precast    Tile    Being    Laid    D 

other  roof  deck  materials.  Gypsum  weighs  .50  per  cent  less 
than  concrete,  thereby  making  a  considerable  saving  in  the 
steel  framework  necessary  to  sustain  the  required  loads.  The 
large  units  are  quickly  erected  and  may  be  placed  during 
freezing  weather.  Gypsum  is  not  disintegrated  by  acid  fumes 
which  is  a  decided  factor  when  the  problem  of  a  roof  deck 
presents  itself  for  the  construction  of  gas  work  buildings, 
railway  roundhouses  and  chemical  plants. 

Furthermore,  the  fact  that  gypsum  transmits  so  little  heat 
makes  a  roof  deck  v.hich  is  free  from  condensation  and  the 
annoying  and  costly  "drip"  which  always  accompanies  the 
presence  of  moisture  when  it  is  permitted  to  collect  on  the 
under  side  of  the  roof.  This  moisture  penetrates  the  roof 
deck  and  rots  the  roof  covering  in  a  very  limited  time,  caus- 
ing leaks  and  In  time  total  disintegration.  With  a  gypsum 
roof  deck  this  cannot  occur. 

In  view  of  the  advantages  of  gypsum  and  believing  that 
there  is  sufficient  evidence  that  the  gypsum  roof  has  come  to 
stay  and  will  increase  in  popularity,  the  following  data  have 
been  compiled  with  reference  to  the  materials  and  methods 
of  applying  various  roof  coverings.  First,  however,  it  is 
necessary  to  briefly  outline  the  construction  of  the  finished 
roof  deck. 

There  are  two  generally  accepted  types  of  gypsum  roof 
deck,  "poured  roof"  and  "precast  tile."  Each  has  its  advan- 
tages. The  poured  in  place  roof  is  a  somewhat  unique  con- 
struction in  which  steel  cables  are  suspended  from  truss  to 
truss,  and  are  imbedded  in  a  slab  of  gypsum  which  is  poured 
on  the  job,  the  cables  taking  up  the  full  root  load.  The  pre- 
cast tile  are  manufactured  in  definite  sizes  and  shipped  to 
the  building  site  ready  for  immediate  erection.  The  gypsum 
tile,  however,  is  generally  accepted  as  the  most  economical 
as  well  as  presenting  certain  distinct  advantages.  There  is 
no   form   work   required   in   the   placing    of    the   tile    which 


tectly    on    Purlins.    No   Sub-purlins   Necessary. 

tageous  on  steep  roofs,  as  the  roof  covering  not  only  can 
be  anchored  to  the  gypsum  tile  by  means  of  hot  asphalt 
cement,  but  can  also  be  attached  by  means  of  nails.  This 
is  something  that  has  been  a  great  drawback  to  roofers  when 
applying  the  covering  over  concrete  because  almost  always 
no  provision  is  made  for  nailing  strips  of  wood  on  which  to 
anchor  the  covering  at  various  places  in  order  to  relieve  the 
strain.  With  gypsum  tile,  however,  into  which  nails  can 
be  driven  securely  the  necessity  of  inserting  nailing  strips 
every  20  ft.  is  eliminated. 

There  are  certain  considerations  which  should  Influence 
the  selection  of  the  most  suitable  type  of  roof  covering. 
These  considerations  may  be  classified  according  to  their  im- 
portance 

(a)  Probable  life  which  includes  a  number  of  factors. 
namely,  damage  by  natural  elements,  and  damage  by  peculiar 
conditions,  depending  on  the  processes  of  the  plant,  such  as 
presence  of  alkali  or  acid. 

(b)  Chance  of  leakage.. 

(c)  Resistance  to  fire. 

(dl  Cost,  which  not  only  includes  the  original  outlay,  but 
maintenance. 

The  character  of  the  roof  deck  should  in  every  case  de- 
termine the  character  of  the  weatherproof  covering  to  be 
applied  to  it;  and  vice  versa,  if  the  architectural  require- 
ments of  appearance,  service,  resistance  to  fire  are  consid- 
ered, then  the  roof  deck  must  be  such  that  it  will  satisfac- 
torily receive  and  support  the  selected  covering,  and  such 
that  the  union  of  the  roof  deck,  with  the  roof  covering,  will 
constitute  a  completed  roof  fulfilling  the  requirements  of  life, 
service  and  appearance. 

It  must  be  remembered  that  when  a  built-up  roof  covering 
is  laid  on  a  flat  concrete  roof  slab  the  movement  at  expan- 
sion joints  seems  to  demand  the  use  of  a  membranous  cov- 


(87) 


458 


Engineering  and  Contraeting  far  Oefober  ;/;?,  1919. 


ering  possessing  tensile  strengtli  and  ductility.  No  roof 
covering  possesses  these  two  qualities  to  a  sufficient  degree 
to  eliminate  the  development  of  cracks  causing  leaks.  Their 
ductility  is  affected  by  temperature,  increasing  with  rising 
temperature  until  the  melting  point  is  reached,  and  decreas- 
ing with  falling  temperature,  until  they  become  brittle. 

The  structural  character  of  the  intersections  of  roofs  with 
vertical  surfaces,  such  as  end  walls,  is  often  overlooked  and 


Fig.  2 — Showing  Gutter  Fill   and   End   Walls  of  Gypsum. 

leaks  will  occur  if  there  is  the  slightest  likelihood  of  move- 
ment between  the  horizontal  and  vertical  structure.  The 
most  favorable  condition  exists  when  the  roof  and  vertical 
structure  are  locked  together  or  are  practically  monolithic. 

Slate  should  not  be  used  on  a  pitch  les.i  than  %  and  prefer- 
ably not  less  than  Vs,  and  if  this  latter  pitch  is  used  the  slate 
should  be  laid  in  elastic  cement,  since  water  is  likely  to  be 
blown  up  under  the  slate  in  driving  rain  storms.  The  lap  of 
the  slate  should  be  greater  for  the  lower  pitch.  For  good 
construction,  there  should  in  all  cases  be  a  layer  of  felt  paper 
between  the  slate  and  the  gypsum  deck. 

Hard  burned  clay  or  terra  cotta  roofing  tiles.  Fig.  3,  are 
made  in  many  forms  and  sizes  among  which  are  plain  tile, 
book  tile,  Spanish  tile,  pan  tile  and  Ludowici  tile.  The 
standard  color  of  tile  roofs  is  terra  cotta  red,  but  they  are 
also  made  in  varying  shades  and  glazes. 

Crown,  ridge,  hip  and  valley-tiles  are  semi-cylindrical,  or 
segments  of  cylinders,  used  for  the  purpose  indicated  by  the 
name. 

Tiles  should  be  well  burned  and  be  free  from  fire-checks. 
cracks,  blisters  and   flaws.     The  tiles  should  have  a  glazed 


Fig.  3 — Terra  Cotta  Applied  Directly  to  the  Tile, 
exposed  surface  to  prevent  absorption  of  water  and  conse- 
quent crack.  Plain  roofing  tiles  are  usually  made  %  in.  in 
thickness.  10%  in.  long,  and  6%  in.  wide.  They  weigh  from 
2  to  21,^  lb.  each,  and  expose  one-half  to  the  weather.  Plain 
tiles  are  also  made  with  grooves  and  fillets  on  the  edges,  so 
that  they  are  laid  without  overlapping  very  far.  Interlock- 
ing tiles  weigh  from  S  to  1 2  lb.  per  square  foot.  The  lighter 
weight  tile  are  most  adaptable  to  gypsum  roofs. 


The  most  common  method  of  applying  tile  roofings  is  to 
cover  the  gypsum  roof  deck  with  asphalt  rooting  felt  or 
horizontal  strips  of  wood  1  in.  high  by  2  in.  wide  spaced  to 
suit  the  size  of  the  tile  nailed  to  vertically  laid  battens  nailed 
to  the  roof.  The  tile  are  then  fastened  to  the  horizontal 
strips  vsrith  No.  12  gage  copper  wires  from  pierced  lugs  at 
the  lower  end  of  tilts.  The  tile  have  interlocking  side  joints 
and  the  horizontal  joints  are  laid  in  elastic  roofing  cement 
of  the  same  color  as  the  tiles. 

Tin  or  copper  sheets  may  be  used  on  a  gjpsum  roof  of  any 
slope  if  the  joints  are  properly  soldered  (see  Fig.  4).  It  is 
seldom  used,  however,  except  for  pent  house  roofs  on  apart- 
ment and  hotel  buildings  where  the  area  is  comparatively 
small.  The  layers  of  felt  paper  serving  as  a  cushion  may 
be  eliminated.  The  tin  is  nailed  to  the  roof  deck  with  4d 
slating  nails,  which  have  a  broader  head  than  a  common  nail. 

For  small  buildings  or  on  such  buildings  where  clay  tile 
roofs  are  not  the  most  desirable  or  economical  on  account 
of  features  of  design,  and  where  the  pitch  exceeds  %,  as- 
bestos shingles  make  an  excellent  roofing.  Laid  in  the 
"French"  or  diagonal  method  they  present  a  fine  appearance 
and  being  furnished  in  several  colors  are  suitable  for  use 
on  residences,  mansard  roofs,  etc. 

Asbestos  shingles  are  made  of  asbestos  fibre  and  Portland 
cement  under  pressure  and  are  applied  to  the  gypsum  by 
first  covering  the  deck  with  1-ply  slater's  felt  and  then  nail- 
ing down  the  shingles  with  copper  nails  or  clenchers  like 
ordinary  shingles,  or  in  diagonal  or  "French"  fashion. 

Tar  and  gravel  roofs  (Fig.  5)  and  composition  roofs  (Figs. 
t;     and     7)     are     applied     by     spreading    upon     the     gypsum 


Fig.  4 — Tin  and  Copper  Are  Easily  Applied  to  Gypsum. 

roof  deck  three  or  more  courses  of  tarred  felt  weighing  from 
14  to  1.5  lb.  per  100  sq.  ft.  for  each  course,  which  is  then 
coated  with  an  even  layer  of  hot  straight  run  coal  tar 
pitch,  the  amount  of  which  for  each  lOU  sq.  ft.  should  be 
from  100  to  120  lb.  It  is  seldom  necessary  to  nail  the  felt 
to  the  gypsum  deck  as  the  material  adheres  perfectly.  While 
the  last  coat  of  pitch  is  hot  it  is  covered  with  screened  slag 
or  gravel,  the  amount  used  being  about  300  lb.  per  100  sq.  ft. 
Nailing  may  be  done  where  found  necessary,  but  care  should 
be  taken  that  each  nail  is  covered  by  at  least  two  plies 
of  felt. 

Requirements  for  application  of  felt  and  pitch  on  gypsum 
poured  decks  is  the  same  as  that  for  concrete,  except  that 
the  felt  shall  be  nailed  directly  to  the  gypsum  deck.  The 
gypsum  should  be  thoroughly  dry  when  the  pitch  is  applied. 

Reqiiirements  for  gypsum  precast  slab  are  the  same  as 
the  requirements  of  roof  covering  over  wood  sheathing,  with 
the  exception  that  the  rosin  sized  sheathing  or  unsaturated 
felt  may  be  omitted.  First  two  plies  of  felt  should  be  nailed 
sufficiently  to  hold  them  in  place  and  to  prevent  wrinkling 
or  tearing  of  the  felt.  The  last  ply  of  felt  should  be  nailed 
approximately  (j  in  from  the  upper  end  of  each  sheet,  nails 
should  he  spaced  not  more  than  2  it.  apart,  and  not  to  ex- 
ceed %  in.  in  length  and  shall  be  driven  through  flat  tin  discs 
1  in.  in  diameter. 

In  the  preparation  of  the  surface  of  the  gypsum  deck,  for 
the  application  of  asphalt  roofing,  care  should  be  taken  to 
see  that  all  sharp  angles  are  filled  so  that  the  roofing  ma- 
terial need  not  be  bent  to  a  radius  of  less  than  6  in.    On  steep 
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surfaces  for  flashing  and  anchoring  the  I'ooling  at  tlie  eaves, 
provision  should  be  made  for  anchoring  roofing  sheets  with 
suitable  anchor  strip.  The  surface  must  be  thoroughly  dry 
and  swept  clean  before  the  roofing  is  applied,  and  the  deck 


Fig,  5 — Tar  and    Gravel    Roofing, 
should   first    be   covered    with    a   standard   primer   thoroughly 
brushed  in. 

Care  should  be  taken  in  the  use  of  a  primer  as  certain 
primers  cannot  be  used  with  tar  or  asphalt  with  any  degree 
■of  safety.  Any  good  primer  made  of  straight  asphaltuni  cut 
with  a  good  solvent  such  as  benzole  to  a  liquid  form  so  that 
it  can  be  brushed  on.  is  usually  satisfactory. 

Another  point  which  must  be  considered  is  that  the  gyp- 
sum tile  must  be  entirely  dry  before  the  application  of  the 
primer.  In  many  cases  the  hot  asphalt  applied  would  pene- 
trate the  surface,  and  the  result  would  be — all  of  the  ad- 
vanta,?es  that  are  found  in  a  priming  coat,  and  accomplishetl 
in  one  operation.  In  this  case  the  Joints  of  the  tile  should 
be  waterproofed  with  a  very  small  amount  of  bituminous 
primer.  One  man  with  a  long-handled  brush  could  waterproof 
■the  joints  on  more  than  100  squares  of  roof  in  one  day. 

Asphalt  paint  free  from  coal  tar  is  often  used  as  a  primer, 
and  reduced  to  proper  consistency  with  petroleum  naphtha  so 
as  to  permit  heat  penetration. 

In  other  cates  the  same  primer  is  used  as  for  concrete 
decks,  which  consists  of  a  material  having  an  asphalt  base, 
and  which  is  absolutely  the  best  combination  of  materials 
which  we  know  of  for  this  purpose.  In  this  case  the  primer 
should  have  at  le3St  24  hours  to  dry. 

The  only  purpose  of  priming  is  so  that  there  may  be  an 
actual   bond   between   the  fabric  and   the  gypsum  deck,   said 


to  help  hold  the  roof  covering  In  place  when  ihe  co\>-ring 
does  not  have  sulllclent  welpbt  to  reslnt  weight  ijuctlou  from 
above,  or  with  pressure  from  underneath,  iu  nalllDR  Into 
gypsum  there  is  (iorae  question  as  to  the  resistance  when 
the  strain  is  exerted  perpendicularly  with  the  nail,  Ijut  in 
case  the  strain  Is  exerted  in  any  other  direction  uailnit;  ap- 
parenly  serves  the  same  purpose  as  it  would  be  In  a  wood 
deck. 

In  dealing  with  the  matter  of  the  proper  roof  coverlag  for 
.;ypsum  roof  tile,  it  is  not  only  necessary  to  give  coasidera- 
tion  to  the  roof  deck  proper,  but  the  building  Itself  and  the 
pui  poses  for  which  it  is  intended  should  be  tukcn  Into  ac- 
count. 

Buildings  on  piers  where  boats  are  stored,  especially  boats 
of  any  size,  arc  subjected  to  a  distributing  transverse  or 
sidewise  motion  due  to  shocks  coming  against  the  pier.  This 
tends  TO  break  or  disintegrate  roof  decks  such  as  concrete 
slab:  therefore  it  would  not  be  desirable  to  use  a  concrete 
slab  roof  deck  or  other  similar  material  for  a  building  of  ihU 
kind.  Since  the  buildings  are  ot  lireproof  nature  it  would 
not  be  best  engineering  practice  to  employ  a.  wood  root  deck. 
Therefore  at  this  point  gypsum  is  most  common. 

Thus  gypsum  as  a  deck  construction   is  economical  as   It 


Fig.   7 — Roof   Deck    Before   Applying   Primer. 

does  away  with  many  of  the  dilflculties  found  in  other  types 
of  roof  deck.  Gypsum  tile  may  be  used  for  any  pitch  and 
are  adaptable  for  comparatively  any  type  of  roof  covering. 


Fig 


6-Compositlon    Roofing   Applied  Over  the  Primed   Surface. 


Demolishing  an  Old  Stone  Building  With 
Dynamite 

An  old  214-story  stone  house,  Mendenhall.  Pa.,  was  suc- 
cessfully torn  down  with  dynamite.  The  house  was  con- 
structed in  revolutionary  days  and  was  very  solidly  built. 
The  walls  were  20  in.  thick.  The  window  and  door  casings 
and  floors  were  of  oak  and  the  beams  were  massive  hard- 
wood timbers.  Conforming  with  the  old  style  of  construc- 
tion, the  house  was  built  around  a  large  chimney  connecting 
with  open  fireplaces  in  the  parlor,  dining-room  and  two  of 
the  bed  rooms.  This  chimney  and  the  fireplaces  were  also 
built  of  stone.  The  method  ot  blasting  down  the  structure 
was  as  follows:  With  a  pointed  steel  bar  and  sledge,  holes 
were  put  down  in  the  ground  all  around  the  house  about  1 
ft.  from  the  foundation  walls  and  to  a  depth  of  about  2  ft. 
A  half  cartridge  of  dynamite  was  exploded  in  the  bottom  of 
•ach  hole  to  form  a  cavity  into  which  a  larger  charge  of 
dynamite  could  be  loaded.  Twelve  and  a  half  pounds  of  40 
per  cent  ammonia  dynamite  were  loaded  in  each  of  these 
cavities  and  tightly  tamped  in  with  moist  soil.  There  were 
20  of  these  holes.  They  were  spaced  about  .3  to  4  ft.  apart. 
Twentv-five  pounds  of  dynamite  were  laid  on  the  parlor  floor 
in  the  comer  of  the  building  and.  covered  with  about  50  lb. 
of  moist  earth  and  25  lb.  more  were  laid  on  the  floor  of  the 
fireplace  in  the  dining-room,  also  covered  with  about  50  lb. 
of  moist  earth.  An  electric  blasting  cap  was  inserted  in  each 
charge  The  various  charges  were  then  connected  in  series 
so  that  there  was  a  complete  circuit  of  all  of  the  loads  both 
inside  and  outside  of  the  building.  As  stone  has  a  tendency 
to  flv  a  long  distance  through  the  air  when  propelled  by 
heavy  charges  of  dynamite.  750  ft.  of  leading  wire  were  used 
to  connect  the  charges  with  the  blasting  machine  which  was 
operated  bv  a  blaster  from  the  shelter  of  an  old  spring  house. 
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Safety  Measures  for  Preventing 

Accidents  in  Steel 

Erection 

steel  erection  presents,  in  general,  the  same  problems  re- 
garding safety  encountered  in  other  field  construction  worli. 
Like  other  outside  construction  worlv,  it  is  done  under  more 
difficult  conditions  than  shop  work  tor  the  reason  that  the 
conditions  are  varied  and  constantly  changing,  while  in  the 
shop  many  conditions  affecting  accidents  are  fixed.  The 
weather  plays  a  much  more  important  part  in  the  field  than 
in  the  shop.  The  force  of  worlimen  is  much  less  stable  in 
the  field  than  in  the  shop.  With  the  field  force  constantly 
changing,  it  is  much  more  difficult  to  educate  the  men  to 
safety  and  to  avoid  getting  men  who  are  actually  unsafe  on 
the  work.  There  are,  however,  certain  differences  between 
steel  erection  and  general  construction.  In  steel  erection 
the  leads  are  ger.erally  much  heavier  and  are  handled  under 
more  varying  conditions  at  a  greater  distance  from  the 
ground.  There  is  an  element  of  risk  in  every  lift.  While  the 
derrick  may  have  been  tested  throughout  and  proven  safe, 
an  accident  may  be  caused  by  a  bridgeman  making  one  care- 
less hitch  on  a  load  of  beams.  In  a  paper  presented  Oct.  1 
^before  the  Construction  Section  of  the  Sth  Annual  Safety 
Congress  of  the  National  Safety  Council,  Col.  E.  A.  Gibbs, 
General  Manager  McClintic-Marshall  Co.,  described  the 
measures  taken  by  his  company  for  the  prevention  of  acci- 
dents in  steel  erection.     His  paper  practically  in  full  follows: 

The  appliances  for  erecting  steelwork  have  developed  and 
increased  greatly  during  the  past  20  years,  and  erection  is 
relatively  much  more  safe.  Nevertheless,  many  new  diffi- 
culties have  arisen.  The  average  weight  of  pieces  to  be 
hnndled  has  greatly  increased  while  certain  limiting  features 
have  remained  unchanged,  such  as  track  clearances  and 
gage.  A  girder  may  increase  in  weight,  but  the  derrick  car 
that  handles  it  must  run  on.  and  be  supported  by,  the  same 
track  as  previously.  This  increased  weight  has  had  one 
benefit.  Heavy  members  cannot  be  juggled  and  handled  in 
any  manner  that  the  foreman  desires.  The  equipment  can 
be  designed  tc  handle  these  in  only  a  few  ways,  and  the 
foreman  must  be  governed  accordingly.  Therefore,  the  work 
is  likely  done  as  the  design  of  the  equipment  contemplates 
and   with   corresponding   safely. 

Causes  of  Accidents — Real  accidents  are  those  which 
occ-.ir  through  no  neglect  on  the  part  of  the  workmen  or  the 
employer,  which  we  might  reasonably  expect  to  be  foreseen 
and  prevented.  Preventable  accidents  are  those  which  could 
have  been  avoided,  had  either  the  men  or  others  in  author- 
ity over  them  exercised  the  proper  amount  of  vigilance.  It 
is  conceded  that  well  over  half  of  all  accidents  are  pre- 
ventable and  the  proportion  is  probably  higher. 
Preventable  accidents  may  be  divided  into  three  classes: 

1.  Accidents  due  to  workmen  themselves:  by  reason  of 
being  physically  incapacitated,  ignorant,  inexperienced,  in- 
temperate, careless  or  reckless,  acting  the  fool,  or  actual 
disobedience. 

2.  Accidents  due  to  foremen:  improper  selection  of  men 
placed  in  charge  of  work  or  doing  the  work.  Inadequate 
instruction  to  workmen.  Putting  men  or  allowing  them  to 
go  into  dangerous  places  unnecessarily.  Lack  of  vigilance 
and  orderliness  on  the  work.  Failure  to  investigate  ques- 
tions of  safety  made  by  workmen. 

S.  Accidents  due  to  superiors:  by  reason  of  improper  se- 
lection of  foremen,  safeguards,  equipment  for  doing  the  work 
and  instructions  regarding  its  use. 

It  is  believed  that  the  greatest  difficulty  is  with  the  men 
themselves.  Construction  companies  have  recognized  the 
necessity  of  having  proper  equipment,  and  that  phase  of  the 
situation  is  in  relatively  good  shape. 

The  foremen,  while  stil!  skeptical  as  to  the  value  of  cer- 
tain expedients  for  safety,  can  be  educated  more  easily  as 
they  form  a  small  class,  and  as  their  tenure  of  employment 
depends  upon  thp  results  they  produce,  it  isn't  hard  to  im- 
press them  with  the  effect  of  accidents  on  their  work.  It 
isn't  so  easy  to  get  them  to  enforce  safety  methods.  The 
conditions  on  a  job  are  changing  rapidly  and  the  foreman  is 
crowded  to  make  time.  He  cannot  do  everything  and  nat- 
urally devotes  his  time  to  things  that  speed  the  work  and 
affect  the  direct  cost.    Only  constant  pressure  on  the   ques- 


tion of  safety,  -md  using  every  accident  to  point  out  the  neg- 
lect of  foremen  or  men  will  bring  results. 

Instructions  and  Cautions  for  Bridgemen. — The  workmen 
are  by  nature  and  training  a  daring  class  of  men  and  in- 
stinctively feel  that  their  courage  and  skill  are  questioned 
v/hen  they  are  asked  to  comply  with  many  of  the  expedients 
for  safety.  However,  they  can  and  must  be  educated  to  take 
pioper  precautions  to  protect  themselves  and  their  fellow- 
workmen.  Bulletins,  notices  and  placards  of  various  kinds 
containing  written  and  illustrated  cautions  and  effects  of 
neglect  are  very  good.  Our  company  in  1910  issued  a  book 
to  its  foremen  containing  instructions  and  cautions  for  the 
prevention  of  accidents.  We  also  started  at  that  time  to 
post  a  bulletin  with  certain  of  the  most  common  faults  of 
vorknien  and  how  to  avoid  them.  A  small  copy  of  this  bul- 
letin is  handed  to  each  bridgeman  whom  we  employ.  It  con- 
tains several  short  paragraphs  as  follows: 

Don't  be  Reckless. — More  accidents  occur  through  reckless- 
ness than  any  other  cause.  Don't  walk  on  rods.  Don't  ride 
9  load.    Don't  ride  on  a  locomotive  crane. 

Don't  be  Careless. — Look  where  you  step,  and  be  sure  that 
oti  what  you  step  is  nafe  and  secure.  Don't  step  on  ends  of 
loose  plank.  Don't  start  to  slide  down  a  line  unless  you 
are  sure  the  ends  are  fastened. 

Be  Orderly. — Do  whatever  you  do  in  an  orderly,  careful 
manner.  Pile  material  so  that  it  cannot  roll,  fall,  tumble,  or 
be  blown  over.  Don't  let  tools  or  equipment  such  as  bolts, 
nuts,  drift  pins,  blocks,  dolly  bars,  etc..  lie  around  so  that 
they  can  be  knocked  off  the  work  or  so  that  anyone  can  fall 
over  them. 

Unfit  Condition. — Don't  go  to  work  if  you  have  been  drink- 
ing or  do  not  feel  well.  If  you  are  lame  or  have  any  defect 
in  hearing  or  eyesight,  you  should  not  work  at  this  busi- 
ness, as  by  so  doing  you  endanger  your  own  and  fellow  work- 
men's lives.  If  you  are  inexperienced  in  or  unsuited  for  the 
work  to  be  done,  don't  undertake  it. 

Be  Viligant,  Watch  What  You  Are  Doing. — Don't  stand  or 
work  under  a  load.  Don't  go  in  the  bight  of  a  line  nor  stand 
in  front  of  a  snatch  block.  Don't  work  on  or  about  a  crane 
runway  when  the  crane  is  in  use  unless  there  is  a  step 
between  you  and  the  crane. 

Don't  Use  Unfit  Tools. — Be  sure  the  tools  and  equipment 
you  use  are  in  good  working  order.  If  they  are  not,  don't 
use  them. 

Don't  work  with  men  \\  lio  don't  observe  these  rules. 
Proper  Erection  Equipment  First  Requirement  for  Safety. 
— The  first  requirement  for  safety  in  erection  is  to  have  the 
proper  equipment.  Foremen  and  workmen  cannot  be  ex- 
pected to  take  the  necessary  precaution  if  they  are  not  pro- 
vided with  proper  equipment  in  first-class  condition.  And 
it  is  not  enough  to  provide  first-class  equipment.  It  must 
be  kept  in  good  condition  by  constant  attention  on  the  job 
and  by  overhauling  at  the  completion  of  the  job  if  necessary. 
Some  of  the  principles  observed  by  our  company  regard- 
ing equipment  are: 

Use  no  wooden  travelers  or  derricks,  except  very  light 
derricks  and  jinnywinks. 

All  castings  in  erection  equipment  under  heavy  stress  to 
be  made  of  steel.  We  make  all  of  our  sheaves  for  cable 
blocks,  except  small  blocks  for  %-in.  cable,  of  steel.  All 
castings  when  bending  strains  are  encountered  are  made 
of  vanadium  steel.  Vanadium  insures  a  more  uniform  cast- 
ing and  tend?  to  eliminate  blow  holes. 

Forgings  of  importance,  such  as   the  headblock  of  a  der- 
rick car,  are  made  of  nickel  steel. 
Use  the  very  best  nianila  lines. 

Use  cable  slings,  instead  of  chains.     Very  important. 
Automatic  brakes  in  addition  to  mechanical  brakes  on  all 
electric  hoists. 

In  the  erection  of  ordinary  work  the  equipment  provided, 
if  it  is  of  the  best  quality,  is  amply  strong  tor  the  purpose. 
It  simply  requires  proper  handling  and  reasonable  care. 

For  the  heavier  classes  of  work,  heavy  and  frequently 
special  equipment  must  be  used.  This  equipment  requires 
good  designing  and  the  best  materials.  Good  designing  im- 
plies a  thorough  knowledge  of  how  the  equipment  is  to  be 
used,  and  the  provision  for  all  reasonable  uses  to  which  it 
may  be  put.  It  is  the  duty  of  the  foreman,  after  being  prop- 
erly instructed,  to  see  that  the  equipment  is  put  to  no  use 
for  which  it  was  not  intended  unless  actually  necessary, 
and   then   only, after  proper  investigation   by  an   engineer. 
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Erection  equipment  should  be  so  dasigned  as  to  make  all  isosceles  trianKlo.  and  experienc-  proved  that  the  latter  wa» 

stresses  as   determinate   as   possible.     Even   then   the   many  the  more  advantageous  and  adaptable  form. 

positions  in  which  a  load  can  and  will  be  handled  will  pro-  (10)   Pipe  makes  a  good  needle  bennihiit  it   is  difficult   to 

duce    more    varied    strains     and     conditions     than     occur    in  ascertain  its  condition.     IC  used,  it  should  have  uome  meanfi 

bridges  or  other  permanently  fixed  structures.     Be  sure  that  to  prevent  the  rope  slipping  off  the  end.     We  uve  a  shaclcla 

all  stresses  and  combinations  of  stresses  are  fully  cared  for.  at  each  end. 

Then  not  only  make  the  main  members  strong  enough,  but  (11)   We  hav^  rounded  the  edges  of  scaffold  plank  at  the 

pay  especial  attention  to  details.     Most  failures  in  erection  ends  and  hound  them  with  hoop  iron.     It  keeps  them  from 

equipment  are   primarily   due   to   poor  details.     IJooms   with  splitting  and  seems  to  prevent  the  men  from  using  them  for 

light  lacing  or  lacing  improperly  detailed  are  common.    Poor  other  purposes. 

detailing   often    produces   very    great   bending   stresses    that  (VI)  Never  use  less  than  1  In.  line  for  swinging  scaffold, 

are  ignored.  (13)  Be  very  careful  about  leaving  material  and  tools  ly- 

Erection  equipment  siiould  be  most  carefully  inspected  dur-  '-n.?  about  on  a  scaffold, 
ing  its  manufacture  and  test  reports  required  for  steel  cast-  (14)  On   high   bridge   work,   scaffolds   should    bo   provided 
ings,  all  alloy  metals  and  steel  cables.     The  assembhng  and  with  a  railing.    This  is  a  requirement  by  law  In  some  states. 
erection  of  a  traveler  or  heavy  derrick  should  be  carefully  (i")  Piling   of   material    must    be   carefully    watched,    par- 
done  to  insure  that  no  stresses  are  introduced  by  improper  ticulaiiy  with  heavy  work.    Skids  should  be  amply  heavy  and 
alignment.     This   is   extremely  important.     Booms   and   trav-  level,  and   the  piles  not   topheavy.     Poor   piling   of   material 
eler  hoists  should  be  tested  with  gradually  increasing  loads  i'"  responsible  tor  a  large  number  of  accidents. 
before  using  them  to  full  capacity.     While  in  use  they  should  (16)   When  it  is  necessary   tor  men  to   work  above  other 
be  inspected  frequently  to  see  that  no  weaknesses  have  de-  men,  put  up  a  danger  sign  calling  attontion  to  the  fact  that 
veloped   through  wear  or  other  means,   and  that   the  equip-  men   are  working  overhead. 
ment  is  working  as  designed.  (17)  Keeping  small  tools  properly  dressed  will  avoid  many 

Instructions  should  be  issued  as  to  just  how  equipment  on  accidents, 

heavy   work   is  to  be  used  and  nothing   left  to   chance.     A  <1^'  Wearing  of  goggles  while  chipping  is  a  necessary  pre- 

movement  of  a  very  short  distance  in  the  setting  of  a  trav-  caution,  but  one  the  men   dislike   to   follow, 

eler,  or  in  the   radius   of  a   heavy  boom,   mav   be   perfectly  ^'^^^  I"   "^'^   ^^^  °'  <'a'''e   slings,   inspect   them   frequently 

safe  as  far  as  the  equipment  itself  is  concerned,  but  may  en-  ^"f*  ^^^^p  them  properly  oiled,  and  in  handling  heavy  loads 

danger  the  falsework  or  the  permanent  structure.  ^^^  the  sharp  corners  to  prevent  cutting  the  cable. 

,.           „    .  ,            ,              ^                    J  (20)  If  a  boom   or  other  derrick   section   is   bent  or  dam- 
In    the    erection    of    falsework,    great    care    and    an    ac-  „„   ,         ,  ,,         ,     .  ...        i  •     .u     n  .j    ■            ■"^■"-  "■ 

,          ,   ^         ^          ,.,.                                      ,               ^„  ,  aged,  and  then  straightened  in  the  fie  d.  do  not  use  it  for  the 

curate  knowledge  of  conditions  are  necessary^  In  case  mud-  „,,,;„,„„,  ,„,d  „„j„  ,^  ^^^  ^^^^  ,.            ,  ^..^^^  „^^. 

sills  are  used,  examme  the  soil  carefully  and  provide  suffl.  ^,1)   Do  not  put  too  much  lashing  in  the  hook  of  a  gate 

cient  mudsills  to  support  the  load  with  ample  safety.  ^^     j^  ^^,.„  ^^^^^  ^^^  ^^^^  ^^  ^p^^  ^_p  ^^^  ^^^^ 

The   matter   of   bracing   the    falsework    bents    themselves.  (22)   Keep  bystanders  away  from  the  work. 
their   connection   by    bracing   and    struts,   and   the    fastening 
of  the  end  bents  to  the  piers  or  abutments  so  as  to  prevent 

any  longitudinal  mo\pment  of  falsework,  are  all  points  where  Wage    Scalc   fot    Building    Trades    of 

too  much  care  cannot  be  exercised.  _                  &          '         ' 

Twenty-two  Safety  Hints  for  Steel   Erection. — Following  are  Manitoba 

some  cautions  that  it  followed  will  prevent  many  of  the  acci-  The  wage  scales  for  construction  labor  in  the  Province  of 

dents  in  steel  erection:  Manitoba,  as  recommended  by  the  Fair  Wage  Board  and  ap- 

(1)  Select  the  proper  man  for  the  particular  task  in  hand.  proved  by  the  Provincial  Minister  of  Public  Works,  follow: 

(2)  Do  not  order  men  to  work  in  unnecessarily  dangerous  Kate  Hours 
places,  and  be  on  the  alert  to  see  that  they  do  not  run  un-  l^per  ver^ 
necessary  risks  of  their  own  volition.  Common  l.nborer  jo.l.i          51 

,                            i     1   •                 (!„  Builders'  latiorers  (beinsr  those  directly  engaged  as- 

(3)  Do  not  allow  the  men  to  work  on  corrugated  iron  roots  sistins   tr.ade.smen.  not  otherwise  clai'.sined) S5            51 

or  steel  when  there  is  a  coating  of  ice  thereon.  Teampters  (employed  directly  from  or  on  the  bulld- 

(4)  Walking   on    rods,   riding   loads   or   locomotive   cranes,  BrkSilayers".".'.!;!'.!'.!'.'.'.;!;'.'.'.!;'.!'.'.'.!!;;!'.;!;!;;;'.!      l!oo           44 

sliding   down   lines   without  inspecting   the    fastening,   stand-  ^{""blT^se'tters ''95           44 

ing  i"   the  bight   nf  a  line,   or  in   front   of  a  gate  block,  are  Mosaic  and  tile'setters" .'.'.'.'.'.'.'.'.'.'.".".!! !!!'.!!'.'.!'.!'.!'.        .77%        44 

all  unnecessary  risks  and  should  not  be  permitted.  Terrazo^workers—                                                               _^          ^^ 

(5)  Do  not  permit  men  to  work  about  crane  runways  with-  (j,.  Helpers '.■.'.'.'.'.'.'.'.'.'.'.'.'.'.■.■.'.'.■.■.■.■.■.'.!!'.'.'.'.'.'.'.'.!'.'.'.  '.65  54 
out  placing  an  effective  stop  ijetween  the  men  and  the  travel-  '''(''^Jf  (?,^^,'.^*~  „,,  ^^ 
ing  crane,  and   see   that  the  electric  wires  are  properly  in-  d,)  ^'mTneym&n''.'.'.V^'.'.'.V^V^V.\!^\V.'.'.'.'.'.'.'.'.'.'.       !8B          44 

^.,icfQ<5  'c)  Planermen   and    lathemen 75            41 

^.Uiaieu.  Pla<!te^e^^                                                                                                             90              44 

(6)  Require  the  rivet  boss  to  carefully  inspect  all  riveting  wood,  vvire' and'metai'lathers!!.';!;!!.';.';.'.'!!;!!;!.'       !75          4i 

iscaffolds.      Improperly    liung    scaffolds     have     caused    many  ^^(al^Where  metal  lath  only  is  used |0           41 

serious    accidents.      Only   the   best   material    should    be    em-  steamfitters' ■.'.■.■.■.■.■.■.■.■.■.■.■.  .'.■.".■.■.'.■.■.■.■.■.'.■.■.■.■.::!!:;!;!:       iso          44 

nlnved— clear  qnruce  is  the  best  OpeTatin.^'  engineers  on  construction— 

pioyeo     ciedi   spruce  is  uie  ucbl.  Engineers  in  charse  of  machines  of  three  or 

(7)  Pipe  used  as  needle  beams  shoula  not  be  spliced.  n,ore  drums  1.00          so 

(^\    All   scaffold   Plank   should   have  loose  bolts   about   6   in.  (b)  Enslneers  in  charts?  of  double  drum  machines       .90           60 

(!>)    All   scanom   pianK    snoiuu    iia.c   1""=^  ,^^   Engineers  in  charge  of  single  drum  machines         .80            50 

from   each   end   to   prevent   it   from   slipping   oft   the   needle  (,„  Firemen     55          r,o 

hoam     TiiH    if   fVio   spaffnld    is    inclined   it   should   have   cleats  Sheet  metal  workers ■,■•,■••, IV^        W 

oeam,   and    it    tne   scanoia    is    inciuieu    it    =      ^      ,  .   .       .      .„j  painters,  decorators,  papcrhangers  and  glaziers lO            44 

nailed  on  the  plank.     All  scaffold  material  should  be  tested  R,acksmiths • 70          44 

for  tw'ce  the  load  it  is  expected  to  carry.     Even  this  care  raectri.al^ workers^Oourn^^^^^^^                                        ..5          44 

will  not  suffice  unless  the  men  are  careful.     This  was  demon-  \s:hesto.«  worker.^— 

strated  in  a  case  where  a  gang  u.^ed  their  scaffold  as  a  brace  j .a)  ^°;'™/-;;;:f  \„,;  - -,  •::;:::::::;:::::::::::::     :?o      A 

for  an  air  buckup.     The  scaffold— amply  strong  for  its  pur-  ^^^  .sccond-eiass  improvers   60           44 

pose— broke  under  this  sudden  additional  load  and  the  men      •■^sphaUe^rs- ^^  _ ^^  ^^ 

fell  into  the  rive"-.  (b)  Men  enraged  preparing,  mixing" and  heating 

(9)   A  scaffold  for  use  in  heavy  bridge  construction,  which      ^  m^aterials  !  l!  i  1 1'.:  i:  i!  i  i ::".::  l!  i! !        rX  U 

gave  entire  satisfaction  and  ^"^^'^''^^^.^f /";™"°\''  ^^^^  '  This  schedule  applies  ta  the  city  of  Winnipeg  and  a  radius 

^vhich   were   about   14   ft.  in  length,   were  swung  from   chan-  per           per 

nels  bolted  directly  to  the  members  of  the  bridge.    Two  type.s  hour.^      week. 

were  employed :   in  one  the  end  frames  were  in  the  forin  of  'pOmm^n  laborers   

u  right  triangle,  in  the  other  they  were  in  the  form  of  an  Teamsters   
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New  Shipways  at  Newport  News 

Departure  from  Ordinary 

Practice 

By   A.   F.    MATTSON,   Designing   Engineer. 

With   Walter    H.    Sawyer,    Consulting'  and    Hydraulic    Engineer, 

Lewiston,  Me. 

There  are  now  under  construction,  and  will  shortly  be  fin- 
ished at  Newport  News,  Va.,  for  the  Newport  News  Ship- 
building &  Dry  Dock  Co.,  two  large  shipways  intended  tor 
building  of  the  largest  ships  now  afloat.  In  several  respects 
these  two  shipways  are  unique  and  represent  a  decided  de- 
parture from  the  usual  practice  in  shipway  construction.  In 
fact,  the  writer  believes  that  these  ways  are  the  only  ones 
of  their  particular  kind  in  the  world. 

The  chief  departure  from  the  ordinary   in   these  shipways 


ture,  no  less  than  20,000  untreated  pine  piles  being  used,  of 
a  length  varying  from  25  to  50  ft. 

On  account  of  this  low  ground  a  shipway  built  above  the 
waterline  would  have  required  a  great  deal  of  filling  or  else 
a  high  structure  supported  on  closely  spaced  columns,  well 
braced  for  sidesway.  The  steel  structure  supporting  the  over- 
head traveling  cranes  required  for  erection  purpose  also 
would  have  to  be  correspondingly  taller  and  heavier  to  take 
care  of  the  additional  weight  and  wind-stresses. 

The  feature  of  the  entire  launchways  being  exposed  to  the 
eye  for  close  inspection  before  the  ship  is  launched  is  a  most 
valuable  matter  as  it  does  away  with  the  necessity  of  rely- 
ing upon  the  examination  by  a  diver  of  the  usual  outboard 
submerged  launchways. 

The  necessary  retaining  walls  were  built  between  the  con- 
crete piers  forming  the  foundations  for  the  structural  steel 
columns.     These  walls  are  hollow  or  cellular,  of  reinforce* 
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Shipways    Nos.   8   and    9,    Newport    News   Shipbui 

is  the  location  of  the  lower  portion  of  the  inclined  plane 
partly  below  the  mean  water  level,  this  portion  to  be  pumped 
out  and  kept  free  of  water  during  the  entire  time  of  con- 
struction ot  the  ship  The  side  walls  are  built  watertight 
and  the  front  end  towards  the  open  river  is  kept  closed  by 
means  of  large  steel  caisson  gates,  similar  to  the  gates  of 
a  drydock.  When  the  ship  is  to  be  launched  the  water  is 
let  into  the  ways,  the  caissons  floated  away  and  the  ship 
launched  in  the  usual  manner,  the  difterence  being  that  a 
portion  of  the  hull,  the  stern  end,  is  already  in  the  water 
before  the  actual  sliding  takes  place.  The  depth  of  water 
in  the  shipways  at  mean  high  tide  of  the  James  River— 
where  the  shipyard  is  located— is  20  ft.  at  the  seat  of  the 
caisson  gates. 

The  general  plan  and  cross  sections  of  the  double  ship- 
ways  give  an  idea  of  their  size.  The  ways  were  started  par- 
ticularly for  the  construction  of  the  largest  vessels  in  the 
Government's  building  program. 

The  advantages  obtained  by  building  the  ways  partly  be- 
low the  water  level  were  several.  Ihe  only  portion  of  the 
shipyard  available  for  the  new  ways  was  at  the  north  end 
of  the  yard,  and  this  whole  area  was  a  mud  flat  entirely 
under  water  at  high  tide.  A  layer  of  mud  or  river  silt  to  a 
thickness  of  6  to  15  ft.  overlaid  the  firm  river  bottom  of  blue 
marl.     It  was  necessary  to  drive  piling  for  the  entire  struc- 


Iding  &  Dry  Dock  Co.,  Newport  News,  Va. 
loncrete,  built  on  timber  piles  and  tilled  with  earth  to  ob- 
tain stability  against  overturning.  Walls  and  piers  were 
built  in  sections  inside  of  cofferdams,  approximately  120  ft. 
long,  of  Lackawanna  steel  sheet  piling,  arch  web  section,  sin- 
gle thickness.  As  each  section  of  cofferdam  was  completed 
—the  piling  being  driven  from  floating  pile  drivers— it  was 
pumped  out,  braced,  excavated  to  sound  marl  bottom,  the 
foundation  piling  driven  and  the  section  concreted.  The 
sheet  piling  was  then  pulled,  to  be  used  over  again  for  next 
section  of  cofferdam.  '  It  was  quite  remarkable  how  water- 
tight the  sheet  piling  proved  under  as  much  as  25  ft.  head 
of  water  and  over,  after  fine  sand  or  fine  coal  dust  had  been 
let  into  the  interlocks  between  adjacent  piles.  The  gap  be- 
tween the  outshore  ends  of  the  side  walls  was  closed  by- 
means  ot  an  earth  filled  cofferdam,  consisting  of  two  rows 
of  steel  sheet  piling,  50  ft.  long,  driven  about  30  ft.  apart  and 
tied  togetherby  heavy  steel  rods  bearing  against  channel-steel 
walings,  and  filled  with  sand  or  earth  deposited  in  the  water. 
This  earth-fill  cofferdam  was  connected  with  the  outshore- 
ends  of  the  two  sidewalls,  whereupon  the  site  was  pumped  out 
and  the  lower  portion  of  the  ways  as  well  as  sill,  gate  seats, 
pumping  plant  and  center  piers  were  constructed  in  the  un- 
watered  area. 

The  plans  were  prepared  right  on  the  job  in  the  field  offlce- 
with   a   small   force  of  draftsmen.     Construction   began   prac- 
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tically  at  the  same  time  as  the  plans  and  the  field  engi- 
neers kept  pretty  well  in  step  with  the  designing  force;  as 
soon  as  a  drawing  was  completed  it  was  needed  in  the  field. 
This  procedure  worked  quite  well  on  the  whole.  Sometimes 
the  actual  conditions  of  the  foundations  would  differ  from 
the  result  given  by  soundings  and  borings  and  the  plans 
would  be  corrected  accordingly. 

On  account  of  the  war,  competent  and  skilled  labor  was 
hard  to  get  and  to  keep  on  the  job.  In  order  not  to  have  too 
many  difficulties,  complicated  details  were  therefore  avoided 
as  much  as  possible.  Wall  sections  were  made  straight  and 
simple,  with  straight  reinforcement,  easy  to  prepare  and 
place  in  position.  Uniform  thickness  of  walls  was  used, 
with  square  corners  and  plain  lines  so  as  to  avoid  intricate 
form  work.  Even  in  spite  of  these  precautions  the  work 
proved  to  be  quite  expensive,  and  it  was  evidenced  that  the 
eflSciency  did  not  at  all  improve  in  the  proportion  that  wages 
went  up.  but  rather  the  opposite  took  place. 

The  shipway  floor  consists  of  reinforced  concrete  caps 
placed  on  untreated  pine  piling  These  caps,  5  ft.  on  cen- 
ters, are  generally  IS  in.  wide  and  15  in.  deep,  but  these  di- 
mensions vary  considerably  according  to  conditions.  At  the 
upper  portion  of  the  shipway  they  are  low  walls  12  in.  thick. 
every  .5  ft.,  while  the  heavy  concentrated  loading  under  the 
launchways.  "the  hard  spots,"  required  very  close  piling  and 
instead  of  caps  a  continuous  concrete  slab  with  a  thickness 
up  to  30  in.  Creosoted  pine  sleepers.  4x4  or  4xfi  in.  are 
fastened  to  or  embedded  in  the  caps,  and  a  3-in.  plank  floor 
spiked  to  these  s!p°r>ers.  over  the  entire  shipway  floor 

There  are  four  trigger  pits,  two  for  each  way.  immediately 
above  the  high  water  elevation,  running  across  the  entire 
width  of  the  wav.  Each  trigger  pit  has  a  3-in.  centrifugal 
pump,  with  bottom  suction,  vertical  shaft  and  electric  motor 
drive,  for  drainage.  ^     r     .     i 

The  caisson  gates  are  being  built  by  the  shipyard  of  steel. 
Hollow,  similar  to  a  ship's  hull,  in  much  the  same  way  as 
caissons  for  drv  docks,  although  they  are  probably  a  good 
deal  longer  than  any  such  in  existence.  They  will  be  ap- 
proximately 130  ft.  long.  2.S  ft.  high.  14  ft.  wide  at  the  deck 
and  4  ft.  wide  at  the  bottom. 

The  pumping  plant  for  operation  of  the  ways  is  located 
centrallv  between  the  two  ways  at  the  outboard  end  ot  same 
and  forms  the  abutment  for  one  end  of  both  caisson  gates. 
It  has  one  20-iTi.  Worthington  single  stage  centrifugal  pump, 
vertical  shaft,  for  emptying  the  ways  and  one  S-in.  pump,  to 
be  used  for  removing  seepage  wafer  and  for  tank  testing  of 
shins  Both  pumps  have  electric  motors  for  driving  power 
with  vertical  shafts,  direct  connected  to  pumps.  For  flood- 
ing the  wavs  there  Is  a  T2-in.  diameter  flooding  duct  with  a 
loo-in  cast  iron  screen,  in  the  pumping  plant  pier,  this  duct 
bianching  off  into  one  .-.4-in.  diameter  duct  for  each  way. 
The  main  duct  is  controlled  by  mean^  ot  a  /2-in.  I-udlov 
sluice   gate,  with  motor  drive.  • 

The  steel  frame  tor  supporting  the  overhead  traveling 
cranes  is  a  very  massive  and  imposing  structure  There  wil 
be  one  75-ton  electric  traveling  crane  with  a  clear  span  of 
132  ft .  dnd  four  15-ton  cranes  of  65-ft.  span,  tor  each  ot  the 
two  ways.  The  clear  width  between  the  steel  columns  tor 
each  shipway  is  132  ft,,  and  the  height  from  top  of  retaining 
walls  to  bottom  of  steel  trusses  is  135  tt.  Each  steel  col 
umn  or  tower  has  tour  legs,  each  having  tour  a"chor  bolts 
of  2%  in.  diameter,  varying  in  length  from  9  to  22  ft  ac- 
cording to  the  net  uplift  acting  on  the  bolts  from  wmdpres. 
sure  There  is  over  7.500  tons  of  steel  in  the  ^"Pf  >-  ■■»«'"':«^ 
The  structural  steel  framing  was  designed  and  built  by  the 
McCIintic-Marshall  Co.  of  Pittsburgh.  ,        .  ^,.    ,-,,:„„ 

The  entire  substructure,  including  concrete  «<,rk.  piling, 
excavation,  cofferdam,  etc..  is  being  buil,  under  -"tract  with 
.lames  Stewart  &  Co..  Inc..  who  also  prepared  al  the  plans 
for  same,  the  writer  being  in  charge  of  the  designing  for  thi. 
company. 


A.  A.  E.  Opposed  to  Plumb  Plan.-The  vote  on  the 
Plan  bv  the  membership  of  the  American  Association 
gineers.  to  which  there  was  referred  recently  a  copj 
lims  Bill  (which  provides  for  '^\^^''f°^°\J'' 
Plan),  with  a  request  that  it  be  read  and  an  opinion 
at  irrespective  of  anything  which  had  previously-^  been 
o  her  publications,  indicnted  that  the  "je-^^^-f/P  "^ 
sociation  is  opposed  to  the  Plumb  Plan  by  a  sentiment 
to  one. 
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The  Overhead  Cost  in  Con- 
tracting' 

By  DAN  CAREY. 

Imagine  the  contractor  seated  in  a  chair  blindfolded,  play- 
ing tho  game  of  Fine  and  Superflne  which  alwayH  ainuHed  ua 
as  children.  Th<?  pretty  girl  behind  his  chair  i«  MIsh  Buslnesii 
Prolit.  When  she  says  "Heavy,  heavy  bangs  over  your  bead," 
if  he  answers  "Overhead."  he  kissed  Miss  BuBlnesB  Proflt,  but 
it  he  docs  not  guess  right  his  sentence  is  the  bankruptcy 
court. 

What  Overhead  Consists  of.— 1  have  asked  a  great  muDy 
men  what  they  consider  overhead  to  be.  Most  of  them  have 
answered  that  it  is  the  cost  of  doing  business.  I  think  It  is 
much  more  far-reaching  than  that  I  think  overhead  consists 
of  three  things: 

First.     The  cost  of  trying  to  get  business 
Second.     The  cost  o£  doing  business. 
Third.     The  cost  ot  business  you  regret  you  are  doing. 
Having  bought  a  business  license  from  the  city,  which  per 
mils  him  to  start  his  overhead  account,  the  contractor  pur 
chases  a  set  of  books,  rents  an  office,  puts  a  carpet  on  the 
floor,  buys  his  desks,  chairs,  drawing  board  and  hatrack.  pur- 
chases a  box  of  cigars  which  he  keeps  in  his  desk  for  visitors. 
buys  a  typewriter  and  an  adding  machine,  hires  a  bookeeper 
and  a  stenographer,  buys  paper,  pens.  Ink.  pencils  and  sta- 
tionery, puts  an  advertisement  in  all  the  papers,  sends  out  a 
lot  of  announcements  to  architects  and  owners  at  the  cost  of 
numerous  stamps,  begins  telephoning  both  local  and  long-dis- 
tance, begins  buying  spoons  for  new  babies,  wedding  presents 
for  prospective  customers,  drinks  and  cigars  wherever  they 
ftill  be  of  benefit,  Christmas  presents  for  many,  buys  some  tech- 
nical books  for  his  office  library,  subscribes  to  various  maga- 
zines, gives  a  dinner  to  some  leading  architect,  another  to 
some  prospective  owners,  joins  the  Builders'  Exchange,  joins 
the  Chamber  ot  Commerce,  joins  the  Associated  General  Con- 
tractors ot  America,  joins  the  Master  Builders'  Association. 
sometimes  joins  the  church,   but   sometimes  carries   his   re- 
ligion in  his  wife's  name.     It  is  all  overhead,  with  the  exce^- 
tion  of  his  permanent  investments,  and  on  them  he  has  the 
interest  on  his  money  and  the  depreciation  charge. 

X  want  to  deal  with  that  question  of  bookkeeping  and  ste- 
nographer just  a  little,  because  some  men  appear  to  believe 
they  do  not  have  this  overhead  because  they  do  not  pay  out 
money  for  such  service.  Remember  this  vital  point,  overhead 
exists  even  though  you  do  not  pay  out  money  for  it  1  know 
a  man  (he  is  not  a  general  contractor,  by  the  way(  who  bm^ 
hi«  wife  keep  his  books,  his  daughter  does  his  stenographic 
work  his--  son  is  his  office  boy  and  collector.  He  thinks  he 
is  paying  them  bv  allowing  them  to  bear  his  name.  I  presume, 
because  he  does  not  pay  them  salaries.  Recently  I  had  a  talk 
with  him  about  the  miserably  cheap  bids  he  is  submitting, 
and  he  gave  me  with  evidence  of  glee  the  facts  I  have  given 
you  as  to  why  his  overhead  is  less  than  that  of  his  competi 
tors  I  contend  that  even  if  a  man  is  his  own  bookkeeper 
writes  his  own  letters  and  collects  his  own  bills  he  is  entitled 
to  pay  himself  whatever  amount  he  will  have  to  pay  to  havr 
these  services  performed  when  he  breaks  do«-n  from  over 
work,  gets  sick  or  dies. 

The  same  thing  applies  to  his  own  drawing  accounL  I 
know  a  plumber  -R-ho  allows  himself  $15  per  week  as  a  drawint- 
.-ccount  and  he  admits  he  could  not  hire  a  manager  for  his  bus. 
ncss  for  less  than  S75a  week.  This  plumber  is  not  allowing  a  fair 
charge  tor  this  feature  ot  his  overhead.  I  have  heard  a  great 
deal  ot  discussion  about  a  proper  drawing  account  In  business. 
Seme  men  contend  a  man  is  entitled  to  draw  what  he  thinks 
he  is  worth  to  his  business;  that  Is  dangerous.  Others  say 
the  proprietor  should  draw  what  someone  else  would  pay 
him;  that's  problematical.  The  real  test  is  the  cost  of  em- 
ploying someone  to  conduct  the  business  for  him  That  fig- 
ure can  be  ascertained  almost  exactly. 

Now  should  a  man  pay  himself  a  salary  for  operating  his 
own  business?  He  need  not  take  the  actual  money  if  he  does 
not  want  to,  and  can  leave  it  In  his  bank  account,  but  unless 
he  figures  the  amount  in  his  overhead  he  is  doing  his  business 
an  injustice  If  he  is  conducting  a  real  business  he  is  so  op- 
eratingU  that  it  will  continue  uninterrupted  when  he  is  taken 
~i?7o-  n  rnper  pre.spntori  before  the  Sfaster  Builders'  A-ssociatlon 
oi    .St.  Touis. 
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ill,  or  gets  an  automobile  accident,  or  falls  off  a  scaffolding  a  pamphlet  on  this  subject,  In  which  the  statement  was  made 

or  dies.     And  unless  he  has  a  business  which  will  continue  as  that   failure  to  understand   what  overhead   consisted   of  and 

a  business  for  his  wife  and  family  after  he  is  dead,  or  while  failure  to  include  it  in  charges  to  customers  was  the  chief 

he  is  disabled  he  is  operating  a  day  labor  establishment  and  cause  for  the  business  death  rate  in  the  United  States.     Why 

not  a  place  of  business.  fool  yourself?     Construct  buildings  at  a  profit  of  one-quarter 

Some  Other  Features  of  Overhead.— 1  have  mentioned  the  of  one  per  cent  it  you  want  to,  but  don't  try  to  convince  your- 

business  license.     There  are  also  the  taxes,  municipal,  state,  self  when  you  do  that  you  are  making  10  per  cent.     A  man 

county  and  national,  and  all  of  vou  know  the  item  is  consid-  ought  to  be  honest  with  God  and  his  fellow  man  for  the  sake 

erable.     You  have  items  of  insurance  which  cannot  be  charged  of  his  soul.     A  man  ought  to  be  honest  with  his  wife  because 

to  the  job.     There  are  pictures  of  the   work  you   do.  and  I  it  is  right  to  be  honest  with  her.     A  man  ought  to  be  honest 

think  that  some  of  you  would  find  this  a  very  profitable  fea-  with  himself  because  he  is  a  man,  and  because  he  cannot  be  a 

ture  of  overhead  in  securing  business  from  future  customers.  man  unless  he  is  honest  with  himself.     Therefore,  be  honest 

Don't  forget  legal  expenses,  which  includes  the  advice  from  with   yourself.     Dcn't   cheat   yourself   out   of   your   overhead, 

your  attorneys,  special  contracts  he  has  to  draw  for  you  and  Play  the  game  square  with  yourself  at  least. 

the  charges  he  makes  for  settling  suits  against  you  and  your  How  to  Figure  Overhead  and  Proper  Selling  Price  of  a  Job. 

suits   against   others.     Then    comes    the    rental   you    pay   on  — I  am  going  to  take  it  for  granted  that  you  do  not  know  how 

equipment  which  you  do  not  feel  like  buying.     Figure  out  the  to  figure  the  overhead  into  your  business  and  I  am  going  to 

interest  on  your  entire   investment  and   add   that   into  your  take  it  for  granted  that  you  do  not  know   what  the  selling 

overhead,  because  if  you  did  not  have  your  money  invested  in  price  of  a  job  ought  to  be.     In  order  to  discuss  the  last  point 

equipment  you  would   have  it  drawing  money  in  a  savings  it  is  necessary  to  lead  through  the  first.     If  you  do  a  business 

bank,   and    anyway   the    bank    charged   you    interest    on   the  of  $100,000  a  year,  and  after  keeping  books  for  12  months  on 

money  when  you  borrowed  it.  what  I  have  enumerated  above,  you  find  that  your  overhead 

Then  there  is  vour  lost  time.     That  is  quite  an  amount  of  is  $10,000,  then  it  is  perfectly  evident  that  you  are  doing  busi- 

you  will  look  into  it  properly.     Your  men  finish  work  on  a  ness  at  a  cost  of  10  per  cent.     In  other  words,  by  dividing  the 

job  at  one  end  of  town.     You  transfer  them  to  an  entirely  dif-  Sioss  amount  of  your  overhead  charges  for  any  given  period 

ferent   section.     Three   hours   is   lost.     That's   overhead.     Or  you  ascertain  the  per  cent  you  are  paying  to  operate  your 

you  find  it  necessary  to  keep  your  men  on  the  payroll  a  couple  business. 

of  days  because  you  want  to  hold  your  force  for  a  new  job.  We  now  arrive  at  the  final  stage:  What  is  the  proper  sell- 
Thafs  overhead.  Or  it  is  necessary  to  send  some  men  out  to  i"g  Price  of  a  job.  The  selling  price,  by  which  I  mean  your 
adjust  some  doors  or  windows  that  damp  weather  swelled  up  estimate,  what  you  will  construct  the  building  tor,  is  made  up 
after  you  finished  the  job  and  received  your  pay.  That's  over-  of  your  raw  cost,  plus  your  overhead,  plus  your  profit.  If  a 
head.  I  know  a  contractor  who  repaired  a  crack  in  a  brick  contractor  says  he  has  done  $100,000  worth  of  business,  and 
wall  on  account  of  poor  foundation  work,  and  he  repaired  it,  has  made  10  per  cent  on  it,  the  natural  inference  is  that  he 
even  though  he  had  not  done  the  foundation  work,  because  he  has  made  $10,000  and  is  ready  to  put  it  in  the  bank  or  invest 
was  getting  credit  for  the  building  and  the  discredit  for  the  't-  When  you  tell  your  customers  that  you  make  10  per  cent 
crack.  That  was  overhead.  on  their  jobs  they  believe  you,  but  I  don't,  and  neither  does 
Don't  forget  our  beloved  citizen  who  finds  that  your  work  your  banker.  We  know  better.  You  are  simply  getting  the 
was  not  what  he  expected  it  would  be,  or  who  finds  flaws  with  reputation  of  earning  10  per  cent  without  getting  the  money, 
your  work  and  who  insists  that  from  $50  to  $500  be  knocked  You  all  know  and  admit  that  there  are  3  ft.  in  a  yard  and 
off  the  cost  of  the  building.  Every  time  he  swindles  you  out  12  in.  in  a  foot.  You  can  adopt  some  private  system  of 
of  a  dollar  he  has  added  a  dollar  to  your  overhead.  Then  measurement  if  you  want  to,  something  that  will  he  known 
there  is  the  widow  of  your  life-long  friend  who  builds  a  home  only  to  yourself,  but  whenever  you  sell  a  man  a  50-ft.  lot  he 
with  his  insurance  money,  and  who  gives  you  the  contract.  is  going  to  expect  you  to  deliver  12  in.  in  every  foot  of  it. 
After  you  have  made  your  estimate  she  has  two  bathrooms  That  is  standard.  It  is  fixed.  So  also  it  is  with  every  other 
instead  of  none,  two  sleeping  porches  instead  of  one,  substi-  measure  in  the  world.  Now,  the  same  parties  who  declared 
tutes  hardwood  floors  for  the  original  pine,  changes  her  hard-  that  there  should  be  12  in.  in  a  foot  also  announced  that  in 
ware,  builds  a  pergola,  paves  it  with  tile,  and  then  calls  your  every  completed  thing  in  the  world  there  should  be  100  per 
attention  to  your  letter  in  which  you  told  her  what  you  would  cent  of  something.  It  makes  no  difference  whether  it  is  a 
build  her  home  for  and  refuses  to  pay  more.  You  can't  sue  common  brick,  a  picture,  a  continent,  an  arithmetical  figure 
tlie  widow  of  your  dear  friend.  The  dear  lady  has  simply  or  a  building  that  has  been  constructed,  it  consists  of  100  per 
added  to  your  overhead.  cent  of  something,  and  by  the  same  token  the  price  you  re- 
Please  remember  your  trucks  and  your  automobiles  and  in-  ceive  for  constructing  that  building  consists  of  100  per  cent, 
elude  the  cost  of  them  in  your  business.  I  mean  even  your  The  price  the  owner  pays  should  consist  of  raw  cost,  over- 
private  automobile  which  you  use  all  week  in  your  business  head  and  profit.  If  you  leave  out  your  profit  the  100  per  cent 
and  for  joy-riding  on  Sunday.  Last  Friday  I  had  a  talk  with  consists  of  raw  cost  and  you  are  building  without  a  profit, 
a  roofer  who  told  me  he  was  doing  business  at  a  cost  of  It  you  leave  off  both  your  profit  and  your  overhead,  or  if  you 
eight  per  cent.  When  I  laughed  at  him  he  agreed  to  discuss  do  not  put  in  enough  to  take  care  of  your  overhead,  you  are 
the  matter.     Of  course,  I  at  once  ascertained  that  his  over-  erecting  the  building  at  a  loss. 

head  was   much  more  than   he  estimated,  but  among  other  Lgj'g  ta]jg  ^n  example.     Say  the  raw  cost  (by  which  I  mean 

things  I  found  that  the  automobile  which  he  uses  to  secure  labor  and  material)  is  $83,000.     Say  your  cost  of  doing  busi- 

business  was  purchased  personally  by  one  of  the  stockholders  j,ess  is  5  per  cent.     Say  you  want  to  make  10  per  cent  on  the 

in  the  business,  and  that  the  stockholder  paid  the  entire  cost  j^^,      your  estimate  to  the  architect  or  owner  should  be  $100,- 

of  operating  and  repairing  the  auto.     It  was  rather  a  curious  qqO.     We  arrive  at  this  figure  by  adding  your  10  per  cent,  and 

arrangement.  I  thought,  but  I  accepted  the  statement  of  course.  yo„,.  5  pg^  (.gj,^  together,  making  15  per  cent.     This  15  per 

I  told  him  if  he  was  using  an  automobile  in  his  business  the  gp^t  jg   subtracted   from   100   per   cent.     Why?     Because  100 

cost  was  there,  no  matter  who  paid.     He  admitted  that,  but  pp,.  gg^t  is  what  the  estimate  will  contain.     Fifteen  from  100 

said  it  was  a  contribution  and  therefore  he  did  not  carry  it  jg  §5      j^g^f_  divide  your  raw  cost  by  85.     The  result  obtained 

in  overhead.     Finally,  I  put  it  to  him  this  way,  and  he  saw  jg  jioo,000,  which  is  your  proper  figure.     You  have  then  al- 

the  point:     I  said,  "Now,  listen  to  me  a  minute.     This  man  is  ^q-^^.^  5  pgr  cent  for  overhead,  which  is  $5,000,  and  10  per 

contributing  an  automobile  to  your  business,  but  you  are  not  gg^j  jgj.  p^oflt^  .^y^jg^  jg  $io,000,  and  the  job  figures  up  this 

Including  It  in  overhead,  is  that  correct?"     He  said  it  was.  ^j/zy: 

"Then,"  I  said,  "if  you  are  not  including  it  in  overhead,  you  Raw  cost  ■■■%  85.000 

are  deducting  it  from  the  price  of  your  roofs,  isn't  that  true?"  overhead  in'ooo 

He   admitted   it   was.     "Then."   I   concluded,   "don't   you   see  Profit  ■ — 

that  this  man  isn't  contributing  an  automobile  to  your  busi-  Total   $lon.ono 

ness    at    all,    but    is    simply,    as    a    result    of   your    business  Now,  instead  of  figuring  the  way  I  have  done,  let's  figure 

methods,  contributing  to  the  cost  of  laying  roofs  for  owners.  the  way  I  know   some   contractors   do  figure.     Say  the  raw 

something  which  he  doesn't  intend  to  do  at  all,  and  a  thing  cost  is  $85,000,  and  say  that  overhead  is  5  per  cent.     The  gen- 

which  the  owners  not  only  do  not  know  about,  but  would  not  eral  contractor  wants  to  make  a  10  per  cent  profit.     He  adds 

appreciate  if  they  did."  10  per  cent  of  $85,000.  which  is  $8,500  to  $85,000  and  arrives 

The  Federal  Trade  Commission  about  two  years  ago  issued  at  $93,500.     He  shoots  this  in  as  his  estimate  and  gets  the 
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job.  His  ovRrhead  is  5  per  cent,  which  is  $4.67r,,  and  when 
we  subtract  his  overhead  from  $93,oOU.  which  was  all  he  got, 
we  arrive  at  $S8,S2.5,  which  is  only  $3,82.5  more  than  his  raw- 
cost;  3'et  he  believes  he  is,  making  10  per  cent  and  gets  the 
credit  or  discredit  of  making  10  per  cent,  when  as  a  matter 
of  fact,  he  makes  only  a  fraction  more  than  4  per  cent.  He 
fools  himself  and  deceives  his  customers  to  his  own  detri- 
ment. 

The  only  thing  I  shall  say  in  conclusion  is  that  the  promi- 
nent man  in  any  community,  the  respected  man,  the  nnin 
whose  advice  is  sought  and  whose  judgment  is  looked  up  to 
is  the  successful  man,  the  man  v.-bo  has  made  money  out  of 
his  business,  who  has  figured  his  overhead  and  his  profit  into 
every  job  that  he  has  done,  who  has  thought  so  much  of  his 
own  ability  that  he  has  demanded  pay  for  his  services  in  full, 
who  has  laughed  in  the  faces  of  the  men  who  wanted  him  to 
work  for  nothing,  and  who  at  the  end  of  his  career  has  laid 
aside  sufhcient  money  to  support  him  in  his  old  age.  The 
man  with  last  year's  hat,  the  shiny  coat,  and  the  frayed 
breeches  may  have  the  nobler  heart  and  the  better  character, 
but  his  business  judgment  is  not  respected. 


Under  Water  Method  of  Driving  Piles 

Pile  driving  through  70  ft.  of  water  was  one  of  the  inter- 
esting features  in  the  construction  of  the  new  Bear  River 
bridge  in  Canada.  This  bridge  is  located  on  the  Yarmouth 
N.  S.  subdivision  of  the  Dominion  Atlantic  Ry.  and  was  com- 
pleted in  June,  ISl-l.  The  underwater  method  of  driving  piles 
was  employed  for  two  of  the  piers.  At  these  points  borings 
showed  a  considerable  depth  of  mud,  so  it  was  decided  to 
excavate  about  15  ft.  and  drive  piles.  After  the  exca\ation 
was  complete  there  v  as  a  depth  of  about  35  ft.  of  water  at 
low  tide.  The  method  followed  in  putting  down  the  piles 
was  described  as  follows  by  Mr., A.  T.  MacDonald  in  a  paper 
presented  at  the  recent  convention  of  the  Engineering  In- 
stitute of  Canada. 

The  guide  pile  and  hammer  were  handled  by  a  stiff  leg 
derrick  opei-ated  by  a  25-HP.  Sdrum  hoist.  The  guide  con- 
structed of  four  3V2-in.  stetl  angles  latticed  together,  was 
22-in.  square  inside  measurements,  and  all  rivets  were  sunk 
on  the  inside.  It  was  made  in  15-ft.  sections  capable  of  be- 
ing bolted  together  to  give  the  required  length.  Lugs  riveted 
to  the  top  section  rested  on  crossed  timbers  on  the  coffer- 
dam and  the  guide  hung  there  from,  just  clear  of  the  bottom 
of  the  excavation  and  over  the  spot  where  the  pile  was  to 
be  driven.  The  pile  was  then  inserted  in  the  guide  and  al- 
lowed to  drop  to  the  bottom.  With  heavy  piles  as  much  as 
10  ft.  penetration  was  olitained  in  some  cases  right  at  the 
start.  The  hammer  weighing  about  5,000  lb.,  was  built  to 
give  a  clearance  of  about  i/i  in.  all  around  inside  the  .guide 
and  terminated  h\  a  truncated  pyramid.  The  hammer  was 
lowered  into  the  guide  after  the  pile,  and  driving  commenced, 
a  fall  of  from  12  to  15  ft.  being  given.  The  fall  was  thus 
lin.ited  as  it  was  found  that  the  pile  heads  broomed  badly. 
The  nilec  used  were  exceptionally  good,  but  many  of  them 
failed  to  stand  up  under  this  treatment.  The  maximum  pene- 
tration obtained  was  46  ft.  while  test  piles,  driven  from  the 
same  location  from  a  scow  with  a  2,400-lb.  hammer  and  a 
dcUy  gave  a  penetration  of  C5  ft.  However,  the  big  advan- 
tage of  being  able  to  drive  under  water  was  that  the  work 
could  go  on  at  all  stages  of  the  tide  and  this  meant  at  high 
water  the   driving  was   being  done  through   70   ft.   of  water. 


Loss  from  Rusting  of  Steel. — It  is  now  quite  universally  ad- 
mitted that  the  rusting  of  iron  and  steel  is  one  of  the  serious 
industrial  problems,  states  the  Valve  World.  If  we  assume 
an  average  life  of  steel  to  be  33  years,  the  depreciation 
charge  of  3  per  cent  represents,  according  to  the  United 
States  Bureau  of  Mines,  a  yearly  loss  of  1,000,000  tons  of 
product  in  this  country  for  the  crude  or  semi-finished  mate- 
rial alone,  exclusive  of  correlated  manufacturing  costs.  The 
inevitable  rusting  of  steel  may  be  justly  claimed  to  be  the 
mainstay  of  the  zinc  industry,  as  (50  per  cent  of  the  metallic 
zinc  used  in  the  states  is  for  galvanizing  iron  and  steel  ar- 
ticles, representing  an  annual  outlay  of  $20,000,000  in  an  en- 
deavor to  protect  melals  from  decay.  Enormous  amounts  of 
paint  are  used  in  a  like  endeavor.  About  5.000.000  tons  of 
coal  are  needed  in  the  production  of  steel  to  replace  the  an- 
nual waste,  and  l.OOO.oOd  uiore  for  replacing  the  zinc  :hat  is 
arnualiy  lost. 


Cost  Plus  Contract  With  Min- 
imum Fee  Guarantee 

A  cost  plus  form  ol  contract  containum  u  .in.Mully  woik.-.i 
out  plan  for  adjustment  of  the  contractors  f.-es  has  been  pre- 
pared by  Gannett,  Seelye  &  Fleming,  Engineers,  HarriBburg 
la.  The  essential  features  of  the  plan  arc  the  submUslon 
of  an  estmiated  cost,  based  on  the  unit  quantities  furnished. 
together  with  the  percentage  fee  asked  by  each  contractor 
who  bids  on  the  work;  preparation  of  a  corrected  estimated 
cost  at  the  completion  of  the  job;  a  deduction  from  ihe  con- 
tractor's fee  in  case  the  actual  cost  exceeds  the  corrected 
estimated  cost,  or  the  payment  of  a  bonus.  If  the  fortaer  cost 
IS  less  than  the  latter.  However,  the  contractor  Is  guaran- 
teed a  minimum  fee  in  any  case. 

This  contract  form  was  developed  for  use  on  the  construc- 
tion of  a  reservoir  and  dam.  and  Is  the  result  of  considerable 
experience  with  cost-plus  work  on  the  part  of  the  engineers. 
As  the  job  is  not  yet  completed,  II  is  too  early  to  state  Just 
how  satisfactory  this  contract  will  prove  to  be  from  the  stand- 
points of  the  engineer,  owner  and  contractor,  but  it  gives 
promise  of  working  out  well. 

The  following  paragraphs,  which  are  taken  from  the  con- 
tract, furnish  in  detail  the  agreement  as  to  the  contractor's 
fee: 

Tn  oa.se  the  amount  of  work  actually  done  in  any  of  the  claKiies 
for  which  unit  prices  are  Riven  above  i.<!  jcreater  or  less  than  that 
given  in  the  list  of  quantities,  a  corrected  estimated  cost  shall  be 
computed  usinjr  the  contractor's  estimated  unit  prices  and  actual 
quantities,  to  which  shall  be  added  the  actual  cost  of  all  extra 
work  authorized  by  the  engineer  and  not  Included  above.  This 
sum  shall  constitute  the  corrected  estimated  cost  upon  which  the 
fee  of  the  contractor  shall  be  based. 

As  full  compensation  for  the  service  of  the  contractor  Including 
profit  and  all  general  overhead  expense,  exceTJt  as  herein  specified. 
the  water  company  shall  pay  to  the  contractor  in  addition  to  the 
actual  cost  of  Ihe  work  as  defined  above,  a  sum   of  money  equal 

to  per  cent  of  the  corrected  estimated  cost. 

It  is  specifically  provided  and  agreed  that  in  case  the  actual  cost 
of  the  work  exceeds  the  corrected  estimated  co.Rt.  the  contractor 
shall  be  penalized  by  deductions  from  his  final  payment,  as  follows: 
A  pcn.-ilty  of  25  per  cent  of  the  excess  cost  up  to  an  excess  of 
510,000,  and  a  penalty  of  50  per  cent  of  all  exces.s  above  $10,000;  but 
in  no  case  shall  the  contractor  receive  a  net  fee  of  less  than  3  per 
cent  of  the  corrected  estimated  cost,  after  penalties  for  excess  cost 
and  for  time  in  excess  of  time  agreed  upon  for  completing  the  work. 
only,  have  been  deducted  from  his  total  fee. 

It  is  also  specifically  provided  and  agreed  that  In  case  the  actual 
cost  is  less  than  the  corrected  estimated  cost,  the  contractor  shall 
receive  a  bonus  in  addition  to  his  final  payments  a.s  follows: 

A  bonus  of  25  per  cent  of  the  saving  up  to  a  saving  of  J10,000. 
and  a  bonus  of  50  per  cent  of  all  savings  above  $10,000. 

Commenting  on  the  contract,  a  weekly  news  letter  of  the 
.Associated  General  Contractors  of  America  says: 

"In  view  of  the  control  over  the  execution  of  the  work  that 
is  given  the  engineer  in  such  a  contract  as  this,  and  the  pos- 
sibility, in  consequence,  of  his  arbitrarily  delaying  the  work 
or  forcing  a  m.ore  costly  procedure,  should  this  type  of  con- 
tract be  widely  adopted,  it  would  seem  that  a  minimum  fee 
of  three  per  t;ent  is  too  low  for  general  use.  The  proper 
value  for  the  guaranteed  fee,  as  well  as  the  basis  for  figuring 
the  penalty  or  bonus  would  necessarily  depend  upon  condi- 
tions on  the  project  under  consideration." 

The  attitude  of  Gannett,  Seelye  &  Fleming  toward  cost- 
plus  work  and  toward  this  particular  type  of  contract  is  ex- 
plained in  the  following  quotation  from  their  letter: 

Our  reason  for  developing  this  form  of  contract  and  using  It 
under  these  conditions  was  largely  the  result  of  having  successfully 
used  similar  contracts,  although  not  so  carefully  worked  out,  on 
other  work. 

We  have  felt  that  the  employment  of  a  contractor  should  be 
more  or  less  on  a  professional  ba-sis.  and  the  client  should  be  free 
to  Select  contractors  for  other  reasons  than  cost.  We  are  not 
perfectly  sure  a.s  yet  that  contractors  use  as  much  energy  In  keep- 
ing down  their  costs  under  this  fonfi  of  contract  as  under  the 
ordinary  unit  price  contract,  and  are  a  little  afraid  that  con- 
tractors as  well  as  their  clients  must  accustom  themselves  to  this 
kind  of  contract  if  beneficial  results  are  to  be  assured. 

In  the  present  state  of  affairs,  if  the  contractors  have  several 
unit  price  contracts,  and  also  one  or  two  cost  plus  contracts.  It 
would  Pe  my  guess  that  the  former  would  receive  most  attention. 
Were  all  work  on  the  cost-plus  basis  this  difficulty  would  probably 
be  eliminated.  We  can  tell  you  better  what  we  think  of  this  form 
of  contract  when  the  dam  which  we  are  now  working  on  is  fln- 
'.^heri  and  the  cost  and  the  success  of  the  undertaking-  are  deter- 
mined. 
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Load  Concentrations  on  Steel 

Floor-Joists  of  Wood 

Floor  Highway 

Bridges 

While  wood  planking  floors  on  l-beain  and  channel  joist,- 
arc  no  longer  employed  on  main  highway  bridges  if  their  usu 
can  be  avoided,  yet  on  secondary  roads  and  on  bridges  now 
in  service  and  especially  on  those  of  such  design  that  the 
trusses  will  not  carry  the  additional  load  of  a  concrete  floor, 


Fig.    1 — Types   of    Floor   Systems    Studied. 

wood  plank  floors  still  have  their  place.  It  is  true  economy 
to  keep  the  latter  structures  in  service  as  long  as  the  trusses 
remain  in  good  condition,  and  as  long  as  the  floors  can  be 
maintained  to  carry  the  tractor  and  motor  truck  traffic.  Un- 
der the  direction  of  Mr.  T,  R.  Agg,  and  Mr.  C.  S,  Nichols  of 
the  Iowa  State  College  of  Agriculture  investigations  have 
been  made  to  determine  the  manner  in  which  heavy  wheel 
loads,  such  as  those  of  traction  engines,  are  distributed  to  the 
various  I-beams  and  channels  in  a  highway  bridge  floor  sys- 
tem consisting  of  I-beams  and  channel  joists  and  wood  plank- 
ing. The  results  of  this  investigation  are  given  in  Bulletin 
53,  issued  recently  by  the  Iowa  State  College  of  Agriculture 
and  Mechanic  Arts.  The  matter  following  is  taken  from  the 
bulletin: 

Scope  of  Investigation. — The  investigation  was  confined  to 
the  following: 

1.  The  determination  of  the  percentage  of  a  wheel  load 
carried  by  each  I-beam  and  channel  joist  of  a  highway  bridge 


Fig.   2 — Side   View   of    Loading    Apparatus    in    Place. 

carrying  a  wood  floor,  for  various  positions  of  a  certain  pair 
of  tractor  wheels. 

2.  The  determination  of  the  effect  of  using  two  layers  of 
floor  planks,  the  upper  one  being  laid  (a)  lengthwise  of  the 
floor,  (b)  on  a  diagonal. 


3.  Tlifc  detcrniination  of  the  effect  upon  di3tribi;tion  o*  load 
ot  loosening  the  planKs  from  the  nailing  pieces. 

4.  The  delermination  of  the  effect  of  the  wheel  lugs  upon 
the  distribution  of  the  load. 

iviethod  of  Conducting  the  Investigation. — Two  low  con- 
crete abutments  were  built  of  such  dimensions  that  they 
would  accommodate  a  floor  system  identical  with  that  era- 
ploye'l  by  the  Iowa  Highway  Commission  for  an  18-ft.  span 
with  16-ft.  roadway.  Metal  bearing  plates  were  used  on  the 
abutments  so  as  to  give  a  clearly  defined  span  length  of  1- 
iieam.  Modifications  of  the  standard  design  were  also  em- 
ployed to  secure  data  relative  to  load  distribution  on  light  I- 
beams.  Figure  1  shows  the  various  types  of  floor  systems 
studied. 

The  load  was  applied  to  the  axle  of  a  pair  of  tractor  wheels 
by  means  of  hydraulic  jacks  and  the  loads  given  in  the  vari- 
ous diagrams  include  the  weight  of  wheel  and  half  the  weight 
of  the  axle.  The  general  arrangement  of  the  load  apparatus 
is  shown  in  Figs.  2  and  3.  Repeated  trials  with  this  appa- 
ratus showed  that  loads  could  be  repeated  with  exactness, 
but  it  is  possible  for  the  loads  given  in  the  diagrams  to  be 
in  error  by  5.0  per  cent  and  the  percentages  of  concentrations 
may  be  in  error  by  5.0  per  cent,  although  the  average  error 
is  probably  les-;  than  2.0  per  cent.  The  wheels  were  placed  in 
a  .symmetrical  position  on  the  floor  at  the  mid-span,  and  one, 
two  and  three  feet  off  the  center  line  of  the  bridge  at  mid- 
span,  a  total  of  four  positions  for  each  floor  system  studied. 
These  various  positions  are  indicated  by  the  letters  A,  B,  C. 
and  D  in  the  diagrams. 

Diagrams  for  the  floor  consisting  of  6  I-beams.  9  in.  by  21  in. 
and  2  channels  ;)  in.  by  13.25  in.  only  are  shown.     Similar  re- 
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Fig.  3 — End   View   of    Loading    Apparatus   in   Place. 


suits  were  obtained  and  are  illustrated  for  the  other  floors 
tested. 

The  lower  flanges  of  the  I-beams  and  channels  were  drilled 
for  a  15-in.  Berry  strain  gauge,  the  gauge  lengths  being  sym- 
metrically laid  off  from  the  middle  of  the  span  and  being  con- 
tinuous. Before  the  I-beams  were  placed  in  the  bridge,  they 
were  loaded  by  means  of  a  standard  beam  testing  machine 
L'nd  the  strain  corresponding  to  various  concentrated  loads 
measured  with  the  strain. 

In  the  floor  tests  the  wheels  were  raised  from  the  floor  and 
zero  readings  were  taken  on  all  of  the  gauge  lengths  on  the 
I-beams  and  channels.  The  wheels  were  then  placed  in  the 
desired  position  and  the  pressure  applied  by  means  of  the 
jacks.  This  load  was  maintained  while  the  strain  was  read 
on  all  gauge  lengths.  A  second  load  considerably  heavier 
than  would  ordinarily  result  from  any  vehicle  now  using  high- 
way bridges  was  then  applied  and  the  gauge  readings  again 
recorded.  Each  final  value  of  strain  for  a  given  load  is  an 
average  of  at  least  three  separate  determinations  in  which 
the  individual  determinations  checked  within  .0002   in. 

Calculations. — It  was  expected  to  plat  the    moment  diagram 


Joist. 
Channel  A 
I-beam    B 
I-beatn 
I-beam 
I-beam 
I-beam 
t-beam 
Channel 


C. 
D.. 
E.. 
P.. 
G.. 
H. 


tabijE  I— oalx::ul..\ted  concentration  cf  loads  on  flock  joists. 

.Vverage    reading-   of   strain    ?aufe. 

No.   foad.  Load    29.400. 

—26  -25 

10  30 

-36  14 

-  25  4 

—12  22 

—79  -  29 

-11  10 

-  24  19 


Calc 

ulated 

load 

PeTCPntase  of 

Diffe'°nce. 

on 

joist. 

lb.«. 

one 

wheel  load 

1 

7^ 

.50 

?0 

•?  ^W^ 

19.40 

."^O 

7,100 

50.34 

?9 

4,000 

27.20 

34 

4,(!00 

31.30 

50 

6,975 

47.44 

21 

3.1.00 

21  10 

5 

400 

2.72 

Total   calculated   load . 
Actual  load.   29.S0n   lb 


P.afio   <-.il['iilate(l    load    tn   actual    load.    0.9-56. 


29,400 


200.00 
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for  each  I-beam  and  for  each  load,  .'alculated  from  the  elonga- 
tion of  outer  fiber  which  had  been  measured  by  the  strain 
gauge,  and  from  these  diagrams  compute  the  load.  Upon 
platting  the  moment  diagrams,  it  was  found  that  the  load 
acted  very  nearly  as  a  concentrated  load  at  the  middle  of  the 
I-beam,  and  that  to  so  consider  it  gave  results  sutliciently 
near  correct  for  the  purpose  of  the  investigation.  Table  I 
shows  the  calculation  of  concentration  of  load  on  each  I-beam, 
and  it  will  be  noted  that  the  sum  of  the  calculated  loads  on 
all  of  the  floor  joists  is  23.400  lb.,  while  the  actual  load  is 
29,S00  lb.,  the  error  being  1.4  per  cent.  As  a  rule  the  error 
was  slightly  greater  than  this,  although  in  no  case  was  it 
greater  than  5.0  per  cent. 

The  diagrams  in  Figs.  4  and  5  are  drawn  to  show  the  con- 
centration of  load  on  each  joist  in  the  floor  system  in  per- 
centage of  one  wheel  load.  They  illustrate  the  variation  in 
concentration  for  the  several  positions  of  the  wheels.  The 
lines  are  drawn  to  connect  points  of  calculated  concentration 
and  do  not  indicated  the  rale  of  change  between  points. 
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Fig.  4 — Floor  System,  Consisting  of  Sex  9-in.  21-lb.  I  Beams  and 
Two  9-in.  13;/4-lb.  Channels. 
Floor  of  commercial  3  by  12-in.  fir  laid  transversely  with  end.s 
fastened  to  nailing  pieces  on  tho  channels.  Solid  line  connects 
points  showing  concentration  for  load  of  14,900  lb.  at  each  wheel 
and  dotted  line  connects  points  showing  concentration  for  load  ol" 
18.900  lb.  at  each  wheel.     Positions  A  and  B  in  this  figtire. 

It  is  not  shown  by  the  experimental  data  what  effect  diam- 
eter and  width  of  wheel  will  have  on  the  concentration,  but  it 
seems  probable  from  a  study  of  the  diagrams  of  concentration 
and  from  the  observations  of  the  progress  of  the  experimental 
work  that  the  results  given  herein  will  closely  approximate 
those  with  any  other  diameter  and  width  of  wheel  likely  to 
be  employed  tor  motor  trucks  or  traction  engines  weighing 
in  excess  of  four  tons. 

Conclusions. — The  conclusions  as  given  in  the  bulletin  are 
as  follows: 

A  concentration  on  a  single  floor  joist,  equal  to  55.0  per 
cent  of  one  wheel  load  is  possible  where  a  single  thickness  of 
wood  floor  is  laid  on  the  steel  floor  joists. 

The    concentration    on    the    joists    immediately    under  the 
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Fig.  5 — See  Note  for  Fig.  4,   Positions  C  and   D,  in  This  Figure. 

wheels  is  generally  increased  slightly  if  the  ends  of  the  plank 
are  loosened,  but  the  additional  concentration  is  small. 

The  concentration  on  the  joints  immediately  under  the 
wheels  is  slightly  reduced  by  a  second  layer  of  floor  planks 
laid  lengthwise  of  the  bridge  floor. 

The  concentration  on  the  outer  I-beam  or  channel  in- 
creases rapidly  as  the  load  approaches  the  side  of  the  bridge. 
The  outer  joist  should  have  a  section  modulus  as  great  as 
that  as  of  any  other  joist  in  the  floor  system. 

The  concentration  on  light  I-beams  used  for  joists  and 
placed  at  the  intervals  as  shown  in  Fig.  1  is  much  less  than 
on  the  heavier  I-beam  joists  with  wider  spacing,  so  they  may 
be  safely  employed  it  enough  are  used  to  insure  wheel  bear- 
ing on  two  joists. 


Advantages  of  the  Cost  Plus 
Form  of  Contract' 

It  was  sugKOSteU  to  me  that  1  addn-KS  my  ri-marK»  lo  liie 
general  subject  of  the  method  of  contract  under  which  con- 
struction operations  can  be  most  effectoully  and  equitably 
carried  out.  It  is  with  a  certain  amount  of  diilldence  thai  I 
undertake  such  a  discourse,  for  the  Buoject  U  so  vast  and 
there  are  so  raany  matters  that  bear  upon  methoda  and  form* 
of  contracts  for  construction  work,  that  m  an  addresH  of  this 
nature  a  speaker  can  at  best  speak  only  In  very  gentral 
terms. 

I  can  say  truthfully  that  I  am  quite  familiar  with  the  *ork 
ing  of  one  particular  form  of  contract;  that  l8,  the  form  of 
contract  under  which  the  construction  work  for  the  army 
has  been  carried  oh  during  the  period  of  the  war  and  iinder 
the  provisions  of  which  construction  work  was  unJerUikn 
and  is  being  brought  to  a  close,  aggregating  In  cost  in  the 
neighliorhood   of  $1,000,000,000. 

The  contract  which  finally  was  adopted  for  the  building  of 
the  camps  and  cantonments  is  known  as  the  emergency  form 
of  contract.  In  popular  language,  it  is  called  a  cost-plus  con- 
tract, but  strictly  speaking  it  is  not  exactly  that,  but  a  modl- 
tieci  form  of  the  c-ost-plus  idea.  The  natural  auvantages  of 
this  form  of  contract  are  well  recognized,  and  this  method 
of  contract  for  the  performance  of  construction  work  has 
been  for  a  number  of  years  steadily  growing  in  favor.  It  is 
equally  flexible  for  large  and  small  projects,  and  adjusts  It- 
self automatically  to  variations  in  plan  and  to  additions  to 
or  curtailments  from  the  original  estimates.  It  is  equally 
valuable  in  stable  or  unstable  market  conditions.  Under  It 
work  can  be  started  as  soon  as  the  organization  is  on  the 
ground,  and  the  planning  of  the  work  can  go  hand  in  hand 
with  the  actual  construction.  The  disadvantages  are  that 
it  requires  vigilance  on  the  part  of  the  owner,  a  painstaking 
check  up!m  all  construction  costs,  and  that  it  encourages  ex- 
travagance on  the  part  of  the  contractor  and  offers  tempta* 
tions  for  increased  cost,  accompanied  by  Increased  compensa- 
tion to  him. 

iVIodlfied  Form  in  Cost  Plus  Contract  Used  by  Government. 
— In  the  contract  adopted,  the  cost-plus  principle  governed, 
but  there  are  a  number  of  variations  from  the  usual  cost- 
plus  contract.  There  may  be  cost  plus  a  fixed  percentage; 
cost  plus  a  flat  amount;  cost  plus  a  sliding  scale  of  percent- 
ages, the  percentage  decreasing  as  the  cost  increases:  or 
cost  plus  such  a  sliding  scale  with  an  upset  price  fixed,  be- 
yond which  the  contractor  can  receive  no  compensation,  no 
matter  what  the  cost  of  the  job.  The  last  named  of  these 
forms  was  the  one  adopted  by  the  construction  division  with 
the  advice  of  the  committee  on  emergency  construction.  In 
the  original  contract  for  the  cantonments,  if  the  cost  of  the 
work  was  under  $100,000  the  contractor's  fee  was  10  per 
cent;  if  over  $100,000  and  under  $125,000,  9  per  cent;  If  over 
$125,000  and  under  $250,000,  8  per  cent;  if  over  $250,000  and 
under  $266,06fi,  $20,000;  and  so  on  down,  until  it  was  pro- 
vided that  if  the  cost  of  the  work  was  over  $3,500,000  the 
contractor  should  get  a  fee  of  6  per  cent.  A  special  pro- 
vision was  inserted  into  the  contract  that  the  total  fee  to 
the  contractor  should,  in  no  event,  exceed  the  sum  of  $250,- 
000.  These  figures  were  inserted,  as  I  say.  In  the  original 
contracts  for  the  construction  of  the  national  army  canton- 
ments where  the  cost  was  estimated  to  run  about  $6,000,000 
each.  Eased  upon  such  figures,  the  contractors'  fees  would 
have  been  about  4  per  cent  of  the  total  cost  of  each  project. 
Actually,  due  to  alterations,  enlargements  and  changes  In 
plans,  the  cost  ran  in  every  case  considerably  in  excess  of 
what  had  been  anticipated.  The  $250,000  fee,  however,  re- 
mained. It  will  be  observed  that,  based  upon  a  foundation 
of  percentages,  the  contractor  passed,  comparatively  early 
in  the  building  program,-  the  point  where  all  of  his  fee  had 
accrued.  In  other  words,  after  tliis  point  had  been  passed, 
his  fee  was  not  increased  by  a  single  penny.  Consequently, 
it  wa<?  to  his  advantage,  -both  for  his  reputation  and  to  cut 
down  his  own  overhead,  to  finish  up  the  job  as  speedily  and 
economically  as  possible. 

This  principle  has  been  followed  with  all  the  emergency 
construction  work  done   by  the  construction   division.     The 

^•Abstract  of  an  address  by  BriK-.-Gen.  R.  C.  Starahall.  Jr.,  Chief 
of  Construction  Division,  f.  S.  Armv.  Washington.  D.  C,  presented 
beforo  the  Boston  Societv  of  Civil  Engineers,  and  the  discussion. 
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upset  fee,  of  course,  has  varied  in  size  as  the  jobs  varied  in 
size,  but  in  all  jobs  ot  magnitude  it  has  remained  constant 
at  J2o0,000  except  in  one  instance  wliere,  bj  special  arrange- 
ments, it  was  made  larger  on  a  job  costing  between  $25,000- 
000  and  $30,000,000.  If,  on  the  other  hand,  it  was  anticipated 
that  the  project  would  not  cost  more  than  $1,000,000,  the  fixed 
sura,  which  could  in  no  case  be  exceeded,  representing  the 
maximum  tee  which  the  contractor  could  get,  was  made  cor- 
respondingly smaller.  The  effort  was  constantly  to  check 
any  possible  tendency  toward  extravagance  or  prolonging 
the  job,  in  order  that  the  fee  might  be  correspondingly  en- 
hanced. It  is  only  fair  to  the  contractors  to  state  that  this 
tendency,  the  possibility  of  which  is  very  generally  recog- 
nized and  the  existence  ot  which  was  quite  widely  asserted 
by  persons  not  familiar  with  the  War  Department  construc- 
tion, was  never  noticeable,  and  I  believe  it  never  was  con- 
sciously a  policy  which  any  contractor  on  our  jobs  tried  to 
follow.  None  the  less,  the  insertion  of  the  upset  fee.  ju- 
diciously calculated  to  correspond  with  the  probable  cost  ot 
the  work,  was  a  safeguard  the  moral  effect:  of  which  it  is 
hard  to  overestimate.  If  any  such  tendency  had  existed,  it 
would  have  effectually  operated  to  check  it  by  rendering 
such  a  course  of  action  quite  as  undesirable  from  the  con- 
tractor's standpoint  as  from  that  of  the  Government.  It 
was  an  answer  to  charges  of  ill-advised  and  gratuitous  critics 
cf  War  Department  construction  work  to  which  they  could 
never  find  a  satisfactory  rejoinder. 

The  percentages  have  been  changed  from  time  to  time,  in 
accordance  with  the  lessons  of  experience,  but  the  funda- 
mental principle  governing  the  form  of  contract  has  been 
retained  all  through  the  construction  work  for  the  army  dur- 
ing the  war.  It  has  been  proved  to  my  satisfaction,  and  to 
the  satisfaction  of  those  who  have  followed  the  work,  that 
this  form  of  contract  has  worked  as  well,  probably,  as  any 
scheme  of  human  devising  ever  does.  The  tendency  to  un- 
warranted extravagance  on  the  part  of  the  contractor  is  ef- 
fectually checked,  if  not  prevented,  and,  coupled  with  a  jeal- 
ous and  effective  system  of  auditing,  also  provided  for  in  the 
contract,  the  rights  of  both  parties  are  amply  protected. 

Without  the  form  of  contract  which  was  adopted,  it  is  a 
certainty  that  the  camps  and  cantonments  could  not  have 
been  built.  It  worked  so  well  in  these  projects  that  it  has 
been  in  use,  with  non-essential  modifications,  ever  since 
and  in  all  kinds  of  construction  work.  It  has  given  universal 
satisfaction  to  the  division  and  to  the  contractors. 

Possibilities  of  Cost  Plus  Contract  for  Peace  Time  Con- 
struction.— In  all  the  vast  program  of  building,  both  that  of 
the  simplest  nature  and  that  which  presented  the  most  diffi- 
cult technical  engineering  problems,  this  form  of  contract 
has  worked  smoothly  and  well.  Whether  or  not  it  can  be 
employed  to  equal  advantage  during  ordinary  times  and 
under  normal  conditions,  may  be  open  to  question,  but  I 
can  think  of  no  valid  reason  why  it  should  not  be.  given  tha 
safeguard  of  proper  checking  of  costs  on  the  part  of  the 
owner  or  his  representative.  It  relieves  the  contractors  of 
most  of  the  hazards  of  that  most  perilous  of  undertakings — 
figuring  on  a  big  job  in  times  of  unstable  market  conditions. 
It  relieves  the  owner  of  the  payment  ot  an  extra  fee  repre- 
senting the  amount  which  the  contractor  must  add  to  his 
bid  as  a  safeguard  against  a  possible  rise  in  the  market.  It 
is  at  least  worthy  of  careful  consideration,  and  is,  no  doubt, 
capable  of  further  refinement  and  perfection. 

Possibly  this  contract  would  not  be  the  best  for  ordinary 
small  building  operations  such  as  those  conducted  by  indi- 
viduals building  their  homes  or  small  commercial  buildings. 
It  might  be  difficult  for  the  owner  to  keep  in  action  a  sys- 
tem of  auditing  and  checking  which  is  essential  to  proper 
operation  under  this  form  of  contract.  I  am  far  from  de- 
siring to  create  the  impression  that  contractors  are  naturally 
dishonest  and  have  to  be  watched.  On  the  contrary,  I  am 
very  strongly  of  the  opinion  that  no  body  ot  men  in  the 
country  are  more  jealous  of  their  reputation  or  realize  any 
more  vividly  the  value  of  an  established  name  for  honesty 
and  fair  dealing,  but  when  every  expenditure  made  by  a  con- 
tractor is  paid  tor  by  the  owner  and  these  expenditures 
themselves  are  made  the  basis  of  the  contractor's  remunera- 
tion, it  is  only  just  to  him,  as  well  as  to  the  owner,  to  have 
a  careful  and  accurate  audit  of  all  such  expenditures.  Such 
an  audit  is  probably  impracticable  in  small  building  opera- 
tions. 

In  such  operations,  given  market  conditions  of  normal  sta- 


bility, the  ordinary  lump-sum  contract  should  work  well. 
Usually  there  is  no  difficulty  in  knowing  just  about  what  is 
desired,  and  as  time  is  ordinarily  not  of  the  essence  of  the 
transaction,  there  can  be  close  and  careful  estimates  made 
and  bids  submitted  which  will  be  fair  alike  to  both  contract- 
ing parties. 

It  is  not  with  this  class  of  building  operations  that  1  and 
this  audience  are  principally  concerned.  1  have  in  my  mind 
jobs  which  cost  from  $500,ii00  upward.  Here  we  are  met  with 
different  circumstances,  and  these  call  for  different  methods 
of  operation.  I  believe  that  it  is  in  such  a  field  that  a  con- 
tract approximating  the  one  which  the  construction  division 
has  used  during  the  war  will  have  most  value.  It  is  in  fig- 
uring contracts  of  this  size  that  the  element  ot  chance  en- 
ters most  largely.  Contracting  on  a  large  scale  is  a  gam- 
ble. The  contractor  wants  the  job  upon  which  he  is  figur- 
ing, and  he  desires  to  do  it  more  cheaply  than  his  competitor, 
but  at  the  same  time  he  is,  if  he  desires  to  remain  solvent, 
exceedingly  careful  not  to  be  caught  by  changes  in  the  mar- 
ket or  by  labor  disturbances.  Some  margin  of  safety  he 
must  have,  and  for  this  margin  of  safely  the  owner  pays. 
There  is  inevitably  a  sum  larger  or  smaller  as  the  case 
may  be,  but  always,  in  big  operations,  very  considerable, 
over  and  above  the  amount  of  profit  with  which  the  contrac- 
tor would  be  satisfied,  which  the  owner  has  to  pay — that  is, 
the  margin  of  safety.  When  a  contractor  figures  a  lump- 
sum contract,  he  takes  a  chance.  All  he  desires  is  a  fair 
and  just  remuneration  for  his  work,  his  experience  and  the 
use  of  his  organization,  over  and  above  the  expenses  to 
which  he  is  actually  put,  but  he  is  taking  chances  not  only 
on  wind  and  weather  and  the  ordinary  hazards  of  building, 
but  he  is  also  gambling  on  the  market,  on  its  stability,  and 
in  order  to  play  safe  he  has  to  put  his  figure  higher  than  the 
sum  which  he  would  be  willing  to  accept  if  he  was  assured 
of  safety.  Even  then,  sometimes  he  gets  caught.  Cast  about 
in  your  minds  and  try  to  remember  how  many  contracting 
firms  have  been  forced  to  the  wall  or  have  been  seriously 
crippled  because  of  an  unfortunate  bid  upon  some  large 
building,  project,  apparently  safe,  perhaps,  when  it  was 
made,  but  which  resulted  disastrously  for  the  contractor.  I 
contend  that  the  lump-sum  contract  iu  large  operations 
works  a  double  hardship:  on  the  owner,  because  he  pays 
more  than  he  should  have  to  in  order  to  insure  a  measurable 
degree  of  safety  to  the  contractor;  and  a  hardship  to  the  con- 
tractor because  in  spite  of  sound  business  judgment,  good 
estimating  and  a  knowledge  of  conditions,  he  sometimes 
inevitably  is  financially  embarrassed  or  rendered  totally  in- 
solvent through  changes  in  the  market  or  fortuitous  circum- 
stances which  he  could  not  foresee. 

I  believe  that  the  cosl-phis  contract,  with  a  definite  fixed 
sum,  and  with  suitable  auditing  and  checking,  is  the  way  out 
for  both  parties,  and  I  commend  it  to  the  great  organizations 
of  this  country  concerned  in  the  building  of  its  gigantic  con- 
struction  operations   for   consideration. 

Advantages  of  Placing  Construction  Work  of  Great  Size 
Under  One  Central  Authority. — 1  wish  to  allude  to  the  ad- 
vantages which  always  come  from  the  consolidation  of  con- 
struction work  of  great  size  under  one  central  authority, 
composed  of  an  organization  of  experts  in  that  particular 
line.  The  construction  division  was  exclusively  composed 
ot  men  drawn  from  civilian  lite  eminent  in  their  professions 
— architects,  engineers  and  builders.  It  was  charged  with 
construction  work  and  construction  work  alone.  It  was  not 
burdened  with  side  issues;  it  had  nothing  to  do  with  any- 
thing but  providing  the  necessary  building  for  the  War  De- 
partment. Soon  after  it  had  demonstrated  its  efficiency,  in 
October,  1917,  the  Secretary  ot  War  placed  all  of  the  War 
Department  construction  work  under  its  jurisdiction.  Former, 
ly  the  various  bureaus — the  Signal  Corps,  the  Ordnance,  and 
other  divisions  of  the  War  Department — each,  in  addition  to 
its  other  specialized  duties,  had  been  undertaking  to  do  the 
building  necessary  for  the  accomplishment  of  its  particular 
task.  It  is  no  reflection  upon  these  bureaus  to  say  that  the 
results  were  not  all  that  they  might  have  been.  Building 
was  not  their  job;  it  was  a  side  issue.  When  building  was 
all  consolidated  where  it  should  be,  under  a  department  de- 
voted exclusively  to  that  task,  an  improvement  in  results 
was  almost  immediately  noticeable. 

The  same  principle  might,  it  seems  to  me,  be  applied  to 
our  Government  on  an  even  vaster  scale.  At  present  the 
Government    construction    work    is    being   carried    on    by   the 
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various  execuUve  departments,  which  each  handles  inde- 
pendently of  the  building  incident  to  its  particular  func- 
tions. The  Treasury  Department,  the  Navy  Department,  the 
War  Department,  the  Department  of  Agriculture,  the  Depart- 
ment of  Labor,  the  Department  of  the  Interior  and  the 
United  States  Shipping  Board,  are  each  charged  with  the 
construction  work  of  its  own  governmental  functions.  In 
other  words,  these  departments  are  all,  to  a  certain  extent, 
bidding  against  each  other;  each  is  undertaking,  as  a  sort 
of  side  issue  as  it  were,  a  task  which  is  not  directly  con- 
nected with  its  ultimate  object  or  purpose.  It  would  be  well, 
in  my  opinion,  to  consider  very  seriously  the  formation  of 
a  Department  of  Public  Works  under  which  would  be  con- 
solidated all  of  the  building  for  the  Government.  A  mo- 
ment's reflection  will  convince  any  one  of  what  a  tremendous 
executive  branch  this  would  constitute — a  branch  expend- 
ing probably  20  per  cent  of  the  annual  appropriations  made 
by  Congress.  That  such  a  branch,  properly  constituted  and 
combining  in  itself  the  best  talent  of  the  various  engineer- 
ing bureaus  and  architects  from  civil  life,  which  have  been 
brought  in  to  assist  in  the  emergency,  could  effectuate  tre- 
mendous savings  and  could  accomplish  the  Government 
building  to  far  greater  advantage  than  it  is  at  present  be- 
ing conducted,  is  indisputable. 

A  closer  rapport  between  the  Government  and  the  great 
contracting  organizations  would  be  possible:  and  also — a 
thing  of  tremendous  importance — closer  and  more  intimate 
relationship  between  the  Government  and  the  great  engi- 
neering societies  of  the  country  would  result.  These  organi- 
zations and  associates  are  indispensable,  of  course,  in  time 
of  peace  as  well  as  in  time  of  war;  but  when  a  national 
crisis  is  at  hand  their  aid  must  be  enlisted  at  once,  and  i> 
times  of  crisis,  speed  is  the  essence  of  accomplishment.  Dur- 
ing the  past  few  months,  so  filled  with  events,  the  response 
of  these  organizations  and  societies  has  been  so  generous 
as  to  be  inspiring,  but  from  the  constitution  of  the  govern- 
mental agencies  with  which  they  had  to  deal,  the  greatest 
measure  of  good  has  not  always  been  possible.  With  the 
establishment  of  such  a  department  of  public  works,  it  would 
be  the  one  agency  with  which  they  would  all  be  in  more  or 
less  constant  touch  and  by  which  they  could  be  recruited  at 
any  time  of  need.  My  own  idea  is  that  such  a  department 
should  be  under  a  cabinet  officer,  and  that,  properly  admin- 
istered, it  would  be  second  in  importance  to  scarcely  any 
of  the  executive  branches  of  the  Government. 

Discussion  by  Frank  M.  Gunby.* — In  connection  with  the 
emergency  construction  contract.  I  want  to  say  that  I  think 
a  tribute  is  due  to  the  farsightedness  of  the  men  who  evolved 
or  put  together  that  contract.  I  say  "put  together"  advisedly, 
because  it  is  a  combination  of  forms  of  contracts  used  by 
engineers  and  contractors  all  over  the  country,  with  just 
enough  modifications  of  the  good  points  selected  from  va- 
rious contracts  to  fit  it  into  governmental  procedure. 

As  we  were  spending  Government  money,  we  had  to  spend 
It  the  Government's  way.  Sometimes  that  slowed  up  the 
game,  as  compared  to  what  could  be  done  without  such  re- 
quirements, but  I  think  it  is  a  further  tribute  to  the  judg- 
ment of  those  men  to  say  that,  due  to  the  business  scheme 
that  they  laid  down  and  the  type  of  contract  they  worked 
out,  supplemented  by  the  administration  of  that  contract  by 
the  construction  division,  the  construction  division  was  ut- 
terly uninterested  as  to  whether  congress  passed  that  valida- 
tion act  or  not  There  wasn't  a  single  informal  or  illegal 
contract  in  the  whole  war  construction  program  as  admin- 
istered by  the   construction   division. 

Some  of  us  in  our  previous  experience  have  viewed  with 
tolerance  or  kindliness,  and  even  with  enthusiasm,  the  use 
of  the  lump-sum  contract  for  construction  work.  I  was  in 
that  category  and  always  had  the  feeling  that  where  that 
form  of  contract  fitted,  it  was  probably  the  best  to  use.  The 
experiences  of  this  war  have  led  me  to  believe  that  there 
are  certain  limitations  that  we  should  understand  in  apply- 
ing that  contract,  and  I  will  give  you  what  my  opinion  of 
them  is. 

I  say  this  from  the  standpoint  of  having  helped  administer 
about  550  of  the  other  kind  (cost  plus  a  limited  fee),  so  I 
feel  a  little  bit  qualified  to  say  something  about   both. 

I  would  be  a  bit  inclined  to  establish  as  proper  conditions 
for  a  lump-sum  contract,  three  things: 

•Colonel.  Quatermaster  Corps,  TT.  S.  a.,  in  char&e  of  engineering. 
Construction  Division.  U.  P    A..  Washington.  D.  C. 


Kir.n.  an  ability  to  clearly  dedno  what  you  arc  contract 
mg  for.  Meaning  by  that,  definite  plans  and  8pccincailan». 
both  as  to  the  limits  of  what  you  are  confractiDg  for  and  the 
type  of  what  you  are  contracting  for. 

Second,  that  you  be  able  to  limit  the  bidderB  to  men  of 
such  reputation  that  you  do  not  care  which  one  of  them 
gets  the  job. 

Third,  that  the  job  shall  not  be  so  large  as  to  extend  over 
a  period  of  time  too  long  to  assume  that  a  conlraetor  can. 
with  a  fair  degree  of  definiteness,  predict  both  his  labor  and 
material  conditions.  My  own  idea  is  that  the  upper  limit  of 
the  lump-.sum  contract  according  to  that  definition  would  be 
somewhere  between  a  quarter  and  a  half  million- dollare. 
For  all  work  falling  outside  of  these  limits  I  would  advocate 
a  contract  similar  in  principle  to  the  emergency  construction 
contract. 

Discussion  by  Charles  R.  Gow.t — The  war  emergency  con- 
tract is  theoretically  ideal  for  all  classes  of  work  requiring 
the  services  of  a  contractor.  I  say  •'theoretically  ideal"  only. 
because  it  is  perfectly  obvious  that  there  are  many  dlllicul- 
ties  of  a  practical  nature  which  must  be  overcome  before 
it  can  ever  have  universal  application. 

It  is  safe  to  assert,  however,  that  under  any  other  form 
of  contract  yet  devised,  the  war  construction  program  could 
not  have  been  as  successfully  accomplished  as  wag  the  case. 
The  army  had  a  vast  amount  of  construction  work  to  do 
which,  to  meet  requirements,  necessitated  completion  within 
a  period  of  unprecedented  briefness.  By  means  of  this  form 
of  contract  it  was  possible  to  select  the  contractor  and  get 
him  on  to  the  site  even  before  the  general  plans  were  com- 
pletely outlined.  The  Government  retained,  throughout  the 
progress  of  the  work,  entire  control  of  operations,  directing 
the  contractor's  methods  and  procedures  whenever  necessity 
required,  changing  plans,  adding  or  omitting  work,  suspend- 
ing operations  in  whole  or  in  part,  dictating  labor  or  other 
policies  and  exercising,  at  its  option,  any  function  ordinarily 
delegated  to  the  contractor,  whenever  changing  conditions 
or  events  rendered  such  action  desirable. 

The  Government  received  in  return  the  expert  services. 
ability,  experience  and  special  qualifications  of  the  contrac- 
tor; the  use  of  a  trained  organization  skilled  in  the  particu- 
lar line  of  work  contemplated  and  possessing  a  thorough 
knowledge  of  procedure,  which  resulted  in  the  adoption  of 
the  most  direct  methods  for  prompt  and  economical  com- 
pletion. For  this  special  character  of  service  which  the  con- 
tractor brought  to  the  Government's  aid,  a  fee  was  paid. 
differing  slightly,  if  at  all.  in  its  value  from  that  paid  to  the 
engineer  or  architect  for  his  particular  expert  service  in  tlte 
conception  and  design  of  the  project. 

In  other  words,  the  contractor  was  employed  upon  a  pro- 
fessional rather  than  a  commercial  basis  and  his  relation- 
ship was  one  of  adviser  and  assistant  to  the  owner,  rather 
than  an  agent  to  carry  out  a  specific  detailed  and  inflexible 
agreement. 

Under  this  form  of  contract  the  contractor  is  relieved  from 
practically  all  financial  risks  and  Is  reimbursed  for  the  actual 
cost  of  operations  as  the  work  proceeds.  While  the  maxi- 
mum fee  of  $250,000.  allowed  under  the  war  emergency  con- 
tract, appears  generous  in  amount,  it  Is  so  only  because  of 
the  magnitude  of  the  work  involved.  In  the  case  of  the 
Boston  Array  Supply  Base  which  has  come  under  my  imme- 
diate supervision,  the  estimated  cost  was  $28,000,000.  Upon 
the  expenditure  of  the  first  $10,000,000  the  contractor  had 
earned  the  maximum  allowable  fee  of  $250,000,  and  was  re- 
quired to  complete  the  remaining  $18,000,000  of  work  with- 
out furtlier  profit.  It  is  now  known  that  the  final  cost  will 
not  reach  the  expected  total,  but  assuming  that  it  did.  this 
fee  would  be  equivalent  to  less  than  1  per  cent  on  the  cost 
of  the  work.  As  no  reimbursement  is  made  for  cost  of 
financing  certain  overhead  and  legal  expenses,  this  percent- 
age will  be  further  reduced  and.  after  allowing  for  the  Gov- 
ernment excess  profits  tax.  the  net  return  to  the  contractor 
will  be  less  than  one-half  of  one  per  cent,  certainly  a  very 
low  rate  for  the  valuable  services  rendered. 

It  will  undoubtedly  be  .irgued  by  many  that  the  average 
contractor  cannot  be  trusted  to  give  economical  and  honest 
services  to  the  owner,  unless  held  to  some  strict  financial 
accountability.  The  reason  for  this  suspicion  is  largely  an 
outgrowth  of  experience  with  the  lump-sura  type  of  contract. 
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wherein  the  owner  and  contractor  gamble  on  the  probable 
cost  of  the  work.  1  realize  that  the  owner,  at  least,  will  not 
exactly  relish  the  appellation  of  gambler,  but  it  cannot  be 
successfully  denied  that  the  ordinary  lump-sum  contract  con- 
tains several  elements  of  chance,  both  for  the  owner  and 
the  contractor.  The  owner  usually  hopes  to  escape  the 
Ijurdens  of  many  of  the  uncertain  features  in  his  work,  and 
to  this  end  insists  that  the  contractor  shall  assume  them. 
He  invites  competition  in  the  hope  that  he  may  thereby  re- 
ceive a  low  figure  for  the  work,  knowing  full  well  that  the 
low  bidder  is  accepting  the  chances  of  financial  failure  which 
the  hidden  uncertainties  may  bring.  This  is  fair  enough,  in 
a  way,  since  the  contractor  accepts  the  conditions  as  out- 
lined for  him  by  the  owner,  but  to  this  extent  the  cards  are 
stacked  against  him  and  he  realizes  it.  He  must,  therefore, 
possess  the  gambling  instiuct  and  be  convinced  that  he  is 
a  better  player  at  the  game  of  chance  than  is  the  owner, 
otherwise  he  must  lose.  He  attempts  to  match  his  clever- 
ness, in  devising  methods  for  overcoming  the  handicap  laid 
against  him.  in  opposition  to  the  shrewdness  of  the  owner 
who  has  drawn  an  intended  iron-clad  contract  aimed  to  pre- 
vent advantage  being  taken  of  any  possible  loophole. 

The  two  parties  are  thus  put  in  antagonistic  positions  to- 
ward one  another  from  the  first,  each  seeking  to  prevent 
the  other  from  gaining  at  his  expense.  Under  such  circum- 
stances there  can  be  no  mutdal  regard  for  the  interests  of 
the  two  parties.  If  the  owner  has  inadvertently  omitted  to 
cover  a  contingency  which  unexpectedly  arises,  the  contrac- 
tor cannot  be  blamed  if  he  demands  a  strict  financial  adjust- 
ment of  the  consequent  expense  because  he  realizes  that  had 
the  particular  contingency  fallen  under  some  blanket  pro- 
vision of  the  contract,  he  would  have  to  accept  the  resultant 
loss,  with  only  the  owner's  sympathy  to  comfort  him. 

In  the  last  analysis,  neither  owner  nor  contractor  gains 
materially  from  this  form  of  relationship.  If  an  occasional 
owner  succeeds  in  having  his  work  done  at  less  than  actual 
cost  or  at  a  very  low  margin  of  profit  to  the  contractor,  there 
are  many  more  instances  in  which,  if  the  contractor  does 
not  realize  an  excessive  profit,  the  owner  still  loses  by  rea- 
son of  inferior  workmanship,  delays  in  completion  or  ex- 
pensive lawsuits.  On  the  other  hand,  while  a  contractor  fre- 
quently obtains  an  exorbitant  rate  of  profit  for  his  work, 
his  average  earnings  over  a  series  of  years  are  apt,  gen- 
erally speaking,  to  be  disappointingly  small.  A  brief  review 
of  the  list  of  contractors  whom  any  one  of  us  have  known 
will  soon  demonstrate  the  fact  that  very  few  have  retired 
from  their  business  wealthy. 

I  realize  that  many  of  you  engineers,  and  probably  an 
equal  number  of  my  contractor  friends,  will  disagree  with 
my  analysis,  and  defend  the  lump-sum  form  of  contract  as 
offering  superior  advantages  according  to  your  viewpoints, 
but  you  cannot  successfully  deny  that  this  type  of  contract 
has  produced  about  as  much,  if  not  more  dissension,  than 
any  other  existing  business  relationship.  Because  of  the 
gambling  nature  of  the  transaction,  there  is  a  mutual  feel- 
ing of  distrust  between  the  contracting  parties.  Each  party 
generally  watches  the  other  closely  because  he  realizes  that 
a  premium  has  been  placed  upon  dishonesty.  Only  in  ex- 
ceptional cases  does  the  contractor  concern  himself  with  the 
owner's  welfare,  and  then  usually  for  shrewd  business  rea- 
sons. Occasionally,  also,  an  owner  may  be  found  who  is 
desirous  that  the  contractor  shall  not  suffer  financial  loss 
on  account  of  his  contract,  but  such  owners  are  now  gen- 
erally committed  to  some  form  of  the  fee  type  of  contract. 
Before  the  fee  type  of  contract  can  become  universal,  it 
will  be  necessary  for  both  parties  to  alter  materially  their 
conception  of  responsibility.  On  the  one  hand,  the  owner 
must  be  brought  to  understand  that  the  work  is  being  done 
primarily  for  his  benefit  and  that  therefore  he  has  no  moral 
right  to  evade  full  payment  for  every  feature  of  the  under- 
taking, both  known  and  unknown.  It  is  his  object  to  accom- 
plish something  which  he  is  unable  to  do  himself,  because  it 
demands  training  and  skill  which  only  an  experienced  and 
competent  contractor  can  supply.  There  can  be  no  valid 
objections,  therefore,  to  the  employment  of  a  carefully  se- 
lected contractor  in  whom  the  owner  has  confidence  and  who 
has  demonstrated,  in  previous  cases,  his  ability  to  satisfy 
his  clients. 

On  the  other  hand,  the  contractor  must  come  to  appreciate 
the  fact  that  only  by  establishing  a  reputation  for  honest, 
conscientious  effort  to  promote  the  interests  of  his  employer. 


can  he  expect  to  succeed  in  business  With  a  positive  profit 
assured  him  in  advance,  he  will  be  justified  in  accepting  a 
much  lower  rate  of  return  than  is  now  required,  to  offset 
Bis  frequent  losses,  He  must  be  educated  to  the  fact  that 
his  continued  employment  in  his  chosen  line  depends  upon 
the  economic  and  workmanlike  results  which  he  produces 
and  that  his  interests  and  those  of  the  owner  are  identical, 
so  far  as  these  features  are  concerned. 

Whether  this  result  can  ever  be  obtained  with  the  class 
ot  contractors  produced  by  the  lump-sum  method  of  con- 
tracting, may  be  subject  to  some  question,  but,  undoubtedly, 
aa  evolution  is  already  taking  place  and  there  is  a  gradual 
growth  in  tendency,  in  most  large  communities  in  this  coun- 
try, toward  a  recognition  of  these  principles  on  the  part  of 
certain  contractors  and  owners. 

It  seems  to  me  altogether  probable  that  a  further  ex- 
tension of  effo't  in  this  direction  will  result  in  an  approach 
toward  perfection  of  detail  and  that  the  time  may  yet  arrive 
when  the  contractors  will  generally  be  employed  only  be- 
cause of  their  recognized  fitness  for  the  work  to  be  done 
any  for  their  reputation  for  honesty,  economy  and  dependa- 
bility in  a  business  way,  rather  than  because  they  are  will- 
ing to  take  a  gambler's  chance  of  winning  or  losing  on  the 
basis  of  a  lump-sum  bid  with  the  cards  stacked  against  them. 

Discussion  by  William  F.  Kearns.t — I  am  glad  of  the  op- 
portunity which  is  now  afforded  me  to  endorse  all  that  Major 
Gow  has  said  regarding  the  cost-plus  contract.  In  the  past 
I  have  been  an  ardent  advocate  of  the  lump-sum  form  of 
contract,  but  I  have  been  converted  during  the  last  few  years 
and  I  am  now  thoroughly  convinced  that  the  cost-plus  is 
really  the  better  proposition.  It  is  certainly  the  more  hon- 
est form,  eliminating  as  it  does  that  element  of  chance  which 
is  always  present  in  the  lum-sum  contract.  I  do  not  think 
a  more  equitable  form  of  contract  ever  has  been  devised.  I 
hope  it  will  soon  be  adopted  generally,  and  it  is  going 
to  bo  my  aim  to  see  that  it  is  put  into  use  wherever  possible, 
both  in  private  and  public   work. 

Discussion  by  Charles  T.  Main.*"*. — I  can  add  ver.v  little  to 
what  General  Maishall  has  said  in  connection  with  the  cost- 
plus  contract.  When  the  form  of  contract  was  criticized  by 
some  Congressmen.  I  had  the  honor  to  be  appointed  on  the 
commission  to  look  into  the  form  of  contract  and  to  report 
as  to  its  advisability. 

Wo.  sat  for  three  days,  and  very  carefully  discussed  every 
phase,  every  feature  of  all  forms  of  contracts,  and  of  any 
other  method  of  conducting  work  of  this  sort,  and  the  con- 
clusions which  the  commission  reached  have  been  given  to 
you  by  General  Marshall.  We  were  unanimous  in  the  opinion 
that  under  the  circumstances  existing  no  other  form  of  con- 
tract could  be  used. 

Uj)  to  within  10  or  15  years,  I  with  all  other  engineeffs, 
r.sod  the  lump  form  of  contract,  and  we  thought  we  used  it 
Witt  very  good  success.  In  those  days  the  prices  of  ma- 
terials and  labor  were  not  so  unstabilized  as  they  are  at 
present,  and  wherever  the  conditions  were  definitely  defined 
and  we  could  make  definite  plans  and  write  definite  specifi- 
cations, we  thought,  and  I  think  contractors  thought,  that 
everybody  was   getting  a  square  deal. 

1  know  that  one  contractor  thought  that  he  was  not  a  gam- 
bler when  lie  was  bidding  on  our  plans,  because  he  told  me 
there  was  no  fun  in  bidding  on  them  as  there  was  no  guessing 
to  be  done,  they  were  so  definite:  and  many  of  my  clients 
up  to  this  day  are  very  much  opposed  to  any  other  form  of 
contract  and  are  willing  to  expend  sometimes  several  thou- 
sand dollars  more  than  they  might  otherwise  on  another 
form  of  contract  for  the  purpose  of  getting  rid  of  the  com- 
plicated accounting  system  which  looks  like  a  bugbear  to 
them,  and  they  are  willing  to  pay  a  contractor  perhaps  $10,- 
000  more  on  the  lump  sum  to  do  a  job  and  have  it  done  in 
a  clean-cut  way  and  have  nothing  to  bother  about  in  the 
accounting. 

I  doubt  perhaps  if  we  ever,  those  of  us  who  are  the  older 
members  of  the  society,  will  see  the  conditions  so  stabilized 
that  we  will  be  able  to  get  lump-sum  contracts  on  very  much 
of  our  work,  and  I  believe  myself  that  the  best  way,  the 
fairest  way,  to  conduct  the  work  is  to  do  it  on  a  cost-plus 
basis,  but  I  have  got  to  educate  some  ot  my  clients  to  make 
them  see  that.     If  conditions  ever  get  stabilized  again,  I  am 
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sure   we  are  going   back   in   some  of  our   work   to   lump-sum  CoilCreting     ill    Cold     WeathcF 

contracts.  "^ 

!   think   also  that   perhaps   it   we   get   the   right   contractor,  Ity  A.  K.  WKl^bti, 

and  there  are  a  lot   of  them,  and   1   hold  them  in  the  very  iy.  sni.-ni.    WiMIb   Hroihcnt  CoiiHtnieilun   Oo. 

highest   respect,   that   it   is   better   for   the   engineer   to   have  winter  work  is  not  new.     It  has  been  practleeU  for  )ear», 

that  form  of  contract.     It  seems  to  me  to  make  less  trouble  j^^  safety  adequately  deniouHlruted,  its  economy  proved.     Il 

in  many   ways.     There  are  some  disadvantages  to  the  other  should  be  more  generally  practiced.     Any  owner  who,  through 

form.  prosecuting  work  during  cold  weather,  can  get  occupuucy  of 

I  think   that  the  workmen  on  the  job  soon  know  that  the  raclory   or   warehouse   or   can    lease   upurlmentH,    oHices    or 

contract  is  not  tor  a  lump  sum.  that  it  is  on  a  cost-plus  or  ^j^,.p   55,,^.^   „„    viay    1,   stands   10   gain    far   more    than   the 

cost-percentage  basis,  and  they  begin  to  slacken  up  in  their  ^ided  co.-,ts  of  winter  work. 

efforts,  and  there  are  other  reasons  why  work  does  not  pro-  ^^^  ^j^jy   ^^^  owner,   but   builder,  engineer  and   architect, 

ceed  as  economically  as  it  would  under  the  lump-sum  form.  .^-^xn      There  is  financial  loss  to  the  contractor  who  breaks 

up    his   trained   organization,   only   to   build   It   again    In   the 

Wa^P    Scale    of     St      Louis    Building    Trades  ^^l^'ne     •'^>w    men   must   take   time   to  accustom   themHelves 

wage    acaie    OI     CSl.    ^-""'^    duuuxii^          aui  ^^   v.orkmg   together   and   o.vners   pay   the   bill  In   Increased 

The  following  tabulation  shows  the  wage  ^'^^'^  ""  -^^/^  •  ^  ^osts.     Architects'  and  engineers'  o.llces  are  frc.uenUy   idle 

last  for  various   classes   of  labor   employed   in   the   building  ^^^^^^^^  ^^^^^  ^^  ^^^  ^.^^^^      Building  superintendents  have 

trades  of  St.  I.ouis,  Mo.:-  nothing  to  do  and  owners  pay  for  unproductive  overhead. 

^&              -S           §»;     §  .  Herliaps  the  best  way  to  reduce  the  cost  of  building  is  to 

S.'^            |&          ^d     S§K  keep  architects',  engineers'  and   contractors'  forces   busy    12 

2°            tog         ■5'°    -S^^s  months  of  the  year. 

5ffe            ^p,          i-'t     ijS  Priu;arily    the   reason    why    building    has   betn    inactive    in 
■;2            !■§          Ofe    ol=  cold  weather  months  is  that  conci-ete  does  not  harden  so  rap- 
Boiler  makers,  inside                                $0.70          48           1%       2  j^j.^.    ^y|,,,n   {ije   temperature   hovers   near   freezing.     But   we 
ioiler  mIkerS;  oul^fde :;:::::.;:;:::.:        it          1           il        l  heat   o«r  homes,   oinces   and   stores   and   coal   is  a  compara- 

Boiler  makers,  helpers 55             S           IH        2  tively  small  operating  cost.      We  are  today   able   to  enclose 

?cirpln'?e7s  •.•.■.■.■.•.•.■.■.•.■.■.■.•.•.■.:•.:::::::■.:      ^fiv.         I          i           l  a  structure,   warm   it   with   s.mple   coke   stoves,   heat   aggre- 

•Carpenters.   helpers 50             s           2           2  -ates   prior  t(>   mixing   with    Portland   cement,   and   keep  the 

«crcreU?s"''''^''.^V.V. •.•.■.■.•.::::: •.:•.:::        .ct'^         «          Vi       l  concrete  or  mortar  warm  untH  hardening  has  occurred. 

•Concreters,  blockraen   65            s          114       2  Without  these  precautions,  cold   weather  work  is  irapossi- 

illftHclirs.  helperVflrsVyear:::::;::  'isS  I  i  2  ble.  but  the  precauuons  are  simple  and  reasonably  inex. 
Electricians,  helper,  second  year 40  S  2  2  pensive  Why  not  do  the  logical  thing  and  consider  the  win- 
Electricians,  helper,   third  year 50              S            2            -  -                      j         „   ,^  ,,    „,^   most  exposed   class  of 

Electricians,  helper,  fourth  year bO              ^             i             i  ter  as  an  open   seasuii    km 

Elevator  constructors        .    92J4           ^             5             ?  construction. 

^i^L^TS^g&'^i^^r.V::::.-:.        i?!         S          \^       2  our   organization    has    continued    to    laybnck    and    pace 

•Engineers,  double  hoist 1.00             .s           1%        i  foncrete  under  zero  temperatures  even  in  the  northern  Cities 

QE^avators  «            ^          1%        -  ^^   Canada.     A   part   of   our   noi'mal    equipment   is   sutllclent 

Glaziers,  putty':..; «2V4         «          2           2  ,arpaulins  to  enclose  practically  any  structure  and  sufficient 

Hod   carriers,   brick '0             >           -           -  ^..^manders  or  coke  stoves  to  keep  such  enclosures  warm. 

Hod  carriers,  mortar '0              ■*.            -            -  saiamanueib   oi    ounc   ai,«                       i                       ,.,„.:„v,   „i.,.jm 

Hod  carriers,  plaster '5             J           I           2  Boilers  of  any  type,  frequently  Uiose  used  to  furnish  sltam 

Iron    erfclors     hTlpeTs"'^' ■.::;::      -20-%        i           1%        lii  for   hoisting,   supply   live   steam    for   heating  aggregates   and 

♦Iron  erectors,  structural -92%         s           2          2  ^^,^^^^  ^^^  ^^^  thawing  snow   and   ice  from   forms  and   rem- 

•Iron   erectors,   structural,   helpers 40-. 45         ^  ;J4         i%  .  

•Laborers,  building 50              S             1%         |  torcmg  steel.                                                        ,.iK    ,.„l-,v    the    dellverv 

Lathers ,c??^Sn    4          T           1  While  a  heavy   snow   may   temporarily    .lelay  the  dell%er> 

^Ia?wl%ener^   ■-■'■':'■■        sV       s          k       2  „f  materials,   yet  deep   snow    is   seldom   encountered.     It   Is 

•Martte.setfers.' helpers.;:                            52^4         ^           VA       2  ,eraperature  alone  that   commonly   hampers   work,  and   tern- 

mIIISs'   "ni"on""'°"    ;:.:::;::        :52U        4s          2           2  perature  need  not  be  feared.                                               • 

Mlimus""'."".::: ;:::::;..:. fA''^          5           %        I  'm  lavmg  out   a  plant   for   handling  concrete   in  winter^  m 

Millwrights,  helpers 50            ^           i^.        -  ^,jjg,g  "^1,^  work  is  likely   to  run  on  into  the  winter  before 

PaSngers  .■.•.■.•.■.•.•.•.•.•.•.•.::;:;:::::::        :85             «           2           2  ,„„,,,etion.   there  must  be  provision   for  the  proper  l.eatlng 

Piledrivers  «»            ^          {g        ,  of  materiils  and  water.     In  case  of  sand  and  gravel  m  open 

?ire  Tovfrfrl  heipers:::::::::::;:::::      ^:               %          J^        l  IZe "ts?"?  is   omy   necessary  to  .ay   a   grid   of  steam 

•Plasterers   •»«            J          i          5  pjpes   under  the   material   piles  and   place  a   tarpaulin   o>e, 

^l;iS^frl,laborers:.::;:;:::..::::::::        f,^-         I          \^       \  \Z\^..      From    one    main    through     the     center,    branches 

•Roofers,  p-avel  and  composition 70_           s           i%        ,  directions  every  6  ft.    These  b^anche^ 

ro?S!s'it?eTn^d  tvie:::;:;::::::::::     'i^     \      x^    I  sSd  be  dmied  with  ^-m.  holes  spaced  about  is  m.  apar, 

S  Tefa'l^^or^^Jr^sV  heipers::;::::;        ;    ;.«    «           t           t  s,,,,„  ,unaped  >-rd^  Of  matenal  stored  -"-P^  -,"„,;; 

Sprinkler  titters SJ'-*          ^           5           2  heated  in  this  way   with  the  steam  trom   an  °™"''' ^ 

Sprinkler  fitters,  helpers -^             ,           2           ,  ipg  boiler.     Several  days  prior  to  concreting,  steam   should 

Steamfitters '^gg,,           s            2            2  '"8    """"=     .                      ,     ^,,^,„„  working  hours  wh  ch   will   b- 

Steamfitter.s.  helpers 5b , a  ^     turned  into  the  pile  during  worKius  uu                 ...      .y^, 

Stonecutters,.. H            %          ij|       2  ,ufl-,cient    except  at  times  of  extreme  cold,  to  malntam  th. 

Stonecutters,  nelpers ^^              <,             m         o  sumcieni.    cav,    h 

^^Si:^^:^.  helpers-  •.•.■.•.•.■.•.; ! ! ! !  1 1 ! :  i         :««              5            \l        I  ''''^l'::\::r.ZT:.or.^  m   hms.  a  series  of  pipes  siiould 

?il? llfllr^ :;::::::.;:::;:::::::::::::     f^     I      X^    I  Jm,  on  the  tioor  of  the  bins.  f-'^'"^^/-"\;; -^'i;  2%: 

^Tile  setters,  helpers ■•■        jl^         I           .^        2  , he  top  of  the  sloping  floor.     Steam  radiates  through  the  e, 

''  It^Zes  demand  YoVinVj^aseMnwaBcs^  ,i^,  contents  of  the  bin  and  if  a  canvas  "-ver  is  pn  led  ow  , 

.mp,oy.ent.Mana.i;;;;;r^;:^Canad,an    cone.--  -----  ^^j  T^  t^^.:i:r^':^:  a   small 

The   University   of  Toronto   during    September   ga\e   a    shoi  t  *«'"    '^    "  ^'^         '       be  needed  at  night. 

^urse^   employment    management.     Instruction   was   give.  amount  "^^t-™  ""^^ -^^   ,,3,    „,i,in,   water   and   a    steam 

courses  will  be  instituted  in  the  future.                         .  ">   t   e   -       . 
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heated.  Immediately  after  pouring,  a  suiricieut  number  of 
salamanders  are  placed  above  the  new  concrete  to  insure 
its  safe  and  thorougli  hardening.  These  will  furnish  heat 
for  the  floor  above. 

This  method  of  enclosure  and  heating  necessitates  that 
the  form  work  for  the  floor  above  that  being  poured 
shall  be  in  place,  in  ci'der  to  serve  as  a  roof  under  which 
concrete  may  be  kept  warm;  although  in  the  case  of  steel 
frame  structure,  it  may  be  possible  to  support  canvas  upon 
the  steel  because  of  the  floor  above. 

Forms  for  the  story  above  are  supported  as  usual,  upon 
posts,  but  since  the  floor  slab  of  the  story  supporting  these 
posts  is  not  yet  poured,  it  is  customary  to  set  the  posts 
upon  concrete  blocks  of  the  proper  depth  so  that  upon  pour- 
ing, the  block  becomes  a  part  of  the  finished  floor.  This  re- 
quires setting  blocks  to  grade  and  finishing  their  upper  sur- 
face. 

It  is  of  course,  necessary  that  the  workmen  be  watched 
somewhat  more  carefully  on  winter  work.  Snow  or  ice  in 
[he  forms  is  detrimental  to  good  work.  Careful  inspection 
is  necessary  at  every  stage  of  the  work,  but  slipshod  methods 
are  probably  no  more  likely  to  effect  cjuality  in  winter  than 
in  summer. 

Where  the  enclosure  in  canvas  is  comparatively  complete, 
workers  operate  at  practically  normal  efficiency,  but  there 
are  some  delays  likely  to  occur  through  slow  delivery  of  ma- 
terials during  periods  of  snow.  Yet  the  added  costs  are  more 
than  compensated  for  by  the  certainty  of  quicker  occupancy 
and  reduction  of  interest  on  money  tied  up  in  the  incompleted 
building.  It  would  seem  folly  to  cease  work  on  a  structure 
where  there  is  need  of  early  use. 


Business    Training   for  the  Engineer  and 
Engineering  Training  for  Com- 
mercial Enterprises 

The  following  recommendations  of  F.  L.  Bishop,  dean  of 
the  School  of  Engineering  of  the  University  of  Pittsburgh,  as 
to  the  new  types  of  engineers  required  and  the  training  that 
should-  be  given  each  type  are  of  interest: 

"The  first  type  is  that  of  the  man  who  may  be  called  a 
technician,  who  is  highly  trained  in  science  and  mathematics, 
who  possesses  the  instinct  of  the  research  man  and  who  can  de- 
vote his  entire  time  to  highly  technical  research  problems, 
either  in  the  research  laboratories  which  are  now  rapidly 
being  developed  in  the  large  industries,  or  by  applying  the 
results  of  his  research  to  engineering  science.  For  the  train- 
ing of  this  type  of  man,  there  is  needed  the  best  of  scientific 
equipment,  the  members  of  the  faculty  must  be  those  who  are 
intimately  interested  In  research  problems,  and  the  student 
himself  must  have  what  Is  sometimes  called  a  mathematical 
mind.  It  is  doubtful  if  this  type  of  man  can  be  developed  in 
a  4-year  course  under  existing  conditions.  In  fact,  it  is  prob- 
able that  such  a  man  can  be  developed  only  in  a  school  which 
has  a  thorough  graduate  department. 

"The  second  type  which  seems  to  be  demanded  by  the  in- 
dustries is  the  man  who  has  a  broad  general  knowledge  of 
engineering  subjects  and  can  apply  that  knowledge  in  an  ef- 
fective way  in  present  engineering  problems.  He  must  have 
ability  to  command  men,  a  knowledge  of  the  applications  of 
economic  principles  to  industries,  and  a  broad  training  in  the 
so-called  humanities,  since  he  is  the  man  in  contact  with  men 
of  other  types  in  other  fields  of  human  activities.  He  should 
not  be  a  research  man,  his  training  in  mathematics  need  not 
be  of  necessity  so  extensive  as  that  of  the  research  technician, 
but  his  understanding  of  engineering  problems  should  be  ex- 
tensive. Such  a  man  cannot  be  trained  in  the  ordinary 
schools  because  of  the  artificial  conditions  which  of  necessity 
exist  in  academic  institutions.  He  must  become  familiar  with 
the  industries  while  yet  a  student  in  order  that  he  may  un- 
derstand thoroughly  the  application  of  his  theoretical  courses 
in  school  and  their  application  to  industries,  and  also  that  he 
may  become  familiar  in  the  formative  period  of  life  with  the 
problems  of  labor  and  the  human  factor  in  engineering.  It 
is  in  the  development  of  this  type  of  man,  who  is  to  become 
the  manager  and  operating  head  of  our  large  manufacturing 
industries,  that  the  advantages  to  be  derived  from  the  co- 
operative system  of  engineering  education  are  needed." 


Principles  Governing  the  Employ- 
ment Relation  in  Industry 

The  Employers'  Group  of  the  National  Industrial  Confer- 
ence, now  in  session  in  Washington,  on  Oct.  10  submitted  the 
following  statement  of  the  principles  which  in  its  opinion 
should  govern  the  relationship  between  employers  and  labor; 

Sound  mdustrial  development  must  have  as  its  foundation 
productive  efficiency,  and  high  productive  efficiency  requires 
not  only  energy,  loyalty  and  intelligence  on  the  part  of  man- 
agement and  men.  but  sincere  co-operation  in  the  employ- 
ment relation  based  upon  mutual  confidence  and  sympathy. 

This  is  true  of  all  producing  industries,  large  and  small,  of 
the  farming  industry  as  well  as  the  manufacturing.  While 
there  are  differences  between  the  different  branches  of  indus- 
try which  call  for  special  application  of  the  underlying  prin- 
ciples, tliese  principles  are  the  same  in  all. 

Without  efficiency  in  production,  that  is  to  say  without  a 
large  product  economicaly  produced,  there  will  be  no  fund  for 
the  payment  of  adequate  compensation  for  labor,  manage- 
ment and  capital,  and  high  cost  of  living  will  inevitably  con- 
tinue. Moreover,  without  such  efficiency  it  will  be  impossible 
for  American  industry  successfully  to  compete  in  foreign  mar- 
kets or  with  foreign  competition  in  this  country.  The  larger 
and  more  effective' the  production,  the  greater  will  be  the 
return  to  all  engaged  in  the  industry,  and  the  lower  the  cost 
of  living. 

The  requisite  efficiency  in  production  cannot  be  secured  un- 
less there  is  effective  co-operation  between  employer  and  em- 
ploye, such  as  is  imly  possible  where,  with  a  full  understand- 
ing of  each  other's  point  of  view,  management  and  men  meet 
upon  a  common  ground  of  principle  and  in  a  spirit  of  co-op- 
eration based  upon  good  understanding  and  a  recognition  of 
v*hat  is  fair  and  right  between  the  two.  Then  only  can  there 
be  that  harmony  which  will  insure  the  prosperity  of  those  en- 
gaged in  industry  and  of  all  the  people. 

With  full  recognition  of  the  vital  importance  of  these  con- 
ditions and  with  due  realization  of  the  gi-eat  responsibility 
resting  upon  management  to  secure  their  practical  applica- 
tion in  industrial  affairs,  we  submit  the  following  principles 
which  we  regard  as  fundamentally  sound  in  the  interest  of 
industry,  of  those  employed  or  concerned  in  industry,  and  of 
the  people  as  a  whole. 

1.  Production. — The  induotrial  organization  as  a  productive 
agency  is  an  association  of  management,  capital  and  labor 
voluntarily  established  for  economic  production  through  co- 
operative effort.  It  is  the  function  of  management  to  co- 
ordinate and  direct  capital  and  labor  for  the  joint  benefit  of 
all  parties  concerned  and  in  the  interest  of  the  consumer  and 
of  the  community.  No  employment  relation  can  be  satisfac- 
tory or  fulfill  its  function  for  the  common  good,  which  does 
not  encourage  and  require  management  and  men  to  recognize 
a  joint  as  well  as  an  individual  obligation  to  improve  and  in- 
crease the  quantity  and  quality  of  production  to  as  great  an 
extent  as  possible,  consistent  with  the  health  and  well-being 
of  the  workers. 

There  should  be  no  intentional  restriction  of  productive 
effort  or  output  by  either  the  employer  or  the  employe  to  create 
an  artificial  scarcity  of  the  product  or  of  labor  in  order  to  in- 
crease prices  or  wages;  nor  should  there  be  any  waste  of  the 
productive  capacity  of  industry  through  the  employment  of 
unnecessary  labor  or  inefficient  management. 

It  is  the  duty  of  management  on  the  farms  and  in  industry 
and  commerce,  as  far  as  possible,  to  procure  the  capital  nec- 
essary for  the  increased  production  that  is  required,  and  of 
both  management  and  labor  to  co-operate  to  promote  the  use 
of  capital  in  the  most  efficient  fashion. 

2.  The  Establishment  as  a  Productive  Unit. — Recognizing 
the  cooperative  relationship  between  management  and  men 
essential  to  productive  efficiency  as  a  prerequisite  for  national 
and  individual  well-being,  the  establishment  rather  than  the 
industry  as  a  whole  or  any  branch  of  it  should,  as  far  as  prac- 
ticable, be  considered  as  the  unit  of  production  and  of  mutual 
interest  on  the  part  of  employer  and  employe.  Here,  by  ex- 
perimentation and  adaptation,  should  be  worked  out  and  set 
up  satisfactory  means  for  co-operative  relations  in  the  opera- 
tion of  the  establishment,  with  due  regard  to  local  factors. 

Each  establishment  should  develop  contact  and  full  oppor- 
tunity for  interchange  of  view  betwen  management  and  men, 
through  individual  or  collective  dealing  or  a  combination  of 
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both,  or  by  some  other  effective  method,  always  predicated  on 
both  sides  on  honesty  of  purpose,  fairness  of  attitude  and  due 
recognition  of  the  joint  interest  and  obligation  in  the  CDmnioii 
enterprise  in  which  they  are  engaged. 

Mere  machinery  is  not  enough  for  this  purpose.  There 
must  also  be  sympathy  and  good  will  with  earnest  intent  that, 
whatever  the  means  employed,  they  must  be  effective. 

3.  Conditions  of  Work.— It  is  the  duty  of  management  to 
make  certain  that  the  conditions  under  which  work  is  carried 
on  are  as  safe  and  as  satisfactory  to  the  workers  as  the  na- 
ture of  the  business  reasonably  permits.  Every  effort  should 
be  made  to  maintain  steady  employment  of  the  workers  both 
on  their  account  and  to  increase  efficiency.  Each  establish- 
ment should  study  carefully  the  causes  of  unemployment  and 
individually  and  in  co-operation  with  other  establishments  in 
the  same  and  other  industries  should  endeavor  to  determine 
and  to  maintain  conditions  and  business  methods  which  will 
result  in  the  greatest  possible  stability  in  the  employment 
relation. 

4.  Wages.— While  the  law  of  supply  and  demand  must  in- 
evitably play  a  large  part  in  determining  the  wages  in  any  in- 
dustry or  in  any  establishment  at  any  particular  time,  other 
conditions  must  be  taken  into  account  such  as  the  eflicienc:- 
of  the  worker  and  the  wage  standard  of  the  industry  in  the 
locality.  The  wage  should  be  so  adjusted  as  to  promote  the 
maximum  incentive  consistent  with  health  and  well-being  and 
the  full  exercise  of  individual  skill  and  effort.  Moreover,  the 
business  in  each  establishment  and  generally  in  industry 
should  be  so  conducted  that  the  worker  should  receive  a  wage 
sufficient  to  maintain  him  and  his  family  at  a  standard  of  liv- 
ing that  should  be  satisfactory  to  a  right-minded  man  in  view 
of  the  prevailing  cost  of  living,  which  should  fairly  recognize 
the  quantity  and  quality  of  his  productive  effort  and  the  value 
and  length  of  his  service,  and  reflect  a  participation  on  his 
part  in  the  prosperity  of  the  enterprise  to  which  he  is  devot- 
ing his  energy. 

Many  plans  are  now  under  consideration  tor  adding  to  the 
Tixed  wage  of  the  worker  such,  tor  example,  as  bonus  pay- 
ments, profit  sharing  and  stock  ownership.  All  such  plans 
should  be  carefully  studied  in  each  establishment.  It  may 
well  be  that  in  many  instances  the  employer  and  the  em- 
ploye could  work  out  an  arrangement  of  such  a  character  to 
their  mutual  advantage. 

In  order  that  the  worker  may  in  his  own  and  the  general 
interest  develop  his  full  earning  capacity  and  command  his 
maximum  wage,  it  should  be  a  primary  concern  of  manage- 
ment to  assist  him  to  secure  employment  suited  to  his  abil- 
ities, to  furnish  him  incentive  and  opportunity  for  improve- 
ment to  provide  proper  safeguards  for  his  health  and  safety, 
and  to  aid  him  to  increase  the  value  of  his  productive  effort. 

Where  women  are  doing  work  equal  with  that  of  men  un- 
der the  same  conditions,  they  should  receive  the  same  rates 
of  pay  as  men  and  should  be  accorded  the  same  opportunities 
for  training  and  advancement. 

5.  Hours  of  Work.— Hours  of  work  schedules  should  be 
fixed  at  the  point  consistent  with  the  health  of  the  worker 
and  his  right  to  an  adequate  period  of  leisure  for  rest,  recre- 
ation,  home  lite  and  self-development.  To  the  extent  that  the 
work  schedule  is  shortened  beyond  this  point  the  worker  as 
well  as  the  community  must  inevitably  pay  in  the  form  of  a 
reduced  standard  of  living.  ,,,..,  ,. 

The  standard  of  the  work  schedule  should  be  the  w-eek, 
varying  as  the  peculiar  requirements  of  individual  industries 
may  demand.  Overtime  work  should,  as  far  as  possible,  be 
avoided,  and  one  day  of  rest  in  seven  should  be  provided. 

6.  Settlement  of  Disputes.-Each  establishment  should 
provide  adequate  means  for  the  discussion  of  all  questions 
and  the  just  and  prompt  settlement  of  all  disputes  that  arise 

,  between  management  and  men  in  the  course  of  industrial 
operation,  but  there  should  be  no  improper  limitation  or  im- 
pairment of  the  exercise  by  management  of  its  essential  func- 
tion of  judgment  and  direction. 

7.  Right  to  Associate.-AIl  men  have  the  right  to  associate 
voluntarily  for  the  accomplishment  of  lawful  purposes  by 
lawful  means.  The  association  of  men,  whether  ot  employ- 
ers, employes  or  others,  for  collective  action  or  dealing  con- 
fers no  authority  and  involves  no  right  of  compulsion  o^er 
those  who  do  not  desire  to  act  or  deal  with  them  as  an  asso 
elation.  The  arbitrary  use  of  such  collective  ^^ZrJ^lZot 
or  control  others  without  their  consent  is  an  infringement  of 
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personal  liberty  and  a  menace  to  the  Intttltutions  of  a  iTfO 
people. 

8.  Responsibility    of    Associations. — The    public   Bafely    re- 
quires that  there  shall  bu  no  exercine  of  power  without  <or- 
responding  responsibility.     Every  URsoclalion,  whi-ihcr  •  • 
ployers  or  employes,  must  be  equally  subject  to  public  au"  ■  ! 
ity  and  legally  answerable  for  Its  own  conduct  or  that  of  Its 
agents. 

9.  Freedom  of  Contract.— With  the  riKhl  to  HHSociule  rec- 
ognized, the  fuiidainenlal  principle  of  individual  freedom  de- 
mands that  every  person  must  be  free  to  enguKe  In  any  law- 
ful occupation  or  enter  into  any  lawful  contract  as  an  em- 
ployer or  an  employe,  and  be  secure  in  the  continuity- and  re- 
wards of  his  effort. 

The  only  qualification  to  which  such  liberty  of  contract  Is 
subject  lies  in  the  power  of  the  state,  within  limits  imposed 
by  the  Constitution,  to  regulate  in  the  public  Interest,  for  ex- 
ample, for  the  promotion  of  health,  safety  and  morals. 

10.  The  Open  Shop. — The  prlnci|)le8  of  individual  liberty 
and  freedom  of  contract  upon  which  our  inslitutiuns  are 
fundamentally  iiased  require  that  there  should  be  no  Inter- 
ference with  the  "open  shop,"  that  is,  the  shop  in  which  mem- 
bership or  non-membership  in  any  association  is  not  made  a 
condition  of  employment.  While  fair  argument  and  persua- 
sion are  permissible,  coercive  methods  aimed  at  turning  the 
"open  shop"  into  a  "closed  union"  or  "closed  non-union  shop" 
should  not  be  tolerated. 

There  should  be  no  denial  of  the  right  of  an  employer  and 
his  workers  voluntarily  to  agree  that  their  relation  shall  be 
that  i)f  the  "closed  union  shop"  or  of  the  "closed  non- 
union shop."  But  the  right  of  the  employer  and  his 
men  tc  continue  their  relations  on  the  principle  of 
the  "open  shop"  should  not  be  denied  or  questioned.  No 
employer  should  be  required  to  deal  with  men  or  groups  of 
men  who  are  not  his  employes  or  chosen  by  and  from  among 
them. 

Under  the  organization  of  the  "open  shop'  there  is  not  the 
same  opportunity  for  outside  interference  on  the  part  of  other 
interests  to  prevent  close  and  harmonious  relations  between 
employer  and  employe.  Their  efforts  to  continue  or  secure 
such  harmonious  relationship  are  not  complicated  to  the  same 
extent  by  intervention  of  an  outside  interest  which  may  have 
aspirations  and  plans  of  its  own  to  promote,  which  are  not 
necessarily  consistent  with  good  relations  in  the  shop. 

11.  The  Right  to  Strike  or  Lockout. — In  the  statement  of 
the  principle  that  should  govern  as  to  the  right  to  strike  or 
lockout,  a  sharp  distinction  should  be  drawn  between  the  em- 
ployment relations  in  the  field  (a)  of  the  private  industry. 
(b)  of  the  public  utility  service,  and  (c)  of  Government  em- 
ployment. Federal,  state  or  municipal.  In  all  three  there  are 
common  rights  and  obligations,  but.  insofar  as  the  right  to 
strike  or  lockout  is  concerned,  the  nature  of  the  Oovernment 
service  and  public  utility  operations  requires  that  they  should 
be  considered  from  a  somewhat  different  point  of  view  than 
private  industry. 

In  private  industry  the  strike  or  the  lockout  is  to  be  de- 
plored, but  the  right  to  strike  or  lockout  should  not  be  denied 
as  an  ultimate  resort  after  all  possible  means  of  adjustment 
have  been  exhausted.  Both  employers  and  employes  should 
recognize  the  seriousness  of  such  action  and  should  be  held 
to  a  high  responsibility  for  the  same. 

The  statement  that  the  right  to  strike  or  lockout  should  not 
be  denied,  does  not  cover  the  matter  of  the  sympathetic  strike 
or  lockout,  where  for  mere  purposes  of  coercion  there  Is  a 
combination  deliberately  inflicting  injury  upon  parties  against 
whom  the  assailants  have  no  grievance,  for  the  purpose  of 
accomplishing  an  ulterior  result.  The  sympathetic  strike  is 
indefensible,  anti-social  and  immoral.  The  same  may  be  said 
of  the  blacklist,  the  boycott  and  also  of  the  sympathetic 
lockout. 

In  public  uUlily  service  the  public  interest  and  welfare 
must  be  the  paramount  and  controlling  consideration.  Mod- 
ern social  life  demands  the  uninterrupted  and  unimpaired 
operation  of  such  service,  upon  which  individuals  and  com- 
munities are  as  dependent  as  is  human  life  on  the  uninter- 
rupted circulation  of  the  blood.  The  state  should,  therefore, 
impose  such  regulations  as  will  assure  continuous  operation, 
at  the  same  time  providing  adequate  means  for  the  prompt 
hearing  and  adjustment  of  complaints  and  disputes. 

In  Government  employment  the  orderly  and  continuous  ad- 
ministration   of    governmental    activities    is    imperative.    A 
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strike  ot  (Joveniinpnt  employes  is  aa  attempt  to  preveut  the 
operation  of  Government  i\ntil  the  demands  ot  such  employes 
are  granied.  and  cannot  be  tolerated.  No  public  servant  can 
obey  two  masters:  he  canot  divide  his  allegiance  between  the 
Government  which  he  serves  and  a  private  organization 
which,  under  any  circumstances,  might  obligate  him  to  sus- 
pend his  duties,  or  agree  to  assist  him  moraly  or  financially  if 
he  does.  Social  self-defense  demands  that  no  combination  to 
preveut  the  operation  of  Government  be  permitted.  The 
right  of  Government  employes  to  be  heard  and  to  secure  just 
redress   should  be  amply  safeguarded. 

12.  Training. — Practical  plans  should  be  inaugurated  in  in- 
dustry and  outside  of  it  for  the  training  and  upgrading  of  in- 
dustrial workers,  their  proper  placement  in  industry,  the 
adoption  and  adaptation  of  apprenticeship  systems,  the  exten- 
sion of  vocational  education  and  such  other  adjustments  of 
our  educational  system  to  the  needs  of  industry  as  will  pre- 
pare the  worker  for  more  effective  and  profitable  service  to 
society  and  to  himself. 

The  foregoing  is  limited  to  a  statement  of  prmciples.  Only 
casual  reference  has  been  made  to  methods  by  which  such 
principles  may  be  carried  into  effect.  The  problems  are  so 
serious  and  difficult  that  such  methods  must  be  worked  out 
by  the  individual  establishments  in  conjunction  with  their 
employes  and  by  industry  as  a  whole. 


Strengthening  Old  Bridges  by 
Doubling  Up  the  Trusses 

During  the  latter  part  ot  191S  two  100-tt.  single  track  rail- 
way spans  on  the  Kansas  City  Southern  R.  R.  were  rein- 
forced for  modern  standard  loading  by  adding  extra  trusses 
and  stringers  from  like  spans  which  had  previously  been 
taken  out  of  service.     The  spans  recently  reinforced  are  in 


while  the  money  outlay  v\  as  considerably  less  than  that  re- 
quired for  all  new  material. 

The  added  trusses  are  set  outside  the  existing  trusses  at 
3  ft.  1  in.  centers.  Diaphragms  connect  the  pairs  of  trusses 
at  the  three  intermediate  panel  points  and  support  the  floor 
beams.  The  trusses  are  also  connected  by  occasional  batten 
plates.  A  new  floor  beam  was  placed  underneath  each  exist- 
ine  intermediate  floor  beam  and  riveted  to  its  lower  flange, 
forming  a  composite  beam.  The  new  beams  extend  out  and 
hangers  from  their  ends  connect  to  the  diaghragms  joining 
the  trusses.  The  stringers  in  the  existing  spans  were  8  ft. 
center  to  center.  Extra  stringers  2  ft.  center  to  center  were 
put  in  between  them  to  divide  the  track  loads. 

The  end  floor  beams  were  not  reinforced,  but  the  piers 
were  built  up,  and  special  shoes  provided  to  support  the  ends 
of  the  two  middle  springers.  The  lower  lateral  system  was 
somewhat  modified  so  that  connection  was  made  to  the  new 
stringers  as  well  as  the  two  original  ones. 

The  erection  was  very  simple  and  required  no  falsework. 
The  piers  w-ere  first  cut  down  a  distance  of  about  5  ft.  and 
built  up  in  reinforced  concrete,  with  the  ends  extended  suf- 
ficiently to  provide  seats  for  the  shoes  of  the  new  outside 
trusses.  These  reinforcing  trusses  were  erected  by  suspend- 
ing them  from  the  existing  span  and  the  new  floor  beams 
were  similarly  swung  in  place  and  supported.  After  connec- 
tions at  the  intermediate  points  had  been  made,  the  ends  of 
the  added  trusses  were  jacked  up,  and  suitable  shim  plates 
placed  under  the  end  shoes  to  subject  the  new  trusses  to 
?iiough  deformation  so  that  they  would  take  their  share  of 
the  load.  Careful  distortion  measurements  made  after  the 
reinforcing  of  the  spans  was  completed  show  satisfactory, 
although  not  exact,  distribution  of  live  load  stresses,  be- 
tween the  trusses  at  each  side. 

The  work  was  carried  out  expeditiously  and  the  completed 
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two  different  bridges  and  had  been  continued  in  service  for 
some  years  under  traffic  much  in  excess  of  the  loads  for 
"iVhich  they  were  designed  by  maintaining  slow  orders.  For- 
merly there  were  a  number  of  spans  of  this  type  on  the  road, 
but  all  had  been  removed  except  these  remaining  two.  They 
are  through  pin-connected  spans,  ot  the  so-called  A-truss 
typo,  with  four  25-ft.  panels.  The  method  of  handling  this 
work  was  described  by  Mr.  E.  E.  Howard,  Consulting  Engi- 
neer, Kansas  City,  Mo.,  in  the  Railway  Age,  from  which  the 
matter  following  is  taken. 

It  developed  that  several  of  the  old  spans  were  still  stored 
in  the  yards  and  were  available  for  use  and  that  the  metal 
of  the  old  spans  in  position  and  that  in  storage  was  in  good 
condition.  Estimates  were  made  for  replacing  one  of  the 
spans  with  two  50-ft.  deck  girders,  building  one  new  pier,  and 
for  replacing  the  span  of  the  other  bridge  with  a  truss  span 
designed  for  present  loading.  The  scheme  was  also  devised 
of  strengthening  the  old  spans  by  the  use  of  the  metal  of 
the  similar  spans  held  in  storage,  and  this  was  adopted. 

The  reinforced  spans  are  ample  for  Class  E-55  loading  arr?l 
the  additional  material  was  added  without  interruption  to 
traffic.  The  required  modification  of  the  substructure  was 
slight,  no  changes  in  the  old  spans  were  necessary  except 
tor  the  connection  of  new  metal,  and  the  total  additional  new 
metal  required  was  only  about  15  tons  per  span.  This 
method  was  especially  advantageous  in  view  of  the  difficulty 
of  secnring  new  structural  metal  work  in  the  summer  of  V^V . 


structure,  while  somewliat  unusual  in  appearance  and  rigid, 
substantial  and  of  ample  strength.  The  estimates  of  the 
cost  for  the  bridge  where  two  50-ft.  girder  spans  and  one 
new  piece  could  have  been  used,  was  about  $11,000  for  new- 
construction  throughout,  and  about  $8,000  for  the  reinforcing 
of  the  existing  span.  For  the  bridge  where  a  100-ft.  open- 
ing had  to  be  maintained,  the  cost  of  a  new  bridge  through- 
out was  about  $19,000  and  of  the  reconstruction  with  four 
trusses,  about  $7,500.  These  figures  represent  the  cash  out- 
lay, without  allowance  for  the  amount  the  railroad  charged 
itself  for  the  old  metal  stored  in  the  yards,  nor  tor  the  sal- 
vage value  of  the  old  spans  had  they  been  removed.  The 
total  cash  outlay,  therefore,  was  cut  down  from  $30,000  to 
about  $15,000 — a  matter  of  some  importance  during  the  war- 
time conditions. 

The  scheme  for  the  work  was  devised  and  the  plans  pre- 
pared by  Harrington,  Howard  &  Ash,  Consulting  Engineers, 
Kansas  City.  The  work  was  carried  out  by  the  Kansas  City 
Bridge  Co.,  all  under  the  direction  of  J.  M.  Weir.  Chief  Engi- 
neer, Kansas  City  Southern  Ry.,  Kansas  City. 


New   Engineering  School   in  Pennsylvania.— As  part  ot  Us 

movement  in  the  field  of  industrial  research  the  Carnegie 
Institute  of  Technology  has  announced  that  a  new  engineer- 
ing school  will  be  established  in  Pennsylvania.  The  school 
will  be  under  the  direction  ot  the  Institute,  the  U.  S.  Bureau 
of  Mines  and  the  coal  operators  of  the  Pittsburgh  District. 


(104) 


Engineering  and  Contractinii  for  October  '^u,  I'Jl'J. 


Measures  for  Preventing  Accidents 
in  Building  Construction* 

By  F.  J.  C.  DRESSER, 
The   Au^stin    Co.,    Industrial   Engineers  and    Builders.   Cleveland,   O. 

It  is  only  in  recent  years  that  any  discussions  whatsoever 
have  been  had  in  reference  to  the  hazards  of  building  con- 
struction, and  aside  from  statistics  issued  by  the  several  in- 
surance companies,  no  organized  effort  was  made  by  the  con- 
tract i^rs  generally  to  exchange  ideas  toward  the  elimination 
of  accidents.  However,  the  present  day  finds  that  several 
of  the  larger  contracting  organizations  include  a  so-called 
bureau  of  safety,  and  their  results  have  shown  a  remarkable 
reduction  in  the  number  of  accidents,  as  well  as  an  immense 
saving  of  lost  time  and  money. 

Development  of  a  Safety  Campaign. — In  order  to  develop  a 
proper  safety  campaign  for  the  particular  job  in  hand,  an 
analysis  is  necessary,  for  the  work  itself  is  suggestive  of  the 
major  portion,  or  rather  kind,  of  possible  accidents  you  will 
be  obliged  to  combat.  I  do  not  mean  to  say  that  you  can  im- 
mediately eliminate  all  accidents,  but  certainly  a  study  of 
former  accidents  on  a  similar  piece  of  work  will  help  greatly 
in  a  reduction  of  accidents  on  future  work.  To  just  such 
work,  namely,  analysis  and  issuance  of  instructions,  is  a 
safety  bureau  dedicated. 

Of  course,  there  are  and  always  will  be  special  pieces  of 
work  that  must  bo  accomplished  witich  are  different  than  any 
former,  but  I  still  maintain  that  the  same  fundamentals  apply 
and  that  an  analysis  still  can  be  made  and  preventive  meas- 
ures applied. 

It  is  evident  that  the  sewer  or  grading  contractor,  for  in- 
stance, can.  by  a  series  of  test  holes,  determine  the  character 
of  soil  he  is  obliged  to  excavate,  and  plan  his  working 
methods  accordingly.  Such  procedure  will  tell  him  quickly 
what  he  must  provide  in  the  way  of  equipment  and  protective 
measures,  and  has  the  further  advantage  of  not  catching  him 
unawares  as  far  as  unforeseen  ground  conditions  are  con- 
cerned. 

The  present  day  of  multiple-story  buildings,  when  radical 
changes  in  their  construction  methods  are  being  employed, 
finds  us  facing  the  source  of  the  greatest  number  of  acci- 
dents, as  is  attested  by  the  high  insurance  rates.  Usually 
the  public  comes  in  for  consideration,  as  far  as  safety  methods 
are  concerned,  and  in  fact  no  other  class  of  structure  requires 
more  consistent  planning  or  forethought  as  regards  accident 
prevention,  unless  it  be  in  the  tunnel  or  subway  work  as  in- 
stalled in  our  larger  cities.  For  this  work  it  is  plain  that 
proper  and  substantial  equipment  must  be  provided  that  pos- 
sesses a  good  safe  factor;  the  sidewalks  and  streets  must  be 
covered;  riding  loads  and  in  hoists  must  be  forbidden:  stair- 
ways and  ladders  must  be  liberally  provided;  mechanical  safe- 
guards installed;  rapidly  moving  load  lines  and  signal  cords 
boxed  or  otherwise  protected;  safety  belts  and  scaffolds  pro- 
vided, and  even  a  man's  clothing  must  receive  attention,  for 
many  a  man  has  lost  a  hand  by  reason  of  his  wearing  a  gaunt- 
let glove,  and  others  have  lost  arms  and  life  because  of  a 
loose  sleeve  or  glove  which  dangled  into  involving  drums,  or 
shafting,  or  which  were  caught  by  a  broken  strand  in  a  cable. 

Heavy  foundation  work  requires  the  same  care  in  accident 
prevention  study,  both  in  bridge  and  building  work. 

Pile  driving  is  another  hazardous  piece  of  work,  where  mov- 
ing timbers  and  lines  are  responsible  for  many  avoidable  ac- 
cidents. 

Wrecking  and  underpinning  are  other  sources  of  accidents, 
and  more  numerous  undoubtedly  than  should  be  because  they 
do  not  receive  the  attention  of  an  engineer  as  regards  a  plan, 
or,  in  other  words,  the  average  wrecking  contractor  does  not 
have  a  staff  or  an  engineer  in  his  service  who  would  calculate 
before  doing  work.  As  a  result,  defective  material  is  often 
used  and  insufficient  underpinning  installed,  causing  acci- 
dents, of  course. 

Heavy  rock  excavation  requires  care  in  handling  dynamite, 
precaution  against  flying  rock  and  destruction  of  property. 

Industrial  building  work  is  the  source  of  possibly  the  great- 
est variety  of  accidents,  but  usually  not  as  disastrous  to  life 
and  limb  as  the  previously  mentioned  class  of  work. 

However,  an  analytical  study  in  the  direction  of  safety,  no 
matter  what  the  class  of  work,  will  certainly  produce  results 
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il   undertaken  wlih  the  auiiie  .spirit  that  a  eoDHtructlon  e-igl- 

neer  |,luns  his  layout  and  schedule. 

Application  of  Safety  Methods  Depends  on  Employe.  -The 
more  intelligent  the  workiiuui  the  leHS  lluhle  is  li.-  '..  ■•  fl- 
dent.     In  this  respect,  the -Ironworker  or  stot-l  «r"-. 

sibly  the  most  versatile  in  that  he  thinks  of  the  i... l...^ 

of  things  happening  in  connection  with  the  work  in  hand,  and 
is  not  so  easily  caught  unawares.  The  brickmuson  ami  car- 
penter are  usually  on  moie  substantia!  fooling  and  inuhinucii 
as  their  work  is  usually  more  regular,  do  not  have  occasion 
to  give  "Possible  Happenings"  much  thought.  No  other  me- 
chanic possibly  should  possess  good  Judgment  any  more  than 
(he  hoisting  engineer,  especially  he  he  engaged  on  niulllple- 
story  building  work  or  heavy  bridge  construction.  The  com- 
mon laborer,  however,  requires  more  watching  than  the  iradi; 
mechanics,  and  in  this  respect  much  depends  on  the  intelli- 
gence of  the  foreman  who  directs  his  movements. 

All  workmen,  however,  can  be  schooled  in  safety  methuds,  an 
has  been  demonstrated  by  leading  contracting  companies 
who  have  safety  bureaus.  For  instance,  the  Fred.  T.  Ley  Co. 
began  this  work  in  1915,  and  their  reduction  In  accident  rate 
per  1.00(1  employes  for  191B  was  25  per  cent,  and  in  1917  was 
.i5  per  cent,  which  is  indeed  encouraging. 

Character  of  Accidents.— Our  records,  from  a  recent  plec« 
of  construction,  which  involved  steel  erection,  heavy  concrete. 
brick  work  and  grading,  also  track  work,  shows,  from  a  total 
of  242  accidents,  that:  Seventy-three  employes  sustained 
bruised  fingers  from  handling  material;  ;{7  employes  sus- 
tained punctured  feet  from  nails;  11  employes  sustained  cuts 
on  head  from  falling  material;  7  employes  sustained  sprained 
ankles,  slipping  and  misstepping;  7  employes  sustained  cuts 
on  hands,  and  the  balance  were  minor  injuries.  This  work 
comprised  the  erection  of  a  large  engine  terminal,  and  this 
record  conforms  in  the  average  to  the  class  of  accidents 
which  we  must  safeguard  against  in  the  course  of  our  regular 
standard  industrial  building  construction. 

I  find  in  comparison  with  figures  as  derived  by  other  con- 
cerns, that  the  accidents  in  the  main  are  similar  in  character. 
but  the  percentages  vary,  due  undoubtedly  to  the  character  of 
the  work  in  hand. 

The  greatest  number  of  accidents,  we  find,  come  during  the 
handling  of  material,  and  are  confined  to  hand  injuries:  sec- 
ond in  number  come  injuries  to  feet  from  protruding  nails: 
third,  employes  falling,  by  reason  of  misstepping  or  stumbling 
over  strewn  material,  causing  sprained  and  broken  ankles. 
broken  arms  or  legs;  fourth,  falling  material,  causing  cuts 
about  the  body  and  broken  limbs.  These  are  the  four  main 
causes  as  we  find  them,  and  it  is  natural,  therefore,  that  pre- 
ventive measures  be  provided  in  the  order  named. 

Measures  for  Preventing  Accidents.-  I  believe  it  goeb  with- 
out question  that  a  job  properly  planned,  and  scheduled 
whereby  one  phase  of  work  closely  follows  tlie  other,  where 
material  is  received  and  handled  in  the  same  order  and  where 
orderliness  prevails  throughout,  is  rewarded  by  the  least 
number  of  accidents. 

Receiving  of  material  and  storing  of  same  is  a  study  In  it- 
self, for  naturally  the  best  position  must  be  selected  for 
hoists,  and  also  for  storing  of  material.  One  should  be  near 
the  other  to  avoid  rehandling  and  increased  costs,  also  mini- 
mum handling  reduces  the  possibility  of  accidents,  as  is  plain. 
But  often  they  are  far  apart,  causing  long  runways  to  he  built 
and  arranged,  in  and  out,  around  or  through  a  building,  as 
the  case  may  be,  creating  a  state  of  disorder  and  interfering 
with  the  other  divisions  of  the  work.  The  ideal,  of  course.  Is 
one  where,  for  instance,  structural  steel  can  be  placed  from 
car  to  position,  eliminating  rehandling  in  field  and  on  large 
operations  where  space  is  available,  this  can  often  be  done 
with  steel  as  well  as  other  material,  if  hoists  and  material 
tracks  or  roads  are  given  same  attention  as  to  layout  and 
position  before  work  is  sti^rled  in  the  field.  The  main  object 
is  to  eliminate  distance,  for  work  is  really  distance  versus 
resistance,  as  the  definition  goes,  and  the  further  application 
of  all  rossiblo  mechanical,  means  to  handle  material  from 
cars  or  wagon  to  position  is  another  factor  which  results  In 
a  great  reduction  of  accidents. 

Our  second  consideration  being  given  to  nails,  we  find  that 
orderliness  in  handling  of  lumber  containing  protruding  nails, 
eliminates  foot  punctures  by  the  score.  Plank  or  forms  of 
this  character  should  be  stacked  with  nails  down  and  not  be 
allowed  to  be  strewn  all  over  the  job.  In  order  to  rouse  the 
plank  or  board  the  carpenter  must  drive  the  nails  back,  and 
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their  removal  as  soon  as  the  plan  or  brace  is  taken  down  is 
undoubtedly  the  best  practice.  As  regards  concrete  form  lum- 
ber that  has  beeii  stripped,  if  it  has  no  further  use  in  the 
b'tildiu'^;  as  fabricated,  it  should  be  stacked  and  nails  removed 
by  the  cleaning  gang,  is  there  is  ame,  as  soon  as  possible,  to 
make  it  available  for  other  use.  for  certainly  the  reuse  of 
lumber  these  days  is  economy,  and  a  carpenter  usually  will 
take  a  new  i)iece  rather  than  stop  to  remove  nails.  In  a  mul- 
tiple-story concrete  building,  forms  are  usually  stripped  and 
immediately  placed  in  position  tor  the  next  floor,  and  the 
same  applies  to  braces,  so  that  the  immediate  removal  or 
driving  back  of  nails  is  necessary  and  foot  punctures  are 
made  less  possible,  than  on  the  ordinary  timber  or  house  job. 
Klimination  of  strewn  lumber  will  reduce  nail  accidents  and 
its  reclamation  should  be  taken  in  hand  at  once  in  order  to 
make  it  fit  for  reuse,  which  in  itself  will  cause  a  saving  in 
the  final  lumber  bill. 

To  avoid  employes  falling,  railings  should  be  erected  on 
staging  and  scaffolds;  runways  of  sufficient  width  provided, 
and  material  generally  should  not  be  strewn  promiscuously 
about  the  job.  Openings  should  be  covered  or  railed  and 
good  staple  ladders  built.  Climbing  up  or  down  hoist  towers 
should  be  forbidden,  and  all  moving  linos  boxed  so  as  to  avoid 
tripping.  Working  aisles  should  be  kept  clear  of  waste  and 
surplus  material. 

To  avoid  falling  material,  storage  of  the  same  should  be 
confined  to  the  interior  aisles,  and  scaffold  provided  with  a 
side  board  to  prevei:^  brick  especially  from  going  over  the 
edge. 

In  discharging  debris,  closed-in  chutes  should  be  installed, 
wheeling  runways  to  be  of  sufficient  width  and  overloading 
of  wheelbarrows  forbidden,  especially  when  brick  are  being 
moved. 

Results  Obtained  by  Contractors'  Safety  Bureau. — Naturally 
the  safety  movement  must  Ijegin  with  the  management  itself, 
and  it  contractors  generally  will  review  the  results  obtained 
by  those  contractors  who  do  maintain  safety  bureaus,  they 
will  readily  see  that  it  is  a  paying  branch  of  the  organization. 
For  instance,  the  following  classification  shows  "Per  cent  re- 
duction in  the  number  of  lost  time  accidents  per  1,000  em- 
ployes shown  by  years": 


Second,  the  joli  organization  should  appreciate  thoroughly 
the  meaning  of  this  safety  work  and  they  will  in  the  end  dis- 
cover that  lower  unit  costs  will  result  in  the  observance  of 
the  safety  rules  first. 

To  educate  the  workmen  themselves  can  be  done  in  differ- 
ent ways,  and  first  of  all,  I  believe,  he  should  be  taught  to  ob- 
serve safety  rules  provided  as  a  precaution  against  the  first 
or  possibly  the  second  classifications,  which  are  most  liable 
to  happen.  His  education  in  this  respect  should  be  gradual 
or  progressive  as  the  work  goes  in,  and  his  foreman,  of  course, 
should  see  that  the  rules  are  observed. 

Descriptive  photographs  are  an  immense  help  in  avoiding 
accidents  and  educational  work,  and  should  be  kept  in  keep- 
ing with  the  class  of  work  in  hand. 

Periodical  bulletins  help  greatly,  as  do  also  signs  which 
should  be  of  such  size  and  meaning  as  can  be  understood  by 
all.  A  sign  that  can  be  read  only  a  few  feet  distant  is  not  of 
much  use,  it  should  be  readable  at  a  considerable  distance, 
the  farther,  the  better. 

Another  idea  is  to  have  progressive  signs,  or  those  which 
move  forward  with  the  work,  cautioning  what  in  particular 
may  result  from  the  work  in  hand  at  that  time.  These  signs 
should  be  right  on  the  job  and  not  posted  on  the  office  door, 
which  may  be  a  mile  away  from  the  job. 

These  are,  of  course,  just  the  means  by  which  the  idea  can 
be  conveyed,  and  various  methods  can  be  adopted  as  results 
may  suggest:  the  same  to  be  chosen  by  the  safety  director 
himself.  In  addition,  safety  meetings  should  be  held  on  the 
job  by  the  foremen  and  a  I'lan  of  action  or  procedure  decided 
upon  before  particular  pieces  of  work  are  undertaken,  also 
work  covered  should  be  reviewed,  ideas  exchanged  and  the 
work  encouraged  in  every  way.  In  this  way  the  best  methods 
can  be  secured. 

Needless  to  say,  the  equipment  for  the  particular  job  in 
hand  should  receive  the  same  careful  attention,  first  to  be  as- 
sured that  it  posseses  the  necessary  safety  factors  to  handle 
the  work  generally,  and  that  it  is  in  good  repair  at  all  times, 
and  receives  the  necessary  periodical  inspection  while  on  the 
work  as  well. 

On  all  our  work,  for  instance,  we  carry  boiler  insurance, 
they  receive  periodical  inspection  by  the  insurance  company 
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18  Handling  material 72 

16  Falling    material 63 

15  Employes    falling 61 
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Third  year,  1917 > 

Number    of        Per    cent   re- 
accidents  per       duct'on  from 
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S3 
16 
28 
13 
42 
9 
6 
33 
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54 
75 
54 
59 
47 
25 
75 
40 


This  table  comprises  some  of  the  results  obtained  by  the 
Fred.  T.  Ley  Com.,  Mr.  L.  D.  Von  Woedkte  being  director  of 
safety. 

The  results  are  plain,  and  inasmuch  as  the  work  covers 
only  a  p?riod  of  three  years,  they  are  indicative  of  the  im- 
mense amount  of  good  work  that  can  be  done  in  accident  pre- 
vention in  general  contracting,  as  propaganda  of  this  kind  is 
really  in  its  infancy  in  this  field. 

Steps  In  an  Accident  Prevention  Campaign. — The  next  step 
for  an  organization  to  undertake  is  the  addition  of  a  safety 
bureau,  and  under  whose  direction  the  work  in  itself  is  car- 
ried on.  The  first  consideration  must  be  given  to  the  field 
or.ganization  itself,  meaning  the  engineers,  superintendents 
and  in  fact  the  entire  rank  and  file,  for  co-operation  must 
exist;  and  the  foremen  generally  must  see  that  the  safety 
rules  are   observed. 

As  a  further  matter  of  co-operation,  the  construction  depart- 
ment should  turn  over  to  the  safety  man,  a  complete  schedule 
of  the  job  in  hand,  showing  the  progress  expected;  this  pos- 
sibly being  the  first  step,  Second,  a  set  of  safety  rules  should 
be  issued  applying  to  the  work  or  particular  job  in  hand, 
which  are  set  up  after  due  analysis  of  the  conditions  which 
aro  to  be  met.  The  third  is,  of  course,  the  enforcement  and 
application  of  these  safety  rules. 

First  of  all,  any  job  employing  125  men  or  more,  dependent, 
of  course,  on  character  of  the  work  and  location,  should  have 
a  first  aid  attendant  and  small  field  hospital.  We  find  it  pays 
decidedl.v — it  eliminating  lost  time. 


and,  of  course,  must  conform  to  the  state  laws  in  which  they 
are  put  to  use.  otherwise  no  attempt  whatsoever  is  made  to 
use  them. 

Around  the  plant  generally,  guards  should  be  Iniilt  whicli 
K'ill  eliminate  the  possibility  of  employes  coming  in  contact 
Avith  the  moving  parts  and  lines,  and  the  same  consideration 
must  be  given  to  hoists  and  hoist  lines.  To  operate  plants 
efficiently  requires  good  mechanics,  of  course,  and  a  contrac- 
tor who  maintains  a  ptaff  of  experienced  operators  in  connec- 
tion with  his  organization  has  done  much  toward  the  applica- 
tion of  safety  methods,  for  the  accident,  as  a  rule,  happens 
to  the  green  man,  no  matter  whether  he  be  mechanic,  laborer, 
or  machine  operator,  and  it  is  necessary  to  observe  them  very 
carefully,  until  such  time  as  some  experience  has  been  gained. 

Safety  rules  further  will  establish  under  what  conditions  a 
machine  is  to  be  operated  and  how,  and  will  also  establish 
signal  codes  to  be  observed,  for  very  often  the  operator  can- 
not see  the  other  end  of  the  line  or  top  of  the  hoist,  as  the 
case  may  be. 

At  any  rate,  common  sense  application  tells  us  that  above 
all  else  you  roust  have  experienced  machine  operators,  and 
none  other  should  be  permitted  to  be  employed,  yet  many 
times  you  will  find  some  man  out  of  the  gang  running  a  ma- 
chine, the  principles  of  which  are  entirely  foreign  to  his  un- 
derstanding. 

The  vv'hole  work,  however,  both  as  regards  employes  and 
equipment,  is  to  be  reviewed  and  inspected  by  the  safety  engi- 
neer, who  will  suggest  precaution  and  safeiy  rules. 


(106) 


Engineobuj  and  CoHtraciing  for  October  :i2,  1919. 


Engineers   Report   on    Recon- 
struction of  New  York 
State  Government 

Governor  Alfred  E.  Smith,  of  New  York,  early  in  1919,  ap- 
pointed a  reconstruction  commission  to  learn  what  could  be 
done  not  only  in  physical  construction,  hut  also  in  reorganiz- 
ing the  state  government  for  greater  efficiency  and  economy. 
A  part  of  the  commissions  organization  is  a  staff  of  engi- 
neeis.  Engineering  Council  had  previously  appointed  a  re- 
construction committee,  and  so  when  an  invitation  came  to 
aid  in  the  reconstruction  work,  the  reconstruction  committee 
selected  a  special  advisory  committee  to  the  stale  of  New 
York.  Besides  advising  the  reconstruction  commission  about 
public  works  which  might  be  undertaken  to  advantage  during 
the  reconstruction  period,  this  advisory  committee  was  asked 
to  study  the  engineering  features  of  reconstruction  of  the 
state  government.  The  following  extracts  from  the  report 
of  the  Advisory  Engineering  Committee  indicate  the  scope  of 
its  studies  and  the  conclusions  reached; 

In  the  matter  of  reorganization  and  consolidation  of  the  ex- 
isting state  departments,  boards  and  agencies,  approximately 
1S4  in  number,  and  with  respect  to  the  establishment  of  a 
proper  budget  system  tor  the  state  of  New  York,  the  advisory 
engineering  committee  appointed  by  Engineering  Council  has 
carefully  considered  the  information  placed  before  it. 

The  organization  of  the  state  goveniment  should  secure  two 
general  results,  namely,  a  policy  responsive  to  public  opinion 
and  an  efficient  management  of  the  business  of  the  state. 
For  policy,  the  governor,  as  chief  executive,  should  be  held 
responsible.  Responsibility  for  efficient  administration  also 
should  be  definitely  placed  upon  the  governor.  The  governor 
should  be  given  authority  to  put  his  views  into  effect,  subject 
to  necessary  legislative  action. 

Consideration  has  been  given  to  the  question  of  a  state 
manager,  but  it  is  concluded  that  the  time  is  not  yet  ripe  and 
will  not  be  until  the  various  departments,  boards,  commis- 
sions and  other  agencies  are  co-ordinated  into  a  more  orderly 
organization  than  now  exists. 

The  governor  should  have  a  cabinet,  or  advisory  council, 
consisting  of  the  heads  of  departments  appointed  by  him  to 
aid  him  in  co-ordinating  and  harmonizing  the  various  func- 
tions of  the  state.  A  two-year  term  for  the  governor  is  too 
short,  it  should  be  four  years. 

State  Budget. — At  the  earliest  practicable  date  an  effective 
state  budget  system  should  be  installed  in  the  interests  of 
efficiency  and  economy.  It  is  impracticable  to  establish  a 
proper  budget  system  unless  co-ordination  is  provided  for  the 
existing  departments,  boards,  commissions  and  other  agencies 
created  from  time  to  time  by  legislative  act.  Under  the  pres- 
ent plan  unsatisfactory  performance  appears  inevitable,  owing 
to  division  of  powers,  absence  of  initiative  and  lack  of  co- 
ordinated supervisory  control  with  respect  alike  to  policy,  ad- 
ministration and  disbursements.  A  successful  budget  system 
should  provide  some  elasticity  to  permit  efficient  working, 
which  is  bound  to  be  affected  somewhat  by  elements  beyond 
the  control,  in  advance,  of  any  official.  Such  elasticity  should 
in\olve  no  waste  of  public  funds,  but  should  allow  appropria- 
tions to  be  used  to  the  best  advantage  of  the  state. 

Department  of  Public  Works. — The  construction  work  of 
the  state  should  be  placed  under  a  department  of  public 
works.  This  department  would  have  a  bureau  of  engineering, 
a  bureau  of  architecture,  a  bureau  of  highways  and  a  bureau 
of  canal  administration.  Each  bureau  should  have  its  own 
division  of  records  and  accounts,  with  the  accounting  stand- 
ardized and  audited  by  the  state  comptroller. 

All  new  and  large  engineering  and  architectural  projects 
should  be  handled  by  engineers  and  architects  of  wide  expe- 
1  lence  and  recognized  standing,  and  the  bureau  of  engineer- 
ing and  the  bureau  of  architecture  should  do  the  routine  work. 
To  permit  engineering  activities  to  be  managed  effectively 
adjustments  should  be  made  carefully,  to  guard  against  over- 
lapping and  lapses  of  jurisdiction,  and  recognition  should  be 
gi^en  the  fundamental  principles: 

(a)  No  man  in  immediate  charge  of  work  should  be  given 
responsibility  beyond  what  may  be  reasonably  expected  as  re- 
gards the  range  of  types  of  tasks  which  one  man  can  look 
after  with  the  aid  of  proper  assistants. 

(b)  The  organization  as  a  whole  should  be  such  that  the 
man   in    final   authority,    in    respect   to   the   policy,   finances. 


labor,  materials  and  other  conlroli.ig  Items,  cnn  bo  reacUfd 
>vithout  delay  by  the  man  in  immidlaie  charge  or  any  emor- 

prise. 

In  the  absence  of  such  arranKementB,  dllionltles  are  bound 
to  arise,  due  to  tht  non  functioning  of  subordlnaivH.  \,ho  hnvo 
ii'ither  jurisdiction  themselves  nor  ready  access  to  thuso 
possessin.g  authority.  Lack  of  acceB-siblllty  lo  the  man  In 
authority  on  the  part  of  those  actually  umnaRlnK  delallcMl 
work,  results  in  pigeonholing,  with  attending  delay,  erroae- 
ously  assumed  to  he  rcciuire.i  by  the  red  tape  of  Government 
formalities. 

Other  Departments  and  Boards.— It  Is  proper  for  the  clafe 
department  of  health  to  luive  its  own  division  of  xanltary 
engineering,  which  should  pass  upon  the  reaRonablcnosB  of 
all  arrangements  for  the  treatment  of  public  water  supplies, 
sewage  and  drainage.  Matters  of  quality  of  puhllc  water 
supply  should  be  under  the  jurisdiction  of  the  stale  depart- 
ment of  liealth.  and  matters  of  quantity  and  source  of  supply 
should  be  under  the  jurisdiction  of  the  department  of  con- 
servation. 

Conservancy  boards,  sewage  or  drainage  districts,  and  Joint 
A-ater  districts,  should  be  formed  only  in  compliance  with  a 
well  defined  plan,  and  policy  of  the  sUte.  providing  for  the 
solution  of  local  problems  by  local  authorities,  but  with  ade- 
quate protection  of  neighboring  localities. 

Some  of  the  rivers  of  the  state  show  objectionable  dellle- 
iiient.  Steps  should  be  taken  to  keep  these  waterways  clean 
by  procedure  which  may  be  likened  to  street  cleaning  as  con- 
ducted by  local  authorities.  Local  agencies  for  conducting 
river  cleaning  should  lie  established  under  state  regulations. 

General  Considerations. — As  time  progresses  some  of  the 
elective  officers  may  be  dispensed  with.  If  so.  the  elimina- 
tions could  be  effected  by  constitutional  amendment  and 
duties  concentrated,  either  under  these  officers  who  are  re- 
tained or  under  the  proper  departments. 

Many  consolidations  of  the  bureaus  can  be  made.  Such 
consolidation  would  be  in  the  line  of  simplification.  It  is  pos- 
sible that  .some  of  the  bureaus  could  be  entirely  abolished. 
without  sacrifice  of  state  efficiency. 

Bureau  heads  and  bureau  organizations  should  be  perma- 
nent, while  all  the  dtpartment  heads  could  be  appointed  by 
a  new  governor.  Bureau  heads  could  be  removed  on  charges, 
but  not  necessarily  changed  every  time  a  new  administration 
takes  office. 

It  is  obvious  that  to  insure  efficient  service  and  best  results 
for  the  state,  salaries  should  be  adequate  to  secure  officials 
fully  qualified  by  ability  and  experience. 

Blasting   Out   Concrete  Column  Inside  a 
Building 

Dynamite  was  employed  in  uieakiiig  up  a  12  ft.  high.  6  ft. 
square,  concrete  column  in  the  cellar  of  a  factory  building  at 
Bata\ia.  N.  Y.  There  was  machinery  on  on?  side  of  the  pier 
and  machinery  and  windows  directly  above  on  the  other  side. 
!n  building  the  pier,  the  cement  had  been  poured  into  forms 
in  courses  or  tiers  in  the  usual  way,  the  junction  be- 
tween the  courses  being  plainly  marked.  Tliese  courses  were 
from  2>/^  to  3  ft.  thick.  Selecting  these  junctions  as  the  weak- 
est point  of  attack,  the  blaster  drilled  holes  Into  the  colam.n 
IS  to  20  in.  deep  and  1%  in.  in  diameter.  From  three  to  five 
holes,  usually  one  on  all  four  sides  of  the  column,  were  drilled. 

For  the  upper  courses.  \i  lb.  of  20  per  cent  dynamite  was 
loaded  in  each  hole  and  well  tamped  in  with  moist  clay.  For 
the  sake  of  safety,  only  one  or  two  holes  were  flred  at  a  time. 
Had  it  not  been  for  the  danger  of  breaking  machinery,  win- 
dows, or  the  floor  above  the  pier,  better  results  could  have 
been  obtained  by  firing  all  of  the  holes  together.  Where 
more  than  one  hole  was  set  off  at  the  same  time,  it  was  nec- 
essary to  use  electric  blasting  caps  connected  up  with  a 
blasting  machine  circuit,  because  in"  no  other  way  is  it  possi- 
ble to  make  charges  go  off  at  exactly  the  same  instant,  and 
unless  they  do  go  off  that  way  the  result  is  not  satisfactory. 
After  loading  the  holes,  blasting  mats  were  made  of  burlap 
bags  bound  together  to  a  thickness  of  about  4  in.  and  thor- 
oughly saturated  with  water.  These  mats  were  bung  over 
the  bore  holes  to  prevent  any  flying  chunks  of  cement  dam- 
aging surrounding  objects.  In  all.  about  10  lb.  of  dynamite 
were  required  to  break  up  the  pier.  The  dynamite  cost  $2.50 
and  the  blasting  caps  about  $1.25.  Labor  cost  amounted  to 
considerably  less  than  a  day's  time. 
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Dangers    in    Shoring  Beams 

By  WALTER  W.  CLIFFORD. 

Indiscriminate  shoring  of  beams  may  be  harmful  rather 
than  liclpfiil.  A  center  shore  will  not  increase  stresses  be- 
yond the  previous  maximum  but  it  may  cause  equally  large 
stresses  in  a  different  part  of  the  beam.  With  a  beam  of  con- 
stant cross-section  like  the  ordinary  steel  or  wood  beam  this 
will  do  no  harm  but  may  do  no  good.  In  the  case  of  a  con- 
crete beam  or  tru?s  or  a  built  up  steel  girder  a  center  shore 
may  increase  stresses  in  portions  of  the  member  not  designed 
or  able  to  take  them. 

The  ff  [lowing  curves  indicate  the  variation  of  stress  in  a 
uniformly  loaded  beam  with  a  center  shore  at  various  heights 
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relative  to  the  original  supports.  For  convenience  of  com- 
putntion  /\.  the  maximum  deflection  of  the  unshored  beam 
is  talcn  as  a  unit  of  height.  The  curves  show  the  moments 
for  elevations  of  center  support  ^,  4 A.  3 A.  2 A>  and  A   below 

5        5       5  5 

A.    2A  3A 

the  end  .supports,  at  the  same  level,  and  at  — .  and  , 

5        5  5 

above  the  end  supports.  In  the  first  case  the  end  supports 
take  tne  entire  load,  In  the  last  case  the  center  support  takes 
the  entire  load.  Following  these  moment  curves  the  varia 
tions  of  shear  and   reaction  as  well  as   moment  are   plotted. 


Examinations  for  Structural  Engineers. — The  U.  S.  Civil  Ser- 
vice Commission  will  hold  open  competitive  examinations  for 
senior  structural  engineer,  Grade  1.  at  $3,000  to  $4,000  per 
year;  senior  structural  engineer.  Grade  2.  at  $1,800  to  $2,700. 
and  senior  mechanical  engineer.  Grade  2,  at  $1,80U  to  $2,700. 
Vacancies  in  the  Interstate  Commerce  Commission  under  the 
act  providing  for  the  valuation  of  the  property  of  common 
carriers,  at  the  salaries  indicated,  and  in  positions  requiring 
similar  qualifications,  at  these  or  higher  or  lower  salaries,  will 
be  filled  from  these  examinations,  unless  it  is  found  in  the  in- 
terest of  the  service  to  fill  any  vacancy  by  reinstatement, 
transfer,  or  promotion.  For  the  first  mentioned  position  it 
is  desired  to  secure  eligibles  having  (a)  a  thorough  technical 
training  and  practical  experience  in  connection  with  the  de- 
sign, construction,  or  maintenance  of  railway  structures 
(bridges,  docks,  wharves,  buildings,  etc.),  and  (b)  having  a 
thorough  acquaintance  with  the  methods  of  inventorying  and 
cost  estimating  of  railway  property  acquired  in  the  service 
of  carriers  or  of  Federal  or  state  commissions.  Applications 
must  be  filed  with  the  commission  at  Washington.  D.  C.  bv 
Nov.  11. 


Importance   to   the   Contractor  of 
Preventing  Minor  Accidents 

In  a  paper  presented  early  this  month  at  the  eighth  annual 
safety  congress  of  the  National  Safety  Council,  Mr.  Geo.  A. 
Rutherford,  a  building  contractor  of  Cleveland,  O..  called  at- 
tention to  the  broadening  scope  of  most  state  compensatioif 
laws,  as  manifested  in  greater  liability  toward  the  injured 
person.  Formerly  compensation  was  rarely  paid,  for  in- 
stance, for  the  impairment  of  one  eye,  because  it  is  seldom 
possible  to  prove  direct  lessening  of  earning  ability  by  the 
impaired  vision  of  one  eye.  However,  at  the  last  session  of 
the  Ohio  legislature  the  law  was  amended  to  grant  compensa- 
tion under  this  condition.  Still  further  argument  for  using 
every  precaution  to  avoid  even  seemingly  trivial  accidents  is 
found  in  the  extension  of  the  merit-rating  system  by  the  In- 
dustrial Commission  of  Ohio  so  as  to  provide  for  a  return  in 
the  form  of  a  credit  premium  of  $10  of  every  $100  a  subscriber 
may  save  the  stale  fund  below  the  ratio  of  the  basic  com- 
pensation allowance  and  credit  premium  factor  prescribed  for 
his  operations.  This  has  the  effect  of  establishing  a  pre- 
ferred plus  rating  for  every  industrial  risk  who  is  able  to 
produce  a  preferred  plus  experience.  This  new  plan  becomes 
operative  against  expirations  occurring  on  and  after  Jan.  1, 
1920,  and  will  apply  retroactively  for  the  preceding  six 
months'  insurance  period.  Thus  a  more  direct  financial  in- 
centive than  theretofore  is  brought  into  play  as  an  induce- 
ment for  employers  to  co-operate  with  the  fund. 

Mr.  Rutherford  recommended  the  following  as  prevention 
measures  on  building  work: 

First:  A  closer  contact  by  contractors  with  their  men. 
with  a  view  to  personal  education  in  safety  rules.  Impress 
upon  superintendents  and  foremen  their  responsibility  for  the 
safety  of  those  who  labor  for  them,  the  necessity  of  warning 
them  of  danger  and  also  to  impress  upon  them  the  necessity 
of  scrupulous  care  in  handling  appliances  and  tools. 

Second:  A  periodical  inspection  by  the  contractor  or  his 
superintendent  of  daily  used  appliances,  such  as  ladders, 
ropes,  tackle,  hoists,  mixers  and  other  machinery. 

Third:  The  insistence  upon  keeping  all  jobs  free  from 
debris,  which  is  one  of  the  greatest  causes  of  small  accidents. 
Fourth:  Making  it  compulsory  that  all  openings  in  floors 
be  immediately  provided  with  railings;  that  all  staging,  espe- 
cially where  bricklayers  and  masons  are  working,  should  be 
provided  with  toe  boards  or  screens  to  prevent  falling  of 
brick  and  other  material. 

Fifth:  The  display  of  "Safety  First"  signs  on  every  build- 
ing, printed  in  foreign  languages  as  well  as  English.  These 
signs,  in  addition  to  being  a  constant  reminder  to  workmen, 
would  also  serve  a  like  purpose  to  the  employer. 

Sixth:  The  distribution,  at  frequent  intervals,  of  circulars 
or  small  cards  to  be  inserted  in  workmen's  pay  envelopes. 
Various  brief  exhortations  may  thus  be  taken  without  offense 
To  use  every  effort,  not  only  to  avoid  accidents  themselves, 
but  to  assist  others  in  doing  so.  This  latter  may  be  done  by 
the  prompt  reporting  of  any  defect  in  or  about  a  building  that 
may  lead  to  an  accident.  How  often  do  men  continue  to  be 
In  danger  after  they  fear  something  may  happen  until  it 
actually  does  happen,  and  then  declare,  "I  was  afraid  of  that 
all  the  time,"  or  "I  told  you  so.'" 

It  probably  is  not  possible  for  those  in  the  building  trades 
to  deal  with  the  subject  as  well  as  employers  having  all  their 
employes  under  one  roof  with  first  aid  and  welfare  depart- 
ment w-ell  established,  and  it  obviously  is  not  possible  for  the 
average  contractor  to  employ  a  safety  engineer,  but  in  all 
cities  of  any  size  there  are  associations  of  employers  in  the 
building  trades  and  it  would  be  practicable  and  possible  for 
these  groups  of  employers  to  provide  a  safety  department  in 
charge  of  an  expert  safety  engineer  who  would  be  a  member 
of  the  National  Safety  Council,  and  whose  duty  it  would  be  to 
gather  and  disseminate  information  on  safety  matters  among 
members  of  the  association,  to  provide  for  periodical  inspec- 
tion of  jobs,  including  machinery  and  equipment,  to  make  re- 
ports and  recommendations  directly  to  the  members  to  pro- 
vide posters,  safety  signs,  etc.,  in  fact,  to  do  for  the  group  of 
contractors  what  the  safety  engineer  of  a  large  contracting 
company  does  for  his  corporation. 
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Significance  of   Cracks  in  Re- 
inforced   Concrete  Con- 
struction* 

The  cracks  that  occur  in  reinforced  concrete  can  in  sen- 
€ral  be  classed  under  five  heads: 

(1)  Cracking  due  to  contraction  of  concrete  in  setting;  (2) 
cracking  due  to  expansion  and  contraction  caused  by  tempe- 
rature changes  in  the  concrete;  (3)  cracking  due  to  too  early 
removal  of  forme;  (4)  cracking  due  to  overloading  of  the 
structure;    (5)   cracking  due  to  settlement  of  supports. 

Shrinkage  of  coucrete  in  setting  varies  from  0.15  per  cent 
to  0.2  per  cent  cf  the  length  for  neat  cement,  and  from  0.03 
per  cent  to  0.05  per  cent  for  concrete  poor  in  cement.  The 
poorer  in  cement  a  given  concrete  may  be,  the  less  shrink- 
age there  will  be.  The  increase  in  tensile  strength  obtained 
by  the  addition  of  extra  cement  is  neutralized  to  some  ex- 
tent by  the  increased  possibility  of  contraction  cracks. 

This  is  a  point  which  should  be  borne  in  mind  when  de- 
signing structures  to  hold  water  or  other  liquids.  In  these 
structures  all  the  tensile  stresses  should  be  taken  by  the 
steel,  and  it  is  of  the  greatest  importance  to  have  a  concrete 
which  is  dense  and  not  liable  to  contraction  cracking.  A 
1:2:-1  concrete,  made  of  properly-graded  materials,  will  be 
sufBciently  strong  and  dense  for  most  tank  work,  and  is 
likely  to  develop  less  contraction  cracks  than  a  richer  mix. 

Cracking  frequently  occurs  through  expansion  and  con- 
traction, due  to  temperature  changes,  especially  in  those 
parts  of  the  structure  which  are  exposed  to  the  sun  and 
weather,  such  as  roofs  and  external  walls. 

A  great  deal  of  this  cracking  can  be  minimized  by  the  ade- 
quate provision  ot  temperature  steel,  but  within  limits  a  cer- 
tain number  of  minor  temperature  cracks  are  inevitable,  and 
should  be  recognized  as  inevitable.  They  are  unsightly,  per- 
haps, but  as  a  rule  do  not  affect  the  strength  of  the  structure. 

Removal  ot  forms  too  soon  produces  cracks  in  floors  and 
weak  spots  in  walls.  In  the  cases  of  floors,  if  the  forms  are 
removed  too  soon  slight  settlement  occurs,  and  the  soffits 
of  beams  and  the  slabs  develop  fine  hair  cracks.  In  the  case 
of  walls  there  may  be  no  visible  sign  of  any  injury,  but  they 
often  divide  at  places  in  their  thickness,  which  may  be  ascer- 
tained by  tapping  them  with  a  piece  of  wood  or  metal,  when 
the  hollow  sound  produced  is  evidence  of  the  result.  Crack- 
ing due  to  this  cause  should  never  occur  if  the  job  is  prop- 
erly supervised. 

Overloading  of  the  structure  or  considerable  settlement 
of  supports  produces  the  most  serious  cracks;  in  fact,  they 
are  usually  the  only  kind  of  cracks  of  any  considerable  mo- 
ment occurring  in  concrete  structures.  Cracks  due  to  this 
cause  usually  occur  as  fractures  in  columns  or  as  diagonal 
fractures  in  main  or  secondary  beams.  If  such  cracks  oc- 
cur, steps  should  be  taken  to  remove  the  load  and  to  strength- 
en the  members  affected.  Sudden  failure  is  not  likely  to  oc- 
cur immediately  on  the  appearance  of  such  cracks,  as  beams 
and  columns  generally  will  carry  a  lot  more  load  after  the 
first  appearance  of  cracks,  before  final  failure  takes  place. 
The  appearance  of  these  cracks,  however,  is  often  an  indi- 
cation that  the  member  is  overstrained. 

All  masonry  structures,  including  reinforced  concrete  will 
■develop  cracks.  Structures  of  masonry,  stone,  or  brick,  are 
discontinuous  and  Jointed.  The  cracks  in  them  due  to  any 
cause  are  dissipated,  spread  over  innumerable  beds  and 
joints  of  the  construction.  In  a  reinforced  concrete  struc- 
ture built  as  a  monolith,  without  beds  or  joints,  the  same 
reasons  for  cracks  exist,  but  the  cracks  are  very  apt  to  con- 
centrate themselves  in  well  defined  and  ugly  openings,  es- 
pecially so  if  the  steel  reinforcing  is  not  sufBciently  and 
properly  disposed.  The  cracks  in  concrete,  due  to  the  same 
causes  as  those  in  ordinary  masonry  on  account  of  their 
prominence  are  all  out  of  proportion  to  their  significance. 
Such  cracks  as  a  rule  do  not  affect  in  the  slightest  degree 
the  stability  of  the  structure,  and  are  no  greater  in  their 
totality  than  the  numerous  smaller  cracks  to  be  found  in  the 
joints  of  any  brick  or  stone  structure. 

In  a  properly  designed  and  constructed  reinforced  con- 
crete structure  there  should  never  be  serious  cracks  in  the 
main  structural  members,  and  any  cracks  in  the  slabs  sup- 
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ported  by  them  are  generally  (|uiif  irivial.  from  lUe  poiui  of 
view  of  structural  slpnlficance.  Much  worry  would  be  sav.-d 
by  many  architects  and  cngineera  If  tbln  were  recognized 
and  f lankly  accepted.  It  Iti  uiieless  lo  promise  lo  ereci  a 
large  concrete  structure  which  shall  be  free  from  shrlukage 
and  temperature  cracks.  Much  can  be  done  to  mlDlmlze 
iliese  cracks,  but  they  cannot  be  entirely  avoided. 


Uniformity  of  Structural  Features 

in  Concrete  Apartment 

Buildings 

Mr.  Henry  J.  Schlachs,  a  Chicago  architect,  makeH  the 
following  observations  on  the  design  for  Reinforced  Concrete 
.\partment  Buildings  in  the  October-November  number  of 
Concrete  in  Architecture  and  Engineering.  "In  most  coses 
there  is  the  possibility  of  simple  repetition  of  the  unit — the 
same  plan  foi  each  apartment — so  that  the  structural  di- 
visions can  be  standardized.  The  same  argument  applies  to 
hotel  planning,  which  is  practically  the  apartment  hotel  on 
simpler  lines. 

The  architect  and  engineer  should  combine  their  efforts 
upon  completion  of  the  preliminary  sketches.  In  hardly  any 
case  do  the  plans  require  anything  which  may  not  be  har- 
monized to  structural  simplification.  Only  for  elevator  ano 
stair  framing  need  the  standard  of  panels  be  varied.  Col- 
umns should  be  the  same  size  from  basement  to  attic,  and 
while  it  is  true  that  this  takes  more  concrete,  the  resulting 
saving  in  labor  more  than  offsets  the  cost  of  the  extra  con- 
crete. Imagine,  for  example,  in  addition  to  the  .-aving  In 
changes  in  form  sizes  for  girders,  columns  and  other  mem- 
bers, the  saving  ot  endless  calculations  to  maintain  room 
sizes,  pipe  risers,  and  other  necessary  features,  all  of  which 
are  obviated  when  the  fixed  structural  points  are  constant. 
Three  forms  of  floor  are  in  general  use:  Flat  slab,  tile  In 
concrete  joist,  and  open  form.  The  last  is  no  doubt  winning 
preference  as  it  develops  opportunity  for  ingenious  form  cen- 
tering, tending  to  make  it  of  lower  cost  by  comparison  with 
other  types.  The  open  form  reduces  weight  and  hence  price, 
other  things  being  equal.  Probably  the  day  is  not  far  dis- 
tant when  we  will  have  the  fabricated  column,  in  sections 
2  or  3  ft.  high,  delivered  at  the  building,  thus  simplifying 
form  construction  and  presenting  considpral)le  saving  of  time 
and  form  supports,  because  such  columns  would  be  able  at 
once  to  take  the  load  and  save  the  lime  which  form  supportB 
must  now  be  left  in  place. 

As  the  apartment  hotel  type  of  building  becomes  more  and 
more  a  factor  in  the  building  world,  ihtre  is  certain  to  de- 
velop co-operation  among  the  producers  who  specialize  in  It. 
Certain  established  standards  of  sizes  are  bound  to  prevail— 
for  example,  one  size  of  windows  except  I'or  bath-rooms,  a 
standard  size  for  doors,  all  of  which  will  make  for  much  less 
confusion  in  the  innumerable  accessories  related  lo 
such  features.  In  the  case  of  windows,  imagine  the 
effect  of  one  size  instead  of  five  on  the  location 
of  perhaps  1,000  which  must  be  provided,  each  in- 
volving glass,  sills,  weights,  frame,  sash.  trim,  shades, 
screens,  awnings,  etc.  The  same  is  true  of  structural 
members  and  .goes  to  show  that  one  common  size  for  com- 
mon members  will  effect  considerable  saving  of  time,  labor, 
and  material,  as  well  as  reduce  confusion  in  construction 
details  in  many  parts  of  the  building. 

My  motto  with  reference  to  the  structural  design  of  this 
type  of  building  is  to  change  everything,  if  you  will,  but  the 
uniformity  of  columns,  girders,  and  panel  sizes.  For  girders 
maintain  a  standard  width  and  depth  and  make  the  changes 
in  the  amount  of  steel.  Only  after  much  experience  can  one 
realize  the  saving  thus  effected.  For  girder  depths  regulate 
the  height  of  partitions  and  change  in  grounds. 

This  is  an  architect's  observation  of  concrete  construction 
as  applied  to  this  type  of  building  and  while  it  seems  to  treat 
rather  of  the  architectural  elements  of  such  a  building,  my 
purpose  is  to  bring  out  the  indisputable  fact  that  the  entire 
concrete  problem  is  an  engineering  one,  that  the  engineer 
must  design  and  assume  responsibility  for  the  integrity  of 
the  structural  design,  and  as  the  above  is  a  fact,  the  plan  of 
the  building  must  be  an  outgrowth  of  the  requirements  of  the 
engineering  design,  based  upcn  the  merging  of  modem  build- 
ing architecture  and  engineering. 
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Paraffin    Method    of    Making    Silo    Walls 
Air   Tight 

Silos  made  of  concrete,  brick,  or  other  material  of  porous 
or  semlporous  nature  are  benefited  by  an  inside  coating  of 
a  preparation  which  seals  the  pores  and  also  prevents  the 
action  of  silage  juices  on  the  walls.  The  coating  most  com- 
monly used  hitherto  is  coal  tar  thinned,  with  gasoline  and 
applied  with  a  paint  brush.  A  number  of  materials  of  like 
nature  have  been  considered  for  this  work,  but  the  one  show- 
ing the  most  promise  Is  paraffin,  states  the  Reclamation  Rec- 
ord. 

Paraffin  may  be  applied  either  cold  or  hot  to  silo  walls. 
With  the  cold  method  the  paraffin  is  dissolved  in  a  volatile 
carrier  like  naphtha  until  a  saturated  solution  is  obtained. 
Four  pounds  of  paraffin  dissolved  in  V2  gal.  of  gasoline  or 
naphtha  will  make  1  gal.  of  this  solution.  The  solution  is  then 
applied  much  like  paint  to  the  surface  of  the  concrete,  which 
it  penetrates  according  to  dryness  and  porosity.  One  gallon 
has  a  covering  capacity  of  about  200  sq.  ft. 

The  naphtha  scon  evaporates,  leaving  the  paraffin  in  the 
holes.  When  applying  the  paraffin  by  this  method,  special 
care  must  be  taken  that  there  is  good  ventilation  in  the  silo 
and  that  there  are  no  lights  or  fires  near  by.  Naphtha  is  very 
inflammable,  and  a  serious  explosion  or  fire  may  result  from 
careless  use. 

Paraffin  may  also  be  applied  in  melted  form.  It  requires 
6%  lb.  of  paraffin  to  make  1  gal.  of  the  hot  paraffin  solution. 
The  work  should  be  done  on  a  warm  day.  and  the  concrete 
must  also  be  sufficiently  warmed  by  artificial  heat  so  that 
the  paraffin  may  be  thoroughly  i-ubbed  in.  One  gallon  will 
cover  about  2.50  sq.  ft.  of  surface.  When  this  method  is  fol- 
lowed a  blowtorch  should  be  used  to  warm  the  walls  as  the 
paraffin  is  being  applied  and  also  to  thin  and  spread  the 
layer  of  paraffin.  Two  buckets  of  paraffin  should  be  used, 
one  to  be  heating  while  the  other  is  being  applied.  The  hot- 
paraffin  treatment  is  one  of  the  most  successful  for  water- 
proofing surfaces  exposed  to  weather,  but  it  requires  some 
experience  to  obtain  successful  results. 


To  Organize  Federal  Department  of  A.  A.  E. — As  an  out- 
growth of  the  resolution  adopted  at  the  last  convention  of  the 
American  Association  of  Engineers  that  a  committee  shoulQ 
be  appointed  to  promote  the  non-technical  interests  of  engi- 
neers in  public  service,  the  board  of  directors  of  the  Amer- 
ican Association  of  Engineers  recently  authorized  the  organ- 
ization of  a  Federal  Department  of  A.  A.  E.  This  department 
will  be  composed  of  all  engineers  who  are  employed  by  the 
Federal  Government,  and  will  have  its  headquarters  in  Wash- 
ington. The  engineers  in  the  different  departments  and  bu- 
reaus of  the  Government  will  organize  into  sections  which 
will  be  a  part  of  the  Federal  Department.  Sections  will  be 
organized  into  local  branches.  There  will  be,  for  instance, 
the  San  Francisco  Branch  of  the  Navy  Section  of  the  Federal 
Department  of  the  American  Association  of  Engineers. 
Branches  and  sections  will  be  subordinate  to  chapters  having 
jurisdiction  over  the  territories  in  which  they  are  located. 
The  Federal  Department  will  be  financed  in  the  same  manner 
as  the  railroad  campaign  was  financed  at  the  beginning;  the 
engineers  to  be  benefited  by  the  department  will  be  asked  to 
subscribe  from  $1  to  $5  each  to  an  organization  fund,  which 
will  provide  for  the  initial  outlay  and  the  expansion  of  the 
district  office  in  Washington. 


Drainage  Engineers  Wanted. — The  U.  S.  Civil  Service  Com- 
mission will  hold  an  open  competitive  examination  for  drain- 
age engineer  to  fill  positions  in  the  U.  S.  Bureau  of  Good 
Roads,  Department  of  Agriculture,  at  $1,800  to  $2,100  a  year, 
and  in  positions  requii-ing  similar  qualifications.  Competitors 
will  not  be  required  to  report  for  examination  but  will  be 
rated  upon  educacion  and  preliminary  training,  experience 
in  engineering  and  fitness  and  expeiience  in  agricultural 
drainage  engineering.  Applications  must  be  filed  with  the 
civil  service  commission  at  Washington,  D.  C,  not  later  than 
Nov.  4.  19i;i. 


Pneumatic  (Mixing  of  Paint. — Compressed  air  Is  used  at  the 
Harlem  repair  yard  of  the  Terminal  Railroad  Association  of 
St.  Louis,  in  mixing  paint.  The  paints  are  prepared  in  bar- 
rels, each  barrel  having  a  stirring  rod,  5  ft.  in  length,  made 
of   %-in.  pipe  and  fittings.     The  handle  of  the   rod   consists 


of  tee  with  a  pair  of  short  nipples  and  caps.  A  second  tee, 
a  foot  below  the  handle,  forms  the  point  of  attachment  for 
the  air  hose  connecting  with  a  pressure  line.  A  globe  valve 
in  each  lead  to  the  paint  barrels,  permits  adjusting  the  flow 
of  air  through  and  out  of  the  lower  ends  of  the  stirrers  in 
such  volumes  as  may  be  needed. 


Personals 

Gerald  R.  Yearsley  has  li^en  appointed  chief  factory  inspector 
b,\    tlic   Industrial  Commission  ot  Utah. 

Sherman  W.  Belding  and  Oscar  F.  Bellows,  engineers  of  the 
.StMtc  Uipartment  of  Public  Works  of  New  York,  have  been  trans- 
Itried  to  the  state  engineer's  office. 

Wirt  J.  Wills  has  resigned  as  general  superintendent  of  the 
Memphis  Artesian  Water  Department  of  Memphis.  Tenn.  His 
resignation  takes  effect  Nov.  1.  Mr.  Wills  has  been  connected 
with  the  department  tor  ISVa  years  as  chairman  and  general  su- 
perintendent. He  will  now  devote  his  entire  time  to  the  manu- 
facture ot  the  Wills  pumping-  ssstem,  of  which  he  is  the  patentee. 

Capt.  P.  H.  Brigham,  130th  Engineers,  U.  S.  A.,  recently  re- 
turned from  France  after  Iti  months'  foreign  service,  has  received 
his  discharge  from  the  army  and  has  entered  the  service  of  the 
paving  department  of  the  I^akewood  Engineering  Co..  Cleveland. 
as  lield  engineer  for  New  York,  Nev/  Jersey  and  New  England. 
Before  Capt.  Brigham  entered  the  army  in  Ma.\',  1917,  he  was 
employed  as  assistant  engineer  with  the  New  York  State  Highway 
Department  witli  headquarters  at  Binghamton,  N.  Y. 

Julius  Adier  has  resigned  as  eng-ineer  of  tests  of  the  Pennsyl- 
vania State  Highway  Department  to  accept  the  position  ot  tech- 
nical engineer  in  the  asphalt  department  ot  The  Atlantic  Refining 
Co.  Mr.  Adler  was  assistant  engineer  in  the  Philadelphia  Bureau 
of  Highway's  from  1912  to  lttl6  and  engineer  of  tests  of  the  Penn- 
sylvania .State  Hig'hway  Department  from  1916  to  1919.  He  was 
with  the  U.  S.  OfHce  of  Public  Roads  in  1908-1909  and  the  City  of 
Seattle  in  1910.  Between  1908  and  1912  he  was  also  instructor  in 
civil  engineering  at  the  University  of  Pennsylvania  and  Instructor 
in  charge  of  highway  engineering  work  at  the  State  University  of 
Washington   in  Seattle. 

Harry  Barker  and  Robert  C  Wheeler  announce  their  associa- 
tion for  the  practice  of  engineering  and  the  establishment  of  an 
office  at  1512  Maiden  Lane  Bldg.,  170  Broadway,  New  York  City. 
Special  attention  will  be  given  to  public  utility  engineering,  in- 
cluding- valuations,  rates,  operation  and  manag'ement;  to  hy- 
draulics; to  power  development  and  utilization;  water  supply  and 
purification;  sewerage  and  sewage  disposal;  municipal  problems, 
including  city  transportation  and  civic  improvements;  development 
of  new  processes,  and  reports  for  investors.  Mr.  Barker  is  a  grad- 
uate engineer  (University  of  Vermont),  with  over  1.5  years'  broad 
experience  in  electrical,  mechanical  and  civil  fields.  His  earlier 
work  included  design  and  testing  ot  power  plants,  and  field  labo- 
ratory work  in  hydraulics.  For  several  years  he  was  an  editor  of 
Engineering  News  and  Engineering  News-Record.  Mr.  -Wheeler  is 
a  graduate  engineer  (University  of  ■\^ermont),  who  has  special- 
ized for  ten  years  in  the  design,  construction  and  operation  of 
water  supply  and  purification  plants^  sewers  and  sewage  disposal 
works.  His  earlier  work  -was  in  railroad  construction.  For  over 
.5  years  he  was  associated  with  George  W.  Fuller.  Mr.  Barker  was 
recently  released  from  military  service  as  captain  of  engineers. 
Ma.ior  Wheeler  at  present  is  chief  of  the  water  supply  section  of 
the   Construction   Division   of   the   Army. 


Obituaries 

William  E.  Alexander,  superintendent  of  bridges  and  buildings 
of  t|-ie  Bangor  &  Aroostook  R.  11.,  died  Oct.  9  as  the  result  of 
injuries  rece'ived   in  an   accident. 

Noble  Maxwell,  formerly  president  of  the  Rowe  Bros.  Co., 
dredging  contractors,  died  Oct.  12  at  his  home  at  Portland,  Me. 
Ills  company  built  the  Standard  Oil  docks  in  Portland,  Me.,  the 
I'lymoutli  Beach  breakwater  at  Plymouth,  and  the  draw  span  in 
the    I'oi  tsmotith-Kittery   bridge. 

Joseph  W.  Holmes,  inventor  and  engineer,  died  Oct.  15  at 
Hatavia.  N.  Y..  aged  88  yeprs.  He  invented  the  solar  tlteodolite 
■i.nd  other  surveying  instruments.  Mr.  Holmes  served  many  years 
as  municipal  engineer  for  Batavia.  He  also  was  engineer  for 
several  companies  formed  during  the  past  three  decades. 

Brig. -Gen.  William  T.  Rossell,  U.  S.  Corps  of  Engineers,  died 
Oct.  13  at  his  home  in  New  Brighton,  N.  Y.,  aged  70  years.  He 
was  graduated  from  West  Point  in  1S69  and  commissioned  in  the 
engineers,  rising  to  tlie  rank  of  brigadier-general  in  1913.  shortly 
before  his  retirement.  During  the  war  he  served  on  the  rivers 
and  harbors  tx>ard,  of  which  he  had  been  president  from  1906  to 
1913.  

Trade  Publications 

The  following  trade  publications  of  interest  to  engineers  and 
L'ontr.actors   have   been   issued   recently: 

Steam  Specialties. — McAlear  Mfg.  Co.,  Chicago.  111.  Catalog 
covering  steai-n,  water  and  air  specialties  for  high  and  low  pres- 
sure heating  and  powe'r  plants  and  de\ices  for  plumbing  installa- 
tions. Also  catalog  covering'  vacuum,  vapor  and  air  line  heating 
specialties. 

Industrial  Lighting. — National  Lamp  Works.  General  Electric 
Co.,  Nela  Park.  Cleveland,  O.  96-page  bulletin  of  the  Engineering 
Department.  The  discussion  covers:  The  requirements  which 
must  be  fulfilled  in  the  design  of  a  satisfactory  installation;  infor- 
mation on  Mazda  lamps;  a  discussion  of  reflecting  and  diffusing 
e(tuipment;  A  discussion  of  the  lighting  of  yards  and  boundaries; 
information  and  cost  data  necessary  for  the  solution  of  industrial 
lighting  problems.  The  same'company  also  has  issued  a  36-page 
booklet  entitled  "How  to  Plan  the  Lighting  Installation  for  a  Fac- 
tory." 

Industrial  Notes 

G.  E.  Anderson,  formerly  assistant  to  the  vice-president  of  the 
American  Locomotive  Co.,  has  been  appointed  assistant  eastera 
.sales  manager  of  the  Duff  Manufacturing  Co.,  with  headquarters  at 
its  eastern  sales  office.  50  Church  street.  New  York  City. 

The  Ingersoll-Rand  Co.,  New^  York  Cit>'.  has  established  a 
branch  olflce  in  the  Sam  Houston  Life  Bldg.,  Dallas,  Tex.  The 
oHice  will  be  in  charge  of  R.  H.  Brown.  Jr..  as  manager.  Mr. 
Ero-wn  h.as  heretofore  been  connected  with  the  comjiany's  St.  Louis 
office  and  has  for  years  been  in  intimate  touch  with  the  Texas- 
Oklahoma  territory. 
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Roads  and  Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Street  Cleaning 

(d)  Municipal    Mtscellssles 


Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)   Waterworks 
(b>   Sewers    and    Saal 
tatlon 

(e)    Management    and    Office 
System 


Oc)  Irrigation   and  DnUnace 
(ti)   Power    and    Fumplns 


Railways   and   ExcaTation— 3rd   Wednesday 

(a)  ExcsTHlon    aad  (e)  Quarries  and  Pits 

Dr«d«lnc  (d)    Railways,    atesm    anS 

(b)  Rivers   and   Canals  Bleetrle 

<e)    Management  and  Ofllce 
Srstem 

Buildings  and  Structures— 4th   Wednesday 

(a)   Bulldlars  (e)    Harbor    Bti-nsturM 

(k)   Brldcss  (d)    Mlacellanesua  Slruelura 

(•)    Properties  of   Materials 
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Number  18. 


Why  Do  Most  Practicing  En- 
gineers Study  So  Little? 

In  New  York  City  and  immediate  vicinity  there  are  more 
than  14,000  engineers  of  all  classes.  About  4,000  of  these 
belong  to  the  five  national  engineering  societies.  The  con- 
solidated engineering  library  is  open  not  only  to  the  4,000 
but  to  the  14,000  engineers   in  that   city. 

Of  these  14,000  what  percentage  daily  make  use  of  the 
great  library?  Before  making  your  guess,  consider  the  fol- 
lowing facts  bearing  upon  the  matter. 

Engineering  is  one  of  the  learned  professions.  Its  litera- 
ture is  already  vast,  and  is  accumulating  In  geometrical 
progression.  This  holds  true  not  only  of  engineering  as  a 
whole  but  of  every  branch,  and  of  every  twig  of  every 
branch  of  the  profession.  Hence  a  college  course  in  engineer- 
ing can  give  but  a  mere  smattering  of  engineering  knowl- 
edge even  to  the  most 
studious  students.  Ev- 
ery professor  of  engi- 
neering is  careful  to 
tell  his  students  that 
"commencement  d  a  y" 
marks  the  beginning  of 
a  far  longer  course  of 
study  than  he  has  just 
finistied. 

Bearing  these  facts 
in  mind,  ask  yourself 
what  would  be  a  fair 
percentage  of  daily  at- 
tendance at  that  great 
repository  of  engineer- 
ing knowledge,  the  en- 
gineers' library  in  New 
York  City.  Then  make 
your  guess  as  to  the 
average  percentage  of 
daily  attendance. 

(1) 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


Would  you  be  surprised  to  hear  that  only  one  engineer  In 
ten  uses  the  library  daily?  No?  Would  you  be  surprised  If 
the  number  were  only  one  in  fifty?  No?  Would  you  be 
surprised  were  it  only  one  in  a  hundred?  Well,  as  a  matter 
of  fact  it  is  but  a  trifle  more  than  one  in  two  hundred,  for  the 
average  daily  attendance  is  only  seventy-eight! 

Turn  this  fact  over  in  your  mind,  and  then  ask  yourself 
its  signficance.  Does  it  not  indicate  a  pretty  3orr>'  failure 
on  the  part  of  teachers  to  inculcate  habits  of  studiousness? 
Isn't  that  the  outstanding  inference  from  this  fact?  We  are 
not  speaking  now  of  engineering  teachers  only,  but  of  teach- 
ers in  high  schools  and  lower  grades.  All  teachers  admit 
that  one  of  their  prime  objects  is  to  train  their  students  to 
become  studious,  and  consequently  to  remain  studious  after 
their  days  of  schooling  are  ended.  If  this  is  one  of  the 
aims  of  educators,  do  not  such  results  as  those  above  cited 
prove  that  the  aim  has  pretty  nearly  failed  of  accomplish- 
ment? 

It  will  naturally  be 
said  that  the  facts 
above  cited  are  not 
conclusive  e  v  i  d  ence. 
and  this  we  readily 
grant.  But  these  are 
not  the  sole  facts  in 
our  possession.  Of  the 
same  sort  are  such 
facts  as  the  following: 
fl)  The  relatively  small 
circulation  of  all  engi- 
neering periodicals 
combined,  compared 
with  the  total  number 
of  men  who  would  ben- 
efit by  reading  them. 
(2)  The  relatively  small 
sale  of  even  the  "best 
sellers"  in  the  technical 
book  field  to  say  noth- 
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ing  of  the  low  average  sale  of  the  best  book  in  each  specialty. 
(3)  The  relatively  small  membership  in  all  engineering  socie- 
ties. (4)  The  in.significant  attendance  at  the  technical  meet- 
ings of  those  societies.  (5)  The  ridiculously  meager  technical 
library  of  the  average  technical  man,  even  as  relates  to  his 
own  specialty.  (6)  The  candid  admission  of  the  average 
practicing  engineer  that  he  pursues  no  systematic  course  of 
study  or  research.  (7)  The  meager  daily  attendance  at  lo- 
cal engineering  libraries.  (8)  The  general  persistence  in 
using  inferior  designs  and  construction  methods  for  years 
and  years  after  .superior  designs  and  methods  have  been 
published  repeatedly. 

As  an  editor  ttie  writer  finds  it  necessary  to  read  a  great 
part  of  the  current  literature  in  the  civil  engineering  field, 
to  visit  engineering  works  throughout  America,  and  to  in- 
terview civil  engineers  of  all  grades  and  ages.  As  a  pub- 
lisher of  engineering  books  and  magazines  the  writer  is 
necessarily  familiar  with  technical  book  sales  and  subscrip- 
tion statistics,  not  only  as  relates  to  his  own  business  but 
in  competitive  fields.  The  writer,  therefore,  is  not  imagin- 
ing facts  to  prove  his  contention  when  he  cities  the  eight 
facts  above  given.  Moreover,  the  conclusion  that  he  has 
finally  arrived  at  is  one  that  he  has  been  very  slow,  even 
loath,  to  come  to,  for  it  is  certainly  not  a  conclusion  that 
is  flattering  to  engineers  in  general,  and  tlierefore  not  a 
statement  that  will  be  received  witli  satisfaction  by  many 
engineers.  Still  less  will  it  please  most  teachers  of  engi- 
neering to  be  told  bluntly  that,  on  the  average,  they  are 
failing,  and  failing  badly,  in  one  of  their  main  aims,  namely, 
to  train  men  to  be  systematically  studious  in  after  life.  But, 
having  come  to  the  conclusion  that  this  is  a  fact,  it  would 
be  inexcusable  cowardice  not  to  state  our  conclusion. 

At  first  sight  it  seems  incredible  that  the  average  person 
can  spend  eight  to  sixteen  years  in  school  without  becoming 
so  habituated  to  studying  as  to  remain  thereafter  a  student. 
It  requires  no  little  knowledge  of  psychology  and  logic  to 
explain  this  paradox.  In  his  "Talks  to  Teachers  on  Psychol- 
ogy," Prof.  William  James  pointed  out  that  a  child  is  a  little 
more  than  a  "walking  bundle  of  habits,"  the  habits  being 
those  inherited  plus  those  personally  acquired.  He  might 
well  have  added  that  what  is  true  of  the  child,  in  this  re- 
spect, is  true  also  of  the  average  adult.  If  so,  the  average 
man  will  be  found  doing  little  more  than  he  has  been  habit- 
uated to  do.  He  may  do  less,  because  it  is  often  easy  to 
drop  an  acquired  habit,  particularly  when  it  is  resisted  by 
strongly  inherited  habit  or  instinct;  but  rarely  does  the 
average  man  undertake,  of  his  own  volition,  a  new  line  of 
thought  or  action.  This  is  partly  summed  up  in  the  old 
adage,  "You  can't  teach  an  old  dog  new  tricks."  to  which 
should  be  added  for  completeness  sake,  "and  no  old  dog 
ever  teaches  himself  a  new  trick."  The  question  then  is: 
When  does  the  "dog"  become  old?  Prof.  James  answers  by 
saying  that  few  men  change  their  habits  of  thought  and 
action  to  any  marked  extent  after  they  are  about  25  years 
old.  There  are  exceptions,  but  they  are  rare.  So  much  for 
the  psychology  of  our  problem;  now  for  the  logic  of  it. 

The  word  "study"  is  rarely  defined,  hut  even  a  cursory 
examination  of  its  significance  discloses  several  kinds  of 
study.  The  boy  who  memorizes  a  lesson  in  history  is  "study- 
ing his  lesson."  So,  too,  is  the  boy  who  is  searching  for  ad- 
ditional historical  data  not  given  in  his  text  book.  So,  too, 
is  the  boy  who  is  attempting  to  draw  his  own  general  con- 
clusions from  the  historical  facts  that  he  has  found.  Heie  are 
three  distinct  types  of  mental  action,  all  classified  under 
the  head  of  "study,"  namely:  (1)  Memorizing,  (2)  search, 
and  (3)  inductive  inference.  Yet  these  three  are  not  all  the 
subclasses  of  study.  There  are  two  other  subclasses:  (4) 
Invention  and  (5)  deductive  inference.  Moreover,  this  fifth 
class  is  divisible  into  two  subclasses,  namely  (a)  quantita- 
tive or  mathematical  deduction  and  (b)  qualitative  or  ordi- 
nary deduction. 

To  anyone  familiar  with  elementary  psychology  it  will  be 
apparent  that  a  student  may  become  habituated  to  any  one 
of  these  six  classes  of  study,  yet  not  become  habituated  to 
the  remaining  five.  An  engineer,  for  example,  may  be  well 
trained  in  mathematical  deduction  but  very  poorly  trained 
In  searching  for  data.  Now  it  is  precisely  this  sort  of  dis- 
tinction between  the  different  classes  of  studying  that  ex- 
plains why  a  student  may  spend  8  to  16  years  in  school  and 
fail  to  remain  a  student  in  after  life.  Let  him,  for  example, 
become  quite  proficient   in   memorizing   and   in   using  mathe- 


matical data,  but  not  very  proficient  in  other  lines  of  study. 
Let  him  secure  a  position  as  inspector  on  construction  work 
requiring  little  or  no  memorizing  or  use  of  mathematical 
data,  and  he  will  not  be  inclined  to  study  the  literature  re- 
lating to  what  he  is  engaged  in  doing.  He  is  quite  apt  even 
to  stop  studying,  mathematically,  but  he  is  almost  certain  to 
do  little  or  no  searching  for  qualitative  information. 

It  will  be  claimed,  of  course,  that  the  average  engineering 
student  is  not  so  one-sided  in  his  training  as  this  hypothetical 
student,  and  that  we  grant  at  once.  All  that  we  aim  to  es- 
tablish is  that  he  is  sufficiently  one-sided  to  make  him  a 
relatively  poor  student  of  the  sort  of  facts  that  he  should 
use  in  the  practice  of  his  profession.  Almost  without  any 
training  in  searching  for  information,  the  average  American 
engineering  student  begins  his  professional  career  without 
the  needed  habit  of  searching  for  data.  To  put  it  in  the 
vernacular,  he  is  a  "rotten"  student  of  what  other  engineers 
have  done  and  are  doing. 

It  is  entirely  beside  the  point  to  argue  that  the  habit  of 
searching  for  data  should  be  self-acquired,  for  our  conten- 
tion is  that  relatively  few  people  ever  do  acquire  any  habit 
of  their  own  volition.  Habits  are,  for  the  most  part,  either 
inherited  or  imposed  upon  us  by  external  authority.  Failure 
to  see  the  significance  of  this  psychological  fact,  coupled 
with  failure  to  differentiate  between  the  different  kinds  of 
mental  activity  enrbraced  under  the  general  head  of  "study," 
seem  to  account  for  most  of  the  defectiveness  in  existing 
methods  of  teaching.  A  teacher  should  be  regarded  as  a 
mental  "coach,"  a  trainer  of  mental  athletes,  and  not  as  a 
mere  expounder  of  facts  and  methods.  Going  further  in  the 
analogy,  let  it  be  noted  that  the  trainer  of  athletes  realizes 
that  the  legs  are  not  made  strong  by  exercising  the  arms. 
For  similar  reasons  exercise  in  mathematical  deduction  does 
not  strengthen  the  "faculty"  that  controls  the  "thirst  for  in- 
formation." 

College  professors  frequently  urge  students  to  read  current 
technical  literature,  and  many  go  so  far  as  to  advise  the  stu- 
dents to  subscribe  for  technical  periodicals.  This,  while  help- 
ful, is  not  enough  to  establish  the  habit  of  searching  for  facts. 
Furthermore,  it  fails  to  provide  a  definite  goal  and  a  sys- 
tematic method  of  reaching  it.  Students,  from  the  freshman 
year  onward,  should  be  given  problems  involving  a  thorough 
search  of  engineering  literature.  This  is  rarely  done.  How 
rarely  it  is  done  may  be  judged  by  such  facts  as  the  fol- 
lowing: 

There  are  106  American  colleges  that  have  a  course  in 
civil  engineering.  Only  36  of  these  colleges  subscribe  for 
HIngineering  and  Contracting;  yet  there  are  only  two  Amer- 
ican weekly  periodicals  of  national  circulation  covering  the 
entire  civil  engineering  field  with  their  articles,  and  this 
journal  is  one  of  the  two.  Moreover,  this  journal  has  been  a 
national  weekly  magazine  for  nearly  14  years,  and  every 
engineering  college  library  and  every  head  of  the  civil  en- 
gineering staff  of  teachers  has  repeatedly  received  sample 
copies  of  this  journal.  Is  the  failure  of  two-thirds  of  these 
colleges  to  subscribe  for  this  journal  ascribable  to  the 
ephemeral  character  or  uselessness  of  its  articles?  If  so,  ten 
ihousand  subscribers  have  been  deceived  into  subscribing, 
and  many  of  them  have  been  thus  deceived  for  years.  If  so, 
the  36  colleges  that  do  subscribe  are  deceived.  If  so,  Pro- 
fessor Arthur  H.  Blanchard  and  his  17  co-authors  of  the  re- 
cently published  "American  Highway  Engineers'  Handbook" 
(1,800  pages)  have  been  deceived,  tor  in  that  book  there  are 
the  following  numbers  of  references  to  road  and  street  arti- 
cles that  have  appeared  during  the  past  ten  years: 

Enijineering-    and    Contracting' 212 

Knjiineering    News    99 

Engineering    Record     88 

Engineering     News-Record     12 

Good    Roads    VI 

Municipal   Engineering    69 

Miinitipal   and    County   Engineering    40 

American    City    31 

Total 622 

There  were  a  few  other  scattering  references  to  articles, 
but  the  above  tabulation  shows  the  leading  journals  in  point 
of  number  of  articles  referred  to  in  the  bibliography  in  this 
book, 

Uecently  one  of  our  representatives  visited  an  engineering 
college  and  asked  permission  of  the  head  of  the  civil  engi- 
neering department  to  solicit  subscriptions  from  the  students. 
This  request  was  denied.  Then  he  asked  the  professor 
whether  he  would  not  himself  advise  the  students  that  En- 
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giceering  and  foiUracting  is  a  good  civil  engineering  peri- 
odical to  read.  This  request  also  was  denied.  Pressed  for  a 
reason  for  tlie  last  refusal,  the  professor  said  that  he  could 
not  conscientiously  recommend  Bugineering  and  Contracting 
because  he  had  never  read  it!  Then,  evidently  feeling  the 
weakness  of  such  a  reply,  he  asked  that  Engineering  and 
Contracting  be  sent  to  him  for  a  year,  so  that  he  might  form 
an  opinion  of  it.  Now,  obviously  such  a  request  as  this  would 
be  granted  at  once,  and  gladly  granted,  but  why  had  the  re- 
quest never  come  from  this  professor  until  he  was  impor- 
tuned to  explain  his  lack  of  knowledge  of  the  character  of 
the  articles  in  this  journal?  Moreover,  why  should  he  ask 
for  a  year's  time  in  which  to  come  to  a  decision  as  to  its 
character?  This  is  not  the  method  that  the  average  man 
uses  in  deciding  an  important  question,  so  the  inference  is 
that  to  this  professor  the  question  as  to  what  current  litera- 
ture his  students  should  read  is  relatively  unimportant! 

While  we  have  just  cited  an  extreme  case,  is  there  really 
such  a  wide  gap  between  the  outspoken  statement  of  this 
professor  and  the  quiet  ignoring  of  our  repeated  requests  to 
70  engineering  colleges  to  subscribe  for  this  journal?  What, 
we  ask,  is  the  real  significance  of  the  fact  that  two-thirds  of 
the  engineering  colleges  in  America  do  not  subscribe  for 
Engineering  and  Contracting?  We  put  this  question  not  only 
to  our  subscribers  now,  but  we  shall  send  copies  of  this  edi- 
torial to  8,000  civil  engineers  who  are  not  now  subscribers, 
asking  their  inference  from  these  facts. 

When  two-thirds  of  our  engineering  schools  do  not  have 
in  their  library  a  file  of  one  of  the  two  American  weekly 
periodicals  covering  the  entire  field  of  civil  engineering,  is 
this  fact  not  conclusive  evidence  that  most  of  the  teachers  of 
civil  engineering  do  not  habituate  their  students  to  exhaustive 
search  for  information?  Is  it  not  evidence  that  they  do  not 
undertake  systematically  to  stimulate  a  burning  thirst  for 
useful  knowledge,  but  leave  to  chance  the  development  of 
such  an  appetite? 

Finally,  we  ask:  Among  all  the  habits  to  which  great  pro- 
fessional and  scientific  men  ascribe  their  success,  is  not  the 
greatest  credit  ascribed  to  an  insatiable  thirst  for  useful 
knowledge?  A  "thirst,"  whether  physical  or  mental,  is  evi- 
dence of  an  habitual  action  and  an  appeal  for  its  exercise. 
But  where  do  we  see  a  general  thirst  for  knowledge  among 
any  class  of  men  taken  as  a  whole?  Must  we  despair  of  cre- 
ating such  a  thirst?  If  we  do,  we  must  coincidently  despair 
of  improving  our  educational  systems  to  any  marked  extent, 
for  the  grand  object  of  formal  education  is  to  make  self-edu- 
cation after  graduation  an  inescapable  habit. 


Concrete  Pavement  Construction  In  Liverpool,  England. — ■ 
In  a  discussion  of  a  paper  presented  last  .July  at  the  an- 
nual meeting  of  the  Institution  of  Municipal  and  County  En- 
gineers, Mr.  J.  A.  Brodie,  Municipal  Engineer  of  Liverpool, 
stated  that  all  the  streets  in  his  city  had  a  foundation  of 
at  leasft  6  in.  of  concrete  and  in  many  cases  10  in.  or  more, 
according  to  the  class  of  traffic.  He  stated  that  just  before 
the  war  he  decided  he  could  put  down  concrete  pavement 
as  cheaply  as  ordinary  macadam  by  utilizing  destructor 
clinker,  which  cost  next  to  nothing,  as  the  aggregate.  In 
some  cases  they  put  into  the  top  surface  of  the  concrete  a 
6-in.  coating  of  ordinary  macadam,  taking  care  that  each 
of  these  stones  was  properly  fastened  in  the  surface  of  the 
concrete.  They  then  put  a  thin  coating — not  more  than  % 
in.  or  less — of  a  pitch  mixture.  Even  under  considerable 
traffic  these  surfaces  had  given  excellent  results.  In  other 
cases  they  put  down  1%  in.,  and  even  as  much  as  3-in.  of 
pitch  macadam  on  the  surface  of  the  concrete,  and  in  every 
one  of  these  cases  the  result  had  been  highly  satisfactory. 


Dally  Per  Capita  Water  Consumption  of  10  Gal. — In  a  paper 

presented  last  September  at  the  45th  Annual  Congress  of 
the  Incorporated  Sanitary  Association  of  Scotland  Mr.  Rob- 
ert Lindsay  of  Midlothian  gave  some  statistics  regarding 
the  daily  supply  of  water  used  by  a  small  area  in  his  county 
where  there  were  27  houses.  The  figures,  he  said,  had  been 
checked  by  meter  so  that  they  could  be  accepted  as  accurate. 
During  the  728  days  ending  Sept.  2,  1919,  1,124,000  gal.  of 
water  were  supplied.  That  meant  a  daily  consumption  of 
1,543  gal.  for  27  houses,  or  57.15  gal.  per  house.  As  there 
was  an  average  of  5.7  persons  per  house,  the  daily  consump- 
tion per  head  was  10  gal. 


James  Watt  and  His  Immortal 
"Patent" 

I'Milorliil    ill   Till-    KiiKmiir.    l>jii.l..i,.    .vuc.    ••j.    rjl'i. 

On  Aug.  25,  100  years  ago,  James  Watt  died,  leaving  ..  iK.m- 
which  will  live  in  the  annals  of  engineering  ill!  .  i, 
is  no  more.  It  has  been  said  of  hhn  by  Draper,  ii 
of  America,  that  he  "conferred  on  his  native  country  more 
solid  benefits  than  all  the  treaties  she  ever  made  or  all  the  but- 
tles she  ever  won."  Experience  servcK  but  to  conflrni  that 
dictum.  The  acts  of  monarchies,  empires,  and  republlcB 
wane  and  vanish:  the  politics  belauded  today  are  derided 
tomorrow;  statutes  grow  mildewed  and  forgotten;"  the  most 
solemn  treaties  are  torn  up  like  scraps  of  paper;  but  the 
great  basis  and  foundation  of  the  welfare  of  nations,  the 
source  of  motive  power,  remains,  not  unchanged  Indeed,  but 
ever  moving  forward  from  good  to  better.  The  rise  and 
progress  of  Britain's  industrial  greatness  are  founded  upon 
Watts  engine.  From  the  day  when  the  Newcomen  model 
fell  into  his  hands  we  date  that  wonderful  period  of  pros- 
perity when  Great  Britain  was  the  workshop  of  the  world. 
Years  had  to  pass  before  the  first  Watt  engine  pumped 
water,  and  more  years  before  the  rotary  type  opened  a  new 
era  in  factories;  but  the  seed  was  sown  in  17ti4,  when  the 
young  instrument  maker  to  Glasgow  University  set  the 
Newcomen  model  to  work  and  began  that  in<|uiry  into  its 
surprising  consumption  of  steam  which  came  to  fruition  sud- 
denly in  the  year  following  with  the  conception  of  the  sep 
arate  condenser.  They  were  years  of  trial  and  perplexity 
Watt  was  a  thousand  pounds  in  debt  and  with  no  assets  but 
his  brains,  when  in  1769,  at  the  age  of  33,  his  immortal  patent 
was  granted.  Three  years  and  more  passed  in  which  the  fate 
of  the  engine  hung  in  the  balance.  Watt,  to  support  him- 
self and  his  household,  took  to  civil  engineering  for  a  Ilveli 
hood,  but  at  length  he  found  in  Matthew  Boulton,  of  Bir- 
mingham, the  coadjutor  who  was  needed  to  crown  his  efforts.  In 
'75  he  joined  Boulton  at  the  Soho  Works,  and  in  the  same 
year  secured  a  long  extension  of  his  patent,  and  in  the  fol 
lov.'ing  year  the  success  of  the  invention  was  proved  beyond 
all  question  when  the  first  engine  built  to  a  commercial 
order,  that  for  John  Wilkinson,  of  Broseley,  was  set  to  work 

With  the  great  inventor's  work  all  mechanical  engineer- 
are  familiar,  for  they  see  every  day  expansive  working,  th'- 
reciprocating  piston,  the  centrifugal  governor,  the  indicator, 
and  the  revolution  counter.  Just  as  Stephenson  left  a  typ'- 
of  locomotive  which  has  remained  essentially  the  same  foi 
90  years,  so  James  Watt  left  a  fixed  engine  which  time  has 
failed  to  alter  in  its  fundamental  characteristics.  One  may 
suspect  that  it  is  so  with  all  great  inventions,  for  they  an- 
In  their  essence  simple  and  elemental.  They  suffer  changes. 
but  they  do  not  disappear  as  lesser  inventions  do.  The  recip 
rocating  engine  is  challenged  by  the  turbine,  but  it  still  hold- 
its  own  and  it  may  be  doubted  if  in  another  hundred  years  li 
will  not  continue  to  develop  an  appreciable  portion  of  the 
power  the  world  needs.  But  it  is  not  of  Watt's  works  so 
much  as  his  mentality  that  we  desire  to  speak  today.  Ther^- 
is  no  man  who  does  not  feel  that,  as  this  crisis  in  the  in 
dustrial  history  of  Great  Britain,  a  new  Watt  is  needed,  and 
could  we  but  fathom  the  secret  of  his  greatness  then  might 
wo  find  another  such  as  he,  one  who  by  revolutionizin.g  hi- 
work  as  he  revolutionized  that  of  Savery  and  Newcomen 
and  Smeaton,  might  launch  this  country  on  a  new  wave  of 
manufacturing  pre-emience.  It  has  been  claimed  for  Wait 
that  he  was  the  first  man  who  attacked  the  preblem  of  th>- 
steam  engine  on  scientific  principles.  His  predecessors,  even 
the  greatest  of  them,  Smeaton,  were  content  to  use  what 
they  found  to  their  hand  or  to  improve  it  by  empirical 
methods,  the  methods  of  step  by  step  mechanical  enlarge- 
ment or  amelioration.  Watt,  on  the  other  band,  when  he 
found  that  the  Newcomen  model  was  consuming  many  more 
cylinders-full  of  steam  than  were  accounted  for  by  the  num- 
ber of  strokes,  was  not  content  to  say  "it  must  be  so,  let  us 
make  the  best  of  it";  he  set  himself  to  inquire  why  it  was. 
Then,  having  without  much  difficulty  reached  an  answer, 
which  one  imagines  must  have  been  familiar,  in  part  at  least, 
to  all  engineers  of  the  day — in  later  years  he  himself  said  it 
was  at  once  obvious — he  began  to  devise  means  for  improv- 
ing the  economy.  At  this  stage  we  find  him  exercising  a 
talent  which  stood  him  in  good  stead  all  through  his  life,  a 
talent  which  he  had  acquired  in  the  years  of  his  delicate 
youth,  the  talent  for  meditation  or  reflection.   He  had  the  art 
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of  putting  a  problem  into  his  mind  and  of  leaving  it  there  to 
develop.  He  tells  us  himself  that  his  great  idea,  the  idea  of 
the  separate  condenser,  came  to  him  on  a  Sunday  walk  on 
the  Green  at  Glasgow.  The  subject  had  been  on  bis  mind 
for  months  and  came  to  fruition  by  sub-conscious  action.  We 
should  like  to  insist  on  this  curious  fact.  We  are  all  well 
aware  that  thoughts  come  to  us  suddenly,  that  the  solutions 
of  problems  spring  into  existence  unexpectedly,  not  when 
they  are  being  most  earnestly  sought,  but  when  the  mind  is 
brooding.  We  can  think  of  no  word  that  expresses  the  con- 
dition more  nearly  than  meditation.  All  great  thoughts, 
whether  they  be  inventive  or  philosophical,  spring,  we  sug- 
gest, from  meditation,  from  putting  problems  into  the  mind 
and  keeping  them  there.  As  an  art  meditation  is  in  bad 
odor  in  engineering  circles  today.  It  is  not  encouraged;  it 
looks  too  like  idling  The  manager  expects  his  inventors  to 
sit  down  before  their  drawing  boards  and  invent  with  pencil 
and  pantograph,  and  as  a  consequence  the  bulk  of  inventions 
are  empirical  improvements  on  what  has  preceded — very 
useful  work  indeed,  but  never  reaching  to  the  height  of  the 
great  fundamental  inventions.  It  would  possibly  serve  us 
well  if  we  engaged  professional  meitators,  men  wbo  were 
not  expected  to  produce  anything,  but  would  saunter  about 
the  works  or  the  library  or  the  world  at  large  and  "meditate" 
on  specified  problems.  If  once  in  a  generation  one  such  man 
Invented  the  equivalent  of  the  separate  condenser  the  ex- 
pense of  maintaining  all  the  others  would  be  repaid  a  hun- 
dred-fold. But  meditation  without  preparation  is  useless. 
The  mind  must  first  be  saturated  with  basic  principles  or 
the  sub-conscious  activity  has  nothing  to  work  on. 

And  here  we  come  to  a  very  important  matter.  Among  the 
means  of  commemorating  James  Watt  which  are  being  ad- 
vanced by  that  active  committee  in  Birmingham,  which  has 
arranged  the  program  for  the  16th  and  following  days  of  next 
month,  may  be  found  a  proposal,  fathered,  we  believe,  by 
Professor  Burstall,  that  a  James  Watt  Chair  of  Engineering 
should  be  established  at  Birmingham  University  for  the  pro- 
motion of  research  into  the  fundamental  principles  underly- 
ing the  production  of  power  and  the  study  of  the  conserva- 
tion of  the  natural  sources  of  energy.  We  have  had  the  ad- 
vantage of  discussing  this  matter  with  Professor  Burstall 
and  of  hearing  an  exposition  of  his  plan  at  a  luncheon  held  in 
Birmingham  on  Monday  last,  the  centenary  of  Watt's  death, 
and  we  understand  that  he  is  far  less  concerned  about  a  col- 
lege of  bricks  and  mortar  and  laboratories  and  apparatus  than 
about  what  we  may  call  a  college  of  intellect.  Neither  does 
he  propose  that  utilitarian  objects  should  inspire  research, 
but  rather  that  an  inquiry  should  be  made  into  the  basic  prin- 
ciples of  motive  power,  principles  which  may  or  may  not,  as 
the  gods  direct,  hereafter  be  turned  to  useful  ends.  This  is 
a  conception  of  research  which  has  always  appealed  to  phi- 
losophic minds,  but  which  is  incomprehensible  to  the  average 
manufacturer  or  to  the  man  in  the  street.  We  fear  that  it 
must  be  said  with  little  or  no  hesitation  that  the  manufac- 
turers of  Great  Britain — and  indeed  more  or  less  of  the  whole 
world — are  without  imagination.  But  even  if  the  leaders  of 
industry  themselves  could  see  that  a  study  of  basic  principles 
would  lead  in  the  future  as  it  has  led  in  the  past  to  industrial 
developments,  they  would  have  the  greatest  difficulty  in  in- 
spiring their  shareholders  with  the  same  sentiments.  For 
this  reason  it  is  improbable  that  enough  money  would  be 
forthcoming  from  manufacturing  circles  to  establish  great 
research  laboratories;  but,  on  the  other  hand,  there  are, 
thank  Heaven,  enough  engineers  in  the  British  Empire — 
for  we  hold  that  this  is  the  matter  for  the  Empire  and  not 
for  the  kingdom  alone — wlio  should  be  willing  to  find  the 
moderate  amount  that  is  needed  to  found  such  a  chair  as 
Professor  Burstall  has  in  mind,  and  there  is  no  way  in  which 
they  can  help  to  commemorate  the  great  man  on  whose  work 
the  prosperity  of  the  Empire  is  founded  than  by  subscribing 
to  the  expense  of  the  establishment  of  a  chair  erected  for 
the  perpetuation  of  his  name  and  for  the  continuance  of  an 
order  of  research  which  he  began  by  his  investigation  into 
the  basic  principles  of  the  lack  of  economy  of  the  Newcomen 
engine.  Here  we  should  like  to  give  a  long  quotation  from 
Tredgold's  introduction  to  his  "Steam  Engine,"  published  in 
1837,  partly  because  it  shows  that  80  years  ago  men  were 
thinking  about  research  much  as  they  are  thinking  today, 
and  partly  because  it  presents  the  matter  with  a  terseness 
and  precision  whicli  cannot  be  exceeded.  Tredgold  wrote: 
"It  has  been  too  common  of  late  for  mathematicians  to  com- 
plain of  want  of  patronage,  and  to  censure  official  authorities 


for  not  encouraging  science,  forgetting  that  research  will  al- 
ways be  estimated  by  its  intermediate  utility;  and  while  they 
continue  to  confine  their  attention  to  abstract  knowledge, 
while  they  do  not  devote  a  greater  part  of  their  time  to  its 
application  to  the  wants  and  tbe  welfare  of  society,  they 
must  be  contented  with  a  small  share  of  those  advantages 
which  result  from  combining  with  practical  skill  the  power 
afforded  by  abstract  reasoning.  They  should  recollect  that 
Watt  could  have  earned  no  fame,  in  any  age  or  in  any  country 
where  tbe  value  of  mechanical  power  was  unknown.  In  fol- 
lowing the  application  of  science  to  art  I  have  not,  however, 
I  hope,  been  unsuccessful  in  adding  also  to  the  stores  of  pure 
science;  and  so  far  from  being  insensible  to  the  value  of 
ab.stract  research,  I  wish  it  to  be  renewed  with  redoubled 
vigor  by  those  who  have  spirit  to  break  through  the 
prejudices  of  existing  systems,  and  study  from  Nature;  but 
it  should  be  cultivated  with  a  desire  to  promote  the  great 
end  of  human  research;  that  is,  the  improvement  of  the  con- 
dition of  man;  otherwise  the  fantasies  of  the  Greek  philoso- 
phers might  with  equal  force  claim  the  student's  regard.  .  .  . 
Our  imperfection  consists  generally  in  not  being  able  to 
foresee  all  the  circumstances  which  have  an  influence  on  the 
effects  of  causes;  but  in  proportion  as  we  proceed  in  knowl- 
edge we  also  acquire  greater  powers  of  perception;  that 
which  was  at  first  difficult  becomes  easy,  and  the  mind  is 
often  roused  by  the  bright  gleam  of  truth,  breaking  as  it 
were  accidentally  upon  a  mass  of  obscure  ideas,  and  render- 
ing the  true  solution  of  the  difficulty  at  once  obvious." 

It  would  be  no  more  than  tiresome  to  attempt  to  add  any- 
thing to  this  clear  exposition  of  the  relationship  between 
utilitarian  and  abstract  research.  Tredgold  foresaw  that  ab- 
stract research  was  necessary,  but  at  the  same  time  he  urged 
that  it  should  be  made  Into  basic  principles  which  might 
later  be  turned  to  the  use  and  service  of  society.  The  truth 
is  that  neither  abstract  nor  utilitarian  research  is  greater  or 
less  than  the  otber;  both  are  needed  and  both  should  be 
carried  forward  simultaneously.  The  latter  is  best  carried 
out  under  the  control  of  the  manufacturers  themselves;  the 
latter  lies  in  the  province  of  the  universities  and  schools. 


Geology  of  Concrete  Aggregates 

Ktlit-^'iial    in    Concrete    and     Constiuotional    Engrineering',     r..ondon. 
July.   1919. 

In  placing  before  our  readers  a  summary  of  Professor 
Boswell's  recent  paper  on  "The  Geology  of  Sands  and  Aggre- 
gates," we  hope  to  direct  attention  to,  and  arouse  interest  in, 
a  group  of  methods  of  investigation  which,  in  their  applica- 
tion to  the  constituents  of  concrete,  are  comparatively  new. 
In  furtherance  of  this  purpose  we  propose  to  supplement  Pro- 
fessor Boswell's  treatment  of  the  subject  by  a  general  dis- 
cussion of  its  scope  and  significance.  At  the  outset  we  shall 
do  well  to  consider  what  is  meant  by  the  "geology"  of  ag- 
gregates. Geology  is  by  no  means  confined  to  the  field  study 
of  rock-formations,  although  as  such  formations  are  the  archi- 
tectural units  of  the  earth's  crust,  it  is  necessarily  by  their 
investigation  that  the  geologist  arrives  at  his  most  funda- 
mental results,  and  builds  up  the  details  of  the  long  and 
varied  history  which  it  is  his  object  to  elucidate.  Concrete 
workers  are  not  primarily  interested  in  rocks  as  documents 
of  geological  history,  but  they  are  intimately  concerned  with 
the  distribution  and  resources  of  the  materials  they  employ, 
and  this  is  a  subject  on  which  the  geologist,  by  bis  special 
experience,  is  in  a  position  to  speak  authoritatively. 

But  the  scope  of  his  work  is  much  more  detailed  than  this, 
for  a  necessary  complement  to  field-work  is  the  examination 
of  representative  rock  specimens  in  the  laboratory.  Here  the 
geologist  has  devised  a  series  of  methods  of  research  which 
consist  essentially  of  the  application  of  physics  and  chem- 
istry (o  the  solution  of  the  special  problems  which  he  desires 
to  solve.  Stated  in  the  most  general  way,  these  problems 
involve  the  determination  as  accurately  as  possible  of  the 
present  condition  of  any  given  rock,  expressed  in  terms  of 
mineral  or  chemical  composition,  structure,  and  texture,  and 
the  deduction  by  analogy  or  experiment  of  its  mode  of  origin, 
and  its  liability  under  different  circumstances  to  alteration 
or  decay.  All  of  these  topics  are  of  particular  interest  to 
the  concrete  worker,  and  the  geologist,  by  the  application  of 
methods  which  he  has  made  his  own,  sbould,  therefore,  be 
able  to  solve  many  of  the  problems  associated  with  aggre- 
gates, and  to  guide  the  architect  or  engineer  in  the  choice  of 
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the  materials  which,  among  tlioso  available,  are  most  suitable 
for  any  given  purpose. 

Concrete  is  often  a  highly  complex  mixture,  and  the  effects 
of  weathering  may  be  correspondingly  complicated,  particu- 
larly when  the  concrete  is  reinforced  or  otherwise  associated 
with  metals.  Rain,  as  well  as  the  moisture  of  the  original 
mixture,  promotes  hydration,  and  may,  with  ttie  aid  of  dis- 
solved gases,  salts,  or  acids,  bring  about  changes  that  are 
sometimes  advantageous,  but  more  commonly  deleterious  to 
the  structure.  The  gases  of  the  atmosphere  promote  oxida- 
tion, and  help  effectively  in  the  processes  of  solution,  espe- 
cially in  large  industrial  centers  where  traces  of  corrosive 
fumes  add  their  disintegrating  force  to  the  gentler  agents  of 
nature.  The  behavior  and  alteration  of  sulphides  and  the 
solutions  formed  from  them  and  from  sulphates  require  spe- 
cial investigation,  more  particularly  from  the  point  of  view 
of  their  effects  on  steel-work,  cement,  and  certain  types  of 
aggregates,  and  the  relation  of  these  effects  to  corrosion  on 
the  one  hand,  and  the  development  of  disruptive  stresses 
through  expansion,  on  the  other.  The  geologist  is  well  ac- 
quainted with  the  action  of  sea  water  on  various  types  of 
rocks,  and  is  therefore  in  a  position  to  indicate  its  action,  and 
that  of  salt  water — where  this  is  used  in  contact  with  floors — 
on  the  materials  present  in  any  given  variety  of  concrete.  In 
all  these,  and  other  similar  problems,  the  geologist  must 
bring  to  his  aid  a  considerable  fund  of  chemical  ability. 

On  the  physical  side  the  problems  that  arise  include  those 
connected  with  changes  due  to  temperature  variation; 
changes  which  ordinarily  proceed  almost  imperceptibly,  but 
which  in  industrial  operations  involving  heat,  and  most  spec- 
tacularly in  the  case  of  conflagrations,  may  lead  to  localized 
structural  damage,  or  to  wholesale  destruction.  Other  prob- 
lems are  those  associated  with  surface-tension,  which  need 
to  be  considered  in  connection  with  the  making  and  setting 
of  concrete;  and  here  the  geologist  is  able  to  help  by  micro- 
scopic studies  of  structure,  of  the  relation  of  surfaces  to 
porosity  and  adhesion,  and  of  the  shapes  and  sizes  of  the 
particles  of  fine  stuff  present  in  the  aggregates,  whether  due 
to  crushing,  inadequate  washing,  friability  or  alteration- 
products. 

It  will  be  clear  from  the  preceding  discussion  that  geolog- 
ical metliods  of  research  need  not  be  confined  to  natural 
aggregates,  such  as  sand,  gravels,  and  crushed  rocks,  or  to 
the  raw  materials  from  which  artificial  aggregates,  such  as 
slags,  and  bricks,  are  derived.  Not  only  are  the  artificial 
aggregates  natural  in  their  ultimate  origin,  and  "artificial" 
only  in  so  far  as  they  have  been  altered  by  the  action  of 
heat,  but  somewhat  similar  materials  have  been  produced 
naturally  by  the  action  of  heat  generated  within  the  earth  on 
the  raw  materials,  like  coal,  clays  and  shales,  from  which 
our  coke-breeze,  clinkers,  burnt  clays  and  bricks  are  deriva- 
tives. In  the  case  of  slags  the  resemblance  to  certain  basic 
lavas  is  so  marked  that,  although  they  have  no  field-geology, 
they  can  be  described  in  the  same  terms  as  lavas,  and  their 
study  has,  in  fact,  been  of  great  service  to  the  geologist  m 
his  interpretation  of  many  of  the  phenomena  exhibited  by 
lavas.  Moreover,  from  the  purely  practical  point  of  view,  it 
is  necessary  to  investigate  artificial  aggregates  in  precisely 
the  same  ways  as  those  of  immediately  natural  origin,  and 
the  results,  whether  embodied  in  descriptions,  specifications 
or  generalizations,  cannot  fail  to  serve  as  a  basis  for  iden- 
tification and  comparison,  and  for  the  better  comprehension 
of  the  qualities,  good  or  bad.  which  control  the  behavior  of 
different  classes  of  aggregates  under  the  various  circum- 
stances that  may  befall  a  concrete  structure  during  its  life 
history.  It  need  not.  therefore,  be  considered  an  unjustifiable 
extension  of  the  field  covered  by  the  "geology"  of  aggregates 
to  bring  also  the  artificial  aggregates  within  its  boundaries. 
In  the  above  paragraph  we  have  referred  to  the  description 
and  identification  of  aggregates,  and  to  this  part  of  the  subject 
Professor  Boswell  devotes  considerable  attention,  since  it  is 
necessarily  the  part  on  which  every  geologist  can  be  of  im- 
mediate assistance.  The  fundamental  features  of  aggregates 
as  materials  are  their  mineral  composition,  their  broader 
structures,  and  their  more  detailed-often  microscopic-tex- 
tures, and  these  can  rarely  be  wholly  determined  without 
the  examination  of  thin  sections  under  the  petrological  micro- 
scope. The  mineral  composition  points  to  the  chemical  suit- 
ability or  otherwise  of  the  material  for  its  allotted  purpose 
while  the  structures  and  textures  indicate  the  strength  and 
toughness  of  the  material,  the  way  it  will  break  its  homo- 
geneity or  variability,  its  grain  size-a  matter  of  great  im 


portance  In  many  respects — its  penoirability  by  cement  or 
by  solutions,  and  therefore  ItB  capacity  for  wltbHtaiidlni;  dis- 
integration. Finally,  In  many  cases,  only  an  a(le<iuate  exam- 
ination or  description  on  these  Itnea  can  lead  to  an  accurate 
identification  of  the  material. 

It  is  obvious  that  it  is  of  Ittle  use  to  gain  information  about 
the  behavior  of  aggregates  either  by  controlled  experiments 
or  special  investigations,  or  from  actual  experience  with  con- 
crete structures  themselves,   unless  the  materials  conc«med 
are  accurately  described  and  properly  named     Otherwise  the 
information  cannot  be  applied  to  other  materlalK  of  a  similar 
nature,  nor  can  it  be  used  as  a  means  of  future  KUldance. 
The  question  of  nomenclature  is  thus  one  of  far  more  than 
academic  importance.    In  particular  It  Is  strongly  to  be  urged 
that  specifications  should  describe  and  name  materials  with 
sufficient  detail  and   discrimination   to  avoid   the  misconcep- 
tions  that   surround    many   of   the   commercial    terms   unfor 
tunately   in   common   use.    Terms   like   ballast,   granite,   and 
trap-rock,  unless  qualified  or  otherwise  made  unequivocal,  art- 
often  quite  misleading.    Ballast  does  not  mean  only  "Thame* 
ballast"   (flint  gravel)   but  it  also  includes  gravels  composed 
of  quartzite,  sandstone,  limestone,  granite,  and  other  pebbles 
One  type  of  pebble  may  predominate,  and  the  aggregate,  es- 
pecially  if  crushed,   is   then   equivalent  to  one  composed  of 
crushed  fragments  of  the  rock-type  represented.    Many  grav- 
els, however,  are  of  a  composite  nature,  and  are  then  equiva- 
lent to  a  correspondingly  mixed  aggregate.    As  a  commercial 
term  "granite"  is  applied  not  only  to  granite  In  its  broadest 
geological  sense,  or  to  rocks  like  diorite  and  gneiss,  but  also 
to  rocks  as  different   from  these  as  limestone,   quartzite  or 
schist    (sedimentary    and    metamorphic).    and    dolerlte.    and 
other    igneous    rocks.     It    thus    overlaps    in    meaning    with 
"whinsione"  another  common  term,  which  includes  dolerltes 
and  basalts,  and  similar  dark,  fine-grained  igneous  rocks.   The 
term  "trap"  is  unfortunately  so  widely  applied  as  to  be  of 
very  little  descriptive  value.    It  includes  not  only  the  whin- 
stones,  and  their  altered  analogues,  the  greenstones,  but  also 
a  miscellaneous  series  of  other  types  which  may  behave  very 
differently  as  aggregates.   Less  than  a  score  of  names  would. 
with   suitable  mineralogical  and   structural   prefixes,  be  ade- 
quate to  designate  for  most  purposes  the  majority  of  the  chief 
rocks    used    for   concrete — provided    always    that    they    were 
properly  applied.    Surely  it  is  desirable  that  those  In  charge 
of   concrete   work   should   know   these   terms   and    the   chief 
properties  which  their  application'  to  a  rock  implies. 

Professor  Boswell  directs  attention  to  an  important  aspect 
of  his  subject  in  dealing  with  the  shapes,  sizes  and  grading 
of  a.ggregates,  an  aspect  which  he  explores  more  closely  In 
his  treatment  of  sands,  on  which  he  Is  a  recognized  author- 
ity. Unfortunately,  space  does  not  here  permit  any  further 
discussion  of  the  problems  involved.  On  one  point,  however. 
we  must  take  exception  to  a  suggestion  thrown  out  by  Pro- 
fessor Boswell.  He  rightly  considers  that  the  gradation  of 
sizes  of  the  fragments  of  the  aggregate  and  sand  together 
should  be  as  perfect  as  possible.  But  when  he  suggests  that 
the  aggregate  should  be  screened  down  to  particles  as  small 
as  1/50  in.,  and  that  sand  of  finer  grades  than  this  should 
then  be  added,  he  is  proposing  a  quite  impracticable  method 
for  arriving  at  a  result  which  is  ordinarily  obtained  with  much 
greater  ease  In  practice,  coarse  aggregates  are  not  generally 
screened  down  to  less  than  >^4  or  3/16  in.,  and  the  smaller 
grades  are  added  in  the  form  of  sand,  which.  In  terms  of 
Professor  Boswell's  notation.  Includes  grades  ranging  from 
"ravel  through  verv  coarse,  coarse,  and  medium  sand  to  fine 
sand  The  commercial  significance  of  the  term  "sand"  does 
not  quite  coincide  with  the  meaning  given  to  It  by  the  geol- 
ogist but  that  need  cause  no  confusion.  .=*lnce  It  Is  easy  to 
speak  of  the  "sand  grade"  or  of  the  "coarse  sand  grade."  etc, 
whenever  it  Is  necessary  to  specify  or  refer  to  particular 
limits  of  size. 

Professor  Boswell  merits  our  gratitude  for  having  discussed 
in  a  short  space  a  wide  variety  of  geological  topics  In  their 
relation  to  concrete.  His  concluding  suggestion,  that  more 
detailed  knowledge  is  required  of  the  British  resources  of 
the  materials  employed,  deserves  especially  to  be  emphasized. 
The  task  implied  is  one  essentially  for  the  geologist,  and 
many  of  the  results,  when  obtained,  might  advantageously 
be  embodied  in  the  Home  Office  List  of  Quarries  a  publica- 
tion which  would  be  more  generally  serviceable  if  the  rocks 
mentioned  in  connection  with  each  quarry  were  described 
in  geological  as  well  as  commercial  terms. 
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Some    Peculiarities    of    Algal 
Growths  in  Reservoirs 

Editorial    in    The    Engineer.    Loniion.    Sept.    5.    191'j. 

In  a  previous  issue  we  dealt  with  certain  aspects  of  Sir 
A.  C.  Houston's  thirteenth  annual  report  on  the  results  of 
the  chemical  and  bacteriological  examination  of  London 
waters.  There  were  parts  of  it,  however,  which  we  had, 
perforce,  to  pass  over  with  quite  brief  mention.  Yet  they 
are  well  worthy  of  more  extended  consideration.  There  have 
been  many  things  in  the  past  that  have  puzzled  those  in 
charge  of  slow  sand  filters.  Sir  Alexander's  researches  have 
done  much  to  elucidate  obscure  points,  but  we  feel  sure  that 
he  would  be  the  first  to  acknowledge  that  all  has  not  yet 
been  learned  concerning  the  matter.  It  is  known,  of  course, 
that  algal  and  other  growths  are  largely  responsible  for  the 
choking  of  filters,  and  that  in  the  majority  of  cases,  if  those 
growths  can  be  checked  or  destroyed,  the  working  life  of 
the  filters — that  is,  the  lengths  of  the  periods  between  cleans- 
ing— is  prolonged.  Yet.  curiousl.v  enough,  it  would  appear 
that  the  checking  of  one  particular  growth  may  foster  and 
encourage  the  development  of  another  growth  which  may, 
in  its  turn,  interfere  with  filtration.  Commenting  on  the 
matter  in  the  present  report.  Sir  Alexander  states  that  when 
writing  his  twelfth  report  last  year  it  almost  looked  as  if 
the  problem  of  being  able  to  prevent  choking  of  the  filter 
beds  with  these  growths  had  been  solved.  The  destruction 
of  the  prolific  Asterionella.  or.  at  any  rate,  the  holding  of  it 
in  check  for  many  months,  had  undoubtedly  had  the  effect 
of  lengthening  the  time  during  which  certain  filter  beds  could 
remain  in  useful  operation.  Unfortunately,  however,  it  was 
discovered  later  that  not  only  had  the  water  in  the  reservoir 
taken  on  a  greenish  hue,  but  that  the  upper  layers  of  the 
sand  in  the  filters  had  acquired  the  same  color,  which,  in 
fact,  had  penetrated  some  little  way  into  the  sand.  Mean- 
while no  similar  effect  had  been  found  in  the  laboratory  in- 
vestigations, for  which  filters  composed  of  four  thicknesses 
of  fine  linen  were  employed.  Eventually  it  was  discovered. 
however,  that  the  trouble  was  due  to  vast  quantities  of  an 
iexcessively  minute  growth  known  as  Raphidium,  which, 
though  small  enough  to  pass  through  four  thicknesses  of  fine 
linen,  yet  had  the  effect  of,  in  time,  filling  up  the  interstices 
between  the  grains  of  sand  in  the  filter  bed.  Now  it  appears 
that  that  particular  growth  had  never  previously  attracted 
attention  at  any  of  the  Board's  works,  though  other  minute 
growths  had  been  known  to  pass  through  the  laboratory 
filters,  and  in  speculating  on  the  phenomenon  Sir  Alexander 
puts  forward  the  suggestion  that  it  is  probable  that  the  very 
tact  of  checking  the  growth  of  Asterionella  had  paved  the 
way  for  the  active  development  of  Raphidium.  It  is  difficult. 
as  he  has  many  times  remarked,  to  foresee,  when  interfer- 
ing with  the  laws  of  Nature,  all  the  possible  consequences. 

Apart  from  such  curious  effects  as  that  just  alluded  to. 
there  are  many  other  peculiarities  in  the  behavior  of  stored 
water  which  tor  the  most  part  have  influence  on  filtration. 
It  might  well  be  supposed  that,  following  the  natural  order 
of  things,  particular  growths  might  be  expected  to  develop 
at  specific  times  and  seasons  of  the  year.  Thus,  as  Sir  Alex- 
ander points  out,  it  is  reasonable  to  look  in  the  late  winter 
and  early  spring,  and  again  in  late  autumn,  for  a  preponder- 
ance of  such  growths  as  Asterionella.  Fragillaria,  and 
Cyclotella.  Yet,  he  continues,  there  is  no  adequate  explana- 
tion forthcoming  of  the  remarkable  variations  which  may, 
and  sometimes  do,  occur  in  a  particular  reservoir  on  the 
same  date  in  different  years.  As  a  striking  illustration,  he 
cites  the  case  of  Island  Barn  reservoir  water.  A  sample  of 
that  water  collected  on  Aug.  30th,  1915,  showed  the  presence 
in  abundance  of  a  growth  known  as  Ceratium.  Almost  a 
year  afterwards— to  be  exact,  Aug.  28th,  1916— the  water 
In  the  reservoir  was  found  to  be  remarkably  free  from 
growths  of  any  kind.  A  year  later,  almost  to  the  day,  Aug. 
27th.  1917,  the  water  contained  quantities  of  little  greenish 
felted  masses,  which  are  described  as  being  "of  an  Oscillaria 
kind  of  growth,"  and  which  when  magnified  have  very  much 
the  appearance  of  tufts  of  rabbit's  fur.  A  year  later— Aug. 
26th,  1918— a  growth  of  an  entirely  different  nature— that 
referred  to  as  "the  beautiful  Volvox" — was  the  predominat- 
ing feature  in  the  water  of  the  reservoir.  These  three 
growths,  absolutely  distinct  and  differing  as  widely  from 
one  another  as  the  proverbial  chalk  from  cheese,  had  all,  be 
it  understood,  made  their  appearance  in  enormous  quantities 


in  the  same  reservoir  at  precisely  corresponding  times  in 
different  years,  while  there  was  one  year  in  the  four  in 
which,  at  the  same  season,  there  were  practically  no  growths 
in  the  water  at  all.  Nor  is  it  only  at  the  end  of  August  that 
Island  Barn  water  may  have  different  growths  in  different 
years.  On  May  1st,  1916,  the  water  was  found  to  contain 
Tabellaria  in  great  abundance,  whereas  on  April  30th,  1917 — 
a  year  later — it  was,  beyond  the  presence  of  a  few  Asterio- 
nella, almost  free  from  any  growths.  Only  28  days  later 
in  the  year,  but  in  1918,  the  water  in  this  same  reservoir 
took  on  a  decidedly  green  tinge,  which  was  due  to  a  heavy 
growth  of  Protococcus.  Treatment  with  copper  sulphate 
failed  to  remove  the  trouble  entirely,  though  the  dosing  was 
carried  to  a  point  beyond  which  it  was  deemed  unsafe  to 
go  for  fear  of  killing  the  fish,  when  it  was  stopped.  Curi- 
ously enough,  about  two  months  later  the  water  cleared  very 
quickly,  "and,  as  it  were,  spontaneously,"  to  use  Sir  Alex- 
ander's own  words,  but  the  Protococcus  was  succeeded  by  a 
rapid  growth  of  Cyclotella.  The  Island  Barn  reservoir  is 
not  alone  in  experiencing  different  growths  at  the  same  time 
in  different  years.  During  August  last  year  a  growth — 
Staurastrum — appeared  in  considerable  numbers  in  the 
Staines  reservoir  water.  The  year  before  it  had  been  the 
growth  Glenodinium  which  had  been  specially  prominent, 
though  it  was  at  its  greatest  development  slightly  earlier  in 
the  year  than  was  the  Staurastrum  last  August.  Moreover, 
the  same  growths  by  no  means  always  come  to  their  great- 
est development  at  the  same  periods  of  the  year.  For  in- 
stance, about  May  14th  last  year  there  was  a  growth  of 
Stephanodiscus  in  the  Stoke  Newington  reservoirs.  On  that 
occasion  copper  sulphate  treatment  proved  successful.  It 
was  six  weeks  or  so  later  that  the  same  growth  made  its 
appearance  in  the  Hornsey  reservoir,  when  the  same  treat- 
ment was  efficacious.  From  an  earlier  report  we  find  that 
in  August,  1915,  there  was  a  very  decided  growth  of 
Stephenodiscus — also  in  the  Stoke  Newington  reservoirs. 
The  visitation  was  then  so  considerable  that  the  reservoirs 
were  thrown  out  of  service  for  about  six  months,  and  most 
of  the  water  had  eventually  to  be  run  to  waste.  It  is  note- 
worthy that  copper  sulphate  treatment  was  not  resorted  to; 
indeed,  the  use  of  that  chemical  had  not  then,  we  believe, 
been  adopted  by  the  Board,  at  any  rate  to  any  great  extent. 
These  three  examples  show  that  one  growth,  at  all  events, 
can  luxuriate  and  come  to  full  development  over  a  period 
covering  a  third  of  the  year. 

Many  similar  instances  of  how  that  algal  and  other  growths 
do  not  always  do  what  might  be  expected  of  them,  and  are 
not  all  amenable  to  the  same  treatment,  might  be  adduced. 
But  enough  has  been  said  to  show  that  the  matter  is  full  of 
difficulties  and  surprises,  and  that  it  requires  constant  and 
unremitting  attention  if  every  emergency  is  to  be  met  and 
countered  with  satisfactory  results.  So  many  factors  have 
to  be  taken  into  consideration  that  with  our  present  knowl- 
edge it  would  appear  to  be  quite  impossible  to  dogmatize. 
It  is  not  so  very  long  ago  that  the  extended  employment  of 
storage  reservoirs  was  hailed  as  a  panacea  for  all  water 
supply  troubles.  That  sufficiently  prolonged  storage  does, 
indeed,  have  r  wonderfully  purifying  effect  on  water  from 
the  bacteriological  point  of  view  is  beyond  question,  but  it 
is  unfortunate  that  the  keeping  of  large  bodies  of  water  in 
storage  reservoirs  results  in  many  cases  in  the  development 
of  growths  which,  unless  kept  well  in  hand,  may  play  havoc 
with  the  filtration  plant.  Raw  river  water,  as  Sir  Alexander 
Houston  has  frequently  pointed  out,  contains  so  few  living 
growths  that  any  difficulty  met  with  in  filtration  is  largely 
due  to  the  presence  of  amorphous  dead  matter.  In  some 
cases — notably  with  the  Walton  and  Chelsea  reservoirs — 
storage  results  in  the  deposition  of  these  suspended  matters, 
so  that  the  water  drawn  off  from  the  reservoirs  filters  with- 
out any  trouble  whatever.  With  other  reservoirs,  however, 
matters  are  quite  different — but  the  reason  why  they  are  so 
appears  to  be  doubtful,  though  whether  the  water  is  stagnant 
or  in  circulation  in  the  reservoir  may  possibly  have  some 
effect — and  the  greatest  vigilance  has  to  be  exercised  if  the 
best  results  from  all  points  of  view  are  to  be  obtained.  Sir 
Alexander  some  time  ago  discussed  the  desirability  of  an- 
ticipating the  development  of  the  growths  by  treating  the 
water  with  algicides  in  advance  of  the  time  when  the  growths 
might  be  expected  to  commence  to  grow  in  the  ordinary 
course.  Such  preventive  measures  would  most  probably  do 
good  in  the  intended  direction,  but  it  is  not  absolutely  cer- 
tain that  they  might  not  engendei   trouble  in  another  direc- 
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tion  which  might  conceivably  be  even  more  harmful  than  the 
evil  which  it  was  sought  to  avert.  Were  it  only  necessary 
to  destroy  or  to  prevent  the  formation  of  known  growths 
which  appeared  regularly  at  specific  periods  of  the  year,  and 
were  the  same  in  all  reservoirs,  the  problem  would  present 
but  few  difficulties;  but,  as  we  have  shown,  it  is  by  no 
means  as  simple  as  that.  In  fact,  so  complex  is  it  that  one 
wonders  whether  in  future  we  shall  see  a  further  e.xtension 
of  the  chlorine  treatment  of  raw  river  water,  with  possibly 
the  employment  of  mechanical  filters  as  an  adjunct  rather 
than  the  further  multiplication  of  storage  reservoirs.  Sir 
Alexander  briefly  touches  upon  this  side  of  the  question  in 
his  latest  report,  but  he  leaves  us  in  some  doubt  as  to  the 
progress  he  has  made  in  his  investigations.  There  is  the 
comfortable  leeling.  however,  that  the  matter  can  be  safely 
left  with  him,  with  the  full  knowledge  that  every  care  is 
being  taken  to  supply  the  metropolitan  area  with  water  that 
is  pure  when  judged  from  every  standpoint,  while  the  cost 
of  treatment  is  kept  down  to  the  lowest  possible  point. 


"Lieu-Rates"  and  "Time  and  a  Bit" 

Systems  of  Renumerating 

Labor 

Kditorial    in    Engineering,    London.    .luly,    1919. 

On  the  subject  of  the  remuneration  of  labor  there  remain 
still  in  force  many  of  the  provisions  and  extensions  of  prac- 
tice introduced  under  the  stress  of  war  conditions,  the  ef- 
fects of  which  are  the  opposite  of  conducive  to  increased 
efflciency ;  they  place  us  in  an  unfavorable  position  as  man- 
ufacturers for  competing  in  the  world's  markets.  These 
conditions  are  such  that  neither  the  men  nor  their  unions 
will  make  the  slightest  move  towards  any  alteration.  The 
severe  stress  of  war  conditions  naturally,  and  quite  early  in 
the  rush  to  produce  munitions,  led  to  competition  amongst 
employers  to  secure  the  services  of  the  limited  number  of 
available  workers  so  as  to  increase  the  productivity  of  their 
plant,  to  man  the  new  machines  and  increased  equipment  in- 
stalled, and  to  assist  towards  keeping  their  promises  in  re- 
gard to  deliveries  of  the  weapons  of  war  so  urgently  called 
for  by  the  many  authorities,  often  competing  amongst  them- 
selves for  delivery.  Not  only  was  there  competition  to  get 
men.  but  with  the  certainty  of  employment  on  application, 
there  was  the  difficulty  of  retaining  the  men  who  might  be 
Induced  to  start.  Rapidly  the  workers  gauged  the  situation, 
and  unless  assured  that  their  remuneration  was  above  the 
standard,  they  moved  elsewhere  to  better  their  conditions. 
To  such  an  extent  finally  was  this  the  case,  that,  none  too 
early,  legislation  had  to  be  introduced  to  limit  such  ten- 
dencies. 

As  a  means  to  increased  output,  and  especially  applicable 
to  repetition  work,  payment  by  results  was  earnestly  ad- 
vocated by  the  authorities,  and  in  response  extended  adop- 
tion of  the  system  took  place.  Such  adoption  was  facilitated 
by  the  Munitions  Act,  and  various  agreements  to  which  the 
Trades  Unions  subscribed. 

In  regard  to  most  systems  of  payments  by  result,  such 
as  piece  work,  there  will  be  no  denying  that  the  following 
two  facts  stand  out  quite  clearly.  Firstly,  that  with  repeti- 
tion work,  the  system  can  be  applied  most  readily,  and  will 
show  a  great  improvement  on  time  work,  and,  secondly,  that 
with  such  work,  if  the  product  remains  substantially  the 
same,  even  a  slightly  high  price  at  the  introduction  of  the 
system  will  lead  with  remarkable  rapidity  to  earnings  many 
multiples  of  the  time  rate  of  wages  previous  to  the  intro- 
duction of  the  system. 

As  is  well-known,  such  earnings  in  the  past  have  given 
rise  to  the  practice  of  the  cutting  of  rates.  During  the  war 
two  tendencies  operated  and  should  be  noted.  Due  to  the 
fact  that  many  shops  were  engaged  on  a  type  of  product  of 
which  they  previously  had  little  or  no  experience,  and  also 
to  the  lack  of  experienced  piece  price  or  rate-fixers  to  cope 
satisfactorily  n'ith  the  fixing  of  prices  or  times  for  the  mass 
of  work  being  turned  out,  prices  which  were  exceedingly 
high  were  far  from  uncommon.  The  cutting  of  prices,  a  prac- 
tice, the  only  excuse  for  which  is  ignorance,  was  practically 
impossible  in  this  connection,  because  of  the  general  dif- 
ficulties with  labor,  the  strong  position  of  the  labor  organiza- 
tions, the  sympathetic  appeal  system  that  was  introduced  by 
the  authorities  to  reduce  labor  discontent,  either  real  or 
imaginary,  and  on  account  of  the  favorable  terms  that  -were 


offered  to  employers  for  the  contracts  placed  on  a  fixed  price 
basis,  albeit  the  "time  and  line"  8y»tem  wa«  quite  generally 
adopted  for  new  work,  or  In  the  case  of  firms  o(  Insufllclpnt 
experience,  to  quote  on  a  fixed-price  basis. 

In  what  position,  then,  was  a  manufacturer  whoso  work 
was  of  such  a  nature  that  payment  by  results  could  not  read- 
ily be  applied  to  a  considerable  proportion  of  It?  How  couW 
he  keep  his  men,  when  in  an  adjacent  works,  repetition 
work,  and  payment  by  results,  with  the  high  earnings  gen- 
erally accruing  from  such  a  state,  was  the  rule? 

There  can  be  little  contention  that  In  all  shops  there  Is  a 
considerable  portion  of  the  work  that  lends  Itself  quite  read- 
ily to  system  of  payment  by  results,  although  on  work  of 
a  non-repetition  character  the  prices  or  times  must  be  sen- 
erously  estimated  if  earnings  comparable  with  those  earned 
on  repetition  work,  as  has  already  been  explained,  are  to  be 
possible.  Supposing  this  fact  be  recognized,  there  still  re- 
mains a  proportion  of  the  workers  who  cannot  readily  be  put 
upon  payment  by  results,  and  there  are  the  periods  of  lime 
when  the  general  payment  by  result  workers  cannot  work 
on  other  than  the  time  system  of  remuneration. 

Such  a  state  of  affairs  exists  to  a  certain  extent  In  ship- 
building and  in  lesser  measure  in  marine  engineering.  To 
meet  these  conditions,  the  "Lieu-Rate"  er  "Time  and  a  Bit" 
system  was  in  vogue,  principally  in  shipyards,  even  prior  to 
the  war.  As  its  name  implies.  "Lieu-Rate"  is  an  enhanced 
time  rate  given  in  lieu  of  piece  work,  as,  for  Instance,  on  a 
new  job.  a  price  for  which  it  is  felt  cannot  be  fixed.  It  may 
require  very  particular  skill,  and  on  this  account  It  may 
well  be  desired  to  allocate  to  such  work  the  best  available 
workers,  who  normally,  in  all  probability,  make  large  earn- 
ings on  piece  work  or  a  similar  system.  An  arrangement 
is  then  made  to  the  end  that,  either  these  men  will  be  paid 
during  the  time  they  are  so  engaged  at  the  same  percentage 
over  their  time  earnings  as  they  have  been  receiving  for  a 
given  period  previously,  or  else  on  a  fixed  percentage  over 
their  time  ratts,  called  "time  and  a  bit,"  generally  time  and 
a  half.  To  expect  workers  under  the  conditions  experienced 
during  the  war  period  to  revert  to  plain  time  rates  when 
on  such  work,  would  have  caused  them  to  seek  the  more 
remunerative  piece  work  elsewhere;  such  was  the  demand 
for  labor.  There  were  shops  in  which  no  effort  w-as  made 
to  work  a  system  of  payment  by  results.  "Lieu  work,"  or 
"Time  and  a  Bit"  offered  the  path  of  least  reslstence,  giving 
high  earnings  and  being  thus  favorably  regarded  by  the  men 
and  their  union  officials.  It  was.  in  fact,  simply  a  very  much 
higher  time  rate  than  the  district  or  the  average  rate,  and 
so,  on  that  account,  not  open  to  the  objection  lodged  against 
payment  by  results.  The  efforts  on  the  part  of  the  manage- 
ment necessary  to  fix  satisfactory  and  equitable  piece  rates 
or  bonus  times  were  not  required. 

The  numbei-  of  jobs  in  any  shop  that  can  be  regarded  as 
incapable  of  estimating  with  a  view  to  fixing  a  price  or 
bonus  times,  is  in  proportion  to  the  number  of  ratefixers  ap- 
pointed for  this  work,  coupled  with  the  experience  available. 
and  is  further  dependent  upon  the  degree  of  organization  of 
management  cf  the  work. 

With  a  sufficient  number  of  ratefixers  possessing  the 
requisite  experience,  the  amount  of  work  which  cannot  be 
priced  may  be  said  to  be  extremely  small,  provided  the  work; 
is  so  arranged  and  organized  that  delays  for  want  of  mate- 
rial are  infrequent,  the  appliances  are  adequate,  and  that 
men  are  not  luistl«l  from  one  incomplete  job  to  another,  and 
so  on.  The  question  arises  as  to  whether  such  an  organiza- 
tion as  is  necessary,  with  a  large  staff  of  rate-fixers— and 
in  many  classes  of  work  quite  a  large  staff  will  be  required 
to  assess  prices  for  all  work  being  undertaken— will  give 
value  for  the  increased  on  cost  resulting?  If  present-day 
practice  be  referred  to,  the  answer  would  be  in  the  negative, 
but  the  opinion  is  gradually  gaining  ground  that  competition 
in  the  future  will  force  a  more  reajiy  realization  that  the 
experiment  must  be  boldly  faced  in  the  endeavor  to  reduce 
the  selling  price  of  our  manufactures.  In  the  United  States 
of  America  this  necessity  is  perhaps  more  generally  recog- 
nized. If  the  alternative  is  "lieu-work"  or  "time  and  a  bit." 
little  trepidation  in  taking  the  step  need  be  felt.  These 
systems,  however,  are  extremely  expensive  in  wages  cost  per 
unit  of  output. 

There  remain  a  number  of  cases  where  the  fixing  of  prices 
or  bonus  time  is  most  difficult,  as  for  instance,  where  the 
actual  time  required  for  the  work  is  to  some  extent  without 
the  control  of  the  management  or  the  men  concerned — such 
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work,  as,  for  instance,  testing,  where  the  testing  time  is  de- 
pendent largely  upon  the  requirement  of  an  inspector,  and 
is  not  capable  of  definite  specification.  Testing  work  can 
sometimes  quite  conveniently  be  made  part  of  the  contract 
of  the  erectors  or  fitters  or  can  be  a  separate  contract;  al- 
though in  such  work  the  tendency  under  these  conditions 
would  be  to  hide  detects,  which  at  all  costs  should  be  brought 
immediately  to  light.  Work  ot  this  nature  could  be  paid  for 
at  a  rate  depending  upon  the  rate  earned  on  previous  work, 
although  the  objections  to  such  a  system  arising  from  a  ten- 
dency to  prolong  the  operation  in  question,  etc.,  are  obvious, 
and  need  not  be  enlarged  upon.  The  question  of  the  pay- 
ment for  work  of  this  nature  in  a  payment-by-results  shop 
is  not  capable  ol  ready  solution,  and  merits  the  closest  study, 
although  only  a  subsidiary  issue  ot  the  main  subject  ot  "Lieu 
Rates"  and  "Time  and  a  Bit." 

Such  systems  have  been  so  e.xtended  during  the  war,  and 
have  in  many  quarters  obtained  such  a  firm  footing  that  with 
competitive  conditions  again  returning,  the  firmest  stand 
must  be  taken  completely  to  eliminate  them.  The  path  ot 
least  resistance  in  such  matters  can  only  lead  in  one  direc- 
tion— that  of  high  labor  costs  and  selling  prices.  We  have 
previously  urged,  when  dealing  with  payments  by  results, 
and  can  only  again  most  strongly  emphasize,  the  necessity 
for  definite  knowledge  ot  all  conditions  before  fixing  prices  or 
basis  times.  Men  of  high  standing  and  technical  qualifica- 
tions must  be  trained  and  then  placed  in  positions  of  au- 
thority to  deal  eflSciently  with  the  very  complex  subject  ot 
the  fixing  ot  piece  prices,  bonus  times  and  allowances.  By 
such  a  course  only  can  we  effect  the  change  in  some  of  our 
industries  from  the  haphazard,  rule-ot-thumb  methods  of  con- 
trol ot  these  matters  of  the  past,  to  the  more  progressive  and 
virile  grip  consequent  upon  putting  into  practice,  in  regard 
to  remuneration  in  proportion  to  effort,  the  results  ot  thor- 
ough and  detailed  investigation. 


Compressed  Gas  for  Motor  Vehicles 

Abstract    of   an    editorial    in    Aug:.    l,'i.    1319.    issue    ot    Engineering," 
London. 

Town  gas  as  a  propellant  for  internal  combustion  engine 
vehicles  performed  a  useful  function  in  the  war,  but  it  was 
mainly  looked  on  as  a  makeshift, ,  and  with  the  coming  ot 
peace  appears  to  have  pretty  well  dropped  out  ot  use.  Gas 
traction  has  been  used  earlier  to  some  extent  in  connec- 
tion with  tramway  propulsion,  but  the  advent  ot  the  fiexible 
container  and  the  application  ot  gas  to  petrol  vehicles  dates 
back  only  to  the  summer  ot  1916,  when  Messrs.  Andrew  Bar- 
ton &  Brothers  began  to  run  a  single-deck  Thornycrott  motor- 
bus  between  Beeston  and  Nottingham.  This  pioneer  work 
was  quickly  followed  up,  and,  as  is  common  knowledge  fiexi- 
ble containers  were  fitted  in  large  quantities  by  vehicle  own- 
ers who  found  themselves  hampered  by  the  shortage  ot 
petrol. 

According  to  the  Inter-Departmental  Committee  on  Gas 
Traction,,  there  were  5,000  gas-equipped  motor  vehicles  in 
January,  1918,  and  by  the  following  January  the  number  had 
fallen  to  3,600.  The  figure  now  is  probably  considerably 
smaller.  As  long  as  petrol  is  to  be  obtained  it  cannot  be  ex- 
pected that  gas  traction  will  make  any  considerable  head- 
way unless  it  can  be  shown  to  have  technical  or  economic 
advantages,  but,  in  view  of  the  national  importance  of  using 
a  home-produced  fuel  and  restricting  imports,  it  is  desirable 
that  the  employment  of  gas  should  be  fostered  as  tar  as 
possible,  assuming,  ot  course,  that  a  reasonable  case  can  be 
made  out  for  it. 

We  have  said  that  it  is  desirable  to  foster  gas  traction, 
since  it  represents  employment  ot  a  home-produced  fuel. 
None  the  less  no  amount  ot  fostering  is  likely  to  lead  to  its 
considerable  use  unless  a  reasonable  technical  case  can  be 
made  out  for  it.  In  this  direction  the  report*  ot  the  com- 
mittee we  have  already  mentioned  is  promising.  On  the 
question  ot  economy  it  is  estimated  that  250  cu.  ft.  of  town 
gas  are  on  the  average  equivalent  to  1  gal.  of  petrol.  The 
relative  economy  this  ratio  may  stand  for  will  vary  enor- 
mously owing  to  the  great  variations  in  the  price  of  gas,  but 
as  an  example  the  Scottish  Motor  Traction  Co.  during  1918 
ran  over  1,000,000  miles  partly  on  gas  and  partly  on  petrol. 
The  total  petrol  cost,  at  2s.  4%d.  (56%  ct.)  per  gallon,  was 
£10,674,  and  the  total  gas  cost,  including  cost  of  bags  and 
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attendants'  wages,  was  £10,843.  Debenzolized  Edinburgh  gas 
was  mostly  used  and  the  price  paid  per  1,000  cu.  ft.  was  3s. 
8V4d.  (84i'2  ct.).  The  total  fuel  bill  was  £21,517,  and  had 
petrol  alone  been  used,  and  reckoning  5  miles  to  the  gallon, 
which  agrees  with  the  company's  usual  experience,  the  total 
fuel  bill  would  have  been  £28,002.  This  shows  a  saving  ot 
£6,484  as  a  result  ot  using  gas.  There  was,  however,  a  loss 
of  earning  power  with  gas  owing  to  time  lost  in  filling,  which 
the  company  estimate  cost  £3,285,  leaving  a  credit  balance 
on  the  side  ot  gas  ot  £3,199  a  year.  These  figures  relate  to 
a  Heet  ot  40  motor-buses. 

Other  evidence  was  furnished  by  the  Great  Grimsby  St. 
Tramways  Co.,  who  estimated  that  tor  every  1,000  miles  run 
on  gas  they  made  a  saving  of  151.  as  compared  with  petrol, 
and  after  meeting  all  charges.  A  large  part  of  the  gas  sup- 
ply they  used  had  not  been  debenzolized,  and  they  found  240 
cu.  ft.  to  be  an  average  equivalent  to  1  gal.  ot  petrol.  Some 
work  with  gas  traction  was  also  carried  out  by  the  London 
General  Omnibus  Co.  On  the  Cricklewood-Victoria  route  ex- 
perimental running  was  undertaken  with  compressed  gas  in 
cylinders.  A  compression  pressure  ot  1,000  lb.  per  square 
inch  was  employed.  The  compression  plant  was  ot  small 
capacity,  being  suitable  tor  10  vehicles,  and  was  used  inter- 
mittently, and  it  was  found  that  the  cost  ot  compressing  1,000 
cu.  ft.  of  gas  was  2s.  3d.  (54  ct.).  Taking  gas  at  4s.  4d. 
($1.08),  this  made  a  total  fuel  cost  ot  6s.  7d  per  1,000  cu.  ft., 
which,  against  petrol  at  2s.  4d.  (56  ct.)  shows  a  fuel  saving 
of  29.5  per  cent  in  favor  ot  gas.  It  is  pointed  out  that  these 
figures  quote  petrol  at  the  price  ruling  for  large  contracts 
and  gas  at  ordinary  consumers'  rates.  Were  the  figures  on 
a  common  basis  the  ratio  would  show  still  more  favorably  for 
gas  and  ohviously  compression  charges  would  tall  with  a 
large  and  continuously-running  plant. 

This  possibility  ot  using  steel  cylinders  tor  the  gas  instead 
of  flexible  containers  raises  an  entirely  new  aspect  ot  this 
question.  Anything  else  apart,  it  is  obvious  that  the  amount 
of  room  it  takes  up  has  always  been  an  objection  to  the  gas 
bag. 

The  commitee  has  given  much  attention  to  this  question 
of  the  use  of  compressed  gas  and  reports  entirely  in  favor 
of  it.  They  make  some  detailed  recommendations  in  connec- 
tion with  the  size  and  thickness  ot  the  cylinders  and  suggest 
working  pressures  up  to  2,250  lb.  per  square  inch.  The  cylin- 
ders when  in  position  on  the  vehicle  should  be  disposed  within 
and  totally  enclosed  by  the  bodywork  ot  the  structure.  It  is 
regarded  as  preferable  that  they  should  be  recharged  in  po- 
sition. 

Some  work  has  been  done  with  wire-wound  cylinders  with 
removable  metal  end-plates  held  in  place  by  screwed  longi- 
tudinal tension  rods  of  steel.  The  committee,  however,  do 
not  recommend  them,  and  find  that  there  is  leakage  at  the 
ends  when  the  internal  pressure  falls  below  about  35  atmos- 
pheres. The  cylinders  are  also  heavier  tor  a  given  volume 
ot  gas  than  high-carbon  or  alloy  steel  cylinders  made  accord- 
ing to  the  committee's  specification.  It  is  possible  that  a 
built-up  cylinder  ot  this  class  may  be  cheaper  and  more  easily 
obtained  when  a  small  quantity  only  is  required,  but  if  gas 
traction  comes  into  being  on  any  considerable  scale  the  drawn 
steel  cylinder  would  probably  prove  the  more  convenient  and 
cheap.  As  a  further  alternative  to  the  flexible  bag,  the  com- 
mittee are,  however,  inclined  to  favor  a  semi-rigid  container 
consisting  ot  an  inner  member  or  tube  in  the  form  ot  a  rub- 
ber container  and  an  outer  casing  ot  woven  steel  wire.  This 
class  of  container  is  approximately  one-third  the  weight  of  a 
steel  container  for  a  given  volume  ot  gas,  and  as  it  stretches 
on  being  charged  give  ample  warning  if  overcharging  be  at- 
tempted. As  this  type  of  container  can  be  dropped  on  to  the 
ground  with  impunity,  and  as,  it  overcharged,  the  inner  rub- 
ber member  bursts  without  the  wire  casing  being  fractured, 
the  construction  should  prove  very  sate  in  ordinary  practice. 
The  weight  saving  as  compared  with  a  cylinder  may  be  ot 
great  importance.  A  working  pressure  ot  45  atmospheres  is 
recommended. 

The  report  with  which  we  are  concerned  also  deals  to  some 
extent  with  portable  suction  gas-producers  for  use  on  motor 
vehicles.  This  development  is  clearly  a  nimewhat  different 
one  from  that  ot  the  employment  ot  town  gas,  but  it  has  in 
common  the  facts  that  it  employs  a  home-produced  fuel  and 
is  more  or  less  directly  applicable  to  existing  petrol-engines, 
lorries,  etc.  It  is  stated  that  portable  suction  producers  are 
available  which,  after  the  necessary  attention  at  lighting-up, 
can  be  made  to  work  automatically,  and  that  their  fuel  cost 
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with  coke  at  45s  a  ton.  or  anthracite  at  55s  a  ton,  is  equivalent 
to  petrol  at  5.4d  a  gallon.  The  weight  of  the  generator  aild 
accessories  for  a  30  brake  horsepower  engine  is  about  220  lb. 
This  certainly  souncLs  a  very  attractive  proposition.  Some 
work  was  done  with  portable  producers  of  this  class  before 
the  war,  but  we  do  not  know  that  they  came  into  use  to  anv 
eonsiderable  extent.  The  committee  examined  three  appli- 
ances of  this  class,  and  they  all  showed  close  agreement  as 
far  as  regards  fuel  consumption.  The  system  due  to  l.ieut. 
Col.  D.  J.  Smith  was  subjected  to  the  fullest  tests,  and  a 
lorry  fitted  with  a  Smith  producer  was  run  in  all  277  miles 
on  the  road.  The  installation  was  to  some  extent  a  make- 
shift one.  owing  to  shortage  of  materials,  and  was  too  large 
for  the  lorry  to  which  it  was  fitted,  but  the  general  results 
were  good.  This  development  of  internal  combustion  traction 
would  appear  to  be  well  worth  attention. 


The  Mother  of  Invention 

Editorial   in    The    Engineer,    London,    Aug.    15.    1919. 
A    reflection    which    will    bear    investigation    is    that    the 
progress  of  the  world  has  been  brought  about  by  the  ability 
of  certain  members  of  communities  to  make  otlier  members 
want  something.     We  can  imagine  that  the  first  prognathous 
individual  who,  by  chance  or  cunning,  chipped  out  a  flint  axe 
head  set  up  a  general  craving  for  stone  axes— save  amongst 
the    "laudatores    temporis    acti"    of   his    day— which    has    led 
by   various   intricate   processes   to   the   multitude   of   cutting 
tools   with   which   we  are  now   familiar.     In  the   absence   of 
the  stone  axe  the  human   race  would   have  remained   where 
it  was— a  guileless  and  reasonably  contented  people,  wallow- 
ing in  dirt,  but  free  from  political  wire-pulling  and  as  indif- 
ferent  to   the  daily   tragedies   which   prevented   the   increase 
of  population   as  were   the  rest  of  the  animal  creation   that 
surrounded  it.     The  individual  who  thus  opened  the  road  to 
civilization  acted  without  malice  prepense,  and  has  been  for- 
given, even  praised,  by  men  of  a  later  age.     He  was  certainly 
not  an  intentional  reformer.     He  did  not  invent  the  flint  axe 
head    because   he    foresaw   w^ealth   from   its   exploitation;    he 
did  not,  as  most  of  us  do  today,  set  out  with  the  intention 
of  making  others   need   his   services.     He  whittled   the   flint 
because  he  liked  whittling  flints:  he  was,  in  fact,  a  pure  in- 
dustrial scientist.     The  thought  of  gain  would  have  been  hate- 
ful to  him— until  he  saw  it  within  reach,  and  then,  like  later 
pure    scientists,   he    argued   no   doubt   that   the   laborer    was 
worthy  of  his  hire.     Today  the  course  of  the  great  mass  of 
invention  is  very  different.     The  great  business  on  which  we 
are  all  engaged  is  that  of  making  some  one  else  want  some- 
thing we  can  provide.     Is  not  that  the  end  and  object  of  all 
•  advertisement,   whether  it   be  the   blatant   plastering  of  our 
national  monuments  with   offers  of  a  loan  on  advantageous 
terms   or  the  more  subtle   advertisement  of  civil   engineers 
through   the   media  of  scientific   discussions?     The   inventor 
in  the  twentieth  century  thinks  of  two  alternatives  only — to 
create  a  want  or  to  supply  one. 

No  one  has  yet  decided  whether  necessity  always  precedes 
invention  or  whether  the  invention  makes  the  need,  but  it 
may  be  observed,  with  passing  interest  at  least,  that  in  a  long 
period  no  revolutionary  invention  escaped  opposition:  there 
were  always  a  great  many  people  who  were  quite  convinced 
that  the  world  would  get  on  just  as  well  without  it.  The 
steam  engine,  the  steam  boat,  the  railway  suffered  opposition 
just  as  textile  machines  and  machinery  for  many  other  pur- 
poses did.  Even  in  recent  times  great  inventions  have  been 
opposed.  We  recall  the  difficulties  that  Westinghouse  experi- 
enced in  persuading  railways  to  adopt  his  brake,  and  the 
obstacles  and  resistance  that  beset  motor  transport,  and  do 
not  forget  that  we  have  still  amongst  us  conscientious  ob- 
jectors to  vaccination  and  kindred  Inventions  for  the  bodily 
welfare  of  mankind.  Yet,  take  it  for  all  in  all,  the  world 
was  never  more  ready  than  at  the  present  moment  to  wel- 
come the  latest  developments  of  applied  science;  there  was 
never  a  time  when  the  inventor  had  a  greater  prospect  of  suc- 
ceeding. Moreover,  the  need  for  great  invention  was  never 
more  acute.  Four  years  of  lost  labor  have  to  be  recovered. 
That  object  can  only  be  achieved  by  accelerating  the  rate  of 
output  of  everything  man  needs  from  his  daily  bread  to  his 
means  of  transport.  But  acceleration  is  hampered  on  the 
one  hand  by  _the  resolution  of  one  part  of  the  community 
to  do  less  work,  and  on  the  other  by  the  excessive  price  it 
demands  for  the  work  it  does  consent  to  do.  Labor  refuses 
point  blank  to  help  the  country.  Can  Science  take  the  bur- 
den on  its  shoulders?     Can  it  show  once  again  the  falsity  of 


the  socialistic  doctrine  that  all  wealth  HprlngH  from  manual 
toil.  Coal  Is.  of  coui'se,  the  first  thought  that  gprlnRii  to 
the  mind.  Can  Hcientl«ts  by  laklnK  thought  niak«  on«  pound 
of  coal  do  what  two  are  dolns?  Can  engineers  devlso  new 
means  of  winning  coal  that  will  make  colllerB  unnecesBary'? 
Some  years  ago  that  brilliant  and  always  darlnR  thinker.  Sir 
William  Ramsay,  proposed  closing  th^  pits,  tiring  the  coal 
within  them,  and  drawing  off  the  gas  for  Industrial  uhch. 
The  scheme  was  derided,  on  sound  principles,  In  lu  day;  but 
with  coal  approaching  three  times  Its  old  price  we  look 
yearningly  towards  it.  Again  no  one  who  has  watched  the 
rollers  from  the  Atlantic  advancing  upon  the  ramparts  of 
Cornwall,  or  has  seen  the  rise  and  fall  of  the  tide  In  -the  Wye 
and  Severn,  but  has  pondered  upon  the  gigantic  powers  that 
need  but  the  bit  and  bridle  to  replace  coal  as  a  source  of 
power.  In  such  things  the  inventor  finds  scope  for  bis  larg- 
est talents. 

But  amongst  lesser  economics  there  Is  as  rich  a  field.     In 
metallurgical   practice  the  consumption  of  fuel  In  the  blast- 
furnace, in  the  open   hearth,   in   the  cupola,  cries  aloud  for 
reduction.      The    introduction    of    the    regenerative    furnace 
caused   a  great   diminution   of  coal   consumption,   whilst  the 
profitable  use  of  blast-furnace  and  other  gases  effects  econo- 
mies on  a  large  scale.     If  it  Is  Impossible  to  look  for  similar 
inventions  of  equal  magnitude,  it  is  at   least  open  to  metal- 
lurgists to  make  greater  use  of  those  that  exist.     Not  only 
in  a  few,  but  in  all  districts  waste  heal  should  be  economized. 
Probably  from  Sheffield  alone  enough  heat  is  dissipated  con- 
tinuously to  The  air  to  provide  the  whole  of  Yorkshire  with 
power.     For  every   ton   of   iron   smelted   in   the  blast-furnace 
it  is  estimated  that  hea?  units  equivalent  to  twenty-five  horse- 
power are   discharged   from   the  furnace-top;    about  half  the 
total   heat  energy  entering  the  furnace   is   lost   in   the  gases 
eicner   as   sensible   heat   or   as    unburn!    carbonic   monoxide. 
In  the  open-hearth  furnace  not  more  than  one-quarter  of  the 
heat  units  supplied  are  expended  on  healing  and  melting  the 
charge,  one-half  is  lost  by  radiation,  and  conduction,  and  one- 
quarter  goes  up  the  chimney.     In  the  steam  engine  and  tur- 
bine and  in  internal  combustion  engines  we  must  be  content 
to  chase  single  percentages  and  fractions  of  percentages,  but, 
in  view  of  the  fact  that  all  save  an  insignificant  amount  of 
the  power  used  in  the  I'nited  Kingdom  is  developed  by  heat 
engines,  small  fractions  in  the  sum  bulk  large.     The  use  of 
pulverized    fu^l   opens    new    prospects    in    two   directions;    in 
one   it   offers   better   combustion,   and    in   the   other   It   opens 
the  way  to  th'^  use  of  fuel  of  poor  quality.     Here,  if  we  may 
give  play  to    nir  imagination  for  one  moment,  we  see  a  new 
means  of  haniiling  coal  from  the  pits.     At  the  shaft  foot  we 
see  a  group  of  pulverizers  driven  by  gas   engines  crushing 
the  coal   to   powder,  and   beside   them   a  group  of  gas-power 
blowing  engines  driving  the  powder  in  a  continuous  stream 
up   pipes   into  depositing   chambers   and   thence   into   closed 
trucks  at  the  pit's   mouth.     The  coal   is   run-of-mine;    it  car- 
ries, too,  a  percentage  of  dirt,  but  the  product  is  so  m^gled 
in   the   pulverizing   process   that   the   fuel   as   It   issues    is   of 
a   consistent  quality.     Economy  is  effected  by  the  reduction 
of  handling  at  the  pit;    by  the  greater  weight   that  can   be 
carried  per  cubic  foot  of  wagon  or  bunker  space;  by  the  ease 
of  handling;   and.  finally,  by  the  economy  of  consumption. 

But  to  descend  from  visions  to  more  concrete  problems. 
.■Mthough  the  internal  combustion  engine  may  be  more  nearly 
approaching  the  limits  of  thermal  efficiency  than  the  steam 
engine,  there  is  still  a  margin  to  be  conquered.  Engineers 
have  always  recognized  that  heat  units  are  wasted  In  Its 
exhaust  and  in  the  water  jacket  that  might  be  saved,  and 
many  plans  have  been  tried,  and  some  are  used,  for  econ- 
omizing them.  But  the  extent  to  which  such  inventions  are 
employed  is  relatively  insignificant.  Possibly  the  Still  engine 
or  the  combination  of  gas  engine  and  low-pressure  steam 
turbine  opens  a  road  to  the  better  utilization  of  the  heat, 
or  possibly  the  gas  turbine,  is  destined  to  effect  economies  in 
internal  combustion  motors  equivalent  to  those  effected  by 
the  steam  turbine.  In  steam  engines  of  all  kinds  we  look 
to  higher  pressures  with  considerable  hopes.  Three  hundred 
and  fifty  pounds  have  already  been  used,  and  pressures  of 
five  hundred  are  in  contemplation.  With  each  step  upward 
in  pressure  new  economies  will  be  effected. 

We  see  thus  that  there  is  scope  for  invention,  and  we  may 
opine  that  nacessity  will  encourage  it,  but  the  full  fruits  of 
such  inventions  and  discoveries  as  men  of  science  may  pro- 
vide will  not  be  gathered  by  the  I'nited  Kingdom  in  industrial 
conditions    like    those    that    now    prevail. 
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Burnt  Earth  Concrete,  With  Iron 
and  Wood   Reinforcement 

By  L.  P  HODGE. 

From   Engineerings.    London.    Sept.    5,    1019. 

The  substitution  of  burnt  earth  for  stone  in  concrete  has 
no  doubt  received  some  attention  in  alluvial  countries  where 
stone  is  scarce  and  transport  costly,  but  engineering  litera- 
ture contains  very  little,  if  any,  information  on  the  subject. 
The  same  remark  applies  to  "ligno"  concrete,  i.  e.,  that  in 
which  wood  is  substituted  for  iron  reinforcement.  An  article 
on  "Some  Tests  on  Ligno  Concrete,"  by  C.  A.  M.  Smith,  in 
Engineering  of  Dec.  16,  1910,  drew  attention  to  its  possibili- 
ties, but  as  long  as  iron  and  mild  steel  were  easily  obtainable 
at  fair  prices,  engineers  preferred  to  use  them  in  preference 
to  wood.  Owing,  however,  to  the  large  increase  in  the  cost  of 
imported  metal  due  to  the  war,  and  to  the  difficulty  of  getting 
it,  ligno  concrete  is  now  likely  to  come  to  the  fore  where 
conditions  are  favorable  to  its  employment.  The  author  ven- 
tures, therefore,  to  hope  that  the  following  tests  of  burnt 
earth  concrete  beams  with  both  iron  and  wood  reinforcement, 
and  their  successful  employment  in  piles  and  abutment  slabs, 
will  be  of  practical  assistance  to  those  who  may  be  desirous 
of  employing  similar  materials. 

Burnt  Earth  Concrete. — The  earth  burnt  in  British  Guiana  is 
generally  the  ordinary  coast  alluvium,  the  surface  analysis  of 
whicli  is  as  follow.s  compared  with  London  brick  clay: 

I  'lenierara  London 

Constituent.s.                                                            clav.  Ijrick  cla\'. 

Silica    crystalized     r        1 9.648  49.5 

Silica   combined    .■i4.72S  34.3 

.iUuvium     11.950  7.7 

For  reinforced  concrete  only  clinkers  were  used,  and  after 
breaking  they  were  screened  through  a  1-in.  mesh  and  re- 
tained on  a  .%-in.  mesh,  being  thoroughly  washed  during  the 
retention  screening.  The  mixture  was  1:2:4.  The  Portland 
cement  used  throughout  was  supplied  to  British  standard 
specification.  Sufficient  for  12  neat  briquettes  was  taken  from 
3  bbl. 

The  average  breaking  stress  at  6  days  was  428.5  lb.  and  at 
28  days  508.5  lb.  The  average  increase  was,  therefore,  18.7 
per  cent,  or  slightly  under  the  20  per  cent  required  by 
standard. 

Assumed  Resistance  to  Compression. — As  the  bridges  for 
which  these  experiments  were  undertaken  were  urgently  re- 
quired, it  was  desirable  to  test  the  beams  not  more  than 
seven  days  after  casting.  To  determine  the  probable  ultimate 
compression  of  the  burnt  earth  concrete  at  that  time,  so  as 
to  approximately  apportion  the  material  in  the  test  beams, 
the  author  employed  the  formula  deduced  by  Mr.  Edwin 
Thatcher  from  his  experiments  for  Mr.  George  A.  Kimball, 
chief  engineer  of  the  Boston  Electric  Railway  Company 
{"Trautwine,"  nineteenth  edition,  page  1106,  paragraph  35). 

S   =   M  —  N    X 
where: 

S  =  ultimate   compressive   strengrth   in   pounds   jier    SLiuare    inch. 

X  =:  number  of  parts  of  .sand   to   1  of  cement. 

M  and  N  =  values  as  below: 

Ag'e    7    days.  1    month.        3    months.       fi    months. 

M,,=    1,800  3,100  3,820  4,900 

N=    200  350  460  600 

S  =  1,800— (200  X  2)  =1,400  lb.  per  square  inch.  The 
author  decided  to  limit  the  safe  stress  at  7  days  to  300  lb.  per 
square  inch  =  F  of  S,  4%. 

Iron  Reinforcement. — This  consisted  of  unmarked  rod  Iron, 
marked  rods  being  unobtainable  owing  to  the  war.  Its  safe 
tensile  strength  was  assumed  throughout  as  not  exceeding  5 
tons  per  square  inch. 

Wood  Reinforcement. — This  was  our  indigenous  greenheart 
(Nectaudra  redioci)  of  which  the  ultimate  resistance  to  ten- 
sion is  stated  to  \yi  for  ordinary  quality,  8,800  lb.  per  square 
inch.  (Rlvington's  "Notes  on  Building  Construction,"  Part 
IV,  Table  I).  Its  safe  tensile  stress  was  assumed  at  one- 
fifth  =1,760  lb.  per  square  inch.  The  ratio  of  substitution 
became  therefore: 

Lb. 
Iron  per  square  inch,   5   tons 11  200 

=  fi-^ 

Greenheart  per  .square  inch 1,760 

The  first  experiments  were  made  with  sawn  scantling  which 
had  not  been  soaked  In  water.  Surface  cracks  developed  in 
every  case  and  thence,  save  In  Experiment  B,  the  wood  rein- 
forcement was  immersed  for  24  hours  immediately  before  the 
beam  was  cast.  The  increase  of  weight  due  to  absorption  was 
as  follows: 
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ABSORETION  OP  WATER  BY   SAWN  GREENHEART   IN   ''4 
HOURS. 

s      t  ^^- 

Dimensions     of  ,q  §       ^  o  -  ■  ©(mtj' 

specimen.  ^-^       ^-j  J-g  3 « g 

12  ft.  by  3  in.  by  2  in.  (used  in  ex- 
periment   D)     31.0         33.5  8.06         0.248 

Two  pieces,  each  5  ft.  by  2  in.  by  1  in. 

(u.sed  in  experiment  F) S.O  9.5         18.75         0.298 

Three  pieces,  each  5  ft.  by  2  in.  by  % 

in.   (used  m  experiment  H> 6.5  9.0         38.46         0.399 

From  the  above  table  it  is  evident  that,  as  might  be  ex- 
pected, the  absorption  of  small  sections  very  much  exceeds 
that  of  large  ones,  being  governed  very  largely  by  the  surface 
area  immersed. 

Tests. — Two  piles,  two  beams  and  foul  concrete  planks 
having  been  designed  in  accordance  with  the  preceding  data, 
of  ferro  concrete  and  ligno  concrete,  respectively,  were  tested 
a.s  beams,  with  the  results  shov/n  graphically  on  the  accom- 
panying diagram.  The  following  is  a  digest  of  the  tests,  the 
di.Tsram  being  lettered  to  correspond. 

DIGEST   OF   EXPERIMENTAL   TESTS. 
(Concrete  of  Burnt  Earth  1:2:4  Throughout.) 

A.  Ferro  Concrete  Pile. — A  pile,  25  ft.  long  by  12  in.  by 
12  in.,  reinforced  with  five  rods  of  %-in.  round  iron,  was  sup- 
ported at  10  ft.  clear  span,  ei^it  days  after  casting,  and 
loaded  with  a  distributed  load  up  to  7,749  lb.,  or  about  half 
its  estimated  distributed  safe  load  at  that  time,  regarded  as 
a  continuous  beam.  It  stood  this  test  without  taking  a  per- 
manent set  (see  diagram  A),  and  was  subsequently  trans- 
ported 8  miles  by  dray,  and  successfully  driven  a  month  after 
casting. 

B.  Ligno  Concrete  Pile. — A  similar  pile,  but  reinforced 
with  two  bars  of  2  in.  by  2  in.,  and  two  bars  of  2  in.  by  3  in. 
greenheart  in  lieu  of  iron,  was  similarly  supported  and  loaded 
at  eight  days,  up  to  7,755  lb.,  or  about  half  its  estimated  dis- 
tributed safe  load  at  that  time,  regarded  as  a  continuous 
beam,  remaining  thereunder  for  three  weeks.  Slight  cracks 
appeared  after  loading,  due  probably  to  the  greenheart  not 
having  been  immeised  before  being  placed  in  the  concrete, 
but  all  deflection  disappeared  on  removal  of  the  load.  Un- 
fortunately, this  pile  was  allowed  to  project  too  far  beyond 
the  dray  during  transit,  and  the  elasticity  of  the  greenheart, 
aided  probably  by  lack  of  adhesion,  due  to  the  cause  already 
stated,  caused  it  to  crack  up  in  transport.  A  fresh  pile  was 
cast  in  situ,  utilizing  the  same  reinforcement  after  soaking 
It  In  water  for  24  hours,  and  it  drove  as  well,  and  is  con- 
.tini'.ing  to  give  as  satisfactory  results,  as  the  ferro  concrete 
ones. 

C.  Ferro  Concrete  Beam. — A  ferro  concrete  beam,  12  ft.  by 
6  in.  by  6  in.,  reinforced  with  two  %  in.  rods,  was  tested  at 
seven  days,  ends  supported,  at  10  ft.  span.  The  safe  distrib- 
uted load  of  this  beam  was  calculated  at  1,371  lb.  at  that 
time.  It  collapsed  under  2,249  lb.,  the  tension  rods  being  re- 
duced by  about  1/16  in.  diameter. 

D.  Ligno  Concrete  Beam. — A  similar  beam,  but  reinforced 
with  a  3-in.  by  2-in.  greenheart  scantling,  collapsed  under 
2,039  lb.,  by  the  failure  of  the  reinforcement  in  tension.  This 
beam  failed  with  only  10  per  cent  less  load  than  its  ferro 
concrete  competitor. 

E.  3-ln.  Ferro  Concrete  Plank. — A  ferro  concrete  plank,  12 
in.  by  3  in.,  reinforced  with  five  rods  of  %  in.  diameter,  and 
loaded  as  a  beam,  one  end  supported,  the  other  continuous,  at 
3  ft.  span,  bore  1,657  lb.  distributed,  at  seven  days,  without 
permanent  set.    (Estimated  D.  S.  L.  at  that  time  1,512  lb.) 

F.  3-in.  Ligno  Concrete  Plank. — A  similar  plank,  but  re- 
inforced with  two  lath.s  of  2-in.  by  1-in.  greenheart,  similarly 
supported  at  the  same  span,  broke  with  a  distributed  load  of 
2,627  lb.,  at  ten  days,  owing  to  the  failure  of  the  reinforce- 
ment.   (Estimated  D.  S.  L.  at  that  time  1.955  lb.) 

G.  2-ln.  Ferro  Concrete  Plank. — A  ferro  concrete  plank,  12 
in.  by  2  in.,  reinforced  with  four  rods  of  %  in.  diameter  and 
loaded  as  a  beam  one  end,  .supported  the  other  continuous,  at 
at  3  ft.  span,  bore  605  lb.  distributed,  at  seven  days,  without 
permanent  set.    (Estimated  D.  S.  L.  at  that  time  700  lb.) 

H.  2-ln.  Ligno  Concrete  Plank. — A  similar  plank,  but  re- 
inforced with  two  laths  of  2  in.  by  %-in.  greenheart.  sim- 
ilarly supported,  at  the  same  span,  broke  with  a  distributed 
load  of  1,432  lb.,  at  14  days,  owing  to  the  failure  of  the  rein- 
forcement.   (Estimated  D.  S.  L.  at  that  time  733  lb.) 
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Practical  Tests. — Seventy-two  of  the  piles  shown  in  the 
diagram  (71  ot  ferro  concrete  and  1  of  ligno  concrete)  were 
driven  about  17  ft.  through  clay  after  one  month  from  cast- 
ing. None  failed,  or  had  to  be  re-cast,  save  the  first  experi- 
mental ligno  concrete  pile  previously  referred  to.  There  are 
nine  such  piles  In  each  bridge  abutment  (vide  abutment 
plan),  and  they  carry  a  maximum  motor  load  of  2  tons  per 
axle  on  an  8-ft.  wheelbase,  over  a  maximum  span  of  22  ft. 
They  were  driven  with  an  18-cwt.  ram.  the  tops  being  pro- 
tected by  a  canvas  pillow.  10  in.  square  by  4  in.  deep,  stuffed 
with  sawdust,  upon  which  was  superposed  a  hardwood  dolly, 
18  in.  long  by  12  in.  by  12  in.,  to  take  the  impact. 

The  reinforced  concrete  at  the  back  of  the  piles  was  cast 
as  a  2-in.  continuous  slab,  the  spacing  of  the  %  in.  diameter 
reinforcement  lessening  from  3  in.  centers  at  the  bottom, 
where  the  average  depth  of  clay  to  be  sustained  is  8  ft.,  to  6 
in.  at  the  top,  where  the  maximum  depth  is  about  2  ft.  below 
the  crown  of  the  road  surface. 

Conclusions. — From  his  experiments  and  practice  the  author 
arrives  tentatively  at  the  following  conclusions: 

1.  Well  burnt  earth  can  be  substituted  for  stone  in  concrete 
with  safety  and  advantage  when  the  cost  of  stone  is  pro- 
hibitive. 

2.  Hardwood  can  be  substituted  for  iron  or  steel  reinforce- 
ment with  advantage  in  fairly  large  sections  when,  as  is  the 
case  in  British  Guiana  at  present,  the  cost  of  iron  is  pro- 
hibitive. But  in  sections  of  small  depth,  the  cost  of  convert- 
ing the  wood  into  thin  strips,  and  the  difficulty  of  so  placing 
them  as  to  get  sufficient  tension,  and  at  the  same  time  suffi- 
cient surface  protection,  outweigh  its  advantage. 

3.  Wood  so  employed  should  be  immersed  in  water  for  at 
least  24  hours  immediately  before  being  placed  in  the  con- 
crete. 

4.  The  most  suitable  wood  having  regard  to   its  ultimate 
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resistance  to  tension,  and  particularly  to  its  uniformity,  would 
appear  to  be  greenheart  (vide  Rivington's  "Notes  on  Building 
Construction,"  Part  IV,  Table  I),  the  available  quantity  of 
which  in  British  Guiana  will  be  inexhaustible  for  many  years. 


Tar  Macadam  Shoulders  for  Tramway  Tracks. — A  large 
yardage  of  tar  macadam  has  been  laid  on  the  margins  of 
tramway  routes  in  Sheffield,  England.  In  a  discussion  at 
the  last  annual  meeting  of  the  Institution  of  Municipal  and 
County  Engineers,  Mr.  W.  J.  Hadfield,  Municipal  Engineer, 
said  that  in  almost  every  case  this  work  has  proved  suc- 
cessful. He  stated  that  this  was  due  partly  to  the  use  of 
the  steam  roller.  They  rolled  the  road  as  hard  as  possi- 
ble, and  gave  the  tar  macadam  as  long  as  possible  to  ma- 
ture. Where  the  traffic  was  too  heavy  for  tar  macadam 
margins  clinker  asphalt  mixed  with  bitumen  was  used.  They 
had  laid  many  thousands  of  yards  of  thst  material  during 
the  war.  They  laid  a  small  natch  some  three  years  ago 
on  a  very  busy  street.  The  width  of  the  roadway  was  12 
yd.,  and  in  addition  to  about  1,200  cars  which  passed  over 
the  tramways  there  was  traffic  amounting  to  more  than  6,400 
tons  per  day.  The  material,  said  Mr.  Hadfield,  was  still  as 
good  as  new.  and  they  were  now  adopting  the  principle  very 
widely. 


Long  Life  of  Watt's  First  Commercial  Pumping  Engine.— 
The  earliest  pumping  engine  made  for  sale  by  James  Watt 
was  under  steam  on  Sept.  17th  and  18th,  when  it  was  visited 
by  engineers  who  attended  the  Watt  Centenary  Commemora- 
tion. Watt  went  into  partnership  with  Matthew  Boulton  at 
Birmingham  in  1775,  and  the  Birmingham  Canal  Co.  bought 
the  engine  in  1776,  and  it  was  working  regularly  from  that 
date  until  1892—112  years  of  active  lite.  The  engine  was  re- 
erected  at  Ocker  Hill,  near  Wednesbury.  in  1898. 
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British  Excavating  Machinery 

By  A.   E.   COLLINS, 
City  Engineer,  Xorwich,  England. 

From  Water  and  Water  Engineering.   London,   Sept.    20,   1919;  Ab- 
stract  of   a   oaper    presented    at    the   annual   meeting   of   the 
Institution   of   Municipal    and    County   Engineers. 

The  great  increase  in  cost  of  manual  and  team  labor  and 
the  objections  often  made  by  workmen  to  laborious  work 
render  it  necessary  to  search  in  all  directions  for  efficient 
machinery  to  supplement  and  assist  them. 

This  paper  has  for  its  object  the  direction  of  attention  to 
•  machinery  applicable  to  sewer  and  suchlike  trenches  in 
particular. 

The  machines  described  divide  themselves  into  two 
classes: 

Class  I  comprises  such  as  facilitate  manual  work  by  hoist- 
ing the  excavated  materials,  conveying  them  for  back-filling 
or  filling  carts  and  conveying  and  lowering  materials.  Class 
II  comprises  machines  which  excavate  the  trenches  and  de- 
posit onto  dumps  or  into  carts. 

The   Blondin    Machine.— A  variety   of  the   Class   I   machine 


difficulties  arose.  It  was  designed  by  Mr.  Glover,  M.  A.,  M. 
Inst.  C.  E.,  managing  engineer  to  Messrs.  Monk  &  Newell, 
contractors,  Bootle,  and  did  very  satisfactory  and  economical 
work;  but,  for  somt  reason  the  writer  never  understood,  the 
engineer  for  the  sewerage  scheme  objected  to  its  use.  The 
machine  was  built  by  Messrs.  Ruston,  Proctor  (now  Ruston, 
Hornsby)  &  Co.,  Lincoln.  The  general  features  include  a 
framing  or  carriage  running  on  rails  and  supporting  the 
motive  power  which  operates  a  single  chain-drum.  From  the 
front  of  the  machine  projects  a  gallows  w-hich  supports  at 
any  desired  height  the  lower  end  of  a  pair  of  girders  hinged 
to  the  gallows  at  its  upper  end,  and  continued  by  girders  fixed 
to  the  framing  to  above  the  dumping-place.  On  these  girders 
slides  a  heavy  dredging  bucket  fitted  with  tines  on  its  cut- 
ting edge.  Supposing  the  bucket  to  be  at  the  bottom  of  its 
cut  and  resting  heavily  upon  the  ground,  by  winding  the  chain 
the  bucket  cuts  into  the  ground  and  is  dragged  through  it 
and  along  the  pair  of  girders,  and  eventually  up  the  upper 
girders  to  the  dumping-place,  where  the  locking  and  hinging 
arrangement  of  the  bucket  enables  it  to  fall  into  the  empty- 
ing position,  and  it  dumps  its  load  into  a  truck-cart,  or  on  to 
the  ground.    When  used  on  sewer  trenching  the  carriage  and 
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Fig.   1 — Sewer  Trench  Cableway— 

is  on  the  "blondin"  principle,  which  is  so  largely  used  for 
quarrying,  viaduct  building,  etc.  This  consists  generally  of  a 
steel  wire  main  cable  suspended  between  two  towers;  on  the 
main  cable  runs  a  load-carriage  supporting  a  hoisting  block. 
A  double-drum  winding  engine  operates  ropes  for  hoisting 
and  conveying. 

An  objection  made  to  the  "blondin"  type  of  machine  is 
the  loss  of  time  and  inconvenience  due  to  the  necessity  of 
taking  down  and  re-erecting  the  machine  each  time  it  is 
necessary  to  move  it  forward. 

The  author  has  sought  to  overcome  this  objection  to  the 
"blondin"  type  for  sewer  and  trench  work  by  adopting  an 
arrangement  avoiding  the  necessity  of  taking  down  and  re- 
erecting  each  time  the  limit  of  its  length  of  command  is 
reached,  which  is  a  troublesome  business  where  wire  ropes 
are  concerned.  Fig.  1  illustrates  his  scheme  now  under  con- 
struction by  Messrs.  John  M.  Henderson  &  Company,  Aber- 
deen, and  adapted  to  that  firm's  make  of  machine. 

This  shows  an  electrically  operated  "blondin"  in  which 
the  towers  are  built  on  trucks  running  on  a  rail  on  each 
side  of  the  trucks  also  supporting  counter-balances;  a 
capstan  barrel  is  provided  which  enables  the  machine  to  be 
drawn  forward  by  its  own  power  when  the  tall  mooring  is 
slackened.  Both  ahead  and  behind  are  timber  mooring  cables 
attached  to  ground  anchors  for  moving  purposes  and  to  hold 
tower  truckK  at  the  desired  points.  After  moving  and  before 
proceeding  to  hoist  the  wheels  are  chocked.  While  in  use  on 
a  trench  the  machine  is  supported  on  flanged  wheels  run- 
ning on  rails;  when  being  moved  from  place  to  place  the 
machine  is  unrigged,  the  towers  lowered,  and  it  is  run  on 
road  wheels  of  larger  diameter  than  the  flanged  wheels.  The 
cost  of  this  machine  is  £1,100,  or  with  its  supporting  rails, 
about  £1,150.  Six  skips  are  used,  two  pairs  being  in  the 
bottom  filling  and  one  pair  in  transit  or  tipping.  Where  tram- 
way span  wires  are  met  with  they  will  in  general  be  tem- 
porarily disconnected  to  enable  towers  to  pass;  where  this 
is  inconvenient  the  towers  will  be  lowered  sufficiently  for 
passage  without  unrigging  the  machine.  The  "blondin"  ma- 
chine imposes  no  weight  on  the  sides  of  the  trench,  which  in 
many  cases  is  of  great  importance;  as  in  the  case  of  the 
trestle  machines,  it  limits  the  necessary  constructional  area 
and  assists  in  organizing  the  work.  Also,  in  common  with 
the  trestle,  it  can  be  used  for  lowering  and  pulling  out  timber 
and  such  like,  but  by  reason  of  the  higher  command  of  the 
"blondin"  type  it  is  more  useful  for  this  work. 

Trench  Excavators. — Passing  to  Class  II  machines — i.  e., 
those  which  excavate  the  trenches — the  first  machine  of  this 
sort  seen  by  the  writer  was  at  work  on  the  Ormesby  sewei'- 
age,  on  which  he  was  called  in  as  consulting  engineer  when 


-J.   M.   Henderson  &  Co.,  Aberdeen. 

framing  straddle  the  trench   instead  of  being  at  right  angles 
to  the  work. 

Messrs.  Ruston  &  Hornsby,  Ltd.,  do  not  now  make  this 
machine,  but  adapt  their  "Ruston"  No.  8  steam  crane  navvy 
to  digging  trenches  (Fig.  2)  by  the  removal  of  the  wheel 
under-carriage,  mounting  the  machine  on  a  special  structure 
which  straddles  the  trench,  and  providing  a  much  longer  set 
of  bucket  arms.  In  stable  ground  which  will  stand  for  half 
an  hour  or  so  without  timbering,  and  where  there  is  not 
much  obstruction  by  water-pipes,  etc.,  such  a  machine  is 
likely  to  be  economical.  The  trench  can  be  timbered  imme- 
diately in  advance  of  the  machine.  This  m.achine  imposes  a 
load  on  the  sides  of  the  trench  it  has  excavated. 

Whitaker  Trenching  and  Tunneling  Excavators. — Figure  3 
shows-  the  general  arrangement  of  a  Whitaker  trenching  ma- 
chine, D.  Whitaker,  1  Union  Street,  Leicester,  as  used  by  the 
British  in  France.  These  machines  can  be  adapted  to  cut  any 
width  of  trench  from  18  in.  to  54  in.  wide;  special  machines 
can  be  built  tor  greater  widths.  The  machine  shown  cost 
£2,600,  weighs  13  tons,  and  cuts  a  trench  10  ft.  deep;  ma- 
chines can  be  built  for  greater  depths. 

Trenches  curved  in  plan  can  be  cut.  Cross  traveling  bands 
can  be  attached  to  deliver  spoil  to  a  spoil  bank  parallel  with 
trench  on  to  a  light  auxiliary  machine  for  back  filling;  a 
further  machine  rams  the  filling  solid.  These  two  machines 
requii-e  three  men  to  work  them,  and  cost  %d  (1  et.)  per 
cubic  yard  back  filled  and  rammed.  A  very  similar  machine 
working  in  builder  clay  cut  a  trencb  5  ft.  x  2  ft.  3  in.  wide  x 
150  ft.  long  per  hour  (62.5  cu.  yd.  per  hour)  at  cost  as  follows; 

COST   PER   10-HOUR  DAY   FOR  625   CU.   YD.    EXCAVATION. 

Oil  engine,  30   B.  HP. 

f  s  d 

PelroU'um,  0.S5  pint  per  hp.  at  Is  3d  per  gal 1  19  9 

Cylindfr  oil   at  5s  per  gal 0       2  6 

.loiirnal  oil   at   2s   Sd  per  gal 0       0  4 

<;rease    0       1  0 

firiver 0  10  0 

Laliorer     0       1  0 

Interest.    5    per   cent   on   outlay,    £2,600.   assuming   300 

working  days  -per  year : 0       8  8 

Depreciation,    12   per   cent 1       0  9% 

Upkeep,  £50  per  year 0       3  4 

Total  cost  per  day  of  e-xcavation £4     13       4% 

Total    cost    per   cu.    yd.,    1.79d    (3.58    ct.).     Pound    (£)    =   $4.86; 
Khillins  (s)   =:  24  ct.;    pence    (d)    =    2   ct.,  American  money. 

The  latest  machine  does  the  work  at  1 54d  (3.08  ct.)  per 
cubic  yard.  The  cost  per  cubic  yard  does  not  vary  materially 
with  the  depth;  the  shallower  the  trench  the  faster  the  ma- 
chine progresses. 

The  tunneling  excavators  were  designed  and  made  for  tun- 
neling under  the  enemy  lines.  The  general  arrangement  is 
that  of  a  center  of  diameter  of  excavated  tunnel,  driven  by 
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an  electric  motor.  Its  working  is  as  follows:  A  shaft  is  sunk 
of  the  required  depth;  the  machine  is  lowered  therein  and  set 
on  rails,  wood  or  otherwise.  The  cutting  head  is  revolved  by 
electric  motor,  and  the  conveyor  starts  simultaneously.  Then 
the  traveling  gear  is  operated  and  the  machine  cuts  its  own 
wav  into  the  face.   As  soon  as  it  has  advanced  1  ft.  6  in.  a  set 


Fig.  2 — Ruston   No.  8  Steam  Crane  Navvy,  Working  in   Heavy  Shale. 

of  laggings  of  circumference  of  tunnel  is  inserted  16  in.  in 
length  of  tunnel.  These  are  arranged  in  four  segments;  the 
last,  or  keying  one,  is  short,  and  arranged  as  a  wedge.  The 
running  rails  form  part  of  bottom  segment.  The  segments 
are  arranged  so  that  longitudinal  joints  are  staggered.  The 
machines  have  been  made  to  bore  tunnels  from  5  ft.  diameter 
up  to  20  ft. 

The  designed  advance  is  2  in.  per  minute  for  all  sizes,  the 
electric  motors  varying  in  power  to  suit  diameters. 


which  equals  4s  6d  per  cubic  yard  finished  and  lagged  tunnel 
(less  lagging).  Increasing  speed  to  2  in.  per  minute  reduces 
cost  to  2s  ."id  per  cubic  yard.  In  ordinary  working  five  labor- 
ers and  one  charge-hand  only  are  necessary,  reducing  hourly 
cost  to  14s,  or  Is  lOV^d  per  cubic  yard  at  2  in.  advance  per 
minute. 

In  reply  to  a  short  discussion  on  his  paper.  Mr.  Collins  said 
the  reason  why  machines  of  this  class  and  other  labor-saving 
machines  emanated  from  America  and  not  England  was  not 
bei;ause  the  Americans  had  any  greater  ability  in  designing 
such  machines,  but  because  there  had  been  a  demand  in  that 
country  for  them,  and  the  workmen  welcoming  the  use  of 
them.  He  had  found  that  the  men  were  proud  of  the  machines 
iind  were  anxious  to  get  the  best  out  of  them.  He  had  seen 
them  at  work  in  Montreal  and  at  Vancouver  they  attempted 
to  make  the  machine  do  its  utmost.  There  they  employed  a 
low  class  of  labor  in  the  bottom  of  the  trench,  and  a  higher 
class  at  the  top.  With  these  machines  one  could  employ  a 
low  grade  of  labor  on  work  suited  to  it,  leaving  the  more 
skilled  labor  to  be  used  to  better  advantage.  The  question 
had  been  raised  as  to  how  these  machines  could  be  introduced 
in  Great  Britain.  Of  course,  one  knew  that  the  vast  majority 
of  local  authorities  could  not  face  the  capital  cost  of  such 
appliances,  and,  even  if  they  could,  would  experience  difficulty 
in  finding  work  to  keep  them  employed.  It  appeared  to  him 
that  syndicates  must  be  formed  to  contract  for  the  work  at  a 
lower  cost  than  would  be  possible  ordinarily. 


River  Discharge 

By   HERBERT   CHATLEY, 
From    Engineering.    Sept.    5.    1919. 

Tn  the  course  of  investigations  made  for  the  Whangpoo 
Conservancy  Board  during  the  i)ast  three  years  as  to  the 
regulation  of  the  Whangpoo  and  Yangtze  Rivers,  the  writer 
has  had  an  exceptional  opportunity  to  compare  the  various 
discharge  formula  with  actual  results  on  large  streams  with 
irregular  flow.  The  results  obtained  appear  so  important 
that  the  writer  ventures  to  think  they  are  worth  publishing. 

In  the  first  place,  it  appears  from  the  observations  that 
all  the  standard  formula  have  no  applicability  whatever  to 
natural  sinuous  and  irregularly  sectioned  streams  because 
of  the  "dissipation"  losses  at  the  bends  and  changes  of  sec- 
tion. The  energy  so  lost  may  easily  amount  to  as  much  as 
the  friction  head  obtained  from  formula.  . 

Secondly,  it  was  found  that  in  fairly  straight  and  uniformly 
sectioned  reaches  when  the  flow  is  steady  the  exponential 
form : 

V  =  C  .  R°-'  .  !"■' (1) 

gives  consistent  results,  I  being  the  local  slope  or  tangent  to 
the  water  surface  at  the  measuring  section. 

Thirdly,  it  was  found  that  when  the  flow  was  unsteady  in 
regular  channels,   the  velocity  followed  a   form: 


V  =  C  R°' 


i'-\) 


.(2) 


Fig.   3 — Whital<er   Trenching    IVlachine. 

The  costs  per  hour,  on  a  trial  run  cutting  a  7  ft.  2  in.  tunnel 

in  Dover  chalk,  averaging  3.75  cu.  yds.  per  hour,  were: 

s  d 

Electricity .■ 4  S 

Oil,    etc 0  6 

Charge    hand    1  6 

Eight  laborers    S  0 

5  per  cent  interest  on  £1.600  at  300  days  a  year  and   10- 
hour  days 0  614 

12  per  cent  depreciation  on   ditto 1  3^4 

TTpkeep    0  6% 

Total  cost   per  hour 17  0V4 

(13) 


where  a  is  the  acceleration.  In  other  words,  the  effective 
slope  is  equal  to  the  algebraic  difference  between  the  actual 
slope  and  an  "acceleration"  slope  determined  by  the  ratio 
of  the  actual  mean  acceleration  of  the  water  to  the  gravita- 
tional acceleration. 
It  appears  then  that — 

1.  No  advantages  are  obtained  by  using  the  complex 
Bazin,  Ganguillet  and  Kutter,  Hessle  or  similar  formula,  as 
the  unavoidable  errors  of  measurement  and  the  irregulari- 
ties which  occur  in  even  a  very  short  length  of  a  natural 
river,  cause  variations  greater  than  the  differences  between 
these  formulEp  so  that  the  mathematical  advantages  of  the 
exponential  form  render  it  the  most  suitable. 

2.  In  long  reaches  the  energy  dissipated  in  the  creation 
of  lateral  induced  currents  and  eddies  at  bends  and  changes 
of  sectional  form  may  be  as  great  as  the  bed  friction,  so 
that  formulae  are  of  no  value  except  for  short  straight 
reaches  with  fairly  uniform  cross  section. 

.3.  The  rise  or  fall  of  the  "stage"  introduces  an  appreciable 
"acceleration  slope"  which  must  be  allowed  for  in  the 
formulae. 
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The  Geology  of  Concrete  Aggre- 
gates with  Special  Refer- 
ence to  Texture 

By  PROFESSOR  P.  G.  H.  BOSWELL, 

From  Oonorete  and  Constructional  Engineering,  London.     Abstract 

of  a  paper  read.  May  22,    1919.   at   the  SSth  Ordinary  General 

Meeting  of   the   Concrete   Institute. 

The  essential  constituents  of  concrete  are  the  aggregate, 
or  lumps  of  broken  materials,  and  the  matrix,  or  binding  sub- 
stance, which  is  usually  cement  or  lime.  Frequently  sand 
is  also  added  to  the  nii.\ture,  or  a  fine-grained  concrete  may 
be  made  from  sand  and  cement  alone.  The  American  conno- 
tation of  the  term  "aggregate"  includes  sand. 

In  the  specifications  of  the  British  Fire  Prevention  Com- 
mittee the  aggregates  listed  have  been  divided  into  two 
classes,  natural  and  artificial.  All  the  natural  aggregates  are 
necessarily  rock  substances,  the  description  and  occurrence 
of  which  come  within  the  purview  of  geological  science.  The 
artificial  aggregates  result  either  directly,  or  as  by-products, 
from  the  applications  of  industrial  processes  to  geological 
materials.  The  natural  aggregates  include  gravel  (ballast), 
igneous  (or  fire-formed)  rocks  such  as  granite,  basalts  and 
other  lavas,  pumice,  etc.,  and  sedimentary  rocks  like  sand- 
stones, quartzites,  limestones,  etc.,  which  were  originally  de- 
posited under  water  or  by  wind,  but  which  may  have  been 
subsequently  altered  by  earth  stresses  or  beat.  The  artificial 
aggregates  include  coke  breeze,  clinker,  blast  furnace  slag, 
brick  and  terra  cotta,  and  burnt  clay.  Materials  analogous  to 
all  these  artificial  aggregates  occur  among  the  rocks  of  the 
earth's  crust  and  have  been  produced  in  each  case  by  the 
action  of  heat  upon  pre-existing  rocks. 

It  is,  however,  with  the  geology  of  natural  aggregates 
which  are  used,  except  perhaps  for  the  crushing,  screening 
and  washing,  in  the  state  in  which  they  are  wrought)  that 
the  following  notes  are  concerned. 

The  Classification  of  Natural  Aggregates. — In  the  specifica- 
tions of  the  British  Fire  Prevention  Comniittee*  a  not  entirely 
inappropriate  grouping  (so  far  as  use  is  concerned)  of  nat- 
ural aggregates  is  made.     Broken  stone  is  classified  thus: 

Ballast   (gravel). 

Volcanic  rocks — (a)   Basalts  and  den.'rc  rocks. 

(b)  Lavas. 

(c)  Pumice. 
Granite. 

Sandstone,   limestones,   quartzites,    etc. 
A  more  natural  grouping  of  the  specified  rocks,  however, 
would  be: 

A.  Sedimentary  rocks. 

(1)  Sand. 

(2)  Ballast   (giavel). 

(3)  Sandstones  and  quartzites. 

(4)  Ijimestones. 

B.  Igneous  Rocks. 

(5)  Granite  and  other  plutonic  rocks. 

(6)  Hypabyssal    rocks,    such    as    trap,    whinstone    (dole- 
rite),  etc. 

(7)  Compact  volcanic  rocks  such  as  basalt. 

(8)  Vesicular  lavas,  pumice,  etc. 

Texture  of  the  Aggregate. — For  concrete  making  it  is  of 
importance  as  well  as  interest  to  know  how  coarse  in  tex- 
ture the  rock  fragments  may  be  and  the  character  of  their 
fractured  surfaces.  The  latter  depends  upon  their  mineral 
constitution,  which  may  also  affect  the  setting  of  the  cement. 
Other  questions,  which  are  concerned,  for  example,  with 
binding  qualities,  dust-production,  etc.,  have  also  to  be  con- 
sidered. 

We  may  now  examine  briefly  the  textural  qualities  displayed 
by  the  various  rock  types  used  as  aggregate. 
A.     Sedimentary    Rocks. 

Sand. — The  texture  of  sand,  which  is  frequently  used  in  ad- 
dition to  other  aggregate,  is  considered  separately  in  a  later 
section  of  the  paper. 

Ballast  (gravel)  is  usually  incoherent,  as  in  the  case  of 
"Thames  ballast."  The  question  of  cementing  material  there- 
fore does  not  arise.  Many  of  the  pebble  beds  used  for  con- 
crete-making are  of  comparatively  recent  geological  age.    To 


♦The  writer  understands  that  these  specifications  are  at  pres- 
ent undergoing  entire  revision.  The  results,  however,  are  not  yet 
published. 


destroy   the   uniformity   of   size   and    roundness,    the   pebbles 
should  be  broken  before  use  in  concrete  work. 

Sandstones  and  Quartzites. — Sandstones  and  quartzites  are 
the  indurated  rocks  corresponding  to  sands.  The  cementing 
material  may  be — 

(1)  Silica  itself,  as  in  siliceous  sandstones  and  quartzites. 

(2)  Clayey  matter  as  in  argillaceous  sandstones  (which 
upon  metamorphosis  yield  micaceous  quartzites  or  quartz- 
schists). 

(3)  Oxide  of  iron,  either  as  hematite  (FC;  O,),  which  is  red; 
or  liraonite,  which  is  hydrated  and  is  yellow  or  brown  (2 
Fe,  O,.  3  H,  O). 

(4)  Calcium  carbonate,  as  in  calcareous  sandstones,  or 
dolomite  (TCa,  Mg]  Co,)  as  in  the  well-known  Mansfield 
building  stone. 

(.5)  Other  less  important  minerals  such  as  phosphates, 
fiuor-spar  (Ca  FJ,  barytes  (Ba  SO,),  etc.,  which  do  not  con- 
cern the  concrete  maker  intimately. 

Of  the  above  siliceous  is  undoubtedly  the  best  for  the  pur- 
pose now  being  considered.  It  is  generally  accepted  that 
soft  sandstones  are  to  be  avoided  for  concrete;  practically 
speaking,  the  bond  is  rarely  siliceous  in  soft  sandstones.  The 
matrix  of  silica  leads  to  great  strength  and  clean  sharp  frac- 
ture of  the  rock,  firstly  on  account  of  its  hardness,  and  sec- 
ondly because  the  silica  frequently  grows  crystallo-graphically 
on  and  in  optical  continuity  with  the  surface  of  the  quartz 
grains  (being  of  the  same  chemical  composition).  The  in- 
dividual grains  thus  grow  until  they  meet  one  another  and 
interlock  firmly.  The  structure  can  best  be  seen  in  polarised 
light  under  crossed  nicols.  Rocks  of  this  character  break 
across  the  .«and  grains  and  matrix  equally  and  yield  smooth 
plane  surfaces  and  sharp  edges.  Soft  sandstones  may  also 
be  converted  into  quartzites  of  this  type  by  re-crystallizing 
effects  of  heat,  or  of  earth  stresses  during  mountain-building 
movements.  Such  quartzites  would  belong  to  the  metamor- 
phic  class  of  rocks. 

Cementing  by  argillaceous  matter  does  not  yield  the  best 
type  of  sandstones  for  aggregate,  nor  do  the  results  of  mata- 
morphism  upon  such  rocks  yield  a  satisfactory  product  (see 
belov/).  The  latter  is  often  a  mica-schist  or  similar  foliated 
rock. 

Certain  workers  at  the  subject  have  stated  that,  tar  from 
being  inimical,  iron  oxide  in  rocks  may  be  useful  on  account 
of  the  chemical  reactions  into  which  it  enters  with  the  ce- 
ment. Unfortunately  most  sandstones  cemented  with  this 
substance  do  not  show  a  desirable  degree  of  compactness; 
a  few,  however,  such  as  the  Carstone  of  the  Lower  Green- 
sand,  particularly  from  Norfolk  to  Oxfordshire,  are  fairly 
hard. 

Calcareous  cements  may  be  chalky  and  amorphous  in  char- 
acter (when  the  resulting  rock  is  soft)  or  composed  of  crys- 
talline calcite  (when  a  hard  compact  stone  may  be  yielded). 
In  the  latter  case,  as  in  quartzites,  the  fracture  of  the  stone 
breaks  across  the  sand  grains  and  not  round  them — a  very 
desirable  property  in  concrete  making.  Occasionally  "in  the 
field"  we  meet  with  natural  concrete — known  as  "calcrete" 
formed  by  the  cementation  of  sands  and  pebble  beds  by  lime 
originally  in  the  form  of  carbonate.  The  matrix  frequently 
shows  no  effervescence  at  the  present  time  with  acid,  tri- 
caicic  silicate  having  probably  been  formed,  as  in  the  setting 
of  cement.  Calcite  can  be  scratched  with  a  knife;  quartz 
quartz  cannot.  Aggregate  of  calcareous  sandstone  therefore 
shows  heterogeneity  in  hardness  as  well  as  composition. 

Portland  cement  containing  more  than  8  per  cent  of  mag- 
nesia is  objected  to  on  the  grounds  that  expansion  and  loss 
of  strength  are  likely  to  occur  in  the  course  of  time.  It  would 
therefore  appear  that  sandstone  cemented  with  dolomite 
should,  if  possible,  be  avoided. 

Limestones. — Limestones  may  be  produced  by  organic  ac- 
tion or  by  chemical  precipitation  from  the  waters  of  lakes 
and  seas. 

Soft  limestones  are  not  suitable  for  concrete  making,  nor, 
on  the  whole,  are  those  of  organic  or  oolitic  origin.  They 
tend  to  break  and  flake  irregularly,  and  an  oolite  rarely 
breaks  across  the  grains.  Crystalline  limestones  have  a 
sharp  clean  fracture  and  are  homogenous,  but  glide-planes 
are  very  easily  set  up  in  calcite  crystals  by  pressure.  Cal- 
cite has  also  an  excellent  cleavage;  deformation  and  frac- 
ture are  thus  liable  to  take  place.  Limestone  is  neither  as 
hard,  nor  structurally  as  strong,  as  quartzite. 
B.     Igneous  Rocks. 

Granite   and    Other    Plutonic    Rocks. — Whereas    most    sedi- 
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mentary  locks  consist  of  grains  cemented  together  by  chem- 
ically similar  or  dissimilar  material,  igneous  rocks,  from 
their  very  mode  of  origin,  are  made  up  of  grains  of  minerals 
crystallized  together.  Various  types  of  structures  are  pro- 
duced, but  the  essential  feature  is  the  close  contact  and  in- 
terlocking of  the  grains. 

The  Plutonic  rocks,  having  cooled  slowly  and  often  under 
great  pressure,  are  coarse-grained  and  the  individual  minerals 
are  on  the  whole  equi-dimensional.  This  texture  has  been 
termed  granitic  from  its  being  exhibited  so  frequently  by  gran- 
ites. Where  the  individual  minerals  tend  to  take  a  somewhat 
rounded  shape  and  uniform  size,  the  texture  has  been  called 
granular.  In  the  dlorites  the  grain  is  as  a  rule  smaller  than 
in  granites.  The  constituent  minerals  of  a  typical  granite 
are  quartz,  felspar  and  mica;  hornblende  and  pyroxene  may 
also  be  present.  Quartz  is  much  harder,  and  less  prone  to 
chemical  decomposition,  than  the  other  minerals  mentioned. 
Although  these  differential  qualities  might  affect  the  value 
of  crushed  granite  as  a  concrete-making  material,  most  writ- 
ers on  the  subject  see  little  difference  In  the  results  yielded 
by  granite  and  diorite.  which  is  largely  composed  of  felspar 
and  hornblende  or  pyroxene,  minerals  more  similar  in  hard- 
ness and  in  proneness  to  decay. 

Hypabyssal  Rocks. — Many  of  the  "tiaps"  and  "whin-stones" 
are  finely  granular  in  texture,  the  individual  crystals  being 
too  small  to  be  seen  by  the  naked  eye.  Occasionally  there 
are  larger  crystals,  known  as  phenocrysts  set  in  a  fine  ground- 
mass  of  small  crystals.  The  structure  is  then  known  as  por- 
phyritic.  The  phenocrysts  are  large  enough  to  be  detected 
in  hand  specimens  of  the  rock.  Another  structure  frequently 
shown  by  members  of  this  group  of  rocks  is  that  known  as 
"ophitic"  from  its  snake-like  appearance.  During  cooling,  one 
of  the  minerals  has  crystallized  out  in  aggregates  of  some- 
what lath-like  form,  which  interlock  with  and  wrap  round 
other  constituents  of  the  rock.  Frequently  either  of  the  ag- 
gregates behaves  under  polarized  light  as  an  optically  con- 
tinuous crystal.  The  minerals,  felspar  and  augite  (pyroxene), 
which  are  commonly  the  constituents  of  dolerites,  exhibit  this 
feature  well.  Undoubtedly  ophitic  structure  leads  to  density, 
sharpness  and  cleanness  of  fracture,  and  strength  in  concrete- 
making  aggregate.  Dolerites,  traps,  and  whin-stones  are 
therefore  popular  materials.  Microgranites  are  the  hypabys- 
sal equivalents  of  the  granites  and  sliow  a  fine-grained 
granitic  structure. 

Compact  Volcanic  Rocks. — The  important  members  in  this 
group,  arranged  in  order  of  decreasing  silica-content  (and 
therefore  of  increasing  specific  gravity),  are  Rhyolites  (and 
also  Obsidians  and  Pitchstones),  Trachytes.  Andesites  and 
Basalts.  Rhyolites  and  Trachytes  are  frequently  not  as  com- 
pact as  the  others;  moreover,  although  they  have  been  em- 
ployed, they  are  of  too  limited  distribution  in  the  British 
Isles  to  be  used  extensively  for  aggregate. 

Vesicular  Lavas  (Pumice,  etc.). — The  decrease  in  pressure 
which  accompanies  the  extrusion  of  a  lava  at  the  surface  of 
the  earth  results  in  the  release  of  contained  gases,  steam, 
etc.,  which  render  the  upper  part  of  the  flow  frothy,  and 
cause  the  bulk  of  the  rock  to  be  riddled  with  steam-holes, 
known  as  vesicles.  Often  these  are  drawn  out  into  almond- 
shaped  cavities  by  the  sluggish  flow  of  the  congealing  rock. 
The  cavities  may  be  filled  in  subsequently  by  minerals  which 


separate  treatment.    Materials  like  sand,  loam  and   clay  are 
as  much  rocks  to  the  geologist  as  granite  and  basalt. 

Sand  plays  the  role  in  concrete-making  of  a  filling  mate- 
rial intermediate  in  size  between  the  aggregate  and  the  ce- 
ment. It  therefore  tends  to  assist  the  production  of  smooth 
surfaces.  To  obtain  a  minimum  of  voids  and  a  maximum 
of  strength  the  gradation  of  the  sizes  present  in  the  aggre- 
gate should  be  as  perfect  as  possible.  Any  attempt  to  carry 
this  proportional  spacing  of  weights  of  aggregate  over  grade- 
sizes  down  to  sand  would  lead  to  the  production  during 
crushing  of  large  quantities  of  dust  and  fine  material.  Much 
washing  would  therefore  be  necessitated.  It  is  more  ad- 
vantageous to  break  and  screen  the  aggregate  down  to  the 
size  of  very  coarse  sand  and  to  fill  in  the  smaller  voids  with 
coarse  and  medium  sand  (50  to  20  or  30  mesh).  Fine  sand 
has  been  found  to  weaken  the  strength  of  the  concrete.  On 
the  same  principle  (of  perfect  spacing  of  grades)  it  is  desira- 
ble that  the  sand  used  should  not  be  "well  graded,"  that  is, 
have  all  its  grains  of  the  same  diameter.  Sand  composed  ot 
mixed  grades  contains  fewer  voids  and  reduces  the  quantity 
of  cement  required. 

Composition  of  Sands. — It  may  be  well  to  consider  briefly 
the  special  qualities  required  in  sands  used  for  concrete.  An- 
alyses or  sands  may  be  made  from  three  different  standpoints. 
They  may  be  subjected  to  chemical  analyses,  and  their  com- 
position expressed  ultimately  as  a  series  of  oxides.  With 
few  exceptions  sands  are  found  to  consist  of  80  to  99  per  cent 
of  silica  (SiO,).  Alumina  (AlOa),  iron  oxides  (FeO  and  FejO,), 
lime  (CaO),  magnesia  (MgO),  and  the  alkalies — soda  and  po- 
tassia  (K^O  and  Na-.O)  are  the  chief  remaining  constituents. 
As  an  example  we  may  quote  the  analysis  of  a  sand  from 
Leighton  Buzzard,  Beds.,  well  known  to  those  interested  in 
concrete: 

Leighton  Buzzard  Sand 

(washeH). 

Chemical   analysis. 

Per  cent. 

SiO- 99.05 

AUOz     0.23 

Fe^Os     0.14 

Jlg^O     0.O8 

CaO     0.31 

>raoO     None 

Ko6     None 

Ixiss  on   ignition    0.31 

100.12 
Such  a  sand  is,  of  course,  exceptionally  pure. 
Sands  may  also  be  analyzed  from  a  mineralogical  point  of 
view.  The  variety  and  proportions  of  their  constituent  min- 
erals are  determined  by  certain  special  methods,  a  descrip- 
tion of  which  may  be  found  in  modern  geological  text-books. 
Texture  of  Sands — Mechanical  Analysis. — Neither  the  chem- 
ical nor  the  mineral  constitution  of  sands  concerns  the  con- 
cretor  very  closely,  although  he  uses  them  on  account  of 
their  quartz-content.  It  is  only  when  they  contain  the  clayey 
decomposition  products  of  the  felspars  and  certain  of  the 
heavy  minerals  that  he  raises  objections.  By  the  mechan- 
ical analysis  of  a  sand  or  aggregate  we  seek  to  determine 
the  sizes  of  the  constituent  particles  or  lumps,  and  the  per- 
centage weight  of  each  portion  between  certain  agreed  lim- 
its of  size  ("grades").  A  definite  nomenclature  for  the  smaller 
grades  is  very  desirable  in  practice,  and  the  following  scheme, 
based  on  the  metric  system,  has  been  found  of  great  service 
geologically: 


Approx. 

I.M.M. 

Mesh. 

G            ' 
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MS          1 

120- 
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FS           ( 

ISO- 

■12(1 

cs            ( 

fs             1 

c             I 

Greater    than   2.0   mm.    diam Gravel   grade    [G]. 

Greater  than   1.0     mm.   diam.   and  less   than  2.0     mm.  Very   coarse   sand..... | 

Greater  than   (i.o     mm.   diam.   and  less  than   1.0     mm.  Coarse  sand   1 

Greater  than   0.25   mm.   diam.   and  less   than   0.5     mm.  Medium  sand    i  Sand  grade   [Sj 

Greater  than   0.1  .  mm.   diam.  and  less  than  0.25  mm.  Fine  sand    J 

Greater  than  0  05  mm.  diam.   and   less   than   0.1     mm.  Superfine  sand  or  coarse  silt  | 

Graeter  than   0.01    mm.   diam.   and   less   than   0.05   mm.  Silt    J  Silt   grade    [s] 

Le.<!S    than    0.01    mm Clay  or  mud  grade  [c]. 


have  crystallized  trom  solution  (amygdales,  amydaloidal 
structure).  The  fracture  of  such  rocks  is  Irregular,  and  the 
voids  are  great. 

Metamorphic  Rocks. — It  does  not  appear  that  apart  from 
quartzite  and  crystalline  limestones,  rocks  of  metamorphic 
origin  have  ever  been  extensively  used  in  concrete  work. 
They  are  not  specifically  mentioned  in  British  specifications; 
in  the  Americm  connotation  of  the  term  "granite,"  however, 
both  gneiss  and  mica-schist  are  included. 

Sands  for  Concrete  Making.— Sand  may  be  regarded  as  an 
aggregate  itself  or  as  a  third  constitutent  in  concrete.  It  is 
used  so  extensively  for  mortars  and  concretes  as  to  justify  a 


Mechanical  analyses  of  aggregates  as  well  as  coarse  sands 
may  be  effected  by  screening. 

Except  for  the  I.M.M.  screens  (that  is,  those  conforming 
to  sizes  and  laid  down  in  specifications  by  the  Institution  of 
Mining  and  Metallurgy)  where  the  diameter  of  the  square 
aperture  is  equal  to  that  of  the  wire,  no  uniformity  or  stand- 
ardization in  sieves  exists.  Moreover,  they  are  only  mod- 
erately accurate  even  when  round-holed  and  made  from  per- 
forated copper  or  brass.  In  any  case,  sifting  is  no  longer 
possible  for  accurate  separation  when  the  grades  are  less 
than  half  a  millimeter  in  diameter.  Material  of  this  size  or 
less  is  analyzed  by  the  process  known  as  elutriation,  which 
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consists  in  separating  the  sediment  into  grades  by  means 
of  suitably-controlled  currents  of  air  or  liquid  (usually  water). 
Elutriation  by  means  of  wind-currents  is  utilized  industrially 
in  cement  manufacture  and  in  the  preparation  of  silica  flour, 
in  both  cases  after  the  final  grinding.  For  scientific  work, 
air  separation  is  found  to  be  insufflciently  accurate  and  sedi- 
ments are  therefore  subjected  to  mechanical  analysis  by 
elutriation,  with  upward  currents  of  water  as  the  lifting 
agents. 

In  view  of  the  fact  that  the  maker  of  concrete  requires 
coarse  sands,  free  from  finer  grades,  silts  and  clayey  mat- 
ter, it  is  unnecessary  to  deal  with  elutriation  in  detail.  It  is 
generally  agreed  that  the  sand  used  should  not  be  smaller 
than  30-mesh,  or  at  the  extreme  50-mesh  material. 

The  grain  size  is  undoubtedly  the  most  important  factor 
in  concrete-making  sands,  and  it  is  frequently  specified  that 
the  sand  shall  not  be  less  than  30-mesh.  The  so-called 
"Standard"  sand  for  cement  testing,  road  metal  abrasion,  etc., 
is  defined  in  Britain  and  the  U.  S.  A.  as  a  natural  sand  which 
passes  a  screen  having  20  meshes  to  the  linear  inch  (0.63 
mm.  diameter)  and  is  retained  on  a  screen  having  30  meshes 
to  the  linear  inch  (0.42  mm.  diameter).  In  the  classification 
adopted  above,  it  corresponds  most  closely  to  the  coarser  part 
of  the  medium  sand  grade.  The  U.  S.  standard  sand  is 
wrought  at  Ottawa,  III.,  and  is  a  highly  rounded  sand.  The 
British  standard  sand  is  worked  at  Leighton  Buzzard,  and  is 
composed  of  subangular  grains  (which,  however,  is  not  of 
"standard"  size). 

The  French  standard  sand  is  said  to  come  from  Leucate, 
Prance,  and  is  simple  or  compound.  The  simple  standard 
sacd  mnst  pass  a  screen  having  holes  1.5  mm.  in  diameter 
(0.06  in.)  and  be  retained  on  one  having  "noles  1  mm.  in  di- 
ameter (0.04  in.).  The  compound  standard  sand  is  made  by 
preparing  a  mixture  from  equal  weights  of  the  following 
grades:  (a)  2  mm.  to  1.5  mm.,  (b)  1.5  mm.  to  1  mm.,  (c)  1 
mm.  to  0.5  mm. 

The  German  standard  sand  corresponds  to  the  British  in 
size,  but  the  major  limit  is  slightly  less  (28-mesh).  The 
Austrian  standard  sand  is  also  of  similar  size. 

It  is  noteworthy  that  most  of  the  fairly  pure  British  sands 
are  of  rather  smaller  grade  than  the  standard  sand. 

Most  British  sands  are  subangular  in  grain.  At  a  few 
geological  horizons,  notably  the  Trias  and  Permian,  rounded 
grains  are  abundant.  The  products  obtained  by  crushing 
quartz  are  flaky  and  splintery,  and  are  not  suitable  for  con- 
crete-making on  account  of  the  excessive  quantity  of  voids 
they  yield.  Flint  is  open  to  the  same  objection.  The  hard- 
ness of  the  mineral  grains  of  a  sand,  and  their  freedom  from 
cracks,  etc.,  are  matters  of  importance. 

The  opinion  that  there  is  little  to  choose  in  the  use  of  sand 
between  subangular  or  rounded  grains  is  now  gaining  ground. 

In  a  perfectly  graded  sand  or  aggregate  composed  of  uni- 
form spherical  grains  the  percentage  of  voids  varies  accord- 
ing to  the  type  of  packing.  Theoretically,  the  voids  form 
47.6  per  cent  of  the  bulk  when  each  sphere  rests  on  one 
other;  39.5  per  cent  when  each  sphere  rests  on  two  others; 
and  25.95  per  cent  when  each  sphere  rests  on  three  others 
— obviously  the  method  of  closest  packing.  Other  arrange- 
ments of  the  spheres  also  give  the  last  result,  which,  as  the 
late  H.  C.  Sorby  pointed  out,*  serves  to  indicate  that  even 
when  occupying  the  least  volume,  the  spheres  could  move 
about  considerably  without  increasing  the  proportion  of 
voids.  Sands  when  deposited  do  not  take  up  an  arrange- 
ment leading  to  minimum  voids.  Shaking  or  compression. 
due  respectively  to  earth  movement  or  weighting  by  accumu- 
lated strata  above,  etc.,  may  reduce  their  voids.  In  no  case 
did  Sorby  succeed  in  reducing  the  voids  even  of  fine  sand 
below  34  per  cent,  the  same  sand  unshaken  having  had  about 
47  per  cent  voids.  Sandstones,  oolitic  limestones  and  similar 
rocks  may  be  regarded  as  natural  concretes.  It  is  therefore 
of  interest  to  recall  Sorby's  work  on  the  interspaces  of  such 
rocks.  The  cementation  of  the  grains  naturally  reduces  the 
quantity  of  voids,  which  often  sink  below  20  per  cent.  In 
certain  cases  the  proportion  falls  to  6  per  cent  and  Shef- 
field Gannister,  as  a  result  of  infilling  by  secondary  quartz, 
contains  le.ss  than  1  per  cent. 

Washing  of  Sands,  etc. — The  effective  washing  of  sands  and 
aggregate  to  be  used  for  concrete  making  is  a  matter  of  great 
importance.     A   perfect  solution  of  the  problem   cannot  yet 

tt''^''''^'^";"'^  ■Ton™.  «eol,  Soc,  Vol.  fi4  (190S).  p.  181.  See  also 
Hnno;  °''°'v  ,*?!.',''^'?'-  ^"'er  Supply  and  Ii-rigation  Papers,  No.  67 
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be  said  to  have  been  evolved.  Some  method  of  "scrubbing" 
is  the  only  way  to  clean  ballast  effectively  from  adherent 
clay  and  loam.  On  the  other  hand,  the  dust  produced  in  the 
crushing  of  aggregate  can  easily  be  washed  away.  If  the 
aggregate  is  required  down  to  50-mesh,  an  upward  current 
of  water  at  ordinary  temperatures  of  about  5  ft.  per  minute 
(or  1  in.  per  second)  will  remove  all  material  smaller  than 
this.  If  sand  is  to  be  added  and  the  aggregate  is  in  conse- 
quence required  to  be  not  smaller  than  20-mesh,  a  velocity 
of  about  15  ft.  per  minute  will  remove  the  material  not  re- 
quired. Many  types  of  sand-washing  machines  are  in  operation 
throughout  the  country.  Fortunately  the  grade  of  sand  required 
for  concrete  making  is  a  size  which  will  wash  without  diSi- 
culty;  considerable  losses  are  experienced  with  fine-grained 
sands.  The  objection  to  most  sand  washers  in  use  is  that 
the  water  first  washes  the  dirty  sand,  and  then,  before  it 
leaves  the  apparatus,  is  filtered  again  by  the  clean  sand; 
much  of  the  clayey  and  vegetable  matter  thus  remains  in  the 
sand. 

Graphical  Representation  of  Grades.  —  A  considerable 
amount  of  work  has  been  done  in  the  graphical  expression  of 
the  grading  of  aggregate  for  concreting — more  perhaps  than 
in  any  other  industry.  In  many  cases  the  object  has  been 
the  synthetic  preparation  of  mixtures.  The  principle  adopted 
by  the  writer  in  expressing  graphically  the  mechanical  analy- 
ses of  sands  is  similar  to  that  in  use  for  concrete  materials, 
but  there  are  slight  differences  in  detail  which  may  make  it 
of  interest  to  record  the  method.  The  expression  of  me- 
chanical analyses  in  the  form  of  curves  brings  out  contrasts 
and  similarities  in  sands  and  aggregates  more  graphically 
than  does  any  other  method.  The  curves  are  of  course  only 
approximations  at  the  best.  Cumulative  percentages  by 
weight  of  material  above  the  grade-size  (marked  horizontally) 
are  set  off  vertically  as  ordinates.  The  horizontal  scale 
adopted  is  proportional  to  the  logarithms  of  the  diameters 
marked,  in  order  to  keep  the  scale  representing  the  various 
grades  within  the  compass  of  the  page. 

Horizontality  in  any  part  of  the  curve  means  the  absence 
of  the  material  of  the  grade  size  corresponding  to  the  dis- 
tance over  which  such  horizontality  extends.  Verticality  in 
the  graph  means  a  considerable  percentage  in  the  grade  size 
corresponding  to  the  position  of  the  vertical  portion. 


Concrete   Railway   Ties   (Muzak    System) 

From  Concrete  and  Constructional  Engineering,   London.    - 
In  order  to  ensure  the  requisite  elasticity  which  is  so  es- 
sential in  railway  sleepers,  V.  Muzak,  of  Brussels,  has  devised 
an  arrangement,  shown  in  the  accompanying  illustrations,  in 
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Muzak    System    of    Concrete    Railway    Tie. 

which  the  lies  are  in  two  parts  with  a  central  semi-rigid 
joint,  the  shape  of  the  ties  being  different  from  those  usually 
employed.  He  claims  that  this  arrangement  requires  a  mini- 
mum of  reinforcement,  yet  provides  a  maximum  resiliency 
and  a  good  distribution  of  the  load  on  the  ballast.  The  in- 
clination of  each  half  of  the  tie  gives  it  a  tendency  to  slip 
towards  the  center  and  the  pressure  thus  produced  is  neu- 
tralized by  the  movement  of  the  joint.  These  sleepers  cost  8 
francs  each  at  Brussels. 
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A  Field  Blondin  Ropeway  as  an  Aid 
to  Bridge  Erection 

By  CAPT.  I.  SIMSON. 
I'^'om   lioyal  Engineers'  Journal,  London,  August,   1919. 

In  September  and  October,  1914,  the  Stb  (Railway)  Co.,  R. 
E.,  had  to  construct  two  railway  bridges  in  France,  and  made 
use  of  a  field  Blondin  ropeway  for  launching  the  girders  and 
dropping  the  various  component  parts  of  the  bridge  into  posi- 
tion. 

Such  a  Blondin  ropeway  is  still  of  great  use  for  railway 
construction.  It  is  very  quickly  erected  from  material 
usually  available  in  the  field.  Its  capacity — if  constructed  of 
telegraph  poles  and  3y2-in.  rope — is  probably  limited  to  about 
2  tons,  but  by  lifting  only  one  end  of  girders,  etc.,  at  a  time 
this  means  that  about  4-ton  loads  can  be  liandled  and  this  is 
generally  sufl5cient.  The  "reach"  of  such  a  ropeway  is  prac- 
tically unlimited;  it  spans  the  whole  of  a  normal  gap,  and 
from  the  moment  it  is  erected  it  can  be  employed  continu- 
ously for  clearing  away  the  debris  of  the  old  bridge,  running 
out  concrete,  etc.,  for  foundations,  dropping  complete  trestles 


both  crutches  lying  away  from  the  gap.  One  .sheers  (B)  was 
lashed  down  to  the  railway  track  temporarily;  while  the 
crutch  of  sheers  (A)  was  raised  on  to  a  sleeper  crib  built  up 
on  a  railway  truck — the  crutch  thus  being  12  It.  or  so  above 
rail  level — and  the  feet  tied  back  temporarily  to  the  track. 
By  pulling  on  the  runner  tackle  in  the  direction  Ql  (from  the 
side  "B"  of  the  gap),  sheers  "A"  was  pulled  up  and  its  back 
.i;uys  made  fast  when  "A"  was  leaning  well  forward  over  the 
gap. 

The  free  end  of  the  runner  tackle  Ql  was  then  run  over 
the  second  pulley  of  the  double  block  at  the  crutch  of  sheers 
"B,"  and,  by  pulling  in  the  direction  Q2.  sheers  "B"  was 
raised.  When  also  leaning  well  forward  the  free  end  (Rl) 
of  the  back  guy  for  "B"  was  made  fast,  and  the  free  end  (Q2) 
of  the  runner  tackle  run  through  the  snatch  block  (at  foot  of 
sheers  "B").  in  its  final  direction  Q,  in  which  it  was  made 
fast.  The  legs  were  adjusted  for  verticality  by  taking  in  or 
paying  out  on  Rl  and  R2.  The  runner  tackle  was  adjusted 
to  suit  by  paying  out  or  taking  in  Q.  The  operation  of  lower- 
ing was  carried  out  by  practically  reversing  the  above  process. 

The  sheer  legs  "A" — on  the  side  of  the  gap  to  which  mate- 
rial  ran   be  brought  bv  vail   or  road — should   be  situated  as 


X    Denotes  fixed  end   of  rope  of 


(built  on  shore)  into  position  if  not  too  heavy,  launching  the 
girders,  etc.  It  enables  work  to  proceed,  if  required,  on  the 
whole  length  of  a  bridge  simultaneously,  instead  of  only  on 
one  or  at  r.^ost  two  spans  at  a  time.  Its  principles  of  oper- 
ation may  thus  prove  of  service  in  all  types  of  field  engineer- 
ing, but  its  use  is  of  course  limited  in  the  case  of  bridges  built 
on  curves. 

The  diagram  shows  the  actual  detailed  arrangement  of 
the  Blondin,  as  erected  in  the  particular  cases  referred  to. 
Each  pair  of  sheer  legs  consisted  of  two  locally  acquired  tele- 
graph poles  50  ft.  to  5G  ft.  long,  butts  about  111^  in.  diameter 
and  tips  6  in.;  the  feet  of  each  sheer  leg  being  spaced  13  ft. 
apart  so  that  a  railway  truck  with  material  could  be  run  un- 
der the  legs,  and  the  material  picked  up  direct  off  the  truck 
by  the  lifting  tackle.  The  sheers  themselves  were  about  120 
ft.  apart.  The  runner,  traveling,  and  lifting  tackles,  and  both 
back  guys  consisted  of  3%-in.  to  4-in.  Manilla  rope,  which  was 
available  in  coils  of  113  fathoms.  No  blocks  with  more  than 
3  sheaves  were  available  at  the  time.  Lashings  were  of  2-in. 
rope  throughout,  while  %-in.  chain  was  used  in  addition  at 
each  crutch,  to  couple  direct  the  blocks  of  the  runner  tackle 
and  back  guys.     Side  guys  of  S^^-in.  rope  were  also  employed. 

The  arrangement  of  blocks  shown  had  the  following  advan- 
tages : 

(a)  Equal  strain  in  all  returns  of  each  back  guy  and  "run- 
ner" tackle. 

(b)  Easy  adjustment  for  the  considerable  stretch  that  took 
place  in  all  back  guys  and  runner  tackle.  (The  ropes  were 
all  new  and  had  never  been  used  previously). 

(c)  By  paying  out  on  Q  (not  under  load)  the  strain  on  the 
"runner"  tackle  was  reduced  to  a  minimum  for  heavy  loads: 
the  "runner"  tackle  being  then  at  a  very  steep  angle  instead 
of  approaching  the  horizontal,  and  the  blocks  of  the  lifting 
tackle  being  chock-a-block  when  the  weight  was  lifted  as 
high  as  necessary. 

The  sheer  legs  had  the  great  advantage  of  being  self- 
erecting  and  required  no  subsidiary  derrick  poles  or  tackles  to 
get  them  \ip.     The  legs  were  placed  opposite  their  footings. 


r.e.'d    Blondin    Ropeway.   Showing    Arrangement   of   Tackles. 

1.V   tarlsle.      < —  Denotes  free  end  of  a  taelile  by  means  of  which  adjustments  could  be   made, 

near  the  edge  of  the  gap  as  possible  consistent  with  picking 
up  the  loads  directly  (off  a  railway  truck  or  lorry  run  be- 
tween the  legs) ;  and  the  running  end  P)  of  the  main  fall 
should  be  run  off  on  this  side  of  the  gap.  Sheers  "B"  should 
be  situated  as  far  from  the  edge  of  the  gap  as  length  of  cord- 
age will  allow.  The  object  of  this  is  to  get  the  far  end  of 
the  bridge  near  the  center  of  the  Blondin  span.  All  loads 
than  run  down  the  runner  tackle,  till  at  the  center  of  the 
Blondin  span  they  are  at  their  lowest  point.  If  they  have  to  go 
further  than  this,  the  loads  must  then  be  pulled  up  the  run- 
ner by  means  of  SI.  Steel  cable  for  the  runner  tackle  would 
undoubtedly  prove  a  great  improvement  for  such  a  Blondin. 


Early  Concrete  Roads  in  Great  Britain 

In  an  address,  abstracted  in  The  Surveyor  of  Aug.  2ft, 
1919,  R.  L.  Bendall  states  that  what  was  probably  the  first 
piece  of  actual  concrete  road  surface  in  Great  Britain  was 
constructed  in  Scotland  in  1S65,  and  was  the  approach  road 
to   the   Inverness   Goods   Station. 

Gillespie-crescent,  Edinburgh,  was  laid  33  years  ago  with 
10  in.  of  mass  concrete;  its  surface  is  good  now,  though  de- 
faced with  patches  where  mains  and  house  services  have 
been  repaired.     This  crescent  has  ordinary  suburban  traffic. 

Gandy  St.,  Exeter,  is  narrow,  its  surface  is  concrete  with 
stone  channels.  It  is  not  broken,  and  is  quite  good,  although 
its  age  is  about  30  years.  The  camber  of  this  street  is  far 
from  ideal,  but  no  doubt'  was  the. camber  then  in  vogue  for 
water-bound  roads. 

Twenty-one  years  ago  a  firm  of  contractors  in  Worcester 
laid  down  3  in.  thick  of  concrete  as  a  surface  to  the  yard 
of  a  skin  warehouse  in  Lowesmore,  Worcester.  This  was 
well  constructed,  for,  although  there  is  a  constant  stream 
of  horse  vehicles  in  aud  out  of  the  yard,  its  surface  is  good 
and  has  worn  during  a  period  of  21  years  not  V*  in. 

In  Dundee,  near  the  cattle  market,  30  years  ago  a  con- 
crete road  was  laid;  the  traffic  over  this  is  certainly  not 
heavy,  hut  the  surface  is  good  today. 
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Engineering  and  Contracting  for  October  29, 1919. 


Some  Notes  on  English  Highway 
Construction 

By  H.  T.  CHAPMAN, 

County   Surveyor,   Kent. 

From   The    Surveyor,    London.    July   11,   1919. 

Those  of  us  who  have  endeavored  to  keep  things  going  at 
home  during  the  war  have  learnt  not  a  few  useful  lessons. 
The  great  object-lesson  to  the  writer  has  been  the  futility  and 
waste  of  money  in  endeavoring  to  repair  and  maintain  roads 
for  excessive  mechanically-propelled  traffic  in  the  former 
method  of  piling  on  broken  rock  and  macadam  to  be  shat- 
tered, pulverized,  and  subsequently  removed  in  the  form  of 
mud  and  dust.  Again,  most,  it  not  all,  surveyors  have  been 
agreeably  surprised  at  the  amount  of  additional  traffic  car- 
ried without  undue  damage  to  certain  sections  of  their  roads 
which  were  constructed  and  surfaced  in  an  up-to-date  man- 
ner, and  also  by  the  fact  that  they  managed  to  keep  going 
with  judicious  repairs  many  lengths  that  were  moderately 
toundationed  and  surfaced. 

Foundations. — The  writer's  experience  is  that  vast  sums 
have  at  times  been  wasted — or  may  we  say  buried? — by  im- 
proper and  inefficient  methods  of  dealing  with  our  roads,  and 
he  contends  that  much  more  money  has  still  to  be  buried,  but 
in  this  case  well  invested,  in  the  provision  of  adequate  and 
suitable  foundations  to  receive  whatever  type  of  surfacing  is 
to  be  adopted  and  also  in  properly  dealing  with  subsoil  and 
surface  water  drainage. 

Imported  and  costly  malerials  need  not  in  all  cases  be  used, 
either  in  the  foundations,  base  coats,  or  sub-crusts  and  sur- 
facings,  but  so-called  inferior  and  local  materials,  and  even 
misnamed  waste  products,  can  be  utilized  to  equal,  if  not  bet- 
ter, advantage  if  properly  treated  and  applied.  Just  as  tar, 
pitch,  and  bitumen  treatment  has  revolutionized  the  road  sur- 
facings  during  the  past  ten  or  twelve  years,  so  the  writer 
ventures  to  assert  will  the  foundations  and  sub-crusts  be 
treated  and  improved  in  the  near  future,  and  surveyors  will 
recognize  that  homogeneous  and,  as  near  as  may  be,  voidless 
underbeds  treated  either  with  cement,  tar,  pitch,  or  bitumen 
binders  are  absolutely  necessary,  and  must  be  provided  for 
all  roads  carrying  any  appreciable  amount  of  traffic.  Some 
slight  resiliency  or  "give"  in  the  surfacing  material  is  desir- 
able for  comfortable  traveling,  and  when  this  is  provided  it  is 
also  necessary  to  have  the  same  in  the  underbed  or  sub-crust 
to  prevent  undue  movement  by  traffic  of  the  surfacing  mate- 
rial. 

Very  many  miles  of  our  existing  roads  contain  sufficient 
road  metal  which  has  been  piled  on  unsuitable  foundations  or 
sub-soils  during  former  years,  and  if  several  inches  in  the 
thickness  is  scarified,  screened,  and  mixed  with  pitch  and 
tar,  it  can  be  utilized  to  form  quite  suitable  bases  or  sub- 
crusts  for  surfacing  with  tar-macadam  or  bitumen  carpeting 
in  order  to  carry  considerable  traffic.  In  some  cases  the 
"carpeting"  need  not  be  laid  forthwith  on  this  bituminously 
mixed  material,  which  may  well  be  utilized  tor  carrying  the 
traffic  until  such  times  as  the  improved  surfacing  can  be  pro- 
ceeded with.  In  1911,  when  the  Sidcup  sections  were  laid 
and  the  existing  water-bound  granite  was  removed  for  the 
purpose,  the  scarified  material  was  relaid  and  grouted  with  a 
pitch,  tar  and  sand  mixture  on  another  section  of  the  London- 
Folkestone  main  road,  about  7  miles  distant,  and  this  is  still 
in  first-rate  condition. 

Lateral  Support. — It  is  also  imperative  that  adequate  lat- 
eral support  in  the  way  of  curbs  or  suitable  irremovable 
haunches  must  be  provided  for  all  roads  carrying  heavy  traffic 
in  order  to  prevent  movement  and  spread  in  the  surface  and 
sub-crust,  at  the  same  time  as  the  reconstruction  of  the  car- 
riageways is  in  hand. 

Tar-Macadam. — The  advantages  of  tar-macadam  over  the 
ordinary  so-called  water-bound  macadam  are  too  well  known 
and  apparent  to  enlarge  upon;  but  the  writer  would  impress 
upon  all  the  necessity  of  slight  patching  and  annual  surface 
tarring  to  protect  and  preserve  the  surface  if  the  best  re- 
sults are  to  be  obtained.  He  has  frequently  laid  what  may 
be  termed  a  second-class  quality  tar-macadam,  such  as  tarred 
Kent  ragstone  underbed,  and  topped  this  with  a  wearing  sur- 
face of  tarred  slag  macadam,  and,  as,  far  as  he  can  see,  the 
result  has  been  equal  to  that  which  would  have  obtained  had 
the  whole  thickness  consisted  of  the  latter  material,  and 
some  saving  in  cost  has  been  effected. 

Unsatisfactory  results  and  excessive  waviness  are  some- 
times obtained   in   consequence  of  surveyors  endeavoring  to 


consolidate  too  great  a  thickness  of  tar-macadam  by  rolling 
in  one  operation,  and  also  in  not  topping  and  completing  the 
surfacing  before  much  traffic  passes  over  the  new  work  in 
hand. 

In  former  days  many  of  the  roads  had  too  much  camber, 
and  became  "hogbacked"  owing  to  constant  middling  or  cen- 
tering; subsequently  many  went  to  the  opposite  extreme  in 
making  the  roads  too  flat.  It  is  found  in  practice  that  tar- 
macadam  flattens  or  further  consolidates  under  the  traffic  for 
some  time  after  the  rolling  is  completed,  and  this  should  be 
taken  into  account  when  arranging  the  crossfall  of  the  new 
surfacing.  Generally  speaking,  a  crossfall  of  Vi  in.  to  a  foot 
is  ample. 

The  question  is  frequently  asked  as  to  the  steepest  gradient 
to  which  tar-macadam  may  be  laid  for  safety  to  horses.  The 
writer  has  laid  it  on  gradients  up  to  and  even  exceeding 
10  per  cent,  but  he  makes  a  practice  in  such  cases  of  omitting 
the  fine,  tarred  material  for  sealing  the  surface  and  also  of 
scattering  the  1%-in.  topping  material  generously  with  ',4-in. 
grit  or  chippings  before  finally  consolidating  the  material. 
This  gives  a  somewhat  rougher  surface  and  better  foothold 
for  horses.  He  does  not  favor  the  practice  of  laying  a  por- 
tion of  the  width  of  carriageways  in  different  types  of  sur- 
facing, as  it  is  almost  impossible  to  maintain  them  satisfac- 
torily under  these  conditions.  Most  surveyors  have  experi- 
enced the  difficulty  of  keeping  up  the  margins  of  a  macadam 
road  adjoining  the  paving  in  tramway  tracks.  Horses  and 
their  drivers  very  rapidly  become  accustomed  to  smooth  and 
better-class  road  surfacings,  which  manifestly  dry  much 
quicker,  and  the  advantages  obtained  very  greatly  outweigh 
the  slight  inconvenience  of  slipperiness  under  certain  cli- 
matic conditions  which  affect  all  classes  of  roads  to  a  greater 
or  lesser  degree. 

Pitch  Grouting. — Good_  results  have  been  attained  in  many 
parts  of  the  kingdom  in  pitch  and  tar  grouting  of  roads,  but 
one  disadvantage  of  this  work  is  chiefly  due  to  the  fact  that 
dry  weather  is  practically  a  sine  qua  non  for  these  operations. 
There  is  also  some  difficulty  in  obtaining  even  distribution  of 
the  grout  and  filling  all  the  voids,  especially  when  the  aggre- 
gate is  laid  to  a  fair  thickness.  Some  non-successes  have 
certainly  been  due  to  the  use  of  too  large  an  aggregate  and 
not  sufficiently  wedging  or  interlocking  it  with  chippings. 

A  considerable  mileage  of  roads  in  Kent  have  been  sur- 
faced in  pitch-grouted  macadam,  and  some  after  7  or  8  years' 
life  are  still  in  good  condition.  The  matrix  consisted  of  soft- 
ened and  suitably  fluxed  pitch  mixed  in  the  proportion  of  5 
parts  pitch  to  6  of  sand,  and  heated  to  not  exceeding  340°  F., 
when  the  grout  would  readily  flow  at  about  300°  F.  if  stirred 
constantly  until  used.  It  has  been  necessary  to  patch  with 
chippings  or  grit  and  tar  any  holes  or  frayed  patches,  and 
surface  dress  with  tar  and  chippings  the  whole  area  annually. 
The  pitch-grouted  areas  make  quite  a  good  base  for  subse- 
quent carpeting. 

Bitumen  Carpeting, — Provided  the  necessary  bitumen — 
which  word  is  generally  taken  to  include  natural  asphalt  and 
petroleum  residuals,  also  the  fluxing  oil — can  be  obtained  at 
reasonable  prices,  and  the  requisite  plant  for  heating  and 
mixing  it  with  suitably  graded  sand  or  selected  and  properly 
graded  destructor  clinker  is  available,  there  is  no  doubt  that 
the  carpeting  or  surfacing  with  this  material  on  a  suitable 
base  coat  will  be  extensively  adopted,  and  it  is  a  most  accept- 
able and  economical  method  of  dealing  with  our  roads.  It 
will  also,  generally  speaking,  meet  the  requirements  of  all 
traffic  to  be  expected,  with  perhaps  few  exceptions. 

The  work  is  done  in  two  operations,  and  the  base  coat, 
which  should  not  be  less  than  3  in.  in  thickness,  may  consist 
of  any  local  stone,  flint,  scarified  material  or  clinker  mixed 
with  pitch,  tar  or  bitumen  laid  hot  in  order  to  form  as  nearly 
as  may  be  a  voidless  concrete.  The  greatest  care  is  neces- 
sary in  preparing  the  carpeting  material,  for  which  the  ag- 
gregate of  sand,  grit  or  selected  crushed  clinker  must  be 
graded  between  a  200  and  14-in.  mesh  in  order  to  provide  as 
near  as  may  be  a  voidless  and  cohesive  material  when  mixed 
and  laid  at  a  temperature  of  300°  to  500°  F.  While  the 
writer  is  somewhat  diffident  about  giving  details  as  to  exact 
proportions  of  the  various  ingredients  as  so  much  depends  up- 
on the  grading  of  the  aggregates,  having  regard  to  their  spe- 
cific gravity,  also  the  fluxing  of  the  bitumen,  he  would  say 
that  the  proportion  of  the  latter  should  vary  according  to 
circumstances  from  13  to  15  per  cent.  An  area  of  20,711  sq. 
yd.  of  two-coat  work  which  was  laid  on  the  London-Dover 
main  road  between  Sittingbourne  and  Faversham  from  May 
to  October.  1914,  is  still  in  practically  the  same  condition  as 
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when  completed,  and  as  far  as  can  be  seen  at  present  is  good 
for  another  5  years.  The  length  ot  road  is  not  curbed,  which 
is  admittedly  a  disadvantage,  but  the  war  was  on  at  the  time 
when  the  work  was  in  hand.  Ballast  boards  were,  however, 
put  in  at  weak  points  to  support  the  sides. 

The  base  coat.  %  in.  in  thickness,  was  composed  of  crushed 
shingle  and  flint  1%  in.  to  %  in.  gauge  coated  with  pitch  and 
tar  mixture  in  the  proportions  of  S  of  soft  pitch  to  3  ot  tar  to 
Road  Board  specifications.  The  composition  of  the  carpeting 
mixture,  laid  1%  in.  thick,  was:  British  Portland  Cement 
Co.'s  grit,  31  per  cent;  Aylesford  sand.  56  per  cent;  and  Mex- 
phalt  13  per  cent.  The  binder  necessitated  the  use  ot  1  ton 
of  Mexphalt  and  20  gal.  ot  fluxing  oil.  All  these  ingredients 
were  heated  to  350°  P.,  and  mixed  in  a  Koehring  hot  mixer. 
Primary  consolidation  was  carried  out  by  cross  rolling  with 
a  small  water-ballast  roller  and  final  consolidation  by  a  10-ton 
steam  roller. 

The  weather  was  wet  during  a  portion  of  the  time  the 
work  was  in  hand,  but  this  does  not  appear  to  have  been 
detrimental.  The  cost  of  the  whole  work  came  out  at  5s.  Id. 
($1.22)  per  sq.  yd.,  the  base  coat  2s.  6d.  (BO  ct.)  and  the  car- 
peting 2s.  7d.  (62  ct.),  but  the  prices  of  the  materials  were 
practically  prewar  rates,  the  Mexphalt  at  £5  13s.  6d.  ($27.50) 
per  ton  and  the  fluxing  oil  4%d.  (9  ct.)  per  gallon. 

The  census  of  traffic  taken  in  February.  1914,  shows  that 
3,744  tons  ot  traffic  passed  over  the  road  in  seven  days,  and 
this  included  motor  omnibuses,  motor  lorries  with  steel  and 
rubber  tires,  traction  engines,  etc.  During  the  war  period 
the  heavy  and  destructive  type  of  traflic  was  considerably  in 
excess  of  that  during  the  period  recorded,  and  no  undue  dam- 
age has  been  caused. 


Separation  of  Storm   Water   and   Sewage 

By  EDWARD  B.  SAVAGE, 

Engineer    in    Charge    of    Sewei-s.    Birmingh.Tiii.    England. 

From  the  Proceedings  Institute  ot  JIunicipal  and  County  Engineers. 

Most  engineers  have  their  own  ideas  as  to  the  best  design 
of  an  overflow  chamber,  but,  as  in  many  other  details  of  sew- 
erage, finality  has  by  no  means  been  attained.  Taking  as 
an  instance  a  case  where  separation  is  effected  by  means  of 
the  usually  short  weir,  having  its  crest  at  such  a  level  that 
•discharge  commences  to  take  place  when  the  usual  rate  of 
■dilution,  say  6  to  1,  is  reached.  Provided  that  the  volume  of 
sewage  causing  the  weir  to  operate  remains  constant,  the 
size  of  the  outgoing  sewer  can  be  correctly  adjusted  to  deal 
with  this  volume.  Normally,  however,  the  rainfall  either 
lessens  or  increases  in  intensity,  so  that  in  the  latter  case, 
instead  ot  a  thin  film  of  water  passing  over  the  weir,  a  con- 
siderable rise  in  the  flow  takes  place,  with  the  result  that 
the  sewer  below  has  to  carry  a  larger  volume  than  that  due 
to  a  6  to  1  dilution — in  other  words,  it  is  necessary  either  to 
provide  an  unnecessarily  large  sewer  or  to  throttle  the  out- 
let. The  amount  of  contraction  to  be  given  in  such  a  case, 
however,  is  only  determinable  under  the  conditions  existing 
at  one  period  of  discharge,  so  that,  apart  from  the  objection 
to  back-pounding  ot  the  flow  above,  it  does  not  effectively 
serve  the  purpose  of  equalizing  the  flow  in  the  outgoing 
sew"er. 

For  many  years  past  this  question  has  been  carefully 
studied  in  Birmingham,  and  various  devices  have  been  adopted 
with  a  view  ot  eliminating  the  head  at  the  outlet  end  of  the 
weir.  By  means  of  one  of  these  the  incoming  diluted  sewage 
is  deflected  into  the  river  by  a  series  of  curved  reinforced 
concrete  vanes  placed  at  different  levels  so  that  in  action 
each  vane  may  be  said  to  "slice  off"  a  certain  depth  of  the 
flow  so  reducing  the  head  at  the  outlet  end.  Although  per- 
haps as  efficient  as  any  form  of  separating  weir  yet  designed, 
the  author  recognizes  that  there  still  exists  a  certain  head  at 
the  outlet,  which  would  vary  according  to  the  length  ot  the 
•weir  and  the  volume  brought  down.  Moreover,  there  is  still 
a  certain  back-pounding  due  to  the  contracted  orifices  under 
the  vanes,  and  also  the  head  caused  by  the  artificial  deflection 
of  the  flow.  In  the  light  of  past  experience  it  appears  to 
amount  to  this — that  any  obstruction  whatsoever  is  a  disad- 
vantage, and  that  the  simple  form  of  weir  in  which  the 
stream  lines  accommodate  themselves  to  their  proper  curves 
without  artificial  assistance  is  still  the  best.  The  all-impor- 
tant point  appears  to  be  to  have  a  much  longer  weir  than  is 
usually  adopted,  and  by  this  means  only  to  equalize  the  flow. 


Stream  Flow  and   Percolation 
Water 

By  SAMUEL  HALL, 

Assistant   Water   Engineer.    Belfast. 

From  the   Journal  of  the  Institution  of  Water   Engineers  of  Great 

Britain. 

The  author,  many  years  ago,  commenced  investigations  of 
the  conditions  wbich  govern  and  control  the  ever-varying 
flow  of  streams  and  rivers,  conceiving  that,  even  were  no 
definite  laws  established,  he  might  gain  a  better  knowledge 
of  the  subject,  and  information  ot  practical  value.  The 
author  considers  that  the  agreement  between  data  and  facts 
from  widely  different  sources  is  such  as  to  fully  warrant  the 
statements  made  in  this  paper.  The  subject  is  treated  broadly, 
and  in  order  to  make  it  clearer  many  well-known  conclu- 
sions are  repeated. 

Figure  1  is  a  flow  curve  showing  inconstant  rates  of  dis- 
charge for  a  period  of  24  days,  and  some  features  character- 
istic of  probably  all  stream  flow  curves,  the  most  noticeable 
being  the  "peaks"  following  rainfall,  showing  immediate  in- 
crease of  flow  attributable  to  surface  run-oft.  Another  feature 
is  the  slowly  falling  parts  obtaining  in  rainless  periods,  when 
the  flow  is  that  of  percolation  discharge  alone.  Tlie  curve 
shown   represents    the    flow   from   a    mountain    catchment    of 

30 


^0 


!|1 

,' 

\ 

— 1 

1 

1 

', 

', 

I 

f 

' 

I 

V 

1 

*v 

\ 

\ 

1     ^ 

1 

V 

h 

! 

^      1 

N 

, 

"70 

K/C 

1 

uryex 

10. 

-^^-. 

1 

"'-. 

" 

— - 

— ' 

i 

■* 

A, 

r 

1/ 

\ 

Flan  Curve 

1 

V 

^  ^ 

J 

\ 

t. 

''^•^- 

s 

^ 

^~a 

-> 

— 

— 

.. 

i->40 


DaysO      "        "  5 

Rain  10  41   01  2S  19 


10 


IS 
82  II   03 


20 
06  12 


Fig.   1 — Stream    Flow   Curve. 


between  2,000  and  3,000  acres  in  extent,  and  is  taken  from 
automatically  recorded  diagrams  ot  depth  of  water  over  a 
weir.  It  shows  quick  "run-ofi" '  and  very  marked,  yet  not  ex- 
ceptional, variations  of  flow. 

Comparison  of  Peaks  of  a  Stream. — Before  comparing 
"peaks"  of  different  streams,  it  will  be  interesting  to  compare 
those  of  one  stream.  They  are  greatest  in  proportion  to  rain- 
fall when  the  surface  soil  is  moist,  always  large  in  winter 
and  after  wet  weather  gradually  smaller  as  summer  advances, 
and  smallest  near  the  end  of  a  long  period  of  drought,  when 
they  contrast  greatly  with  those  of  other  periods.  The  rate 
of  rise  to  a  peak,  when  other  conditions  are  the  same,  is  a 
rough  measure  of  rainfall  intensity,  which  affects  the  height 
of  the  peak  and  flood  rates.  The  falling  part  of  the  peak  curve 
is  generally  slightly  "slower"  than  the  rising  part,  and  be- 
comes still  slower  as  it  descends.  It  indicates  the  rate  of 
surface  drainage  after  rain  has  ceased,  and  appears  to  be 
of  some  approximately  regular  form,  but  is.  ot  course,  modi- 
fied by  the  amount  of  percolation  discharge.  The  gently  tail- 
ing and  lowest  parts  of  the  curve  due  to  percolation  discharge 
are  generally  gradually  higher  from  the  autumn  and  lower 
from  spring  to  the  end  ot  summer,  being  lowest  at  the  end 
of  a  long  drought.  One  characteristic  ot  these  parts  is  the 
steady  fall  ot  the  curve,  showing  not  only  that  the  rate  ot 
flow  decreases,  but  that  its  rate  of  decrease  also  diminishes; 
in  other  words,  the  curve  gets  flatter  from  day  to  day 
throughout  a  rainless  period.  Towards  the  end  of  a  drought 
the  diminution  is  so  small  tbat  the  curve  might  appear  to 
have  become  a  horizontal  line,  yet  examination  of  a  greater 
length  of  curve  will  suffice  to  show  such  a  conclusion  is 
wrong:  but  it  appears  probable  that  a  slowly  diminishing 
flow  might  be  continued  during  perhaps  a  year  of  further 
absolute  drought.  Some  streams  in  tbese  islands  occasionally 
run  dry.  yet  the  larger  streams  and  rivers  have  substantial 
discharges  in  droughts  which  are  but  ot  short  duration  com- 
pared with  those  which  occur  in  some  other  countries. 
Another  feature  to  which  attention  must  be  drawn  is  that  the 
position  of  these  parts  of  the  curve  is  raised  after  every  peak 
occurs.    To  make  this  clear,   let  us   imagine  a   prolongation 
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of  the  curve  obtaining  befoiR  the  peak,  on  the  line  It  would 
probably  have  taken  had  the  rainfall  not  occurred.  The 
produced  curve  would,  apparently  in  every  case,  lie  some  dis- 
tance below  that  which  actually  obtains  after  the  peak,  and 
the  amount  of  difference  between  the  produced  and  actual 
curves  appears  to  be  roughly  proportionate  to  the  extent  of 
the  peak.  It  seems  to  be  clear  that  not  only  has  there  been 
a  large  immediate  yield  as  shown  by  a  peak,  but  that  the 
stream  has  gained  in  "staying  power."  The  conclusion  drawn 
is  that  new  supplies  of  percolation  water  have  increased  the 
amount  in  store,  with  the  result  of  increased  discharge.  The 
effect  of  frost  is,  in  general,  precisely  the  same  as  that  of 
absence  of  rain.  Frost  does  not  affect  the  percolation  dis- 
charge, except  perhaps  where  such  occurs  as  small  surface 
springs,  but  it  holds  up  surface  "run-off."  Snow,  of  course, 
does  not  aft'ect  flow  until  thawing  takes  place. 

Conditions  Affecting  Shape  of  Flow  Curves. — In  comparing 
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Fig.  2 — Estimate   of   Surface    Run   Off. 

curves  of  different  streams  it  may  be  seen  that  the  slope  of 
the  ground  is  a  factor  which  affects  the  rates  of  rise  and 
fall,  and  also  the  size  of  the  "peaks,"  no  doubt  because  less 
slope  and  slower  "run-off"  allows  surface  water  to  remain 
for  a  longer  period  under  percolation  influences.  The  length 
and  slope  of  the  stream  courses  are  factors  influencing  chiefly 
the  shape  of  the  peaks,  because  after  water  has  supplemented 
the  flow  in  the  upper  reaches  of  the  stream  some  time  elapses 
before  the  effect  is  recorded  at  the  gauging  point.  This  time, 
roughly  determinable,  is  a  matter  of  hours  for  small  streams, 
but  of  days  for  large  rivers.  Every  stream  course  has  a  slight 
temporary  storage  effect,  which  is  increased  where  the  banks 
are  permeable  and  extensive. 

In  order  to  form  a  rough  idea  of  the  extent  to  which  the 
nature  of  the  drainage  area  affects  the  peaks,  we  may  assume 
the  case  of  a  river  fed  by  a  number  of  streams  of  similar 
drainage  areas  at  various  points.  The  effects  of  spates  on 
each  stream  would  be  recorded  at  times,  varying  roughly 
according  to  the  distance  of  the  points  of  confluence  from 
the  gauging  station.  Tracing  the  flow  curve  of  one  stream, 
and  altering  the  time  for  each  so  that  if  superimposed  the 
peaks  would  show  one  after  the  other,  the  sum  of  these 
stream  flow  curves  representing  the  total  flow  of  the  river, 
would  obviously  show  less  rates  of  rise  and  fall,  and  a  less 
maximum  rate  in  proportion  to  the  total  drainage  area. 
Though  other  factors  might  modify  the  curve,  the  logical 
conclusion  is  that  increase  of  size  means  flatter  peaks  and 
smaller  maximum  or  flood  rates  in  proportion  to  the  area, 
while  the  converse  holds  for  smaller  areas. 

"Dry  weather  flow"  is  used  by  various  engineers  to  mean 
either  minimum  known  flow,  or  that  for  one  year  (average), 
or  occasionally  a  supposed  irreducible  and  constant  rate 
which  would  obtain  under  any  exceptionally  adverse  con- 
ditions. As  a  term  so  variously  interpreted  cannot  lead  to 
anything  but  confusion,  wliat  is  meant  should  be  expressed 
in  other  words.  The  minimum  rate  of  flow  is  seldom  the 
same  in  any  different  years,  and  any  particular  minimum 
only  holds  good  till  a  lower  one  is  recorded. 

The  sources  of  supply  due  to  precipitation  can  be  classed 
as:  (1)  Surface  run-off:  and  (2)  percolation  discharge.  The 
chief  source  of  deficit  between  rainfall  .m  the  area  and  re- 
sultant How  is  evaporation  loss.  Another  source  of  deficit  is 
the  loss  of  percolation  water,  which  is  inevitable,  though  it 
might  be  small  in  amount;   but,  on  the  other  hand,  this  loss 


might  be  more  than  compensated  for  by  gains  of  percolation 
water  from  sources  outside  the  topographical  drainage  area. 

Factors  Affecting  Surface  Run-off. — That  part  of  the  rainfall 
which  falls  on  the  water  surfaces  as  a  "direct  contribution" 
to  the  stream  is  measurable  by  the  product  of  rainfall  and 
water  area.  It  causes  the  first  upward  turn  of  the  curve  at  a 
peak;  normally  small  in  amount,  it  becomes  a  greater  pro- 
portion of  peaks  towards  the  end  of  a  period  of  drought,  and 
might  at  such  times  be  the  only  benefit  from  rainfall. 

Some  of  the  factors  affecting  surface  run-off  have  been 
already  mentioned.  Absorption  and  percolation  are  factors 
which  are  probably  not  of  equal  effect  over  the  whole  of  the 
drainage  area,  and  also  vary  according  to  weather  conditions. 
Surface  run-off  will  occur  when  and  where  the  rate  of  rainfall 
exceeds  the  rate  of  absorption  until  the  surface  soil  is  sat- 
urated; then  it  depends  upon  the  difference  between  rates 
of  rainfall  and  percolation. 

The  proportion  of  rainfall  yielded  as  surface  run-off  is  high 
when  the  ground  remains  frozen,  and  is  generally  very  small 
in  summer,  sometimes  very  large,  however,  after  the  ground 
has  been  "baked,"  but  whether  this  is  actually  due  to  the 
"baked"  condition  of  the  soil  or  to  greater  intensity  of  rain 
fall,  such  as  obtains  in  thunder  showers,  has  not  been  satis- 
factorily determined.  The  author  has  observed  in  ground 
over  clay  subsoil  that  extensive  and  frequent  cracks  develop 
during  droughts,  and  it  is  questionable  whether  such  cracks, 
at  times  2  in.  in  wic'th  and  more  than  a  foot  in  depth,  would 
not  counter-balance  the  effect  of  baking  the  ground. 

While  the  ground  is  under  the  effect  of  recent  rains,  a 
subsequent  rainfall  produces  a  greater  result  in  the  amount 
of  run-off.  A  few  hours  after  rainfall  has  ceased  it  would 
be  very  difficult  to  detect,  on  the  gathering  ground,  any  in 
dlcation  of  surface  run-off  (except  where  flooding  has  oc- 
curred), though  it  is  quite  noticeable  during  heavy  rains  from 
the  newly  formed  streamlets  appearing  in  ill-formed  and 
miniature  valleys  in  the  drainage  area. 

In  estimating  the  time  at  which  it  becomes  nil  or  negligible, 
the  fact  of  thin  films  of  water  being  almost  unnoticeable 
should  be  taken  into  account,  and  the  author's  estimate  of  the 
time  which  might  elapse  before  the  surface  water  has  reached 
a  stream  course  is  given  as  seldom  more  than  48  hours,  but 
variable  according  to  the  amount  of  rainfall,  percolation  rate, 
and  surface  slope.  On  this  assumption  dividing  lines  have 
been  inserted  in  the  flow  curve  in  Fig.  2,  to  show  an  estimate 
of  the  increase  of  flow  due  to  surface  run-off;  this  is  shown 
by  the  cross-hatched  portions.  By  treatin.'?  all  the  peaks  in 
the  same  manner,  an  estimate  of  the  yearly  total  of  surface 
run-off  can  be  made.  The  amount  of  flow,  as  shown  by  the 
low-lying  parts  of  the  curve,  and  up  to  the  dividing  line  or 
lines  is  likewise  an  estimate  of  the  percolation  discharge 
Where  rainfalls  succeed  one  another,  the  guide  to  the  inser 
tion  of  the  dividing  lines  should  be  the  esitimate  of  percola- 
tion discharge,  which  has  but  a  slowly  increasing  rate,  and 
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Fig.  3 — Tank  Discharge  Curve. 

the  dividing  lines  must  obviously  commence  at  a  part  of  the 
curve  which  indicates  percolation  discharge  alone.  In  the 
case  of  large  rivers,  allowance  (or  the  time  taken  in  flowing 
down  the  river  will  be  necessary,  but  percolation  discharge 
will  be  the  best  guide  for  estimating  purposes.  It  is  not,  of 
course,  possible  to  determine  accurately  what  proportion  is 
due  to  the  two  intermediate  sources  of  supply,  but  it  will  be 
noted  from  Fig.  2  that  were  the  time  of  48  hours  altered  to 
36  or  60,  it  would  not  affect  the  estimate  very  materially. 

The  area  from  which  surface  run-off  occurs  is  obviously 
defined  by  the  natural  water  partings,  but  it  must  be  noted 
that  this  area  is  not  necessarily  identical  with  the  percolation 
drainage  area. 

Conditions  Affecting  Percolation  Discharge. — Of  percolation 
discharge  there  is  visible  and  irrefutable  evidence  in  the  ex- 
istence of  springs  discharging  percolation  water  at  the  sur- 
face   of    tho    ground.     There    are    also    subaqueous    springs 
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discharging  into  the  beds  of  streams,  rivers  and  the  ocean 
less  apparent  and  likely  to  escape  notice.  There  are  doubtless 
similar  discharges  of  percolation  water  which,  from  finding 
<3asy  passage  through  alluvial  deposits  to  open  water,  are 
perhaps  outside  the  possibility  of  detection.  Considering  that 
almo.st  all  rocks  are  fissured,  and  that  the  beds  and  banks 
of  streams  are,  as  a  general  rule,  extensive  alluvial  deposits, 
it  is  most  probable  that  a  surface  discharge  occurs  as  an 
•exception  rather  than  a  rule.  There  is  no  better  evidence  of 
rhe  temporary  storage  of  considerable  volumes  of  percolation 
water  than  stream  flow  when  the  surface  soil  is  parched, 
for  at  such  a  time  the  whole  of  the  flow  is  obviously  from 
such  sources.  So  far  as  stream  flow  is  concerned  there  is  no 
need  to  make  any  distinction  between  visible  spring  flow  and 
other  percolation  discharge,  as  the  laws  which  apply  to  one 
apply  with  equal  force  to  the  other,  and  to  percolation  dis- 
<;harge  as  a  whole. 

The  geological  conditions  of  the  drainage  area  affect 
percolation  storage  and  discharge,  yet  in  the  author's  opinion 
physical  conditions  have  often  greater  influence.  For  ex- 
ample, the  same  bed  of  grit  may  be  in  one  locality  very  much 
fissured,  and  in  another  considerably  less  so.  and  such  dif- 
ferences mean  like  differences  in  storage  capacity.  Lime- 
stone, granite,  other  compact  rocks,  and  also  alluvial  depos- 
its, likewise  differ  in  storage  capacity  in  fissures  and  in- 
terstices. The  rate  of  discharge  also  depends  probably  more 
on  physical  than  geological  conditions,  and  the  greater  width 
of  an  outlet  for  percolation  water  might  be  merely  accidental. 
The  volumes  of  water  which  can  be  absorbed  by  compact 
rocks  after  they  have  been  heated  to  dryness  is  very  con- 
.-iiderable;  yet  this  should  not  be  taken  into  account,  as  all 
the  deep  subsoil  rocks  are,  and  remain,  moist  while  in  situ, 
and  the  amount  they  can  retain,  despite  the  force  of  gravity, 
is  most  probably  constant.  For  these  reasons  the  author 
strongly  inclines  to  the  belief  that  it  is  the  fissures,  and  not 
the  compact  rock,  which  yields  the  percolation  discharge. 
There  will  doubtless  be  cases  where  the  water  percolates 
through  compact  rock;  but  where  fissures  occur,  they  provide 
much  quicker  drainage  for  the  bulk  of  percolation  water. 

Percolation  Discharge  and  Hydraulic  Laws. — It  is  not  pro- 
posed to  consider  the  subject  from  a  geological  point  of  view, 
but  to  consider  how  far  percolation  discharge  is  subject  to 
known  hydraulic  laws,  and  in  order  to  do  that  it  is  necessary 
to  consider  the  physical  conditions  which  affect  storage  and 
discharge.  Percolation  water,  having  passed  through  surface 
soil  into  permeable  strata,  trickles  downwards  through  in- 
terstices and  fissures  until  its  downward  progress  is  stopped 
by  impermeable  strata,  or  until  it  reaches  an  existing  water 
•surface.  Its  course  afterwards,  in  either  case,  is  most  prob- 
ably like  that  of  water  in  open  channels,  to  which  fissures 
and  large  interstices  in  the  strata  are  a  rough  parallel.  Each 
fissure  or  miniature  channel  has  its  rate  of  discharge  and  a 
hydraulic  gradient  inseparably  related  to  the  discharge  rate. 
The  hydraulic  gradient 'is,  of  course,  the  water  surface.  The 
surface  of  percolation  water  in  a  network  of  fissures  and 
interstices,  assumed  continuous  through  intervening  rock,  has 
been  termed  the  surface  of  saturation,  but  is  more  generally 
called  sub-soil  water  level.  It  is  really  a  network  of  hydraulic 
gradients,  and  for  any  particular  position  there  is  a  related 
flow,  or  rate  of  discharge.  Its  slope  depends  partly  on  the 
size  and  extent  of  the  fissures,  which,  being  usually  of  small 
size,  will  have  steeper  gradients  than  those  which  we  usually 
associate  with  open  channels.  The  surface  of  saturation  is 
not  level;  it  bears  no  relation  to  the  surface  of  the  ground, 
hut  inclines  towards  the  outlets  for  percolation  water,  and  it 
coincides  with  free  water  surfaces.  Its  position  is  not  fixed, 
but  is  slowly  altered  by  discharge  and  supply;  and  should 
supply  disturb  the  hydraulic  gradients  throughout  the  surface 
of  saturation,  there  is  a  natural  tendency  to  settlement  to 
some  position  which  corresponds  throughout  with  a  particular 
discharge  rate. 

The  conclusions  are  that  where  part  of  the  rainfall  can 
percolate  to  the  deeper  subsoil,  a  surface  of  saturation  is 
formed  in  the  fissure  and  interstices  of  the  rocks,  and  that 
there  is  a  rate  of  percolation  discharge  corresponding  tc  each 
position  of  the  surface  of  saturation,  and  such  conditions  wi?': 
generally  obtain.  Where  clay  immediately  underlies  the  sur- 
face soil,  discharge  conditions  are  perhaps  slightly  different, 
but  the  author  has  not  had  an  opportunity  of  investigating 
such  a  case. 

Determination  of  Quantity  of  Percolation  Water. — The 
<  (inditions  of  storage  of  percolation  water  may  not  always  be 


the  same  as  those  mentioned,  for  it  is  quite  possible  there  are 
what  might  be  termed  natural  subsoil,  but  leaking  storage 
reservoirs,  the  discharge  from  wftieh  might  be  considered 
as  from  a  reservoir  outlet  pipe.  In  sucii  a  case  hydraulic 
lav.'s  would  apply,  and  the  discharge  would  have  its  related 
"head"  and  its  hydraulic  gradient.  The  author  has  evidence 
in  two  cases  of  excavations  which  pointed  to  the  existence 
of  leaking  subsoil  storage  reservoirs.  In  one  of  these  cases 
the  volume  of  water  was  large,  and  the  annual  variation  of 
water  level  small,  sufficient  to  show  that  if  leakage  did  occur 
it  could  have  been  continued  for  at  least  a  year  of  absolute 
drought. 

In  considering  how  the  available  quantity  of  percolation 
water  might  be  approximately  determined  from  percolation 
discharge,  it  will  materially  assist  if  we  first  consider  con- 
ditions affecting  the  discharge  from  a  tank.  The  discharge 
rate  or  flow  curve  from  a  pipe  outlet  from  an  irregularly 
shaped  tank  would  be  of  some  such  form  as  shown  by  the 
firm  line  EF  in  Fig.  3,  the  rate  of  discharge  at  any  time 
being  represented  by  an  ordinate  of  the  diagram  at  that  time; 
thus  EE  represents  the  rate  of  discharge  at  the  time  E.  Hav- 
ing the  whole  diagram,  the  total  discharge  is  measureable; 
the  total  discharge  represents  the  "storage  capacity"  of  the 
tank,  which  is  thus  determined  by  means  of  the  flow  curve 
alone.  Let  us  call  this  curve  (EF)  the  basic  curve,  and  note 
that  any  rate  of  discharge  denotes  a  related  position  of  the 
water  level  in  the  tank,  and  some  corresponding  amount  of 
storage.  It  is  quite  obvious  that  if  the  tank  were  again  filled. 
the  basic  curve  would  be  reproduced;  and  if  the  rate  of  dis- 
charge at  a  given  time  be  ascertained,  the  subsequent  rates 
of  flov/,  or  the  total  available  flow,  can  be  foretold  from  the 
basic  curve,  no  actual  observations  of  the  water  levels  in  the 
tank  being  necessary.  AVhen  a  fresh  supply  of  water  is  poured 
iuto  the  tank,  it  results  in  a  corresponding  alteration  in  the 
flow  curve,  which  repeats  some  part  of  the  basic  curve  after 
the  supply  is  stopped,  and  by  means  of  the  basic  curve  the 
amount  of  supply  can  be  determined. 

This  case  is  illustrated  by  the  dotted  line  in  Fig.  3,  which 
shows  the  effect  of  a  fresh  supply.  After  the  supply  has  been 
stopped,  the  flow  curve  GH  is  a  repetition  of  a  part  of  the 
basic  curve.  The  rate  DG»  being  the  same  as  EE  at  some 
point  on  the  basic  curve,  the  curve  GH  is  the  same  as  the 
curve  EF.  It  is  obvious  that  the  amount  of  the  fresh  supply 
has  caused  the  increase  of  flow  shown  by  the  shaded  portion 
of  the  diagram,  and  the  difference  between  the  total  dis- 
charges as  shown  by  the  curves  CGH  and  CF  obviously 
shows  the  total  amount  of  the  fresh  supply.  The  latter  is 
also  measurable  in  another  way;  the  ordinates  EE  and  DG 
are  equal,  and  show  that  the  quantity  of  water  in  the  tank 
at  the  times  E  and  D  were  the  same;  hence  the  total  dis- 
charge between  the  times  E  and  D  as  shown  by  the  curve 
ECG  was  the  net  gain,  or  the  amount  of  fresh  supply.  Sim- 
ilarly, by  locating  the  time  J  when  the  oi'dinate  J.I  is  equal 
to  CC,  the  total  discharge  between  the  times  C  and  J,  shown 
by  the  curve  CGJ,  is  also  equal  to  the  fresh  supply.  The  last 
mentioned  is  the  method  which  appears  most  convenient  for 
ascertaining  the  amount  of  gains  accruing  from  rainfalls. 

It  must  be  borne  in  mind  that  it  is  a  short  method  of 
measuring  total  gain,  which,  as  shown  by  the  shaded  portion 
in  Fig.  3,  causes  an  increase  of  flow  over  a  considerably 
longer  period  than  that  denoted  by  the  time  CJ.  The  ag- 
gregate percolation  discharge  from  a  drainage  area  is  really 
a  number  of  discharges  from  dift'erent  ill-defined  and  over- 
lapping areas,  and  may  be  likened  to  that  from  a  series  of 
tanks  having  various  rates  of  discharge  and  various  rates  of 
supply,  making  it  doubtful  whether  the  principles  would  hold 
good;  yet  the  average  rate  of  supply  to  each  tank  governs 
the  rates  of  discharge  to  a  considerable  extent;  thus,  when 
supplies  are  small  low  discharges  prevail,  and  the  converse 
of  this  also  holds  good. 

The  supply  of  percolation  storage  is  "available  rainfall," 
the  governing  influence  of  whicR  is  best  illustrated  by  the 
fact  that  streams  and  rivers  throughout  the  country  show 
lowest  flows  at  about  the  same  times.  It  is  now  proposed  to 
apply  the  above-mentioned  principles,  which  are  based  upon 
well-known  hydraulic  laws,  to  percolation  discharge,  which  is 
believed  or  assumed  to  be  subject  to  the  same  laws,  and 
should  tests  indicate  agreement,  it  might  reasonably  be  pre- 
sumed that  the  assumption  is  correct. 

Basic  Curve  of  Percolation  Discharge. — Let  us  now  suppose 
that  after  a  period  of  considerable  percolation  the  natural 
storage  of  percolation  water  is  as  great  as  it  can  be,  that  the 
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stored  water  receives  no  further  supply,  but  is  exhausted  by 
discharg,?.  The  flow  curve  obtained  during  this  period,  here- 
after called  the  "basic  cuuve  of  percolation  discharge,"  would 
be  a  parallel  to  the  basic  curve  of  the  hypothetical  tank  dis- 
charge; and  whenever  similar  conditions  obtain,  some  parts 
of  the  basic  curve  should  be  reproduced  between  times  of 
fresh  supplies.  Let  us  now  test  the  actual  stream  flow  curve 
to  se€  whether  or  not  it  does  bebave  in  this  manner;  for  if 
it  does,  we  might,  from  these  reproduced  parts,  construct  a 
considerable  length  of  the  basic  curve.  The  method  of  testing 
is  as  follows:  Reproduce  on  a  diagram  the  flosv  curve  shown 
during  an  absolute  drought  in  which  the  lowest  flow  is  meas- 
ured, as  AB  in  Fig.  4.  Reproduce  a  second  drought  flow  curve 
in  which  the  second  lowest  flow  is  measured,  as  CD,  so  that 
the  ordinate  showing  the  second  lowest  rate  coincides  with 
the  ordinate  of  fhe  first  curve  showing  the  same  rate.  Then, 
if  the  principles  apply,  a  length  of  the  second  curve  will  co- 
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incidc  with  a  length  of  the  first,  and  the  coinciding  portions 
show  a  length  of  the  basic  curve.  Similarly,  other  drought  or 
rainless  period  lengths  of  the  stream  flow  curve  can  be  re- 
produced until  the  greatest  available  length  of  basic  curve 
is  obtained.  It  is  recommended  that  a  tracing  of  the  basic 
curve  be  then  applied  througliout  the  stream  flow  to  test 
whether  the  flow  curve  in  all  rainless  periods  reproduces  a 
part  of  it.  The  author  tested  in  this  manner  the  basic  curve 
as  shown  by  EF  in  Fig.  4,  and  found  that  the  discrepancies 
were  so  slight  thai  they  may  have  been  due  to  variations  of 
evaporation  from  the  stream  surface.  For  accuracy,  fine  read- 
ings are  necessary,  particularly  where  the  flow  curve  is  al- 
most flat,  but  in  two  cases  the  author  obtained  basic  curves 
where  only  rough  daily  gaugings  were  given,  and  these 
showed  agreement  with  actual  flow  in  rainless  periods  as 
nearly  as  it  was  possible  to  ascertain.  The  stepped  curve  of 
daily  gaugings  was  replaced  by  one  passing  through  the 
middle  points  of  the  horizontal  portions.  The  basic  curve  as 
shown  by  EP  in  Fig.  4  agreed  with  the  stream  flow  curve 
from  three  to  five  days  after  rainfall  had  ceased;  towards  the 
eiid  of  this  period  the  difference  between  the  two  was  slight, 
but  such  as  to  shorten  the  times  at  which  the  basic  curve 
was  applicable;  and  this  period  was  In  another  case  appar- 
ently from  four  to  as  much  as  ten  days,  and  in  each  case 
varied  as  the  yield  from  rainfall  was  smaller  or  larger. 

It  will  be  obvious  that  the  basic  curve  of  percolation 
discharge  is  not  capable  of  application  at  times  when  there 
is  both  surface  run-oft  and  percolation  discharge,  and  that 
its  use  would  be  strictly  limited  to  the  times  at  which  the 
flow  curve  of  the  stream  had  assumed  the  basic  curve  form, 
and  it  is  important  that  this  should  be  noted.  When  the 
former  has  assumed  agreement  with  the  latter  for  even  a 
short  distance,  the  basic  curve  can  be  used,  in  precisely  the 
same  manner  as  that  obtained  from  the  hypothetical  tank 
discharge,  to  foretell  subsequent  rates  of  flow  which  would 
occur  in  the  absence  of  fresh  supplies  to  the  limit  of  minimum 
flow  previously  measured,  and  to  state  the  time  at  which  that 
limit  would  be  shown;  also  to  determine  the  volume  of  per- 
colation water  available  in  the  meantime.  Where  times  of 
application  permit,  the  fresh  supplies  form  periods  of  rainfall, 
i.  e.,  the  available  percolation  supplies,  and  occasionally  that 
due  to  a  particular  rainfall,  also  the  difference  between  the 
respective  amounts  of  available  percolation  water  in  store  at 
different  times,  can  be  determined.  It  may  be  noted  that  fhe 
length  of  the  basic  curve  was  determined  only  to  certain 
limits,  but  this  fact  does  not  prevent  its  use.  An  estimate 
of  its  continuation  could  be  made  for  the  purpose  of  determin- 


ing   probable    minimum    flow    under    worse    conditions,    but 
otherwise  would  not  be  necessary. 

AVlien  a  tracing  of  the  basic  curve  is  applied  to  a  flow- 
curve  at  a  time  before  a  peak,  to  show  how  the  latter  wouldl 
have  continued  in  the  absence  of  rain,  the  difference  between 
the  two  curves  shows  the  increase  of  flow  which  the  raia 
has  caused.  So  much  of  the  increase  as  is  due  to  increasedl 
percolation  discharge  would  be  of  similar  form  to  the  shaded! 
portion  of  Fig.  3.  The  maximum  benefit  from  this  source  is- 
shown  to  occur  a  short  time  after  rainfall,  but  the  benefit 
continues  for  a  very  long  period  at  a  slowly  decreasing  rate. 
As  a  corollary,  it  might  be  expected  that  the  total  percolationi 
discharge  at  any  time  depends  upon  the  amount  of  percola- 
tion which  has  obtained  during  many  preceding  months,  and! 
the  effect  of  percolation  during  a  particular  month  is  reflected' 
most  largely  in  the  next  month,  and  to  a  less  and  less  extent 
in  each  succeeding  month.  Examinations  of  many  flow  curves 
have  confirmed  this  fact. 

Let  us  now  assume  that  before  and  after  a  particular  rain- 
fall the  stream  flow  curve  has  assumed  the  basic  curve- 
form,  and  at  particular  times  before  and  after  the  peak  the 
rate  of  2,000,0(10  gal.  per  day  is  recorded;  the  gain  is  the  total 
discharge  between  those  two  times,  because  the  available- 
amount  of  percolation  water,  as  indicated  by  the  basic  curve, 
was  the  same  at  both  times;  thus  the  benefit  accruing  from 
a  particular  rainfall  is  measured.  In  this  case,  should  the 
stream  flow  curve  assume  the  basic  curve  form,  but  not  con- 
tinue so  far  as  to  show  the  rate  of  2,000,000  gal.,  but  only, 
say  4,000,000  gal.  per  day,  the  basic  curve  can  be  applied 
to  the  flow  curve  to  continue  the  latter  to  the  time  at  which 
the  rate  of  2,000,000  gal.  per  day  is  shown.  Then  the  total' 
discharge,  as  shown  by  the  flow  curve  and  its  continuation, 
between  the  two  times  represents  the  amount  of  gain. 

This  case  is  illustrated  by  Fig.  5,  which  shows  an  in- 
serted curve  EF,  which  is  a  reproduction  of  a  part  of  the 
basic  curve.  The  time  J  is  flxed  by  the  rate  I.J,  which  is 
the  same  as  GH.  A,  B  and  C  show  the  total  gain  due  to 
the  particular  rainfall.  A  is  the  estimated  surface  run-off, 
whilst  B  and  C  show  the  gain  of  percolation  water.  The 
curve  at  G  must  be  of  basic  form,  otherwise  the  principles 
are  not  applicable  to  this  case.  It  was  not  necessary  to 
draw  the  portion  C,  as  its  equivalent  was  measurable  be- 
tween ordinates  of  the  basic  curve,  in  this  case  representing 
4,000,000  ,nnd  2.000,000  gal.  per  day,  but  it  suffices  to  illustrate 
plainly  how  much  more  percolation  water  was  in  store  at 
the  time  K  than  at  the  time  H,  and  shows  what  might- be 
called   the    "correction"   for   percolation   storage.     It   is    sug- 
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gested  that  this  correction  be  made  in  figures  representing: 
calculated  ev.aporation  -loss;  and  as  in  cases  where  these 
figures  are  taken  over  a  period  the  correction  might  be 
equivalent  to  2  in.  of  rainfall,  it  is  plan  that  uncorrected 
figures  may  be  inaccurate.  Were  the  basic  curve  only  ap- 
proximately obtained,  it  would  he  of  some  value  tor  making 
this  correction.  The  basic  curve  serves  to  illustrate  the  fact 
that  over  a  period  when  percolation  supply  becomes  reduced, 
"depletion"  of  percolation  storage  takes  place,  and  this  wilP 
continue  until  the  average  rate  of  supply  and  the  average 
discharge  are  roughly  balanced,  though  neither  is  actually 
constant.  Conversely,  when  percolation  supply  over  a  period 
becomes  increased,  the  "filling  up"  of  percolation  storage 
takes  place  before  supply  and  discharge  roughly  balance. 
From  another  point  of  view,  it  might  be  seen  that  the  aver- 
age rate  of  discharge  does  not  immediately  change  to  equal 
an   average    rate    of   supply,    but   the   difference    goes   to,    oi- 
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is  taken  from,  storage,  until  the  surface  of  saturation  is 
at  such  a  level  that  average  supply  and  discharge  are  about 
balanced;  thus  a  year's  minimum  can  only  occur  after  a 
period  of  small  supplies,  and  a  years  maximum  only  after  a 
period  of  large  supplies. 

It  occurred  to  the  author  originally  that  if  one  couia 
.determine  the  available  percolation  water  stored  in  a  dram- 
.uge  area  at  the  end  of  a  winter  period,  there  would  be  some- 
thing of  value  in  estimating  the  amount  of  artificial  storage 
required  to  maintain  a  constant  supply,  because  with  a 
greater  amount  of  natural  storage  less  artificial  storage 
would  apparently  be  necessary.  The  available  percolation 
storage  can  be  ascertained  with  the  assistance  of  a  basic 
<;urve  no  doubt  in  many  cases  within  near  limits;  yet  the 
author  thinks  this  figure  would  be  of  doubtful  value,  for  it  is 
obvious  that  before  percolation  discharge  can  become  equal 
to  its  average  rate,  supplies  from  subsequent  rainfall  must 
first  replenish  the  depleted  percolation  storage  according  to 
the  amount  which  has  been  temporarily  available  from  that 
■source.  And  for  the  same  reason  it  is  doubtful  whether  the 
figure  of  minimum  rate  of  flow  is  of  much  value  where  a 
large  proportion  of  the  mean  flow  is  required  for  a  constant 

supply.  . 

The  author  suggests  another  use  for  the  basic  curve 
In  which  it  might  be  of  more  value.  As  evaporation  during 
the  winter  is  small  and  the  gains  from  rainfall  should  nearly 
equal  the  rainfall,  the  former  is  the  discharge,  plus  or 
minus  the  difference  in  percolation  storage  at  the  beginning 
and  end  of  a  test  period.  If  the  difference  between  the  rain- 
fall and  the  total  gain  could  be  accounted  tor  by  evapora- 
tion it  would  be  sate  to  presume  that  the  drainage  area  was 
water-tight;  if  not.  there  might  be  proof  that  percolation 
water  from'  outside  sources  was  feeding  the  stream,  or.  on 
the  other  hand,  indications  of  a  serious  loss  of  percolation 
water  from  the  drainage  area.  In  the  latter  case  there 
would  be  warning  that  the  installation  of  a  dam  might  be 
unfortunate,  (.r  even  disastrous.  There  has  been  sufficient 
■evidence  put  forward  by  observers  to  show  that  the  percola- 
tion drainage  area  is  in  some  cases  considerably  different 
from  the  topographical  drainage  area,  and  to  consider  them 
-as  equivalent  without  satisfactory  evidence  that  such  was 
the  ca'^e  might  be  an  unsound  presumption. 

Evaporation  and  Percolation  Storage.— The  rate  of  evapora- 
tion   from    water    surfaces    appears    to    follow    an    ill-defined 
Telation   to   the  power  of  the  sun   and   the   duration   of   sun- 
shine, whilst  wind   also  has  a  slight  influence;    but  evapora- 
tion from  a  drainage  area  is  influenced  by  other  conditions, 
such   as  the  soil,   percolation  rate,   elevation   and   vegetation. 
The   most   important   factor  other  than   the  sun   is  probably 
the  capacity  of  the  surface  soil  for  moisture.     The  power  of 
the  soil  to  retain  water  is  known  as  capillary  attraction,  and 
it  is  a  power  which  defies  to  some  extent  the  force  of  grav- 
ity    When  these  conflicting  forces  are  balanced,  the  amount 
■ot  water  retained   in   the   soil   is   relatively   large    (no   doubt 
often  equivalent  to  three  inches  of  rainfall),  but  very  variable, 
according   to   depth   and  fineness,  and   perhaps  also  variable 
with    weather    conditions.      The    power    ot    evaporation,    due 
largely  to  the  influence  of  the  sun.  appears  to-  be  a  stronger 
force  than  that  ot  the  capillary  attraction  of  the  soil,  for  the 
■soil  is  robbed  of  part  of  its  moisture,  and  therefore  makes 
a    toll    of    subsequent   rainfall.      It    is    doubtful    whether    the 
soil  can  take  its  full  share  from  a  particularly  heavy  fall  as 
it  requires  too  much  time  to  do  so.  and  consequently  part  of 
the    rainfall    percolates    before    the    soil    is    fully    satisfied. 
Though  this   latter  point  remains  in  doubt,  it  is  quite  clear 
that  a  large  part  of  the  evaporation  loss  in  a  dry  period  is 
replaced  from  subsequent  rainfall,  and  at  times  there  is  but 
a  small  balance  available  to  supplement  stream  flow.    In  hot. 
tlry  months  evaporation  loss  from  a  drainage  area  is  smaller 
in'  the  absence  of  rain  than  it  would  otherwise  be.  because 
the  moisture  is  not  available  for  evaporation.     The  surface 
soil    probably    draws    to    some    extent    upon    the    subsoil    im- 
mediately below  it.  for  even  vegetation  which   derives   sup- 
plies from  some  depth  below  the  surface  has  at  such  times 
difficulty  in  maintaining  life.     Evaporation  cannot  reduce  the 
percolation  storage  where  the  latter  is  in  deep  subsoil,  but 
may  reduce   very  slightly  the  discharge  from   such   a  source 
by  "evaporation  from  the  stream  surface. 

'Figures  quoted  as  calculated  evaporation  losses  from 
drainage  areas,  though  amended  by  the  correction  already 
suggested,  would  also  include  losses  due  to  percolation  water 
■escaping  from  the  drainage  area,  and  for  these  reasons  they 


are  of  doubtful  value.  The  same  remarks  apply  to  the  fig- 
ures given  in  certain  text-books  to  represent  evaporation 
losses  due  to  different  forms  of  vegetation,  as  they  are  prob- 
ably based  on  differences  between  rainfall  and  stream  flow. 

Investigations  of  loss  by  evaporation  have  been  made  by 
means  ot  percolation  gauges,  but  there  does  not  appear  to 
be  such  definite  agreement  between  the  records  as  might  en- 
able accurate  conclusions  to  be  deduced  therefrom.  It  is 
difficult  to  see  how  soil  and  subsoil  can  be  disturbed  and 
placed  in  a  percolation  gauge  in  a  condition  equivalent  to 
that  in  which  they  originally  existed,  and  as  in  the  usual 
form  of  percolation  gauge  no  surface  run-off  is  possible,  the 
surface  water  is  exposed  to  absorption  and  to  evaporation 
influences  for  a  longer  time  than  it  would  be  on  a  steep 
drainage  area. 

Lag.— This   term  appears  to  be  frequently  used   to  denote 
the  time  taken  tor  percolation  water  to  influence  flow,  and 
apparently  is  the  result  of  investigations  of  the  flow  of  the 
River  Thames,  in  which  there  was  shown  to  be  a  lag  of  five 
months    between    the    maximum    rainfall   and   the    maximum 
flow,   and   the   minimum   rainfall   and   the  minimum   flow  re- 
spectively.   These  results  were  obtained  from  average  month- 
ly figures  of  a  period  ot  twenty  years,  and  it  is  very  ques- 
tionable whether  it  is  correct  to  say  that  percolation  water 
takes  five  months  to  reach  the  river.     It  is  clear  that  it  is 
not    the    total   rainfall    which    constitutes    flow,    but   only    so 
much  as  is  available  after  accounting  for  losses.    If  we  were 
able    to   determine    monthly    evaporation    losses    and    deduct 
them    from    the    total    monthly    rainfall,    we    might    make   a 
diagram  of  "available  rainfall,"  which  from  established  facts 
would   be   relatively   very   small   in   summer,   and   very   little 
different  from  total  monthly  rainfall  in  winter.    If  five  months 
lag  were  allowed  for,  the  minimum  monthly  flow  from  aver- 
ages over  a  number  of  years   would  be  expected  about   De- 
cember,  and   the   maximum   flow   about   May;    as   this   is   so 
different  from  what  actually  occurs,  it  seems  clear  that  the 
period   of   five   months   is  incorrect,  and  moreover  it   is   not 
even   supported    by   actual    monthly    records    of   rainfall    and 
flow.     From  monthly  records  of  the  flow  of  the  Thames,  it 
appears  clear  that  there  is  no  marked  difference  in  point  of 
time  between  the  flow  curve  of  the  Thames  and  those  of  other 
British  streams   and   rivers   from  areas   in   which   geological 
conditions  are  a  remarkable  contrast.    It  might  be  reasonably 
expected    that   percolation    from    rain    which    falls    near   the 
banks  of  the  river  -n'ould  feed  the  surface  of  saturation  close 
to   the   river,   causing   some   increase   of   flow   within   a   very 
few  days  at  most.     It  may  be  noted  that  percolation  equiv- 
alent to  one  inch  of  rainfall  might  raise  th^  surface  of  satura- 
tion by  several  feet  if  the  fissures  were  of  small  size.     The 
monthly   records   of  the   flow   of  the   Thames  appear  to  the 
author  to  show  a  measure  of  agreement  with  his  conclusions 
based   on  observations  from   totally   different  sources;   there 
are   indications  of  depletion   of   percolation   storage   towards 
the  end  of  the  summer,  and  the  filling  up  towards  the  end 
of  the  winter,  where  the  maximum  percolation  discharge  is 
most  liable  to  occur  in  not  only   the  Thames,   but   in  every 
British  stream  or  river.    , 

Snow  is  another  source  of  error  in  calculating  evaporation 
losses  from  drainage  areas;  its  presence,  or  any  doubt  as 
to  its  presence,  spoils  the  value  ot  comparisons  of  precipita- 
tion, flow  and  evaporation.  Wherever  gaugings  are  taken. 
weather  conditions,  and  especially  the  existence  of  snow, 
should  be  recorded. 

The  maximum  flood  rate,  or  average  rate  ot  a  short  period, 
is  of  importance  as  the  basis  for  determination  ot  sizes  of 
reservoir  culverts  and  weirs.  It  is  the  custom  to  base  cal- 
culations on  the  highest  flood  rate  which  obtained  in  a 
particular  drainage  area,  and  allow  a  little  more  to  be  "on 
the  safe  side."  Though  it  may  be  safe,  it  is  not  a  very 
scientific  method  of  determination,  for  figures  which  apply 
to  one  area  do  not  correctly  apply  to  another.  Flood  dis- 
charge is  chiefly  surface  run-off  and  is  dependent  upon  a 
factor  which  varies  for  each  area,  and  probably  largely  on 
intensity  of  rainfall,  so  that  unless  the  latter  has  been  ob- 
served in  conjunction  with  stream  flow,  reliable  estimates 
cannot  be  made  for  possible  maximum  rates. 

The  flow  curve  of  a  spring  is  that  of  percolation  water 
alone.  The  author  would  expect  a  spring  flow  curve  to  have 
similar  featuies  to  that  ot  a  stream  flow  curve  were  the 
"peaks"  of  the  latter  removed,  and  would  expect  the  prin- 
ciples stated  to  be  capable  of  application  in  most  cases. 
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British  View  of  Various  Forms  of 
Construction  Contracts 

By  FREDERICK  L.  DORE, 
President    National    Federation    of    Building    Trades    Employers   of 

Great  Britain. 

From    n    paper    presented    before    the    Royal    Institute    of    British 

Architects. 

The  first  thought  that  suggests  itself  Is  to  ask  the  question, 
Has  the  present  system  worked  satisfactorily?  The  unani- 
mous reply  to  this  must  unquestionably  be  a  decided  nega- 
tive, and  this,  in  my  judgment,  is  wholly  due  to  the  present 
type  of  competitive  tendering.  To  obtain  a  real  and  true 
competition  and  not  a  farcical  one  such  as  at  present  obtains, 
the  first  requirement  is  that  the  commodity  supplied  shall  be 
the  same.  I  ask  anyone  intimately  acquainted  with  the  build- 
ing trade  if  such  a  condition  of  things  exists  at  the  present 
time?  We  find,  I  think,  it  will  be  generally  agreed  that  build- 
ing work  has  for  many  years  been  executed  at  far  too  cbeap 
a  rate,  and  that  all  parties  concerned  in  its  production  have 
been  inadequately  remunerated. 

In  the  first  place,  the  workman  has  only  received  a  bare 
living  wage;  the  contractor,  after  providing  interest  on  the 
capital  invested  in  his  premises,  machinery,  plant,  etc.,  has 
had  an  exceedingly  meager  remuneration  for  his  individual 
efforts;  and,  consequently,  the  architect  has  received  his 
percentage  on  a  considerably  less  sum  than  his  work  entitles 
him  to;  and  the  only  person  who  has  reaped  the  advantage 
is  the  building  owner,  who  is  often  merely  a  speculator. 

At  the  same  time,  some  form  of  contract  system  is  undoubt- 
edly both  desirable  and  necessary.  The  injury  to  the  industry 
has  in  my  judgment  largely  been  brought  about  by  the  pres- 
ent inequitable  system  of  competitive  tendering.  It  has  been 
responsible  for  a  large  portion  of  the  inferior  designed  and 
the  greater  portion  of  the  badly  constructed  and  scamped 
work  which  has  been  produced  during  the  last  50  years. 
Theoretically,  a  competitive  system  properly  administered 
has  much  to  commend  it,  if  one  presupposes  that  all  persons 
entering  into  competition  turn  out  exactly  the  same  quality 
of  work,  in  which  case  the  man  who  adopts  the  best  methods 
and  has  the  best  organization  will  reap  the  benefit  of  it  and 
obtain  the  larger  share  of  the  work  for  which  he  tenders.  (I 
do  not  think  the  percentage  of  profit  he  is  i^atisfied  with  enters 
very  much  into  the  question,  because  it  will  be  found  that 
the  inferior  work  tears  very  much  higher  rates  of  profit  than 
the  better  class.)  The  architects,  I  am  afraid,  are  not  entirely 
free  from  blame  in  this  matter,  and  have,  especially  in  com- 
petitively-designed work,  done  something  towards  bringing 
about  the  present  condition  of  things,  because  in  their  anx- 
iety to  give  their  client  the  very  utmost  for  his  money  they 
have  frequently,  where  perhaps  there  has  been,  say,  $.50,000 
to  spend,  designed  something  that  will  cost  $75,000,  with  the 
result  that  everything  has  had  to  be  pared  down  to  the  lowest 
possible  minimum;  and  the  main  object  has  been  to  get  hold 
of  a  builder  who  will  put  it  through,  somehow,  and  a  compe- 
tition in  which  a  whole  crowd  are  invited  to  tender  has  re- 
sulted in  totally  different  classes  of  work  being  pitted  against 
each  other;  exactly  the  same  effect  is  produced  in  the  case  of 
the  client  who  asks  for  a  $50,000  building  when  he  has  only 
$40,000  to  spend.  Such  competitions,  were  it  not  so  serious 
and  unjust  an  infliction  on  reputable  contractors,  would  be 
ludicrous. 

It  is,  I  think,  largely  from  this  cause  that  the  competitive 
contract  system  has  been  brought  into  disrepute.  We  have 
heard  repeatedly  during  the  last  two  or  three  years,  until  it 
has  almost  become  a  platitude,  that  "things  will  be  altogether 
different  after  the  war."  No  doubt  that  is  so,  and  nowhere 
win  it  be  more  apparent,  I  think,  than  the  building  industry, 
with  the  workmen  requiring — and  I  consider  very  properly^ 
that  their  remuneration  shall  be  such  as  will  enable  them  to 
put  something  by  for  old  age  and  have  more  of  the  amenities 
of  life  than  they  have  hitherto  enjoyed  with  the  changed 
standard  of  cost  and  mode  of  living.  Great  changes  must  in- 
evitably ensue.  This,  together  with  the  uncertainty  of  the 
cost  of  materials  of  all  kinds,  makes  any  contract  for  a  fixed 
sum,  where  the  work  is  likely  to  extend  beyond  a  month  or 
two,  a  gamble  of  the  most  reckless  kind,  and  should,  I  venture 
to  think,  be  utterly  condemned  and  discouraged.  That  this 
view  is  a  pretty  correct  one  is  demonstrated  by  the  report  of 
the  committee  set  up  by  the  government  and  presided  over 


by  Lord  Colwyn,  which  recommends  that  for  the  next  two  or 
three  years  at  least  tenders  for  work  should  be  based  on  a 
lump-sum  profit  irrespective  of  the  cost.  It  is  already  in 
operation  in  several  instances  with,  so  far  as  my  experience 
goes,  very  satisfactory  results  to  all  parties. 

For  the  benefit  of  those  not  acquainted  with  the  procedure 
I  may  briefly  explain  the  working  of  it.  The  quantity  sur- 
veyor, in  addition  to  taking  off  the  quantities,  prices  out  the 
work  at  what  he  considers  the  fair  cost  value,  and  the  con- 
tractor gives  a  quotation  for  the  sum  for  which  he  will  loan 
the  necessary  plant  and  accept  as  profit  on  the  actual  cost  of 
the  work;  a  further  provision  is  usually  inserted  that  any 
savings  on  the  quantity  surveyor's  estimate  of  prime  cost 
shall  be  equally  divided  between  the  employer  and  the  con- 
tractor; for  example,  supposing  the  prime  cost  is  estimated 
at  $50,000,  and  the  tender  for  plant  and  profit  is  $7,500,  and  at 
the  end  of  the  job  the  prime  cost  works  out  at  $45,000,  the 
contractor  then  receives  $2,500  in  addition  to  the  $7,500,  but 
if  on  the  other  hand  it  works  out  to  $55,000  he  then  only  re- 
ceives the  $7,500.  It  appears  as  though  for  the  future  three 
methods  of  contracting  satisfactorily  are  available: 

(1)  The  one  which  has  been  in  operation  up  and  down  the 
country  for  many  years,  and  on  which  many  of  the  largest 
and  best  buildings  have  been  erected — viz.,  a  percentage  on 
the  cost.  This,  unfortunately,  for  the  last  two  or  three  years 
has  been  somewhat  under  a  cloud,  and  has  been  brought  into 
disrepute  owing  to  a  large  amount  of  work  being  done  under 
these  conditions  bv  men  who  had  crept  into  the  trade  and 
who  were  not  builders,  and  the  scandals  which  have  arisen  ■ 
over  many  of  the  government  contracts.  But  speaking  from 
my  own  experience,  I  am  sure  it  will  be  borne  out  by  many 
other  contractors,  in  the  very  large  majority  of  cases  it 
operates  exceedingly  well  and  to  the  satisfaction  of  all  con- 
cerned. 

(2)  An  agreed  sum  certified  by  the  architect  as  being  a 
fair  and  reasonable  amount  but  without  competition.  It  may 
seem  extraordinary  to  some  persons,  but  I  can  positively 
assert  that  under  such  conditions  the  contractor  frequently 
obtains  less  profit  than  in  sharp  competitive  work.  When 
this  course  is  adopted  a  confidence  in  the  contractor  which 
he  recognizes  is  set  up,  and  many  matters  small  in  them 
selves  but  which  frequently  aggregate  to  a  considerable 
amount  have  to  be  carried  out  without  charge,  because  the 
Iniilder,  owing  to  the  confidence  which  has  been  reposed  in 
him,  feels  himself  unable  to  demand  an  extra  for  them, 
whereas  in  the  case  of  keen  competitive  work  every  item, 
however  small,  is  looked  after,  and  quite  properly  has  to  be 
paid  for.  Of  course,  at  the  present  moment,  owing  to  the 
uncertainty  of  prices  of  both  labor  and  materials,  no  lump- 
sum contracts  can  be  entered  into,  except  with  the  proviso 
for  an  up  and  down  addition  or  reduction  according  to  the 
fluctuations  of  the  market. 

(3)  The  system  as  recommended  in  the  Colwyn  Report  to 
which  I  have  already  alluded.  If  this  develops  as  satisfac 
torily,  as  so  far  it  seems  to  do,  I  believe  that  not  only  may 
it  apply  for  two  or  three  years,  but  may  form  the  basis  on 
which  the  contract  work  in  the  future  may  in  most  cases  be 
carried  out.  It  will  be  urged  by  some  that  a  client  before 
commencing  work  wants  to  know  exactly  his  commitments; 
my  reply  to  that  is,  that  a  man  proposing  to  build  should  noi 
arrange  to  spend  more  than  80  per  cent  of  what  he  can  con 
venieutly  afford.  We  all  know  that  the  individual  who  nicely 
balances  the  expenditure  on  his  living  to  the  exact  dollar  of 
his  income  generally  comes  a  cropper,  because  sooner  oi 
later  some  unexpected  expenditure  comes  about,  and  he  findt^ 
a  balance  on  the  wrong  side.  The  unsatisfactory  nature  ot 
the  contract  system  is  also  the  cause  of  the  great  difficulty 
the  Royal  Institute  of  British  Architects  and  the  National 
Federation  of  Building  Trades  Employers  have  experienced 
in  devising  a  form  of  contract  which  was  fair  and  equitable 
all  round.  Both  the  Royal  Institute  and  the  Federation  have 
been  respectively  engaged  for  some  time  in  preparing  new 
forms,  and  I  hope  at  an  early  date  a  joint  conference  will 
be  held,  when  something  more  suitable  to  present-day  re 
quirements  will  be  agreed  upon.  The  present  form  would 
without  doubt  have  been  scrapped  long  ago  but  for  the  fo) 
■bearance  of  our  trade,  and  the  common  sense  and  equitabli- 
manner  of  interpretation  adopted  by  the  great  mass  of  th» 
architectural  profession;  as  it  at  present  exists  it  is,  in  ig 
norant  or  unscrupulous  hands,  capable  of  causing  most  un- 
reasonable and  unjust  expense. 

To  take  only  one  clause  as  an   example — viz..   that   which 
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gives  the  architect  unlimited  power  to  reject  without  appeal 
any  material  he  may  choose.  I  have  a  case  in  my  mind  where 
a  man,  absolutely  ignorant  of  his  profession  and  wholly  de- 
pendent on  others  both  for  designing  and  carrying  on  his 
work,  time  and  again  objected  to  some  of  the  finest  materials 
that  came  into  the  market.  Such  cases  are  of  course  rare, 
but  a  contract  to  be  equitable  should  render  it  impossible 
for  such  a  case  to  occur. 

Some  kind  of  contract  is  not  merely  necessary  but  desirable 
for  both  parties  to  it,  and  I  personally  look  forward  very 
hopefully  that  with  the  development  of  the  sytem  recom- 
mended by  the  Colwyn  Report  and  mutual  agreement  be- 
tween the  R.  I.  B.  A.  and  our  N.  F.  a  form  of  contract  will 
at  no  distant  date  be  framed,  whereby  the  old  insane  gamble 
and  cut-throat  system  may  become  a  thing  of  the  past,  and 
be  superseded  by  one  in  which  work  may  be  carried  out  rea- 
sonably and  well,  and  to  the  satisfaction  of  all  parties  con- 
cerned; and  I  believe  that  work  will  be  produced  which  will 
mark  the  twentieth  century  as  one  in  which  the  quality  of 
iiuilding  work  all  I'ound  reached  an  excellence  such  as  it  liad 
never  previously  attained. 


Power  and  Irrigation  Project  for  Palestine. — A  project  for 
utilizing  the  level  variation  between  the  Mediterranean  and 
the  Dead  Sea  by  means  of  power  stations  has  been  brought 
forward  by  Albert  Hiorth,  a  Norwegian  civil  engineer.  Ac- 
cording to  the  Norwegian  Trade  Review,  Mr.  Hiorth's  plan 
proposes  a  tunnel  about  37  miles  long,  running  east  and  west 
from  the  Mediterranean  to  the  Dead  Sea,  passing  under 
Jerusalem.  This  tunnel  would  carry  the  water  from  the 
Mediterranean  to  the  western  slopes  of  the  lower  end  of  the 
Jordan  Valley.  From  this  point  the  water,  would  he  directed 
Through  pipes  down  to  the  level  of  the  Dead  Sea,  where  a 
power  plant  with  turbo-electric  machinery  would  transform 
the  water  power  into  electricity,  to  be  distributed  as  light 
and  power  throughout  the  country  and  drive  a  pumping  plant 
at  the  southern  end  of  the  Lake  of  GenezJireth.  This  power 
would  be  utilized  in  the  following  ways;  For  the  production 
of  lime  nitrate  from  the  air,  and  also  for  the  extraction  of 
the  salts  contained  in  the  waters  of  the  Dead  Sea  and  for 
local  mining  operations  (asphalt).  For  electric  light  and 
power  throughout  the  country.  For  a  pumping  plant  at  the 
southern  end  of  the  Lake  of  Genezareth,  which  should  be 
regulated  by  dams  and  by  lowering  the  surface  level,  also 
possibly  by  making  the  River  Jarniuk  a  tributary.  At  a  suit- 
able altitude  above  the  normal  water  level,  two  canals  would 
be  built  running  from  the  lake  parallel  with  the  River  Jordan, 
and  from  these  canals  the  irrigation  water  would  be  distrib- 
uted to  the  local  Irrigation  centers  among  the  freshly  culti- 
vated fields,  sloping,  for  drainage,  toward  the  Jordan.  By 
economizing  the  water  during  the  dry  season,  and  by  a  thor- 
ough regulation  even  above  the  Lake  of  Genezareth,  there 
would  thus  be  obtained  an  ample  supply  of  water  for  the  irri-. 
gation  of  several  hundred  thousand  acres.  For  lar.E:e  salt 
works  to  produce  common  salt  from  sea  water.  The  water 
would  evaporate,  and  the  salt  could  be  collected  in  the  ordi- 
nary way.  For  reclaiming  the  shallow  southern  part  of  the 
Dead  Sea,  by  means  of  a  dam  from  Lison  westward  (the  pres- 
ent ford);  and  for  the  exploitation  of  the  vast  deposits  of 
asphalt  in  the  plains  of  Sodom  and  Gomorrah.  The  geological 
maps  of  the  country  indicate  what  w-ould  appear  to  be  very 
favorable  conditions  for  the  boring  of  a  tunnel,  although  prog- 
ress might  be  delayed  by  hot  springs.  According  to  the  Nor- 
wegian Trade  Review,  the  cost  of  the  Dead  Sea  tunnel 
(double),  mostly  without  masonry  and  with  a  minimum  area 
of  l.'ln  sq.  ft.,  would  approximate  $40,n00.0n0. 


Hydraulic  Rock  Blasting. — A  hydraulic  device  for  the 
blasting  of  rock,  and  especially  also  for  the  demolition  of 
concrete  piers  and  foundations,  is  briefly  described  in  the 
Zeitschritt  fiir  Schiesswesen  of  May  2,  1919.  The  device  is 
due  to  Dr.  Tubben,  of  the  Armaturenfabrik  Westfalia.  A 
pressure  pipe  leads  to  a  cylindei',  85  mm.  diameter.  In  which 
eight  pistons  move,  one  after  the  other  in  telescope  fashion. 
The  cylinder  is  inserted  into  a  hole  drilled  into  the  rock  by 
an  electric  motor;  the  pistons  are  forced  out  and  crack  the 
rock.  The  drilling  of  the  holes,  about  1  in.  in  depth,  is  said 
to  take  15  to  20  minutes,  the  blasting  five  minutes.  When 
the  rock  has  been  cracked,  a  tap  is  opened  and  the  water 
allowed  to  spurt  back.  The  device  is  said  to  have  proved 
very  successful  in  mines  and  quarries,  where  the  concus- 
sions of  explosives  w-ould   be   dangerous. 


Wood    as    Reinforcement    for 
Concrete 

From    Beton    u    Eisuii.    191i»;    pp.    85-88 

Experimental  beams  2%  in.  wide  and  4  in.  high  and  7 
ft.  4  in.  long  were  mounted  on  knife  edges  6  ft.  7  in.  apart. 
The  arrangement  of  the  reinforcement  in  these  beams  is 
shown  in  Fig.  1.  The  measurements  in  these  illustrations 
are  in  25ths  of  an  inch.  The  reinforcing  wires  were  fixed 
at  the  usual  angle  of  45°,  eight  wires  being  used. 

Beam   a   was   the    customary   type   of   reinforcement    with 
1.35  per  cent  of  steel,  and  was  used  principally  to  find  the 
Ee 

elasticity  ratio  n  = of  the  concrete,  and  the  correspond- 

Eb 

Eh 

ing  ratio  of  wood  concrete  m  = 

Eb 

Beams  c,  d,  e,  and  f  were  reinforced  with  wood  and  wire, 
the  wooden  bars  being  8  ft.  by  3%  in.  by  3>4  in.  The  break- 
ing loads  obtained  with  these  beams  showed  that  more 
wood  was  required  as  reinforcement.  On  doubling  the 
amount  of  wood  (beam  f)  the  breaking  load  was  also  doubled, 
but  owing  to  shearing  no  really  satisfactory  breaking  load 
could  be  obtained. 

Even  worse  results  were  obtained  with  a  wooden  plank 
( beam  g)  in  which  the  reinforcement  was  7  per  cent  of  the 
concrete  and  wires  were  fixed  in  position  by  means  of 
wedges. 

Beams  m,  n,  and  o,  made  of  magnesite  concrete,  gave 
higher  breaking  loads. 

.\  wooden  beam  of  the  same  size  as  the  concrete  ones  had 
a  breaking  load  greater  than  beams  a  to  n,  but  rather  less 
than  beam  o. 

The  relative  strength  of  beams  of  wood  (1)  wood-concrete 
f2).  and  reinforced  concrete  (3)  is  shown  in  Fig.  3.    As  Indi- 
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Fig. 


Fig.  2 — Diagramatic  Representation  of  Relative  Strength  of  Beams. 

cated  in  the  illustration,  a  wooden  beam  may  be  replaced  by 
a  concrete  beam  containing  20  per  cent  of  wood  and  a  con- 
crete beam  with  only  1  per  cent  of  steel  reinforcement.  As 
wood  is  more  liable  to  contain  defects  than  steel,  its  factor 
of  safety  should  be  5,  while  that  of  steel  may  be  2%. 

This  investigation  also  provides  a  means  for  overcoming 
some  of  the  difficulties  due  to  a  shortage  of  timber,  as  in 
wood-concrete  beams  much  less  wood  Is  employed,  and  in 
them  the  pieces  of  wood  may  be  merely  bolted  or  screwed 
together  to  form  a  reinforcing  member  of  the  requisite  size, 
whereas  in  a  wholly  wooden  beam  special  precautions  must 
be  taken  with  regard  to  joints. 

Wood-concrete  may  advantageously  be  used  instead  of 
ferroconcrete  in  light  structures  and  generally  in  cases 
where  wooden  beams  would  ordinarily  be  used. 

A  summary  of  the  results  of  the  tests  is  given  in  Table  I. 

TABLE    I. 


1 — Arrangement    of    Reinforcement    in     Experimental     Beams. 
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Stress  Measurement  of  Bridges 

From  The  Engineer,  London.  Aug.  1  and  S.  1919. 
The  measurement  of  stress  as  distinguished  from  the  cal- 
culation of  stress  is  a  matter  that  will  soon  become  of  impor- 
tance, and  is  one  of  the  lines  along  which  bridge  engineering 
will  be  further  developed.  Reliable  information  concerning 
the  actual  intensities  of  working  stresses  in  main  mfembers  of 
bridges,  ana  especially  in  their  connection  details  is  very 
meager,  notwithstanding  the  fact  that  such  information  would 
be  of  inestimable  value  to  all  designers  of  steel  bridges.  The 
importance  of  stress  measurements  is  so  great  that  it  might 
be  said  that  such  investigations  in  the  future  will  prove  one 
of  the  most  useful  aids  in  the  design  of  bridges  of  all  types, 
and  not  only  of  those  of  unprecedented  span. 

When  bridges  are  of  great  span  there  are  secondary 
stresses  to  consider  as  well  as  primary  stresses,  and  they 
cannot  always  be  satisfactorily  found  by  calculation,  which 
must  be  derived  from  assumptions;  but  even  in  smaller 
metallic  bridges,  even  where  secondary  stresses  probably  do 
not  exist,  it  would  be  a  manifest  advantage  to  know  the  actual 
as  compared  with  the  calculated  stress.  The  actual  measure- 
ment of  stresses  is  a  matter  that  must  depend  upon  the  quick 
application  of  easily  read  and  dependable  instruments  and 
gauges. 

From  these  findings,  particularly  in  connection  with  sec- 
ondary stresses,  the  design  of  bridges  may  be  improved  and 
made  more  rational  and  certain,  and  they  will  correct  or  con- 
firm the  results  of  theoretical  analysis.  Furthermore,  it  is  by 
no  means  certain  that  the  methods  will  be  devoted  to  bridge 
work  only.  This  experimental  verification  of  stress  conditions 
will  be  found  particularly  desirable  in  previously  unexplored 
engineering  fields,  or  wherever  there  are  special  features 
which  may  produce  uncertain  variations  from  calculated  and 
assumed  conditions.  Up  to  the  moment  theoretical  analysis 
is  far  in  advance  of  experimental  verification,  but  there  is 
certainly  a  growing  movement  towards  experimental  investi- 
gation, as  evidenced  by  the  many  tests  of  full  size  compres- 
sion members,  and  in  load  tests  of  bridges.  The  subject  of 
measured  strains  opens  the  way  to  advance  knowledge  relat- 
ing to  the  actual  conditions  or  states  of  strain  which  pertain 
to  engineering  structures  of  all  kinds. 

The  measurement  of  stress  has  only  been  found  practicable 
within  the  last  few  decades.  In  1883  Professor  Frankel  ap- 
plied his  extensometer  to  ascertaining  experimentally  the 
true  values  of  secondary  stresses  in  bridge  members,  and  his 
published  results  in  Der  Civilingenieur  had  the  effect  of  in- 
ducing some  foreign  engineers  to  abandon  the  use  of  riveted 
connections  in  favor  of  pin  connections,  with  the  use  of  which 
it  was  assumed  secondary  stresses  could  not  by  any  possi- 
bility exist. 

Where  a  mechanical  extensometer  of  sufficient  delicacy  is 
not  available  an  optical  method  of  measuring  the  extensions 
has  been  devised.  The  method  consists  in  measuring  upon  a 
screen  the  optically  projected  magnified  image  of  the  gap 
produced  by  the  separation  of  two  knife  edges  fastened  to 
the-  tost  piece,  the  projection  of  the  image  being  in  all  re- 
spects similar  to  that  employed  in  microphotography.  A 
source  of  lig'ht  being  placed  behind  the  knife  edge,  the  gap 
is  magnified  under  a  microscope  having  a  projecting  eye- 
piece and  camera  extensions  in  such  a  manner  that  the  degree 
of  magnification  may  be  readily  ascertained.  The  test  piece 
having  been  placed  in  position  in  the  testing  machine,  with 
the  knife  edges  properly  adjusted,  the  source  of  light  is 
focused  on  the  back  of  the  knife  edges,  the  gap  is  carefully 
focused  upon  the  screen,  and  the  width  of  its  image  is  meas- 
ured by  means  of  a  vernier.  A  known  load  is  then  applied, 
and  the  width  of  the  image  of  the  gap  is  again  measured.  The 
difference  of  the  two  readings  gives  the  extension  due  to  the 
load  applied.  This  process,  having  been  repeated  for  a  series 
of  increasing  loads,  readings  are  obtained  which  enable  a 
stress-strain  diagram  to  be  plotted,  and  the  modulus  of  elas- 
ticity of  the  test  piece  to  be  determined.  By  substituting  for 
the  screen  a  photographic  plate  contained  in  a  dark  slide,  a 
photograph  of  the  image  of  the  gap  may  be  obtained.  By  the 
combination  of  the  microscope,  camera,  and  vernier,  the  ex- 
tensions can  be  measured  accurately  to  V,oo«o  in. 

Professor  Coker's  apparatus  for  the  optical  determination 
of  stress  consists  primarily  of  two  Nicol  rhombs,  a  polarizer, 
and  an  analyzer.  If  a  beam  of  ordinary  white  light  is  passed 
through  the  two  rhombs  and  focused  on  a  screen,  and  the 
analyzer   is   rotated,   the   light   is   transmitted   or  cut   off  ac- 


cording as  the  rhombs  are  parallel  or  crossed.  If  a  thin  slice- 
of  colorless  crystal  of  uniform  thickness  is  placed  between 
the  two  rhombs,  the  transmitted  light  is  of  a  uniform  color, 
say,  blue,  and  by  rotating  the  analyzer  through  90°  the  com- 
plementary color,  yellow,  is  obtained.  For  investigations  of 
stress  a  piece  of  celluloid  is  placed  at  an  angle  of  45°  in  this 
apparatus.  A  pull  is  then  transmitted  to  it,  and  the  amounts 
of  the  load  recorded.  The  colors  change  with  the  amount  of 
the  pull,  each  color  or  shade  corresponding  to  a  definite  in- 
intensity  of  stress,  which  can  be  easily  calculated  if  the  speci- 
men is  of  some  simple  regular  shape,  resulting  in  a  uniform 
intensity  of  stress  throughout  it. 

In  1889  Mesnager  measured  the  stresses  in  some  of  the  web 
members  of  a  bridge  of  180  ft.  span  on  the  Orleans  railway 
of  France,  by  means  of  the  Rabut  extensometer,  and  described; 
the  work  in  the  Annales  des  Fonts  des  Chausees. 

The  instruments  were  fixed  at  four  points  of  the  cross 
section  near  each  end  of  a  member.  The  results  thus  ascer- 
tained experimentally  gave  similar  results  to  those  found  by 
calculation  as  regaids  the  stress  carried  by  the  member  as  a 
whole,  but,  remarkably  enough,  the  stress  was  not  found  to 
be  uniform  throughout  the  cross  sectional  area  of  the  bar, 
there  being  considerable  differences  between  the  actual 
stresses  on  the  opposite  sides  of  the  bar.  In  the  compression 
members  secondary  stresses,  amounting  to  200  per  cent  of 
the  direct  stress,  were  found  to  exist,  and  in  some  cases  there 
was  a  complete  reversal  of  stress,  from  calculated  compres- 
sion to  actual  tension  on  one  side  of  the  member.  In  the 
diagonal  members  secondary  stresses  of  a  value  of  45  per 
cent  of  the  calculated  direct  stress  were  found  to  exist.  Such 
results  showed  that  the  design  of  the  structure  was  by  no 
means  so  perfect  as  was  desirable. 

In  1901  some  further  experiments  were  made  on  the  bridges 
of  the  Orleans  railway,  and  were  also  described  in  the  Annales 
des  Fonts  et  Chausees.  The  investigations  were  carried  out 
on  comparatively  small  trussed  and  plate  girder  spans,  and 
interesting  results  were  achieved.  Some  of  the  plate  girder 
bridges  which  had  been  supposed  to  carry  heavy  stresses  were 
found  by  the  experimental  method  to  be  carrying  much  lighter 
stresses.  In  cases  where  longitudinal  ties  under  the  rails 
were  carried  on  pl£(te  girders,  the  latter  were  found  to  be 
acting  as  girders  having  fixed  ends,  the  stresses  actually  in 
the  center  of  the  span  being  much  less  than  those  calculated, 
and  with  reversed  stresses  at  the  ends.  In  truss  bridges  of 
small  span  secondary  stresses  of  30  per  cent  value  were  found 
to  exist  at  the  outside  of  the  upper  chord,  and  were  found  to 
be  due  to  the  deflection  of  the  cross  beams,  causing  the  top 
of  the  main  girders  to  move  laterally  inwards. 

The  bottom  chords  of  some  of  the  bridges  took  less  stress 
than  the  upper  chords  owing  to  a  certain  amount  of  the  stress 
in  the  bottom  chord  being  taken  gratuitously  by  the  rail  lon- 
gitudinals or  stringers  and  the  bottom  laterals.  The  cross 
girders,  with  ends  riveted  to  the  main  girders,  were  found  to 
act  only  as  simple  beams,  the  end  restraint  of  the  riveted 
connections  being  negligible.  Rail  longitudinals  acted  as 
simple  beams  when  loaded  between  the  cross  girders,  and  as 
girders  with  fixed  ends  when  the  load  was  symmetrically 
disposed  on  both  sides  of  the  cross  girder. 

This  experimental  verification  method  shows  the  necessity 
for  providing  for  negative  bending  moments  where  longitudi- 
nal rail  bearers  are  riveted  to  cross  girders,  the  need  for 
making  the  longitudinals  as  deep  as  possible  to  obviate 
torsional  stresses  in  the  cross  girders,  and  the  importance  of 
making  the  cross  girders  with  as  much  dopth  as  possible  to 
obviate  transverse  bending  of  the  main  girders  of  the  bridge. 
It  may  be  remarked  that  the  bridges  upon  which  the  experi- 
ments were  made  ^\ere  of  comparatively  small  span,  and  not 
of  the  largest  and  most  important  spans  in  existence.  It 
should  also  be  noted  that  the  effect  of  the  dead  load,  or  of 
the  erection  of  the  structure,  could  not  be  determined  in  any 
of  the  cases  we  have  cited. 

This  deficiency  was  more  than  made  up  by  the  experimental 
tests  carried  out  on  the  recently  built  Hell  Gate  Arch  Bridge 
over  the  East  River  in  New  York,  under  the  direction  of  Mr. 
Lindenthal. 

The  trusses  of  the  bridge  are  doubly  intermediate,  they  are 
two-hinged  arches,  and  they  have  redundant  members  in  the 
center  panel.  It  appeared  therefore  to  be  of  interest  to  dem- 
onstrate, by  measurements,  the  identity  of  calculated  and 
actual  stresses  in  the  finished  structure.  A  further  other  pur- 
pose of  extensometer  measurements  was  to  supply  a  safe- 
guard  during  erection  by  measuring  the  stresses  at  critical 
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points.  The  stresses  in  the  arch  members  and  in  the  back 
stays  were  thus  measured  in  the  successive  stages  as  the 
work  was  built  out,  panel  by  panel,  to  their  junction  at  mid- 
span. 

When  any  of  the  stresses  were  reaching  their  maximum 
values  they  were  closely  watched.  For  instance,  one  of  the 
eye-bars  in  the  forward  stay  was  found  to  have  a  stress  55 
per  cent  in  excess  of  the  average  stress  in  the  group.  As  the 
erection  progressed  the  difference  in  stress  gradually  dimin- 
ished until  all  the  eye-bars  were  found  to  be  uniformly  stressed 
to  nearly  20,000  lb.  per  square  inch. 

Another  application  of  the  extensometer  was  to  provide  a 
check  in  some  of  the  critical  operations  of  the  erection.  After 
seven  panels  had  been  erected  the  hydraulic  jacks  at  the  tops 
of  the  towers  were  operated  to  put  the  forward  or  upper  stay 
in  tension  and  release  the  lower  stay.  This  operation  was 
checked  by  the  extensometer  in  both  stays.  When  the  opera- 
tion was  carried  out  on  the  Wards  Island  side  it  was  found 
that  there  was  a  slight  compression  in  the  lower  stay,  indi- 
cating that  the  jack  had  gone  too  far,  and  the  jacks  were  then 
released  until  no  stress  was  found  in  the  lower  stay. 

After  the  trusses  met  in  mid-span  the  lowering  of  the  jacks 
to  close  the  arch  was  closely  followed  by  measuring  the  dimin- 
ishing stress  in  the  forward  or  upper  stay.  Measurements 
were  also  made  in  the  central  chord  member  to  make  sure 
there  was  no  excentricity  of  bearing  at  the  juncture  of  the 
two  half  arches. 

The  final  operation  of  closing  the  top  chord  at  the  crown 
was  also  checked  by  the  extensometer.  A  large  bolt  held  the 
members  together,  until  the  drilling  and  riveting  could  be 
done.  The  bolt  had  to  be  adjusted  to  a  condition  correspond- 
ing to  zero  stress  at  60°  F.  The  instrument  checked  this  oper- 
ation and  the  subsequent  stresses  in  the  top  chord  member. 

The  final  use  of  the  extensometer  was  to  provide  a  com- 
parison between  the  calculated  and  actual  secondary  stresses 
in  the  structure. 

The  instrument  used  was  the  20-in.  strain  gauge,  designed 
by  Mr.  James  E.  Howard,  which  is  essentiallj'  a  micrometer 
calliper.  The  measuring  points  are  hard  steel  conical  points 
attached  to  the  barrel  and  the  rod  respectively,  the  distance 
between  the  two  points  being  measured  by  a  micrometer 
contact  screw  at  one  end  of  the  barrel,  reading  by  a  circum- 
ferential vernier  to  1/10,000  in.  A  rectangular  steel  bar,  pro- 
vided with  two  center  holes  20  in.  apart,  accompanies  the 
instrument,  and  when  a  reading  is  made  a  comparison  reading 
is  made  on  the  bar,  the  difference  between  the  two  readings 
being  the  measurement.  The  same  observer  always  takes 
the  two  readings  to  eliminate  the  "personal  equation."  The 
steel  bar  is  allowed  to  rest  on  the  member  of  the  truss,  so 
that  the  temperature  shall  be  the  same,  but  nevertheless  a 
thermometer  is  attached  to  the  bar  and  another  to  the 
member  so  that  any  required  correction  can  be  made. 

Another  related  instrument  is  a  steel  trammel  bar  having 
prick  punches  20  in.  apart,  and  is  used  for  setting  out  the 
holes  in  the  member.  Of  course  the  holes  are  carefully  drilled 
and  cleaned  before  taking  any  readings.  This  method  of  meas- 
uring strains  has  teen  used  in  an  examination  of  the  dead 
load  strains  in  bridges  of  large  span  in  the  structural 
members  of  modern  buildings,  in  the  distribution  of 
stresses  in  the  sheets,  and  across  the  seams  in  large  boilers, 
in  the  investigation  of  the  internal  strains  in  steel  rails,  and 
also  in  the  study  of  thermal  effects  in  street  pavements.  It 
has  also  been  used  to  ascertain  the  internal  strains  in  steel 
forgings,  in  railway  axles,  in  cold  rolled  shafting,  and  the 
residual  strains  in  steel  bars  after  over-straining  loads  had 
been  applied  and  released. 

In  any  member  it  is  necessary  to  have  three  or  four  meas- 
urements near  each  end  of  tbe  cross  section.  The  lower 
chords  of  the  Hell  Gate  Bridge  are  of  a  double  rectangular 
section — see  Fig.  -1.  On  account  of  the  mass  of  metal  near 
the  center  diaphragm,  it  was  considered  that  measurements 
at  the  four  extreme  corners  of  the  section  would  not  be  fairly 
representative  of  the  entire  area.  Any  difference  of  tempera- 
ture between  the  diaphragm  and  the  outside  webs  would  pro- 
duce internal  stresses  in  the  member.  It  was  therefore  judged 
necessary  to  take  six  readings  at  each  cross  section,  as  shown 
in  Pig.  4,  there  being  twelve  gauge  points  in  each  member. 
pRCh  gauge  point  consisting  of  two  drilled  holes  20  in.  apart. 
XW  measurements  were  taken  in  the  inside  of  the  member, 
thus  affording  protection  for  the  gauge  points  from  rain  and 
dirt,  and  also  securing  greater  protection  for  the  observers. 
More  than  3.000  measurements  were  taken  in  the  members. 


besides  special  measurements  in  the  back  stays  and  eye-bars 
links. 

The  primary  stress  measurements  were  in  general  confined 
to  the  lower  chord  members,  as  they  are  the  most  important 
parts  of  the  structure,  carrying  nearly  all  the  dead  load  and 
the  live  load  when  covering  the  whole  span.  In  the  case  of 
the  secondary  stresses,  measurements  were  also  taken  for  the 
upper  chord,  the  diagonals,  and  the  verticals. 

By  arranging  the  six  measured  stresses  at  one  end  of  a 
member,  and  then  repeating  for  the  other  end  of  the  member, 
a  comparison  was  made  between  the  two  sets  of  values,  and 
the  comparison  gave  an  index  to  the  accuracy  of  the  results. 
The  average  of  this  difference  was  140  lb.  per  square  inch, 
the  maximum  difference  being  .500  lb.  per  square  inch,  and 
these  figures  represent  the  combined  effect  of  personal  and 
instrumental  errors,  but  can  be  accounted  for  by  a  very  small 
error   in    the   readings,   and    would   occur   by   an    inaccuracy 
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of  2/10,000  in.  in  each  micrometer  reading,  and  of  1°  F.  tem- 
perature reading. 

It  was  observed  that  the  magnitude  of  the  differences  be- 
tween the  end  measurements  had  no  connection  with  the 
magnitude  of  the  respective  stresses,  indicating  the  unsuit- 
ableness  of  the  method  for  the  smaller  stresses  of  less  than, 
say,  1,000  lb.  per  square  inch. 

In  the  final  or  two-hinge  stage  it  was  noted  that  in  the 
members  near  the  ends  of  the  span  the  upper  end  in  every 
case  was  found  to  present  a  larger  average  stress  than  the 
lower  end,  the  differences  ranging  from  450  lb.  to  2,800  lb.  per 
square  inch. 

A  comparison  of  measured  and  calculated  stresses  showed 
a  still  greater  discrepancy.  For  stresses  of  the  range  0  to 
1,000  the  average  discrepancy  was  50  per  cent,  from  1.000  to 
3,000,  17  per  cent,  descending  to  the  range  10,000  to  20,000 
when  the  discrepancy  was  only  6  per  cent,  indicating  that 
the  method  is  of  little  value  for  lower  stresses,  but  is  of  in- 
creasing value  as  the  intensity  of  the  stress  increases. 

The  most  important  of  the  physical  errors  was  found  to  be 
due  to  thermal  effects,  an  error  or  a  change  of  1°  P.  produc- 
ing an  error  of  195  lb.  per  square  inch.  Such  errors  are  not 
necessarily  due  to  incorrect  readings  of  the  thermometer,  but 
may  be  caused  by  a  difference  in  temperature  between  the 
inside  and  outside  of  the  web  plates  forming  the  member,  and 
on  a  sunny  day  the  outside  web  and  covers  may  be  hotter 
than  the  middle  diaphragm,  showing  that  a  cloudy  day  should 
be  selected  for  such  work. 

One  important  error  may  occur  in  the  assumption  of 
30,000,000  as  the  value  of  the  modulus  of  elasticity  during  the 
conversion  of  the  measured  strains  into  intensities  of  stress. 
There  may  easily  be  a  percentage  variation  of  ±  3  per  cent. 

But  the  whole  consideration  proves  the  futility  of  excessive 
refinement  in  the  calculation  of  stresses. 

A  comparison  was  also  made  to  establish  a  relation  between 
the  average  primary  stresses  and  the  extreme  variations  from 
these  average  secondary  stresses  in  t^e  members  of  the  struc- 
ture. Such  secondary  stresses  include  those  due  to  the 
bending  of  the  members  in  the  plane  of  the  truss,  possibly 
due  to  their  own  weight,  and  any  horizontal  or  lateral  bending 
stresses  from  wind  and  transverse  strains,  sbop  inaccuracies, 
internal  temperature  strains,  erection  strains,  lack  of  uni- 
formity of  materials,  etc. 

The  difference  was  taken  between  the  average  of  the 
twelve  measurements  in  one  member,  and  that  of  the  twelve 
varying  the  most  from  the  average. 

For  primary  stresses  of  the  range  0 — 1,000  the  extreme 
secondary   stress  averaged   268  per  cent,  decreasing  for  the 


(27) 


508 


Engineering  and  Contracting  for  October  29, 1919. 


range  7,000 — 8,000  to  32  per  cent,  indicating  the  diminishing 
relative  importance  of  secondary  stresses  with  increasing 
primary  stresses.  But  although  the  percentages  diminish  in 
this  way  the  absolute  values  increase,  averaging  1,580  lb.  per 
square  inch  in  the  lowest  range  up  to  2,370  lb.  per  square  inch 
in  the  highest  range.  In  100  cases  the  greatest  extreme  sec- 
ondary stress  was  3,700  lb.  per  square  inch. 

Another  comparison  was  made  between  the  calculated  and 
the  measured  secondary  stresses,  and  in  order,  tor  compar- 
ison with  the  calculated  secondary  stresses,  due  to  the  bend- 
ing of  the  members  in  the  plane  of  the  truss,  the  measured 
secondary  stresses  was  defined  as  one-half  the  difference  be- 
tween the  average  measured  stresses  in  the  top  and  bottom 
fibers  of  the  cross  section,  and  lateral  variation  had  to  be 
ignored.  The  average  of  the  calculated  secondary  stresses 
for  all  bottom  chords,  and  all  erection  stages  v'a's  about  1,050 
lb.  per  square  inch,  while  the  average  of  all  measured  sec- 
ondary stresses  was  only  700  lb.  per  square  inch.  The  highest 
calculated  secondary  stress  in  any  stage  was  2,920,  and  the 
corresponding  measured  stress  1,990  lb.  per  square  inch.  For 
the  purpose  of  comparison,  both  the  measured  and  the  calcu- 
lated values  were  reduced  to  percentages  of  the  corresponding 
primary  stresses.  It  was  found  that  the  high  percentages 
always  occurred  with  low  primary  stresses. 

If  the  secondary  stresses  were  grouped  and  averaged  in 
ranges  of  percentages  it  was  found  that  in  the  range  0 — 20 
per  cent  the  average  calculated  secondary  stresses  were  6 
per  cent,  and  the  corresponding  average  measured  secondary 
stresses  were  26  per  cent,  respectively.  For  the  range  20 — 40 
per  cent  the  corresponding  figures  are  30  per  cent  and  28  per 
cent,  and  for  the  range  100 — 300  per  cent  the  corresponding 
figures  were  143  per  cent  and  93  per  cent. 

Except  for  the  smaller  percentage  of  secondary  stresses 
the  measured  values  were  consistently  lower  than  the  cal- 
culated values,  and  as  the  percentage  of  calculated  stresses 
increased  the  percentage  of  measured  values  also  increased, 
but  not  as  rapidly.  Furthermore,  for  the  highest  percentages 
of  secondary  stresses,  the  measured  values  amounted  to  only 
a  small  fraction  of  the  calculated  values.  It  may  therefore  be 
concluded  that  the  actual  secondary  stresses  are  generally 
lower  than  the  calculated  values. 

When  the  final  stage  was  reached,  and  the  structure  became 
a  true  two-hinged  arch,  the  extreme  fiber  stresses,  represent- 
ing the  maximum  combination  of  primary  and  secondary 
stresses,  were  found  to  vary  from  the  first  bottom  member 
against  the  abutment  with  a  calculated  value  of  12,160  and  a 
measured  value  of  11,300,  to  the  central  bottom  member  in 
mid-span  with  a  calculated  value  of  13,270  and  a  measured 
value  of  13,300,  a  truly  remarkable  agreement. 

It  was  concluded  from  the  series  of  measurements  that  the 
Howard  strain  gauge  is  well  adapted  for  such  work  under 
quiescent  load,  provided  the  stresses  are  more  than  1,000  lb. 
per  square  inch;  that  with  careful  manipulation  it  is  possible 
to  determine  the  true  stresses  within  less  than  200  lb.  per 
square  inch,  and  that  there  is  generally  an  automatic  read- 
justment of  strains  within  a  structure  in  such  direction  as  to 
relieve  the  secondary  stresses.  There  was  proof  also  of  the 
release  of  strains  at  joints  when  the  drift  pins  were  replaced 
by  rivets,  and  the  whole  consideration  was  taken  to  indicate 
the  comparative  freedom  of  the  arch  type  from  secondary 
stresses. 

The  Hell  Gate  arch  tests,  incomplete  as  they  are,  constitute 
an  excellent  example  of  the  investigation  of  stress  distribu- 
tion, but  they  should  be  completed  so  as  to  include  the  effects 
of  moving  loads. 

The  criticism  has  been  advanced  that  the  principle  of 
measurement  of  the  Howard  extensomeler  appears  funda- 
mentally unreliable  in  that  the  measuring  points  of  the 
micrometer  caliper  are  conical,  and  the  zero  reading  for  any 
given  temperature  is  taken  from  a  comparison  bar  with  holes. 
The  member  to  be  measured  has  similar  conical  holes  for 
the  insertion  of  the  micrometer  measuring  points.  The  bear- 
ing of  the  measured  points  may,  it  is  said,  be  on  the  sides  of 
the  holes,  and  not  on  the  tips.  It  has,  however,  been  pointed 
out  that  a  slight  deviation  from  the  perpendicular  produces 
an  entirely  negligible  error. 

Further,  it  is  said  to  be  a  most  difficult  matter  to  get  a 
satisfactory  micrometer  "feel"  with  conical  points  bearing 
against  the  inclined  sides  of  the  holes,  and  in  the  confined 
space  and  disadvantageous  conditions  in  which  the  measure- 
ments were  taken,  it  must  be  difficult  to  obtain  the  thorough 


cleaning  out  of  the  holes  so  necessary  for  accuracy.  Even  a 
film  of  oil,  may,  it  is  said,  upset  the  measurements  entirely. 

Cylindrical  studs  of  small  diameter  were  suggested  with 
the  comparison  bar  a  plain  rod.  It  has,  however,  been  since 
pointed  out  that  the  gauge  holes  were,  as  a  matter  of  fact, 
very  well  cleaned  out,  the  operation  actually  taking  up  more 
time  than  the  measurements. 

The  criticism  has  also  been  offered  that  the  gauge  length 
of  20  in.  was  perhaps  too  great  to  give  the  maximum  intensity 
of  stress.  There  has  been  found  a  considerable  difference 
with  other  tests  in  local  stress  between  a  2-in.  and  an  8-in. 
gauge  length.  It  seems,  therefore,  that  the  intensities  of  sec- 
ondary stresses  may  be  greater  in  some  parts  of  the  metal 
than  the  average  over  20-in.  length,  and  that  they  are  in- 
tensified again  at  the  edge  of  the  gusset  plates.  It  may  not 
be  well  to  minimize  these  stresses,  as  doing  so  would  tend  to 
give  unwarranted  confidence,  and  possibly  result  in  overlook- 
ing secondary  stresses.  It  has,  however,  been  suggested  that 
the  length  of  the  Hell  Gate  bridge  members  was  great  enough 
to  cause  such  possible  variation  of  stress  to  be  practically 
negligible,  and  the  use  of  a  shorter  instrument  would  have 
offered  no  advantage  to  compensate  for  the  reduced  accuracy 
of  the  results. 

The  modulus  of  elasticity  of  the  steel  in  the  bridge  was 
iissumed  to  be  30,000,000. 


Reinforced  Concrete  Caissons 

It  is  often  convenient  to  construct  caissons  on  slipways  in 
a  similar  manner  to  a  concrete  vessel,  launch  them  and  tow 
them  to  the  required  site  and  then  to  fill  them  with  sand  or 
other  similar  materials  so  as  to  sink  them.  The  reinforce- 
ment of  these  caissons  in  general  is  similar  to  that  of  a 
concrete  vessel.  The  accompanying  drawing,  reproduced  from 
Concrete  and  Constructional  Engineering,  London  shows  some 
details  of  caissons  constructed  at  Copenhagen.     These  cais- 


Seciion  B-B 
Reinforced    Concrete    Caissons, 


Secfion  A-A 
Copenhagen. 


sons  are  stiffened  internally  by  means  of  crossbeams  4  ft.  3  in. 
deep,  spaced  on  10-ft.  9-in.  centers.  In  a  caisson  forming 
the  lower  part  of  the  beacon  at  Alexandria,  erected  in  1911, 
a  sole  40  ft.  by  37  ft.  and  8  in.  thick  is  reinforced  by  trans- 
verse flat  bars  and  a  longitudinal  joist,  and  joined  to  the 
caisson  by  18  triangular  buttresses.  The  walls  of  the  cais- 
sons are  6  in.  thick.  There  is  a  central  column,  12  in.  square, 
with  four  radiating  groups  of  eight  horizontal  beams,  each 
8  in.  square,  and  four  oblique  beams  for  stiffening  the  cais- 
sons during  immersion.  The  caisson  was  built  on  a  slipway, 
launched,  towed  2%  miles,  and  then  filled  with  water  by 
pumping  and  so  sunk. 


Renewal  of  Worn  Road  Roller  Wheels. — Renewal  of  worn 
wheels  of  steam  road  rollers  by  steel  plating  was  first  carried  out 
by  the  Oxford  Steam  Plough  Co.,  Ltd.,  according  to  The  Survey- 
or, which  states  the  best  results  are  obtained  if  the  wheels  are 
plated  when  worn  down  to  about  1%  in.  thick,  the  steel  plates 
bringing  them  up  to  approximately  their  original  thickness. 
The  plates  are  fitted  in  four  sections  to  each  wheel,  and  after 
being  thoroughly  bedded  to  the  camber  of  the  wheel  by 
hydraulic  pressure,  they  are  drilled  and  countersunk,  and 
afterwards  riveted  to  the  original  rim  by  a  powerful  hydraulic 
riveter.  When  this  is  done  the  wheels  are  placed  in  a  large, 
heavy  lathe  and  the  edges  of  the  steel  plates  turned  off  flush 
with  the  original  cast-iron  rim,  so  that  when  completed  it  is 
practically  impossible  to  tell  that  the  wheels  have  been  so 
treated. 
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New  Type  of  Lime^and  Soda  Soft- 
ening Plant  for  Water 
Purification 

Fi"om  The  Surveyor,  London.  Aug",  l.^,  1919. 
Patent  Specification  No.  9876/18  (accepted  June  16,  1919), 
which  has  just  been  published,  describes  a  new  type  of  lime 
and  soda  softening  plant,  which  contains  some  new  and  in- 
teresting features.  An  automatic  flushing  syphon  is  used  for 
measuring  the  quantity  of  hard  water  to  be  softened,  also  for 
the  mixing  of  the  chemical  reagents  and  the  hard  water  to- 
gether, and  the  automatic  stirring  up  ,of  precipitated  lime 
left  in  the  bottom  of  the  reaction  chamber,  where  it  has  been 


Fig.  1. — Vertical  Section  Through   Plant. 


deposited  from  previous  settlings,  with  a  view  of  assisting 
the  new  settlings  to  settle  rapidly.  Another  feature  of  the 
plant  is  the  automatic  measuring  valve  for  the  accurate 
measuring  of  the  chemical  reagents,  and  a  very  simple 
method  for  making  a  standard  solution  of  lime-water  from 
cream  of  lime  without  using  a  number  of  costly  lime  towers 
or  saturators. 

The  invention  will  be  fully  described  with  reference  to 
the  accompanying  drawings,  in  which  it  is  shown  applied  to 
a  water  softening  and  purifying  plant. 

The  plant  comprises  a  chemical  reagent  container  A  pro- 
vided with  an  inlet  supply  pipe  a  connected  with  the  chemical 
reservoir  (not  shown),  such  as  lime-slaking  tank  where  lime 
is  employed,  and  not  an  overflow  pipe  a'  and  drain  a'-,  also 
connected  with  the  chemical  reservoir.  Below  the  chemical 
reagent  container  A  is  arranged  a  second  tank  divided  into 
two  compartments,  B  and  B',  the  larger  compartment  B  serv- 
ing as  the  hard-water  measuring  chamber,  and  the  smaller 
compartment  B'  receiving  measured  quantities  of  chemicals 
from  the  tank  A  througli  the  measuring  valve  C.  Below  the 
tank  B  B'  is  arranged  a  third  tank  D,  at  the  bottom  of  which 
are  two  or  more  rows  of  pipes  d,  in  which  holes  d'  are  drilled, 
the  holes  d'  being  on  the  underside  of  the  pipes.  The  per- 
forated pipes  d  are  connected  to  the  discharge  pipe  e  of  an 
automatic  flushing  syphon  E,  situated  in  the  hard-water 
measuring  tank  B. 

Connected  to  the  upper  portion  of  the  dome  of  the  siphon 
E  are  one  or  more  suction  pipes  e\  the  other  end  or  ends  of 
which  are  connected  to  the  tank  B',  receiving  measured  quan- 
tities of  chemicals  from  the  tank  A.  A  regulating  valve  e' 
is  arranged  at  the  inlet  end  of  the  suction  pipe  e'  to  regulate 
the  flow  of  liquid  from  the  compartment  B'  through  the  suc- 
tion pipe  e\  A  float  P  is  arranged  in  the  compartment  B,  and 
a  vertical  rack  f  affixed  thereto  operates  through  the  pinion 
g  and  bevel  gearing  g',  stirring  or  agitating  paddles  G  in  the 
chemical  regent  container  A.  A  projection  h  on  the  lower 
portion  of  the  rod  carrying  the  rack  f  is  arranged  to  engage 
the  cranked  end  c'  of  the  shaft  a  spindle  c  of  the  valve  C  so 
that  the  movement  of  the  float  F  brings  about  a  partial  rota- 


tion of  the  shaft  or  spindle  c  of  the  valve  C.  (The  valve  C 
does  not  form  any  part  of  this  invention  per  se,  but  is  de- 
scribed and  claimed  in  a  further  Application  tor  Patent  No. 
15819,  of  1918.) 

The  tank  B  B'  is  fitted  at  any  suitable  height  above  the 
agitating  pipes  in  order  to  give  the  required  head  for  the 
stirring  up  of  the  precipitate  in  the  bottom  of  the  tank  D. 

In  operation  a  concentrated  solution  of  the  water-softening 
reagent  is  supplied  to  the  container  A,  and  the  hard  water 
to  softened  flows  continuously  into  the  compartment  B.  As 
the  water  in  the  compartment  B  rises,  the  float  in  this  com- 
partment operates  the  measuring  valve  (',  which  delivers  a 
measured  quantity  of  the  concentrated  solution  of  the  water- 
softoning  reagent  to  the  compartment  B'.  where  it  is  auto- 
matically made  ilto  a  weak  standard  solution  of  the  chem- 
ical reagent  by  the  addition  of  a  given  quantity  of  water 
from  the  compartment  B.  The  compartments  B  and  B'  4re 
connected  together  by  a  suitable  pipe  b,  the  inlet  of  which 
is  below  the  top  water-level  of  the  hard-water  compartment 
B,  and  the  outlet  at  the  bottom  of  the  compartment  B".  On 
the  water  iu  the  compartment  B  reaching  the  bell-mouthed 
inlet  of  the  connecting  pipe  it  commences  to  fill  the  com- 
partment B'  to  a  similar  height  as  itself,  the  flowing  of  the 
water  between  the  two  compartments  stirs  up  the  concen- 
trated solution  of  the  softening  reagent  previously  delivered 
from  the  measuring  valve  C  and  makes  it  into  a  weak  stand- 
ard strength.  When  the  water  in  the  compartment  B  has 
reached  a  certain  fixed  height  the  siphon  E  conies  into  ac- 
tion, sucking  the  hard-water  into  the  siphon  E  and  dis 
charging  it  into  siphon  delivery  pipe  e.  At  the  same  instant 
the  siphon  commences  to  suck  the  hard  water,  it  also  com- 
mences to  suck  the  weak  standard  solution  of  the  chemical 
solution  through  the  suction  pipe  e'  from  the  reagent  com 
partment  B',  thoroughly  mixing  and  proportioning  the  hard 
water  and  the  chemical  softening  reagents. 

The  reaction  between  the  chemical  softening  reagents  and 
the  hard  water  commences  the  moment  the  two  come  to- 
gether in  the  siphon  dome.  The  mixture  flows  down  the 
discharge  pipe  e  and  rushes  through  the  holes  d'  in  the  agi- 
tating pipes  d  which  are  fitted  in  the  tank  D;  the  softened 
water  in  rushing  through  the  holes  of  the  agitating  pipes 
stirs  up  the  precipitate  which  has  been  deposited  in  the 
bottom  of  the  tank  from  previous  mixings,  and  this  precipi- 
tate, being  older  and  heavier  than  the  precipitate  from  the 
new  mixing,  assists  the  new  precipitate  to  settle  rapidly, 
the  new  and  lighter  precipitate  adhering  to  the  older  and 
heavier  precipitate.     The  falling  of  the  whole  of  the  precipi 
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Fig.  2— Plan  of  Plant. 

tate,  with  the  resulting  clearing  of  the  softened  water,  saves 
the  cost  of  a  number  of  settling  ponds  or  tanks. 

The  cleared  and  softened  water  flows  out  of  the  tank  D 
through  the  outlet  D',  which  if  desired  may  lead  the  water 
to  a  final  settling  tank. 

The  first  of  these  plants  is  being  erected  at  the  works  oJ 
the  Ilkeston  and  Heanor  Water  Board,  where  a  2,500,000-gal. 
per  day  intermittent  softening  plant  is  being  converted.  In 
this  plant  all  the  tanks  now  existing  are  being  utilized  for 
the  new  plant,  and  the  alteration  will  be  carried  out  with- 
out interfering  with  the  working  of  the  existing  intermit- 
tent plant.  When  softening  water  at  the  rate  of  2,500,- 
nOO  gal.  per  day  a  saving  of  coal  to  the  value  of  £1,625 
($7.8971  per  annum  will  be  effected  by  the  installation  of  the 
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new  plant,  basing  the  present  price  of  coal  at  28s.  6d.  ($6.84) 
per  ton,  delivered  at  the  works;  also  a  saving  of  labor  will 
be  effected  by  the  alteration,  the  new  plant  being  automatic 
and  continuous.  The  patentee  of  this  plant  Is  Mr.  Alfred  E. 
Smith,  engineer  and  manager  of  the  Ilkeston  and  Heanor 
Water  Board. 

Sewage  Clarification  Tank  at 
Auguste  Victoria  Colliery 

By  W.   HAVERKAMP, 

From   Water  and  Water   Engineering,    London.    Sept.    20,    1919. 

To  save  the  expense  of  loading,  carting,  emptying  and 
cleaning  the  privy  drums,  which  gave  constant  work  to  two 
men  and  a  cart  for  conveyance  to  local  farmers,  the  Auguste 
Victoria  colliery,  Hiils,  has  Installed  a  clarification  tank  about 
100  yd.  from  the  No.  1  shaft.  The  drums  are  run,  in  pit  tubs, 
along  the  high-level  bridge  leading  to  the  pit  mound,  and  on 
arriving  at  the  tank  are  lifted  by  a  light  swing  crane,  emp- 
tied, thoroughly  steamed  out,  rinsed  with  water,  and  returned 
to  the  pit.  The  contents  and  rinsing  water  are  delivered 
through  a  pipe  into  the  tank,  the  effluent  from  which  is  dis- 
charged into  the  colliery  drain. 

The  tank  is  designed  to  deal  with  150  cu.  m.  (33,000  gal.) 
of  liquid   per  diem,   and   by   spreading   this   quantity  over  a 


water  flush  supplied  through  the  perforations  of  the  flush- 
ing coils  g.  This  continuous  small  supply  of  fresh  water  has 
a  known  beneficial  Influence  on  the  fermentation  and  sweet- 
ening of  the  sediment. 

The  spent  water  is  removed  gradually — in  order  not  to  in- 
terfere with  the  septic  process — by  special  pipes  connected 
with  the  outlet. 

The  septic  chamber  acts  like  a  biological  installation,  and, 
therefore,  requires  a  certain  time  to  get  properly  into  opera- 
tion. If  the  sediment  is  not  required  to  be  liquefied,  the  ripen- 
ing may  be  completed  in  about  six  weeks,  though  it  may  take 
over  a  year. 

The  sediment  can  be  discharged  on  to  the  pit  mound,  about 
90  yd.  away,  by  means  of  the  suction  pipe  h,  and  an  elec- 
trically driven  suction  and  force  pump,  assisted  by  the  pres- 
sure of  the  column  of  water  in  the  tank,  but  for  the  time 
being  it  is  delivered  into  wheeled  sludge  tanks  1. 

The  clarifying  action  of  the  plant  is  satisfactory,  and  there 
is  no  smell.  The  cost  of  the  tank  was  about  £560,  the  drum- 
cleaning  plant  £42,  the  drainage  piping  £30.  alterations  to 
the  bridge  £35,  and  the  steam  and  water  pipe  connections 
£25.  Formerly,  the  cartage  of  the  sewage  cost  about  17s. 
per  diem,  or  with  five  deliveries  a  week,  £221  per  annum. 
With  the  new  plant,  one  man  can  attend  to  the  cleaning  of 
the  drums  at  a  cost   (on  the  pre-war  basis  of  5s.  per  shift) 


Fig.   1 — View   of   Tank   From   Above. 

working  day  of  10  hours,  the  maximum  flow  Is  a  little  under 
1  gal.  per  second. 

The  tank  (Figs.  1  and  2),  which  is  7  m.  in  diameter,  and 
has  a  water  depth  of  about  9  m.,  contains  a  ferro-concrete  set- 
tling hopper  a,  the  lower  portion  b  constituting  the  septic 
and  sediment  chamber.  In  the  bottom  of  the  settling  hopper 
are  two  apertures  c,  and  under  the  cover  are  two  rows  of 
similar  apertures  d.  The  heavy  matters  fall  through  the 
aperatures  c  into  the  sediment  chamber  d,  while  the  lighter 
constituents  escape  into  the  septic  chamber  through  d.  In  this 
way  the  effluent  water  Is  separated  from  both  the  heavier  and 
lighter  matters  all  the  time  it  Is  passing  through  the  tank. 

The  sloping  cover  of  the  settling  hopper  increases  the  fric- 
tional  area  and  frictional  resistance  for  separating  the  col- 
loids, and  thus  increases  the  clarifying  action;  and  the  fact 
that  the  hopper  is  situated  below  the  water  level  prevents 
frothing  and  spurting.  The  superficial  area  of  the  hopper  is 
about  2.15  square  miles,  and  the  average  velocity  of  flow  is 
1.95  mm.,  so  that  the  contents  require  about  1%  hours  to  pass 
through. 

The  water  intake  (on  the  left  hand  of  Fig.  1)  delivers  un- 
derneath the  level  of  the  liquid  in  the  tank,  and  is  exactly 
opposite  the  outlet.  Both  are  of  the  same  width  as  the 
broadest  part  of  the  settling  hopper,  in  order  to  ensure  uni- 
form flow  of  the  effluent  and  prevent  currents,  eddies  and 
dead  points.  Traps  e  are  provided  at  both  intake  and  outlet, 
to  retain  any  floating  matter,  and  the  outlet  is  also  provided 
with  a  sill  f  to  ensure  uniformity  of  outflow. 

The  septic  chamber  has  an  effective  capacity  of  200  cu. 
m.  (44,000  gal.,),  and  is  able  to  accommodate  the  sediment 
from  100  days'  supply.  The  removal  of  the  sediment  is 
facilitated  by  the  sloping  bottom  of  the  chamber  and  by  the 


Fig.    2 — Section    Through    Tank    Along    A-B    of    Fig.    1. 

of  £75  per  annum,  the  saving  thus  effected  being  21  per  cent 
on  the  cost  of  the  plant. 

The  tank  has  been  working  since  the  autumn  of  1918.  and 
has  been  very  successful.  The  sediment  is  completely  de- 
composed, and  is  nearly  black  in  color. 


Reinforced  Concrete  Poles  for  Transmission  Lines. — Rein- 
forced concrete  poles  were  used  in  the  construction  of  a  60,- 
000-voIt  high  tension  transmission  line,  40  km.  in  length,  built 
in  l!il7-18,  from  Striesen  to  Dresden.  Elektrotechnische 
Zeitschrift,  Berlin,  of  April  24,  1919,  states  that  the  poles 
were  constructed  by  a  centrifugal  process  by  Dyckerhoff  & 
Widmann  of  Dresden.  Their  height  varied  between  15  m. 
and  18  m.  In  the  longer  poles  joints  had  to  be  made  by  iron 
rings  fixed  in  position  by  screws.  Technische  Blatt,  Berlin, 
of  May  31,  1919,  also  contains  information  on  reinforced  con- 
crete poles  for  transmission  lines.  According  to  that  journal 
the  usual  length  ot  such  poles  ranges  from  50  ft.  to  60  ft. 
when  spaced  at  intervals  of  100  yd.  and  calculated  for  a  top- 
tension  of  450  lb.  Corner  poles  may  be  subjected  to  a  top- 
tension  of  three  tons  The  former  are  reinforced  with  commer- 
cial mild  steel  and  the  latter  with  steel  having  an  ultimate 
tensile  strength  of  85  to  100  tons  per  square  inch.  The 
poles  are  cast  in  wooden  moulds  containing  a  steel  skeleton. 
Concrete  in  proportion  of  1  of  cement  to  4  of  conglomerate 
is  then  introduced  in  a  fairly  fluid  condition,  and  the  mould 
placed  longitudinally  in  a  machine  which  revolves  at  a  higli 
speed.  All  surplus  water  is  thus  expelled,  and  the  concrete 
deposits  round  the  steel  skeleton  in  a  few  minutes.  The  pole 
remains  24  hours  in  the  mould  before  undergoing  a  two  days' 
drying  process  in  moist  sand.  When  completely  set  it  is 
tested  for  elasticity  and  strength  in  a  special  machine. 
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Causes  of  Offensive  Odors  from 

Sewers  and  Remedial 

Measures 

By   EDWARD   B   SAVAGE, 

Engineer  in   Charge   of   Sewers,    Birmingham,    England. 

From    a    paper    preseTited    before    the    Institute    of    Municipal    and 

County   Engineers. 

Following  the  same  lines  as  many  engineers,  the  author 
for  several  years  carried  out  extensive  anemometer  and 
other  tests  with  the  object  of  arriving  at  a  solution  ot  the 
problem  of  providing  proper  ventilation  for  sewers. 
As  in  other  cases,  the  usual  conflicting  and  nega- 
tive results  were  obtained,  and  ultimately  the  con- 
clusion he  arrived  at  was  that  it  was  not  so  much 
the  disposal  of  the  offensive  gases  which  demanded  atten- 
tion as,  first  the  determination,  and  then  the  removal  of  their 
specific  causes. 

Causes  of  Foul  Smells. — Only  after  many  years  of  statistical 
recording  and  personal  observation  did  the  causes  become 
apparent,  and  having  discovered  these  causes  they  were 
found  to  resolve  themselves  into  three  classes: 

(1)  Those  brought  about  and  kept  in  existence  by  some 
local  defect,  such  as  uneven  invert,  ridges  formed  inside  pipes 
by  jointing  material  adhering  to  them,  in.sufflcient  flow,  etc., 
all  of  which  could  be  remedied  by  structural  alterations,  re- 
pairs, or  special  means  of  flushing. 

(2)  Those  due  to  defective  design,  such  as  stagnation  of 
flow  caused  by  flat  gradients,  inequalities  existing  in  old, 
worn-out  sewers,  which  can  only  be  remedied  by  recon- 
struction. 

(3)  Special  causes  which  arise  in  connection  with  those 
main  sewers  which  receive  and  convey  the  sewage  from  an 
outside  district. 

Dealing  first  with  the  local  defects,  which  account  for  about 
one-half  of  the  complaints  usually  received,  the  author  has 
proved  that  one  of  the  most  prolific  causes  of  foul  smells  is 
the  breaking  up  of  the  solids  carried  in  the  sewage  and  the 
"•'churning  up"  of  the  latter.  Probably  every  member  pres- 
ent has  at  some  time  or  other  made  use  of  that  rough-and- 
ready  method  of  detecting  impurities  even  in  clear  brook- 
water  by  partly  filling  a  tumbler,  covering  it  with  the  hand, 
and,  after  shaking  it  up,  applying  it  to  the  nose.  To  a  great 
extent  the  same  churning  action  takes  place  where,  for  spe- 
cial reasons  (usually  to  save  excavation),  a  sudden  drop  oc- 
curs in  the  sewer,  or  where  a  branch  sewer  is  connected  up 
to  deeper  one  by  means  of  a  vertical  drop-pipe. 

As  in  many  other  towns,  this  arrangement  was  generally 
adopted  in  Birm.ingham,  and  had  the  effect  of  not  only  caus- 
ing a  nuisance  in  the  immediate  locality,  but  by  the  induced 
current  of  air  the  foul  smells  were  driven  to  find  an  outlet 
at  street  openings  situated  perhaps  hundreds  of  yards  dis- 
tant. Every  case  where  this  trouble  was  discovered  was 
taken  in  hand,  the  drop-pipes  removed,  and  easy  ramps  sub- 
stituted, and  it  was  astonishing  to  find  how  suddenly  all  com- 
plaints from  residents   in   these  localities  ceased. 

Another  frequent  source  of  trouble  in  connection  with  brick 
sewers  is  the  practice  of  connecting  up  branch  drains  by 
means  of  stoneware  junction  blocks,  so  designed  that  they 
can  only  be  built  in  the  sewer  at  or  about  the  springing  of 
the  arch.  In  consequence  of  this,  excreta  and  filth,  instead  of 
passing  direct  into  the  flow,  slide  down  the  side  walls,  creat- 
ing a  foul  deposit  upon  them.  To  get  over  this  defect,  the 
author  has  for  many  years  discarded  the  ordinary  junction 
block,  and  made  use  of  specially  made  inlet  pipes  with 
splayed  ends.  These  are  made  in  four  types,  so  designed 
that  they  can  be  built  into  different  sized-  sewers  at  vary- 
ing heights,  so  as  to  discharge  each  flush  almost  direct  into 
the  flow  at  its  maximum  dry-weather  level,  thus  avoiding  not 
only  the  breaking  up  of  the  solids,  but  also  the  fouling  of  the 
brickwork. 

Turning  now  to  those  causes  mentioned  in  the  second  class 
—viz.,  those  due  to  defective  design— the  worst  cases  to  deal 
with  are  those  where  bad  gradients  have  been  adopted,  per- 
haps to  save  a  few  feet  of  excavation,  the  result  being  that 
the  sewage,  instead  of  moving  forward,  is  held  back.  Apart 
from  the  silting  which  takes  place,  this  stagnation  of  flow, 
particularly  in  the  summer  and  autumn  months,  hastens 
•decomposition,  being  frequently  the  direct  cause  of  those 
foul  smells  which  become  less  noticeable  or  even  disappear 


entirely  as  the  colder  weather  sets  in  and   the  temperature 
of  the  sewage  falls. 

As  regards  the  special  cause  placed  in  the  third  class,  many 
interesting  cases  ot  this  kind  have  occurred  in  the  author's 
experience.  One  in  particular  he  recalls,  in  which  for  many 
years  complaints  were  continually  received  from  the  resi- 
dents in  a  certain  locality  adjoining  the  boundary  ot  a  large 
borough.  The  sewers  were  first  carefully  examined  for 
structural  defects,  but  nothing  could  be  found  to  account  for 
the  trouble;  the  gradients  of  both  main  and  branch  sewers 
were  excellent  and  the  depth  of  flow  considerable.  The  fact, 
however,  remained  that  the  sewage  itself  was  in  an  excep- 
tionally foul  condition.  Some  years  later  when  the  borough 
referred  to  was  able  to  exercise  some  control  of  the  sewer- 
age of  the  outside  district,  the  mystery  was  solved,  for  one 
of  the  incoming  main  sewers  had  not  received  any  attention 
for  years,  and  was  found  to  be  almost  choked  with  filth — in 
fact  the  sewage  was  being  sent  into  the  main  sewerage  sys- 
tem in  a  totally  unfit  and  septic  condition. 

Remedial  Measures. — The  point  now  is  how  to  deal  with 
the  foregoing  conditions;  obviously  the  first  step  is  to  re- 
move the  local  defects,  such  as  vertical  drop  pipes  and  junc- 
tion blocks  fixed  in  wrong  positions.  The  benchings  of  man- 
holes should  then  be  examined,  and  if  foimd  to  retain  filth 
they  should  be  raised  so  as  to  be  clear  of  the  flow  even  in 
flood  times  All  useless  ironwork,  such  as  flushing  gates, 
penstock  frames,  and  other  obstructions  to  the  flow  should 
be  removed,  and.  lastly,  the  drains  on  private  property  should 
be  tested  with  hose-pipes,  so  as  to  ascertain  which  are  run- 
ning free  or  which  are  blocked  or  partially  blocked.  Where 
sewers  are  laid  to  bad  gradients,  so  that  constant  cleansing 
is  necessary,  the  author  has  always  held  the  view  that  it 
is  entirely  wrong  to  be  continually  bringing  filthy  refuse  to 
tiie  surface  at  a  cost  of  about  20c  per  cubic  yard  (pre-war 
price  I,  keeping  perhaps  a  special  gang  of  men  employed 
under  conditions  more  irksome  and  disagreeable  than  any 
other  kind  of  manual  labor.  The  Public  Works  Committee 
of  Birmingham  has  for  the  past  20  years  recognized  this,  and 
instead  of  erecting  ventilating  columns  or  otherwise  cloak- 
ing the  evil,  have  boldly  adopted  the  wise  policy  of  having 
such   defective   sewers   reconstructed. 

As  regards  dealing  with  the  sewage  discharged  in  a  septic 
condition  from  an  outside  district,  this  is  a  difficult  and  also 
delicate  mattei'.  but  the  proper  solution  undoubtedly  is  that 
under  any  arrangement  made  powers  should  be  given  to  the 
authority  which  may  be  prejudicially  affected,  to  insist  that 
the  contributory  sewers  in  the  outer  district  are  kept  in  a 
proper  and  sanitary  condition,  and  that  they  should  also  have 
the  power  to  periodically  inspect  these  sewers  so  as  to  satisfy 
themselves  that  this  condition  is  being  complied  with.  Fail- 
ing such  power,  the  only  alternative  is  to  close  down  all  of- 
fending openings,  and  erect  ventilating  shafts  so  as  to  dis- 
charge the  foul  smells  well  away  from  the  buildings. 

From  the  previous  remarks  it  will  already  have  been  gath- 
ered that  the  authoi  does  not  favor,  except  as  a  last  resource, 
the  use  of  ventilating  columns,  sewer  gas  destructors,  and 
chemical  deodorants,  which  after  all  merely  cloak  the  evil 
instead  of  striking  at  the  root  cause. 

Unfortunately,  one  of  the  main  difficulties  occurring  in 
nearly  every  sewerage  system  is  the  lack  of  flushing  power 
at  the  upper  end  of  each  branch  sewer,  the  solid  matter  be- 
ing retained  frequently  for  hours  before  reaching  a  point 
where  the  flow  is  sufficient  to  carry  it  away  in  a  proper  man- 
ner. 

Here  again  it  is  not  a  question  of  sewer  ventilation,  the 
trouble  being  merely  local  and  quite  remediable  by  flushing. 
To  a  certain  extent  the  difficulty  has  been  overcome  in  this 
city  by  organizing  special  flushing  arrangements,  the  main 
and  branch  sewers  being  periodically  flushed  by  means  of 
500-gal.  horse-drawn  vans,  while  the  back  sew-ers  on  private 
property  w-ere  dealt  withtwice  yearly  by  several  small  gangs, 
each  equipped  with  the  necessary  lengths  ot  hose-pipes,  etc. 
The  flushing  was  carried  out  systematically  by  scheduling 
every  dead  end  on  the  main  and  branch  sewers  so  that  it 
received  on  fixed  days  in  the  week  one,  or  in  special  cases 
two  flushes.  Under  this  system  the  sewer  inspector  knew  at 
any  time  where  each  flushing  van  or  gang  was  at  work,  and 
it  enabled  him  to  efficiently  control  the  operations.  During 
the  spring  and  winter  these  weekly  flushes  were  quite  suffi- 
cient, but  as  the  warmer  weather  approached  the  number  of 
complaints  increased  rapidly.  Even  bi-weekly  flushes  did 
not   greatly   improve   matters,    pipe   sewers   which   had   only 
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been  laid  a  few  years,  and  having  good  gradients,  being  even 
more  offensive  than  some  of  the  old  brick  ones.  Careful  in- 
vestigations, however,  generally  proved  that  in  most  instances 
the  trouble  was  not  due  to  any  structural  defect,  but  simply 
the  fact  that  the  flow  was  insufiicient.  As  a  remedy,  there- 
fore, ventilation  again  only  hides  the  evil,  the  proper  cure 
being  to  provide  proper  flushing.  By  tliis  the  author  does 
not  mean  the  still  more  frequent  discharges  from  a  500-gal. 
van,  but  much  smaller  flushes  of,  say,  40  to  50  gal.,  dis- 
charged twice  or  even  three  times  in  the  24  hours  by  means 
of  automatic  siphons  or  tipping  tanks. 

Unfortunately,  the  hands  of  the  municipal  engineer  are 
tied  when  he  comes  to  apply  this  principle  on  a  large  scale 
at  each  "dead-end,"  the  initial  cost  of  each  flushing  cham- 
ber and  siphon  being  considerable;  but  what  probably  pre- 
vents this  system  from  being  more  generally  adopted  is  tbe 
water  bill  which  has  to  be  met.  Then  there  is  the  cost  of 
carefully  measuring  through  a  meter  every  gallon  of  water 
used,  together  with  the  ever-recurring  charges  for  repair- 
ing and  keeping  such  meters  in  order,  and,  lastly,  perhaps 
the  most  important  item  is  the  necessity  to  have  on  the  en- 
gineering or  mechanical  staff  an  assistant  possessing  a  suf- 
ficient knowledge  of  hydraulic  principles  that  he  can  locate, 
and  frequently  in  a  few  moments  ascertain  the  cause  of,  and 
rectify  the  defects  in  the  siphons  without  having  to  call  in 
the  maker  each  time  a  hitch  in  the  working  takes  place. 

Failing  this,  the  common  fate  of  these  appliances  appears 
to  be  that  they  work  satisfactorily  for  a  year  or  two,  then 
fall  into  a  state  or  disrepair,  and  ultimately  are  forgotten 
entirely. 


New  Water  Turbine 


A  new  water  turbine  designed  to  bridge  the  gap  between 
the  higher  speed  of  the  Pelton  wheel  and  the  lower  specific 
speed  of  the  Francis  turbine  has  been  devised  by  D.  Banki 
of  Budapest,  according  to  Elektrot  Maschinenbau  of  Dec.  29. 
1918.     It  is  stated  that  the  new  turbine  can  be  installed  as 
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New  Water  Turbine  Devised  by  D.  Banki. 

simply  as  a  waterwheel  and  can  be  substituted  for  a  water- 
wheel  almost  without  structural  alterations.  It  can  be  given 
the  speed  of  the  driven  machine  so  as  to  eliminate  gear  trans- 
mission. Other  advantages  compared  with  waterwheel  oper- 
ations claimed  for  the  new  turbine  are:  low  first  cost,  saving 
in  space,  higher  efflciency,  reduced  operating  and  repair  costs. 
Tbe  wheel  consists  of  two  disks  carrying  a  series  of  cylin- 
drical blades.  The  inlet  is  adjusted  by  hand,  and  the  water 
imparts  energy  to  the  wheel  both  at  entry  and  when  it  passes 
through  the  blades  a  second  time  at  exit.  The  diameter  of 
the  wlieel  Is  independent  of  the  quantity  of  water;  the  breadth 
of  the  wheel  is  chosen  to  suit  the  latter.  Water  is  led  to  the 
wheel  at  an  agle  of  16°.  The  outer  blade  angle  is  30°  and  the 
inner  blade  angle  90°,  so  that  in  both  places  the  water  enters 
the  wheel  without  shock.  Tests  with  model  wheels  of  the 
new  type  are  claimed  to  have  indicated  efilciencies  of  89  per 
cent  and  87  per  cent.  The  reason  for  the  high  eflaciency  of 
the  wheel  is  to  be  found  in  the  simple,  almost  loss-free  pass- 
age of  water  through  the  blades.  The  kinetic  energy  of  the 
outflowing  water  can  be  utilized  to  maintain  an  artificially 
lowered  level  at  the  turbine.  The  wheel  may  run  partially 
nubmerged  without  appreciable  loss  of  efliciency.  Where  the 
downstream  level  is  very  variable  the  turbine  is  built  in  an 
airtight  casing  and  tbe  water  is  taken  away  through  a  suc- 
tion pipe.  The  new  turbine  is  recommended  specially  tor 
driving  high-speed  dynamos. 
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Reconstruction  Problems  of  British 
Municipal  Engineers 

BY  E.  J.  ELFORD, 

Municipal  Engineer,   Cardiff. 

I'>om    the    Journal    of    the    Institution    of    Municipal    and    County 
Engineers,  London;    abstract  of  a  paper  presented  June  17,  1919. 

In  every  town  the  cost  of  public  works  has  been  rising  by 
leaps  and  bounds,  and  there  are  few  places  where  the  taxes 
are  not  considerably  higher  than  in  pre-war  days.  This  is 
very  largely  the  result  of  higher  wages,  but  there  are  also 
other  causes,  such  as  unreasonable  proflts.  Before  the  war 
the  wage  of  unskilled  laborers  in  Cardiff  was  6i/4d  (13  ct.)  per 
hour,  and  the  ordinary  working  week  was  52  hours.  Now  the 
minimum  rate  is  Is  3d  (30  ct.)  per  hour  for  a  47-hour  week. 
Personally,  the  writer  is  not  afraid  of  high  wages  and  short 
hours,  if  men  will  do  their  best  while  at  work  with  both  hands 
and  head. 

History  has  shown  that  increased  cost  of  labor  has  in- 
variably stimulated  invention,  which  has  often  had  the  effect 
of  ultimately  reducing  the  cost  of  productiou,  notwithstanding 
the  higher  rate  of  wages.  To  some  it  may  appear  that 
progress  in  this  direction  is  nearly  exhausted,  but  the  writer 
is  optimistic  enough  to  look  for  the  invention  of  appliances 
and  the  introduction  of  methods  for  increasing  the  productive- 
ness of  human  effort  to  a  greater  extent  than  any  which  have 
been  produced  in  the  past. 

The  same  considerations  apply  in  a  greater  or  less  degree 
to  practically  all  branches  of  work,  and  there  is  probably  not 
one  which  would  not  benefit  by  thorough  study  and  research 
on  scientific  lines.  Certainly  the  various  activities  in  which 
municipal  engineers  are  engaged  would  be  no  exceptions  in 
this  respect.  At  the  time  war  broke  out  a  move  was  being 
made  in  the  direction  of  the  greater  use  of  labor  saving  ap- 
pliances for  municipal  work.  War  demands  of  the  past  five 
years  practically  put  an  end  to  this  for  the  time  being,  but 
the  conditions  now  operating  are  sucb  as  to  render  it  more 
imperative  than  ever  that  every  effort  should  be  made  to  in 
crease  efficiency  and  reduce  costs.  The  writer  now  proposes 
to  suggest  a  few  directions  in  which  it  should  be  possible  to 
do  this. 

One  of  the  most  important,  and,  at  the  same  time,  most 
costly  duties  of  a  local  authority  is  the  collection  and  disposal 
of  bouse  refuse.  In  many  cases  the  collection  can  be  very 
much  cheapened  by  the  extended  use  of  mechanical  traction 
In  employing  vehicles  driven  by  steam  or  petrol  engines,  one 
of  the  main  essentials  to  efficient  working  is  to  secure  a  rea- 
sonable daily  mileage,  and  this  is  almost  impossible  when 
thoy  are  used  in  the  ordinary  way  for  house  to  house  collec 
tion.  The  mileage  factor  must  necessarily  be  small,  which 
means  intermittent  working.  In  addition,  the  constant  start- 
ing and  stopping  also  reduce  the  efliciency.  Electrically  driven 
vehicles,  however,  are  not  affected  to  the  same  extent  by 
these  conditions,  as  energy  is  being  consumed  only  when  the 
vehicle  is  on  the  move,  and  in  almost  direct  proportion  to 
the  work  done.  Moreover,  they  are  simpler  in  construction 
and  operation,  and.  consequently,  less  liable  to  get  out  of 
order,  and  can  be  managed  by  comparatively  unskilled  men 
Under  most  conditions,  therefore,  where  a  self-contained 
motor  vehicle  is  used  for  this  class  of  work,  the  electric  lorry 
appears  to  be  the  most  efficient. 

The  writer  suggests,  however,  that  in  many  towns,  espe- 
cially where  the  dump  is  a  considerable  distance  from  the 
point  of  collection,  it  would  pay  to  collect  from  house  to  house 
by  horses  and  arrange  for  the  delivery  of  empty  wagons  and 
picking  up  and  haulage  to  tbe  tip  of  full  wagons  by  small 
tractors.  Such  a  system  would  require  careful  organization 
and  supervision  to  prevent  waste  of  time  at  the  change-over 
points,  but,  from  an  experiment  he  made  just  before  the  war. 
he  is  satisfied  that  it  has  great  possibilities.  Wagon  bodies 
which  can  be  loaded  from  ground  level  would  also  reduce 
labor  considerably.  The  writer  is  aware  of  the  practical  diffi 
culties  of  doing  this,  but  does  not  think  they  should  be  found 
insurmountable.  If  they  are,  he  suggests  the  consideration 
of  some  simple  form  of  loading  apparatus  attached  to  motor 
vehicles,  so  that  the  refuse  could  be  tipped  into  a  hopper 
from  the  road  and  loaded  by  mechanical  power  into  the  ve- 
hicle. Many  motors  used  for  municipal  work  are  fitted  with 
interchangeable  bodies,  but  the  methods  adopted  for  changing 
over  are  often  such  as  to  involve  much  waste  of  time  and 
labor.    It  is  important  that  this  should  be  prevented. 
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It  is  recognized  thai  to  obtaiu  the  best  results  I'loiu  the 
use  of  motor  vehicles,  quicker  loading  and  unloading  must 
be  provided.  A  power  tipping  body  will  give  the  latter,  but 
quick  loading  is  more  difficult  to  arrange.  To  load  a  5-ton 
lorrj'  with  macadam  by  hand  would  take  three  men,  on  the 
average  about  V2  hour,  and  assuming,  say.  four  loads  a  day, 
means  a  cost  for  labor  of  probably  2s  (48  ct.)  a  load,  even 
if  the  men  can  be  kept  fully  employed  between  the  loads, 
which  is  seldom  possible,  and  a  loss  of  at  least  a  load  a  day. 
The  writer  is  considering  the  provision  of  a  simple  portable 
elevator,  in  the  hope  ttiat  it  may  be  possible  to  load  a  lorry 
in  about  five  minutes. 

Petrol  motor  sweeping  machines  are  in  use  in  a  number  of 
towns,  and  enable  the  carriageways  to  be  cleaned  more 
quickly  and  more  economically  than  by  horse-drawn  machines. 
Efforts  have  been  made  to  produce  combined  sweeping  and 
collecting  power-driven  vehicles.  The  writer  has  been  able  to 
inspect  several  types  of  these  machines,  but  has  not  yet  seen 
one  that  appears  to  him  to  be  fully  satisfactory.  They  may 
be  divided  into  two  groups,  viz.,  those  which  sweep  and  load 
into  a  separate  vehicle,  and  those  which  sweep  and  load  into 
a  container  forming  part  of  the  machine  itself.  Both  types 
appear  to  be  cumbersome  and  clumsy,  and  neither  is  capable 
of  sweeping  close  up  to  the  curb,  where  most  of  the  dust  ac- 
cumulates. The  latter  type  of  machine  involves  a  journey  to 
dump  each  time  the  container  is  filled,  and,  as  the  capacity 
of  this  must  necessarily  be  comparatively  small,  this  is  likely 
to  result  in  much  loss  of  time.  Another  disadvantage  is  that 
such  a  machine  can  be  used  for  no  other  purpose,  and  would, 
therefore,  be  idle  much  of  its  time. 

The  ideal  apparatus  would  seem  to  be  a  light  portable 
combined  sweeper  and  elevator,  capable  of  sweeping  right  up 
to  the  curb,  and  delivering  into  a  separate  vehicle,  either 
motor-driven  or  horse-drawn.  It  might  be  desirable  to  make 
the  apparatus  self-contained  by  providing  it  with  a  small 
petrol  motor  for  operating  the  broom  and  elevator.  Hitherto, 
machines  of  this  kind  have  had  to  rely  for  power  upon  the 
vehicle  receiving  the  refuse,  the  power  being  transmitted 
through  the  road  wheels.  The  writer  suggests  that,  where 
the  mileage  of  roads  to  be  swept  is  considerable,  the  most 
economical  course  would  be  to  sweep  the  refuse  from  the 
road  into  the  channel  by  motor-driven  sweepers  and  then  pick 
it  up  and  load  it  by  means  of  the  suggested  combined  sweeper 
and  elevator.  A  machine  of  the  latter  kind  might  be  so  con- 
structed as  to  permit  of  the  removal  of  the  sweeping  appa- 
ratus, so  that  the  elevator  might  be  used  for  other  kinds  of 
work. 

Vacuum  gulley  cleaners  are  already  used  in  large  numbers, 
and  effect  a  considerable  saving  in  labor  and  expense  where 
the  street  gullies  are  of  a  suitable  pattern.  During  the  war 
street  watering  has  been  reduced  almost  to  a  vanishing  point, 
and,  although  it  is  desirable  in  the  interests  of  public  health 
that  this  should  not  continue,  it  is  not  likely  to  be  carried 
out  to  the  same  extent  as  before  the  war.  The  introduction  of 
road  tarring,  and  of  impervious  road  surfaces  has  done  much 
to  reduce  the  dust  nuisance,  but  it  must  be  borne  in  mind 
that  the  dust  now  produced  consists  largely  of  decomposed 
organic  matter  which  is  particularly  dangerous  to  health.  The 
flushing  the  channels  and  branches  to  a  width  of,  say,  2 
or  3  ft.  from  the  curb,  is  of  much  advantage  from  this  point 
of  view,  and  can  be  carried  out  quickly  and  economically  by 
electric  or  other  motor  water  vans  fitted  with  side  dis- 
tributors. 

Local  authorities  who  execute  much  of  this  work  by  admin- 
istration will,  in  most  cases,  find  it  of  advantage  to  centralize 
the  work  of  their  various  departments,  and  to  provide  or 
increase  labor  saving  appliances,  such  as  power-driven  cir- 
cular and  band  saws,  lathes,  drilling  machines,  smiths'  ham- 
mers, chaff-cutters,  planing  machines,  hoisting  apparatus,  etc. 

Where  natural  stone  paving  is  used  in  large  quantities,  it 
may  be  worth  while  to  consider  the  installation  of  pneumatic 
stone  dressers,  and,  in  some  cases,  such  as  tramway  works,  a 
pneumatic  tamping  machine  may  be  found  advantageous. 

Under  present  conditions  it  is  not  sufficient  that  members 
of  the  Institution  should  be  content  to  rely  upon  manufac- 
turers to  introduce  improved  apparatus,  but  they  should  en- 
deavor to  think  things  out  for  themselves,  and  devise  new 
and  improved  methods. 

The  subject  of  street  construction  is  also  one  which  must 
be  reviewed  from  new  standpoints.  The  cost  of  wood  paving 
Is  almost  prohibitive.  Granite  setts  are  also  high  in  price,  but 
less  costly  than  wood.    The  ordinary  rough  setts   are,  how- 


ever, objectionable,  being  both  noisy  and  destructive  of  roll- 
ing stock  and  horses.  Although  it  is  impossible  to  estimate 
the  loss  to  the  community  resulting  from  this  destructive 
effect,  it  is  without  a  doubt  a  very  serious  item  in  towns 
where  setts  are  in  general  use.  The  writer  suggests  that  this 
is  a  question  which  should  not  be  overlooked  by  local  author- 
ities and  that  all  such  matters  should  be  viewed  from  the 
standpoint  of  what  is  best  for  the  community  as  a  whole.  If 
this  attitude  is  adopted  it  will  also  mean  that  local,  or  at  any 
rate,  home  produced  materials  will  be  used  so  far  as  practi- 
cable. It  is  partly  for  this  reason  that  the  writer  has  been 
seriously  considering  the  adoption  of  concrete  roads,  and  he 
has  come  to  the  conclusion  that,  given  great  care  in  the  se- 
lection of  materials  and  the  execution  of  the  work,  they  are 
likely  to  prove  satisfactory  and  economical  substitutes  for 
wood,  granite  and  asphalt  paving. 

The  labor  question,  which  has  assumed  a  new  aspect  since 
the  beginning  of  the  war,  is  one  with  which  the  members  of 
the  institution  are  deeply  concerned.  In  dealing  with  this 
matter,  tact,  sympathy,  an  unprejudiced  mind,  common  sense, 
and,  above  all,  absolute  good  faith  are  necessary.  It  is  gen- 
erally agreed  that  the  great  obstacle  to  industrial  peace  and 
national  prosperity  is  the  atmosphere  of  distrust  and  sus- 
picion which  appears  so  general  at  the  present  time,  and  it 
is  a  patriotic  duty  of  the  members  of  this  institution  to  do  all 
in  their  power  to  restore  mutual  confidence.  This  is  probably, 
after  all,  the  most  important  and  difficult  national  problem 
now  awaiting  solution,  and  is  worthy  of  our  best  efforts. 


Technical  Men  of   Germany  Form  Union 

step  were  taken  last  year  to  bring  about  a  union  of  tech- 
nical men  in  Germany.  The  first  general  meeting  was  held 
in  Berlin  on  Nov.  25,  some  2,000  engineers,  architects  and  other 
technical  men  being  in  attendance.  On  Dec.  2  representatives 
of  all  the  larger  technical  societies  of  Greater  Berlin  agreed 
on  the  necessity  lor  the  formation  of  the  union  and  on  the 
correctness  of  its  aims.  The  purposes  of  the  union  are  set 
forth  in  a  report,  a  translation  of  which  appeared  last  Sep- 
tember in  an  English  Commercial  journal.  The  objects  of  the 
union,  according  to  this  report,  are: 

To  ensure  that  technologists  may  bring  their  influence  to 
bear  on  government,  parliament,  and  the  economic  life  of 
the  country. 

To  attain  this  Object  it  will  use  every  endeavor  to  bring  the 
representatives  of  all  branches  of  technical  practice,  from 
the  foreman  to  the  technical  chief,  into  one  comprehensive 
organization. 

The  program  of  the  union  will  be  based  on  the  foundations 
of  a  free,  democratic  constitution. 

The  union  desires  the  active  collaboration  of  its  members 
in  public  life.  In  order  to  realize  this  program,  the  union 
will  (a)  insure  its  members  a  more  clear  comprehension  of 
the  conditions  under  which  the  people  live,  of  national  life, 
of  legal  machinery,  administration,  economy,  politics,  and 
cultural  matters,  with  special  reference  to  the  systematic 
training  of  members  capable  of  acting  as  the  representatives 
of  technology  on  pt:blic  bodies,  (b)  Explain  to  other  circles 
of  society  the  importance  of  technical  work  tor  the  life  of 
the  people  and  the  maintenance  of  civilization  at  the  proper 
level  of  culture,  and  the  necessity  of  leaving  technical  ques- 
tions to  be  settled  by  technical  men  only. 

The  union  repudiates  any  unconstitutional  attitude  towards 
other  circles  of  the  population,  and  will  use  every  endeavor 
to  secure  intelligent  cooperation,  based  on  trust  and  re- 
spect, with  the  working  classes. 

The  union  declares  it  as  necessary  for  securing  its  objects 
that  its  activities  should  provide  means  for  an  adequate  ex- 
istence lor  every  one  belonging  to  the  technical  trades  or 
professions,  in  order  that  he  may  work  independently  of  his 
own  or  outside  support.  " 

The  declaration  containing  this  and  other  resolutions  was 
signed,  among  others,  by  representatives  of:  Committee  of 
Technical  Ofl^icials  of  the  Ministry  of  Marine,  Society  of  Archi- 
tects, Automobile  and  Aeronautical  Society,  Society  of  Ger- 
man Engineers.  Society  of  German  Civil  Engineers.  German 
Technical  Society,  German  Union  of  Technologists,  Electro- 
Technical  Society,  Society  of  Naval  Architects,  Union  of 
Academical  Architects'  Societies,  Union  of  German  Electrical 
Engineers,  Society  of  German  Patent  Agents,  Society  of  Sur- 
veyors, German  Chemical  Society,  German  Foundrymen's  So- 
ciety,  Society   of   German   Mechanical   Engineers. 
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Standardization  of  Structural 
Steelwork 

By  R.  B.  REID. 

From  Journal  or  Steel  Structural  Section  of  the  British  Engineers' 

Association. 

At  first  3ight  it  would  appear  that  constructional  steelwork 
is  not  a  promising  field  tor  standardization.  The  engineer 
ing  and  other  requirements  are  so  varied  and  the  ground  cov- 
ered so  extensive,  that  there  leaps  at  once  to  the  mind  the 
wide  range  over  which  the  activities  of  the  constructional  en- 
gineer extends. 

The  benefits  to  be  derived  by  the  purchaser  by  the  applica- 


Fig.    1 — Standardized    Construction     As    Applied    to    Pattern    Store 
Building. 

tion  Of  standardization  to  structural  steelwork,  where  it  is 
practicable,  will  be  readily  appreciated.  The  interchange- 
ability  of  a  multiplying  member  or  element  in  design  would 
result  in  simplification  of  construction,  making  possible,  im- 
provements in  methods  of  manufacture,  in  rate  of  production, 
output,  and  erection,  and  a  reduction  of  waste  and  ineffi- 
ciency.    Individual   jobs   would   be   transformed    largely    into 


3. 
4. 


aggregate  production,  and  there  would  be  a  leveling  up  of  the 
output  curve  by  making  use  of  the  latent  capacity  of  plant 
and  organization  which  runs  to  waste  in  the  "dry  spells"  and 
is  overworked  in  the  "spates." 

The  illustrations  show  a  successful  method  of  standardized 
construction  as  applied  to  the  range  of  steel  construction  re- 
quired in  industrial  buildings  such  as  stores,  workships,  roof 
trusses,  girders,  etc. 

The  essential  features  of  standardization  are: 

1.  Repeating  standard  units,  or  elements  of  a  convenient 
form,  and  of  the  simplest  form  possible. 

2.  Limitation  of  number  of  different  sections  or  parts  used. 

The  adoption  of  common  sections  easily  obtainable. 

Adaptability  to  various  strengths,  forms,  and  dimen- 
sions as  required  in  construction,  making  the  range  of  appli- 
cation as  wide  as  possible. 

The  illustrations  in  Fig.  2,  showing  a  few  types  of  "stand- 
ard" trusses  as  constructed,  indicate  a  fairly  wide  range  of 
application.  Variations  in  strength  are  provided  for  by 
doubling  all  or  any  of  the  sides  of  triangular  unit  and  bar. 

Illustration  No.  5  shows  an  interesting  case  where  the  con- 
ditions were  as  follows: 

The  work  was  to  extend  an  existing  curved  roof  having  a 
rigid  skylight.  The  arrangement  of  the  standard  units  gave 
chords  on  the  actual  curve  of  existing  rafter  (shown  dotted) 
and  the  purlins  were  fixed  to  exact  surface  of  sheeting  curve 
by  light  strap  supports  fixed  to  standard  holes.  There  was 
an  adjoining  curved  span  of  the  same  type  56  ft.  span  which 
was  treated  successfully  by  a  similar  arrangement  of  the 
standard  materials. 

In  Fig.  1  is  shown  a  type  of  building  used  as  a  pattern 
store,  where  side  uprights  were  of  standard  units  and  bars. 
The  framing  in  this  case  was  of  timber  for  purlins  and  side 
rails.  This  type  of  knee  braced  frame  has  the  additional  ad- 
vantage of  reducing  the  stresses  brought  on  foundations,  by 
eliminating  bending  moment  at  the  column  base,  and  so  re- 
lieving the  foundations,  which  are  then  only  required  to  be 
of  sufficient  area  to  resist  direct  loads. 

As  there  are  certain  features  in  design  involved  by  the 
necessity  of  the  standardization  of  interchangeable  units 
which  form  a  departure  from  usual  design,  this  unit  construc- 
tion was  subjected  to  a  series  of  tests  under  varied  conditions 
of  loading  which  successfully  proved  its  reliablity  for  the 
field  of  construction  to  which  it  is  applicable. 

In  conclusion  it  may  be  said  that  there  is  a  considerable 
field  for  the  operation  of  the  ingenuity  of  the  structural  engi- 
neer in  the  improvement,  simplification,  and  standardization 
of  details  and  elements  in  construction. 


Shaft  Sinking  Record. — The  following  details  regarding 
shaft  sinking,  in  December,  191S,  at  the  Crown  Mines  in 
South  Africa,  are  abstracted  from  a  paper  read  a  tew  months 
ago  at  a  meeting  of  the  South  African  Institution  of  Civil 
Engineers,  by  Mr.  H.  Stuart  Martin:  Diameter,  21  ft.  6  in. 
(20  ft.  in  the  clear):  During  31  days.  270  ft.  were  sunk. 
Costs  taken  over  30  days  (270  ft.)  totalled  131.  4s.  Sd.  ($54) 
per  foot.  These  costs  include  the  whole  of  the  station  cost — 
walling  only  excluded.  The  average  tons  hoisted  per  blast 
was  90,  making  S,100  tons  for  30  sinking  days,  three  blasts 
per  day.  Average  of  31  natives  per  shift  in  shaft  per  day,  or 
93.  White  men  in  shaft;  Leading  hand  sinker.  1  per  shift, 
3  per  day:  second  hand  sinker,  1  per  shift,  3  per  day;  stage- 
men,  1  per  day;  master  sinker.  1  per  day.  Total  in  shaft  per 
day,  8.  Total  other  whites  employed  on  surface:  Engine 
drivers,  3;  boilermen,  fitter  blacksmith,  machine  men  and 
masons,  workshops,  etc.,  9;  grand  total,  20.  The  total  ex- 
plosives used  amounted  to  15  lb.  per  foot  sunk.  Machines: 
Four  Holman  torpedo  sinkers;  two  Holman  ,iack  hammers. 
A  depth  of  279  ft.  sunk  in  31  days  constituted  then  the  world's 
record  for  speed  In  sinking,  covering  all  forms  of  shaft.  This 
shaft-sinking  record  has  again  been  broken  at  the  same  shaft, 
the  footage  accomplished  for  the  month  of  July,  viz.,  31  days, 
being  310  ft.  The  total  tonnage  of  rock  hoisted  for  the  31 
days  amounted  to  10,134  tons.  This  work  was  carried  out 
under  the  supervision  of  Mr.  Ivor  Rees.  In  this  last  instance 
also  the  rock  drills  used  were  the  Holman  sinker  and  Holman 
hand   hammer. 


Fig.   2— Types   of    Standard    Unit    Roof   Trusses. 


Concrete  Ship  Faith  Crosses  Atlantic. — The  London  Morn- 
ing Post  reports  that  on  Sept.  11  members  of  the  Concrete 
Institute  inspected  the  concrete  ship  Faith  which  had  just 
completed  a  voyage  across  the  Atlantic. 
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Collection  and  Disposal  of  Refuse 

By  F.  W.  BROOKMAN, 

Cleansing-  Superintendent.  Rochdale. 
Prom    The    Surveyor,    July    11,    1919. 

Petrol  trucks,  in  spite  ot  the  cost  and  difficulty  in  ob- 
taining petrol,  have  been  a  great  help  during  the  war,  and  I 
want  to  suggest  that  as  the  cost  of  the  wagons  gets  easier 
and  the  petrol  becomes  more  plentiful  the  home-manufac- 
tured benzol  should  be  used  either  alone  or  mixed  with 
petrol.  For  all  users  of  petrol  vehicles  it  would  be  a  good 
thing,  if  there  were  inspectors  on  the  road  to  send  home 
all  badly-running  vehicles,  and  if  the  trucli  was  taken  in 
hand  at  the  first  warning  there  would  be  many  less  break- 
ages. 

The  Choice  of  Trucks. — It  is  not  always  easy  to  decide 
what  size  of  truck  is  the  best  to  adopt,  but  where  its  work 
is  moJe  or  less  of  a  certain  type,  or,  shall  we  say,  suppose 
a  truck  is  to  work  nine-tenths  of  its  time  en  one  job,  nat- 
urally that  Job  should  rule  the  size,  and  it  should  always 
be  remembered  that  a  6-ton  truck  costs  no  more  in  labor 
to  run  than  a  4-ton  does,  and  there  is  less  time 
taking  per  ton  at  each  end  of  the  journey  getting  into  posi- 
tion and  also  in  loading  and  unloading. 

The  electric  truck  has  been  much  to  the  fore  during  the 
war,  and  could  they  have  been  obtained  there  is  no  doubt 
that  they  would  have  been  in  evidence  almost  everywhere. 
Where  they  have  been  adopted  for  comparatively  level  work 
I  have  heard  them  well  spoken  of,  but  in  cases  where  the 
roads  are  other  than  level  this  has  not  always  been  the 
case.  This  does  not  by  any  means  condemn  the  electric 
truck,  but  only  shows  that  sufficient  care  has  not  been  ex- 
ercised in  purchasing  the  truck,  or  that  the  makers  may 
have  been  so  eager  to  sell  that  they  have  sold  a  less  power 
truck  than  was  warranted  for  the  work  in  view,  and  that 
both  buyer  and  seller  be  to  blame.  Of  course,  this  also  ob- 
tains with  petrol  trucks,  and  a  truck  is  purchased  for  30 
cwt.  load  and  often  works  to  2  tons  and  trouble  soon  results. 
To  my  mind  the  electric  truck  is  a  most  economical  wagon 
to  run  if  of  a  sufficiently  powerful  type,  without  it  being 
necessary  to  undermine  its  constitution  by  want  of  energy. 

Horse  Transport. — Owing  to  the  high  price  of  horses  and 
provender  it  is  now  a  question  as  to  just  where  the  dividing 
line  should  come  in.  This  must  depend  on  the  district,  for 
in  one  case  it  may  pay  better  to  work  a  horse  in  a  four- 
wheeler  as  far  out  as  a  mile,  while  in  another  case  half  a 
mile  might  be  over  the  mark.  Now  that  the  48  hours  is  the 
limit,  the  horse  journeys  may  be  so  shortened  that  the  old 
number  of  journeys  can  be  done,  and  the  quicker-moving 
motor  trucks  put  on  all  outside  the  horse  area.  In  this  out- 
side area  you  can  use  either  a  moderately-sized  truck  or  a 
truck  about  half  the  size  and  holding  about  the  same  as  a 
horse  four-wheeler.  Suppose,  however,  you  put  on  a  large 
truck  and  put  all  the  men  on  it  that  you  would  put  on  to 
three  small  ones,  your  result  would  be  nothing  like  the  same. 
You  might  possibly  not  get  done  more  than  half  what  the 
three  small  trucks  would  do  because  of  the  distance  the  large 
trucks  would  have  to  travel  to  get  a  load,  and  the  unwieldy 
character  of  the  machine  in  small  areas. 

Tipping  and  Loading. — As  to  tipping  trucks,  the  tipping 
arrangements  should  be  of  the  simplest  possible  character. 
The  experiment  has  been  repeatedly  tried  on  two  trucks — 
one  a  tipper  and  the  other  a  non-tipper — of  moving  the  same 
material  from  and  to  the  same  place,  and  the  non-tipper  could 
easily  beat  the  tipper  owing  to  the  character  of  the  tipping 
arrangements. 

Whenever  possible  the  vehicle  should  be  such  as  to  be  read- 
ily loaded  by  a  man  on  the  pavement  without  the  use  of  a 
ladder.  Trucks  of  the  tvpe  used  at  Bury  are  easily  loaded 
and  tipped,  and  it  is  not  difficult  to  get  comparatively  low- 
bodied  trucks  of  other  types  to  fill  this  requirement,  and  re- 
cently I  have  seen  steam  trucks  that  could  easily  be  loaded 
over  the  side  and  at  the  same  time  give  a  passable  tip.  These 
trucks  will  carry  up  to  5  tons  in  weight  and  run  well  on  coke 
breeze,  with  which  a  cleansing  department  could  easily  sup- 
ply itself  from  the  refuse. 

The  Position  of  Ash  Bins. — In  connection  with  refuse  col- 
lection, another  point  requires  constant  attention.  In  many 
districts  now  a  wagon  could  be  loaded  in  half  the  time  at 
least,  if  the  ash  bin  or  ash  place  were  accessible  from  the 
passage  without  having  to  go  the  length  of  the  garden  or 
yard,   not   to   mention   locked   yards.     I   think  the   position   of 
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the  ash  bin  is  an  important  item  on  a  building  plan,  and  that 
it  should  be  put  in  the  most  getable  position.  In  the  case  of 
old  property  it  would  be  time  well  spent  in  many  cases  when 
any  alterations  or  lepairs  are  being  executed,  whether  to  the 
ash-places  or  not,  to  talk  the  matter  over  with  the  landlord 
and  point  out  to  him  not  only  the  advantages  that  an  altera- 
tion in  the  site  of  the  ashplace  or  bin  would  be  to  us,  but 
also  how  such  an  alteration  would  benefit  him  and  his  ten- 
ants. It  is  no  uncommon  thing  for  a  load  in  one  particular 
district  to  take  as  long  as  two  loads  in  a  better  arranged 
part  of  the  town. 

.Another  point  that  tends  to  waste  time  is  where  dwellings 
have  their  own  particular  utensils  for  containing  ashes  and 
refuse,  in  which  case  every  particular  bin  or  tub  has  to  be 
carried  back  again  after  being  emptied  into  the  cart  or  wagon. 
In  some  cases  the  refuse  must  be  carried  from  the  back  round 
the  end  of  the  house  to  the  front  and  the  length  of  the  front 
garden  or  lawn  into  the  front  street.  These  are  the  places 
that  waste  time,  get  the  men  out  of  sight,  and  cause  trouble 
all  round. 

Sometimes  we  do  see  something  quite  contrary  to  the  time- 
wasting  process  above  mentioned,  and  I  shall  never  forget  a 
little  performance  I  once  saw  in  the  collection  of  refuse. 

I  had  appeared  on  the  scene  quite  without  notice,  and  in 
the  absence  of  the  local  superintendent.  The  ash  bins  (all 
galvanized)  were  previously  deposited  along  the  curbstone 
edge  by  the  tenants,  and  while  the  motor  truck  traveled  up 
the  center  of  the  street  the  ashmen  simply  hoisted  up  the 
bins  on  to  the  truck  (without  it  stopping)  and  the  man  in  the 
truck  picked  up  the  empty  bin  and  dropped  it  over  the  side 
into  the  hands  of  the  man  who  brought  it. 

Disposal  of  Refuse. — In  a  few  towns  the  pail  contents  are 
dried  and  thus  made  into  a  valuable  manure,  for  the  mere  act 
of  drying  (along  with  a  little  acid)  can  under  certain  condi- 
tions increase  the  percentage  of  ammonia  up  to  12  per  cent, 
-which  makes  it  work  out  about  half  as  much  as  sulphate  of 
ammonia  for  this  item  alone,  and  there  is  also  present  cer- 
tain phosphates,  potash,  etc.,  so  that  it  is  a  good  all-round 
manure.  The  production  will  continue  until  the  pails  are  re- 
placed by  water  carriage,  when  we  shall  look  to  the  sewage 
works  to  have  produced  a  good  substitute,  and  they  will  have 
no  little  problem  in  that  the  town  manure  will  be  intermixed 
and  partly  dissolved  in  millions  of  gallons  of  water. 

With  reference  to  the  ash  refuse  we  are  not  much  nearer 
a  good  solution.  In  pre-war  times  it  was  almost  the  unani- 
mous opinion  that  the  refuse  should  be  burnt  so  as  to  get  rid 
of  the  putrefactive  or  organic  matter  and  to  make  an  innocu- 
ous clinker  that  could  be  used  for  many  purposes,  or  tipped 
anywhere  without  being  detrimental  to  health.  While  the 
matter  of  cost  was  at  that  time  fairly  heavy,  both  in  col- 
lection and  burning,  it  was  low  compared  to  what  it  is  now. 
Given  that  we  shall  eventually  exterminate  the  pail  closet, 
there  is  no  chance  of  eliminating  the  ashes  collection,  for 
while  it  is  possible  in  certain  factories  and  manufacturing 
premises  to  establish  suction  conduits  to  carry  off  the  dust, 
sawdust,  shavings,  shoddy,  etc.,  it  would  be  quite  a  diiferent 
problem  to  instal  a  system  to  draw  away  to  the  depot  or  the 
tip  the  ashes  refuse  of  a  town,  intermingled  with  the  pots 
and  pans,  tins,  broken  bricks,  etc. 

Recently  there  have  been  put  down  screenings  and  wash- 
ing plants  for  screening  out  of  the  refuse  the  cinders  and 
washing  them  so  as  to  recover  this  valuable  fuel.  This,  of 
course,  separates  out  the  inert  fine  ash — a  material  in  itself 
which  cannot  be  burnt,  and  which  acts  as  a  drag  on  the 
burning  of  the  better  fuel.  Further,  this  is  taken  out  at  the 
first  handling,  and  thus  is  not  left  either  to  be  matted  up 
against  the  clinker  in  the  destructor  and  afterwards  laboii- 
ously  withdrawn  and  deposited  on  the  clinker  bank,  or  to  be 
as  laboriously  riddled  through  the  destructor  grate  if  the 
stoker  is  sufficiently  energetic  so  to  dispose  of  it.  In  my 
opinion  the  screening  of  the  refuse-as  a  much  better  propo- 
sition than  grinding  up  the  whole  of  the  material,  good  and 
bad,  for  it  does  enable  you  to  use  the  good  fuel,  which,  in 
its  turn,  may  be  used  as  fine  ashes  later,  the  inert  fine  ash 
is  thus  eliminated  from  the  good  fuel,  which  is  then  washed 
to  dispose  of  adherent  damp  ash,  etc.  Where  the  fuel  is  to 
tie  used  for  steam  raising  (or  like  purposes)  on  the  premises, 
the  washing  may  be  dispen'-ed  w'ith  and  the  plant  simplified; 
but  this  must,  of  course,  be  left  to  local  requirements.  In 
some  particular  cases  it  may  sr't  the  conditions  to  get  all 
the  fine  ashes  possible,  but  I  wish  to  point  out  that  the  ma- 
terial that  will   not  pass  through  a   i/i-in.  screen   is  not  the 
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same  class  as  that  which  will  go  through  it;  and  even  if  you 
grind  it  the  composition  remains  what  it  was  before,  and 
unless  you  want  the  material  purely  as  an  absorbent  or  as 
a  mechanical  lightener  of  clay  land,  you  may  have  had  your 
labor  for  nothing.  Supposing,  however,  you  ground  the 
clinker  to  a  fine  powder  you  would  render  the  lime  contained 
in  it  available  for  agricultural  purposes,  and  (depending  upon 
the  kind  of  coal  used  in  a  particular  district)  it  would  act  on 
the  land  in  exactly  the  same  way  as  the  lime  in  sewage  sludge 
does,  but  it  would  save  the  carriage  of  the  water  in  the  lat- 
ter and  be  much  easier  to  spread  and  to  work  iri.  The  avail- 
ability of  the  lime  for  this  purpose  would  depend  upon  Its 
fine  grinding,  just  as  it  will  be  remembered  the  now  much- 
valued  basic  slag  many  years  ago  failed  I'oi;  want  of  proper 
milling. 


The  Competitive  Contract  System 

By  PAUL  WATEKHOUSE. 
l<Yoni  the  Journal  ot  the  Society  of  Architects. 
The  house  which  we  have  to  put  in  order  for  the  great 
post-war  era  into  which  we  are  advancing,  is  the  great  home 
ot  the  art  and  craft  ot  building.  That  house  is  full  ot  appli- 
ances and  every  one  of  these  appliances,  from  the  driving 
wheels  to  the  meanest  cogs,  should  be  considered  well  before 
it  is  cleaned  and  lubricated  and  put  into  fresh  use. 

It  seems  a  fine  thing  to  sweep  away  the  system  of  com- 
petitive tendering.    The  faults  ot  the  system  are  so  obvious. 
We  set  contractors  to  run  a  race  not  of  excellence  but  of 
money.     We  say  to   them   "come  and   struggle   together   for 
the  prize  of  a  job;    the  prize  will  be  given  not  to  the  best 
builder  among  you,   but  to   the  cheapest  builder,   or   rather 
to  the  cheapest  estimator."     We  seem   to  be  implying  that 
neither  we  as  architects,  nor  employers  as  owners,  care  how 
the  work  is  carried  out  so  long  as  it  is  got  through  at  rock 
bottom  price.     It  might  be  said  that  we  were  by  such  a  sys- 
tem  only   making   trouble   for   ourselves.     For   the   cheapest 
man — the  winner — •  is,  it  may  be  urged,  the  least  likely  of  all 
the  competitors  to  be  able  to  put  into  his  work  that   extra 
margin   of   quality   which   makes   and   marks    the   difference 
between  a  good  building  and  a  bad  one.     I  think  that  if  we 
architects  were  left  to  ourselves  and  to  our  own  inclinations 
we  should  to  a  man  give  our  vote  for  the  abolition  of  com- 
petitive   tenders.     Don't    we    know    the    luxury    of    working 
through  a  building  enterprise  with  one  of  those  old  friends 
in  the  building  world  whom   most  ot  us   middle-aged  archi- 
tects are  happy  to  possess?     Don't  we  know  the  pleasure  of 
k-eallzlng  that  this  old  friend  has  been  put  in  without  com- 
petition   on   our   own   nomination,   but  with   the   perfect   ac- 
quiescence  of   a   trustful    client   who    wants    the    best   work 
out  of  both  architect  and  builder?    Must  we  not  acknowledge 
that  there  is  a  pleasure  about  such  work  tor  client,  archi- 
tect, and  builder,  which  is  by  no  means  always  found  in  those 
undertakings  whose  birth  is  presided  over  by  a  sordid  money 
struggle?     We  do,  indeed,  most  gratefully  admit  that  woi'k 
under  conditions  such  as  these  has  often  been  our  happiest 
and  our  best,  and  that  though  the  contractor  may  have  been 
paid  a  trifle  above  lowest  rates  the  bargain  between  owner 
and   builder   has   been   a   fair   one   and   satisfactory   to   both 
parties. 

But  can  we  look  upon  such  a  system  as  the  normal  one;  and 
would  it  be  well  for  builders  and  employers  if  the  competi- 
tive system  were  swept  away?  I  believe  not.  The  builder 
in  the  ideal  case  just  described  must  be  paid  on  a  reckoning 
ot  some  sort;  and  that  reckoning  must  be  made  up  and 
checked  in  one  of  two  ways.  It  must  either  be  on  ordinary 
bill  ot  quantities  priced  at  the  start,  as  if  in  competition, 
and  adjusted  by  a  quantity  surveyor  at  completion  or 
it  must  be  a  bill  worked  out  on  the  prime  cost  and  per- 
centage system.  (I  do  not  regard  the  priced  schedule  system 
as  a  third  method,  for  it  is  merely  a  variation  ot  the  priced 
(luantitles  with  the  difference  that  the  client  gets  no  lump 
sum  figure  at  the  start.) 

Now  whichever  ot  these  schemes  is  adopted  it  is  quite  clear 
that  unless  confidence  is  to  be  carried  to  unusual  and  un- 
reasonable bounds  the  builder's  accounts  have  got  to  be 
checked  by  either  an  architect  or  a  surveyor  (or  both)  rep- 
resenting the  owner.  How  is  this  checking  to  be  done?  The 
opinion  of  the  surveyor  as  to  the  reasonableness  ot  this  or 
that  price  must  be  based  tipon  some  standard;  and  standards 
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if  they  are  fair  can  only  be  set  up  by  some  sort  of  com- 
petition. Competition  exists  in  all  healthy  trades,  and  as 
builders  cannot  compete  with  one  another  by  placing,  like 
drapers  and  grocers,  ready-made,  priced  products  in  a  shop 
window,  they  must  conduct  their  rivalry  by  giving  competi- 
tive prices  tor  certain  objects,  the  identity  of  which  is  fixed 
by  a  specification  and  by  quantities.  I  conclude,  therefore 
that  if  for  no  other  purpose  than  the  establishing  of  an 
average  of  current  costs,  competition  in  price  must  continue 
to  exist  alongside  of  the  continuation  of  that  pleasanter 
method  in  which  the  builder  is  paid  for  his  work  without 
winning  it  on  price.  But  there  are  other  reasons  also  for 
the  retention  of  the  competitive  tender,  and  perhaps  the  chief 
of  them  is  that  without  it  new  and  young  firms  would  find 
it  difiicult  to  gain  an  entree  into  the  building  market;  for 
the  public  having  no  price  criterion  to  go  on  would  perforce 
be  inclined  to  choose  their  builders  solely  or  mainly  on 
groimds  of  well-established  and  long  standing  reputation. 
For  many  buildings  in  fact  non-competitive  payment  is  ex- 
cellent, indeed  advisable,  but  the  abolition  of  competitive 
tenders  or  ot  competitive  pricing  on  schedules  would  lead  to 
random  pricing,  capricious  increases  of  standard,  disputes, 
and  in  fine  to  a  state  ot  uncertainty  in  which  neither  owner 
nor  builder  would  be  the  gainer. 

To  suggest  that  the  prime  cost  and  percentage  system  ot 
payment  is  the  solution  ot  all  difficulties  is  misleading.  It 
might  be  urged  that  the  healthy  competition  between  firms 
could  be  simply  exercised  by  allowing  them  to  quote  against 
one  another  the  percentage  each  is  willing  to  accept  on  prime 
cost.  But  with  every  intention  ot  honesty  on  everybody's 
part  there  is  a  difficulty  in  the  very  basis  ot  the  system. 
Prime  cost!  What  is  prime  cost?  I  insult  nobody  when  I 
point  out  that  however  loyal  and  honest  a  builder  may  be 
the  prime  cost  and  percentage  system  offers  him  no  induce- 
ment to  buy  cheaply,  and  certainly  encourages  the  builders' 
merchants  to  charge  as  highly  as  possible.  It  I  were  speak- 
ing with  unguarded  tongue  I  would  suggest  further  that 
"prime  cost,"  which  sounds  so  final,  is  in  the  realities  of 
commerce,  elastic. 


Features  of  Desrumaux  System  of  Water 
Filtration 

These  rapid  filters,  constructed  either  of  reinforced  con- 
crete or  sheet  iron,  in  the  form  of  tanks,  are  characterized 
by  the  following  arrangements: 

(1)  The  solution  ot  aluminum  sulphate  used  as  a  purifier  is 
distributed  automatically  and  proportionally  to  the  volume  ot 
water  to  be  purified  and  clarified,  quite  irrespective  of  varia- 
tions in  the  feed  of  the  unpurified  water  or  the  consumption 
of  filtered  water. 

(2)  The  proportion  of  aluminum  sulphate  can  be  modified  at 
once,  according  to  requirements,  without  in  any  way  altering 
the  concentration  of  the  solution. 

(3)  The  whole  ot  the  pipe  system  and  cocks  used  tor  dis- 
tributing the  water  to  the  filters,  collecting  the  filtered  water, 
and  emptying  the  purging  system,  rests  directly  on  the 
ground,  and  is  therefore  easily  accessible. 

(4)  During  the  cleansing  operation,  the  stream  can  be  re- 
versed instantaneously  by  simply  opening  the  purge  valve 
with  which  each  filter  is  fitted,  and  this  change  in  direction 
continues  as  long  as  the  purging  valve  remains  open.  This 
operation,  by  allow-ing  the  filtered  water  to  fiow  downwards 
under  reduced  pressure  in  the  filter  in  operation,  produces 
rapid  filtering,  withoiit.  however,  carrying  with  it  any  of  the 
filtering  medium. 

(.5)  No  external  force  is  required  for  operating  the  rakes  in 
this  new  design  of  filter. 


Advantages  of  Concrete-Wood  Ships. — Concrete  and  Con- 
structional Engineering,  London,  states,  that  according  to  a 
Norwegian  patent  granted  in  1917  to  Moe  and  Morch,  the 
use  of  a  combination  of  wood  and  concrete  has  the  follow- 
ing advantages  in  shipbuilding:  the  vessel  is  lighter  and 
cheaper  to  build,  costly  curved  wooden  planks  and  beams 
are  avoided;  the  outer  surface  of  the  vessel  is  better  pro- 
tected than  when  wood  alone  is  used  and  repairs  can  easily 
be  executed.  In  the  patentee's  arrangement  the  skeleton  of 
the  vessel  is  of  wood,  the  intervening  saces  being  filled 
with  mass  concrete 
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What  the  War  Has  Done  for  Engi- 
neers, and  the  Part  Engineers 
Have  to  Play  in  Recon- 
struction 

By  COL.  R.  E.  B.  CROMPTON. 
vi>.-tr;ni  <>r  Presidential  Address  Before  the  Junior  Institution  of 
Engineers. 
The  great  event,  the  signing  of  the  armistice,  which  must 
lead,  we  hope,  to  a  peace  which  will  endure  forever,  has  de- 
termined me  to  attempt  to  supply  answers  to  the  two  great 
question?  which  every  engineer  who  listens  to  this  address 
must  already  have  put  to  himself:  (1)  What  has  the  war 
done  for  us  engineers?  (2)  What  part  have  we  to  play  in 
the  vast  work  of  world  reconstruction?  I  think  that  the 
reply  to  the  first  question  must  be  wholly  satisfactory  to 
you,  that  the  war  demands  have  greatly  Improved  the  status 
of  the  engineer  in  every  department,  whether  it  has  been 
in  the  designing  of  new  forms  and  of  the  organization  of 
the  manufacture  of  munitions,  or  their  transport  and  uti- 
lization in  the  fighting  line;  in  all  of  these  the  engineer  has 
more  than  held  his  own: 

In  the  past — in  fact,  ever  since  mankind  divided  itself  into 
the  two  groups  of  those  who  work  and  those  who  talk — the 
talkers  have  had  the  upper  hand  and  have  always  attempted 
to  be  the  governing  body.  When  we  study  the  history  of 
human  progress,  from  prehistoric  up  to  our  own  time,  we 
cannot  fail  to  note  how  completely  the  talker  has  taken 
the  lead  and  has  constituted  himself  the  governing  body, 
but  rarely  allying  himself  with  the  engineer  worker,  and 
then  only  when  It  suited  his  convenience,  treating  the  en- 
gineer as  an  upper  servant  whose  advice  may  be  accepted 
or  rejected  as  it  supported  or  weakened  the  talker's  position; 
and  as  the  talker  became  more  and  more  the  representative 
of  the  status  quo — i.  e.,  of  conservatism  and  reaction — so 
the  engineer,  the  creator  of  new  work  and  the  natural  leader 
of  the  workers,  was  thrown  into  a  position  of  antagonism 
to  the  talkers. 

One  year  of  war  showed  that  nine-tenths  of  the  work  was 
essentially  the  work  of  the  engineer.  In  every  department 
of  Government  engineers  found  themselves  forced  to  the  top, 
their  advice  eagerly  taken,  and  in  all  the  great  departments 
of  engineering  the  natural  leaders  of  engineering  took  their 
proper  position  as  administrative  heads  of  departments. 

I  think  that  I  may  therefore  answer  the  first  question, 
that  the  status  of  engineers  in  regard  to  the  body  politic 
has  reached  a  point  which  it  would  have  taken  many  years 
to  reach  if  it  had  not  been  for  the  war.  The  war  has  been  the 
crucial  test  between  the  workers  and  the  talkers,  and  here, 
at  any  rate,  the  workers  have  won. 

When  we  turn  to  the  second  great  question — What  part 
have  we  engineers  now  to  play  in  the  vast  work  of  world 
reconstruction? — I  propose  to  call  your  attention  to  those 
branches  of  engineering  work  which  will,  I  feel  sure,  first  de- 
mand your  earnest  attention. 

There  is  no  branch  of  engineering  which  we  can  unhesi- 
tatingly say  ought  to  be,  and  will  be,  fully  employed  dur- 
ing the  next  50  years,  which  is  so  full  of  promise  for  the 
future  comfort  of  mankind,  as  food  production  on  a  scien- 
tific scale,  unless — and  this  brings  me  to  the  next  great  de- 
partment of  engineering — it  is  the  transportation  of  the 
necessaries,  food,  clothing  and  housing,  furniture  and  do- 
mestic equipment.  Transportation  always  has  been  par  ex- 
cellence the  domain  of  the  engineer,  and  the  war  has  shown 
us  what  lack  of  it  really  means. 

I  should  be  attempting  too  much  to  discuss  with- you  the 
great  scope  for  design  and  for  your  creative  talent  in  the 
cheapening  of  ships.  It  is  too  evident  for  me  to  bring  it 
specially  to  your  notice.  I  prefer  to  dwell  on  land  trans- 
port, a  subject  to  which  I  have  paid  considerable  attention. 
I  take,  as  first  in  order  of  importance,  the  future  improve- 


ment of  transport  by  road.  Progress  was  retarded  in  the 
early  part  of  last  century  by  authorities  allaying  themselves 
with  the  vested  interests.  At  the  end  of  last  century,  with 
the  advent  of  the  motor  car,  this  was  changed,  for  the  im 
proved  power-driven  vehicles  imperatively  demanded  im- 
proved road  services,  so  that  during  the  10  years  imme- 
diately preceding  the  war  considerable  progress  had  been 
made;  the  Government  gave  way  to  the  demands  of  the 
vehicles,  and  the  Road  Board  was  established. 

We  hear  on  all  sides  that  our  roads  have  suffered  terribly 
from  the  war;  that  the  shortage  of  labor  and  restrictions  on 
the  use  of  road  stone  and  other  materials  necessary  for  road 
repair  have,  combined  with  the  extra  traffic  imposed  by 
the  war,  resulted  in  the  breaking  up  of  the  surfaces  to  such 
.in  extent  that  vast  sums,  will  be  required  to  put  them  into 
a  fit  state  to  carry  the  increase  of  traffic  which  we  all  ex- 
pect will  follow  during  the  reconstruction  period.  This  pes- 
simistic view  of  the  matter  requires  to  be  corrected,  for. 
as  a  matter  of  fact,  the  improved  road  surfaces  which  had 
been  developed  by  the  experimental  work  and  the  grants- 
in-aid  made  by  the  Road  Board  from  the  time  that  it  came 
into  being  up  to  July,  1914,  have  stood  remarkably  well  the 
severe  strain  of  carrying  the  increased  war  trafiic.  The  main 
roads  of  Kent,  Surrey,  and  elsewhere,  where  the  most  im- 
proved surfaces  have  been  laid  down,  are  the  best  evidences 
of  this.  Take  the  main  road  from  London  to  Folkstone  as  an 
instance.  This  road  has  been  continuously  traversed  by 
long,  heavily-laden  trains  of  motor-wagons  carrying  war  ma- 
terial, and  yet.  as  I  am  informed  by  the  County  Surveyor 
of  Kent,  very  little  money  has  been  spent  on  repairing  its 
surface  during  the  four  years  of  the  war.  Moreover,  he  has 
pointed  out,  that  in  the  open  links — i.  e.,  wherever  it  is  not 
enclosed  by  houses — it  has  been  practically  self-cleansing  by 
the  natural  rainfall.  It  is  very  fortunate  that  this  is  the 
case,  for  it  is  evident  that  if  similar  surfaces  are  put  down 
in  other  parts  of  the  country  at  least  as  good  results  can 
be  obtained. 

Modern  reconstruction  will  not  be  limited  to  our  main  or 
principal  roads,  but  means  must  be  found  to  resurface  all 
our  roads  wherever  they  approach  dwelling  houses,  so  that 
they  may  be  free  from  mud  in  winter  and  be  dustless  in  sum- 
mer, for  we  now  know  that  sanitation  and  the  health  of  the 
children  of  our  population  demands  this,  for  the  dust  that 
existed  previous  to  our  tarred  roads  contained  harmful  or- 
ganisms which  were  the  cause  of  many  infantile  diseases. 
This  extension  of  the  roads  can  only  be  carried  out  at  reason- 
able first  cost  and  annual  maintenance,  if  adequate  means 
are  employed  to  sort  the  traffic — for  you  must  understand 
that  a  cheaply  constructed  road  will  carry  satisfactorily 
axle  weighs  up  to  30  cwt.  passing  over  it,  at  speeds  up  to  30 
miles  an  hour,  will  be  badly  deformed  and  heavy  repairs 
necessitated  by  few  passages  of  heavier  vehicles,  if  these 
heavier  vehicles  are  driven  at  speeds  exceeding  8  miles  an 
hour.  You  must  remember  that  the  agent  which  deforms 
a  road  is  the  impact  of  the  rolling  wheels,  which  at  high 
speed  do  not  roll  smoothly,  but  rebound  and  strike  the  sur- 
face rhythmically  with  a  force  proportionate  to  their  weight 
multiplied  in  the  square  of  the  speed. 
.  In  our  early  efforts  to  produce  strong  road  crusts  which 
would  be  waterproof,  we  spread  by  hand  and  then  rolled  the 
stones  which  form  the  new  coating,  and  then  poured  over 
it  by  hand  from  buckets  provided  with  spreading  nozzles  a 
mixture  of  melted  pitch  and  sand.  This  found  its  way  into 
the  spaces  between  the  stones,  and  when  the  coating  was 
firmly  rolled,  a  surface  was  produced  which  we  were  well 
satisfied  with  at  the  time,  as  it  was  waterproof,  and  the  stones 
were  apparently  sufficiently  firmly  held  in  place  to  resist 
the  push  effect  of  wheeled  trafiic.  As  time  went  on  we  found 
that  roads  so  formed  were  far  from  perfect;  they  soon  lost 
their  level  surface.  Undulations  or  waves  were  formed,  due 
to  the  stones  themselves  not  being  sufficiently  closely  packed 
together;  in  fact,  the  stones  were  actually  spaced  apart  by 
the  pitch  and  sand,  which  was  in  masses  far  too  great  for 
stability.  In  fact,  the  pitch  and  sand  during  hot  weather 
softened  and  acted  as  a  lubricant.  It  was  seen  that 
this  effect  would  be  reduced  if  the  stones  were 
more  closely  packed  or  wedged  by  smaller  stones 
or  chippings  forced  between  them,  so  that  the  dry 
stone  mosaic,  before  it  was  waterproofed  by  pitch  being 
poured  over  it,  could  of  itself  resist  the  movement  caused 
by  wheels.  Eventually  one  engineer,  Mr.  Drummond,  of 
Paisley,  perfected  the  method  in   the  following  very  simple 
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manner,  a  method  of  surfacing  which  deserves  description. 
After  the  coating  of  dry  sandstone  has  been  once  lightly 
rolled,  Mr.  Drummond  spread  over  it  some  of  the  flaky  chips 
which  he  obtains  from  his  own  stone-breaking  works;  then, 
by  employing  men  to  brush  the  chips  from  two  sides — 1.  e., 
in  opposed  directions — the  chips  are  made  to  stand  on  end 
vertically,  their  points  resting  in  the  spaces  between  the 
larger  stones.  If  a  large  roller  is  then  carefully  passed  over 
them  the  wedges  are  driven  vertically  downwards,  the  sur- 
face becomes  immovable,  and  the  spaces  left  between  the 
individual  stones  and  the  wedges  are  so  small,  that  when 
at  this  stage  superheated  pitch  is  poured  over  the  surface,  it 
fills  the  small  spaces  sufficiently  to  render  them  waterproof, 
but  the  masses  of  pitch  are  too  small  to  yield  and  change 
form  when  softened  by  hot  weather. 

Now  here  we  have  a  process  which  readily  lends  itself 
to  the  use  of  machinery,  for  even  if  it  is  found  to  be  too 
diflicult  to  spread  by  machinery  the  first  coating  of  large 
stones,  on  account  of  the  irregularity  of  the  old  surface 
which  is  to  be  resurfaced,  surely  it  is  not  a  difficult  task  for 
a  designer  to  combine  in  one  frame  a  first  roller  to  level 
the  newly-spread  surface,  with  a  means  of  dropping  the  chip- 
pings  into  place  behind  this  first  roller,  followed  by  a  means 
of  pouring  or  spreading  the  melted  pitch,  and  again  followed 
by  the  roller  which  completes  the  surface.  When  I  turn  from 
the  roads  themselves  to  the  vehicles  which  are  to  use  them. 
I  again  put  in  the  foreground  the  necessity  of  reducing  the 
cost  of  labor — i.  e..  of  the  driver  and  assistants'  wages  as  a 
proportion  of  the  cost  per  ton  of  goods  carried.  It  is  evi- 
dent that  all  the  estimates  of  working  costs  which  we  had 
got  together  previous  to  the  war  must  now  be  modified. 

As  our  axle  weights  are  limited  by  the  strength  of  the 
road  crust,  it  is  evident  that  we  cannot  materially  increase 
the  net  loads  carried  by  a  wagon  and  its  trailer  otherwise 
than  by  increasing  the  number  of  axles  controlled  by  one 
driver  and  his  assistants.  We  can  do  this  to  some  extent 
by  making  our  steering  axles  also  to  be  load-carrying  axles, 
to  a  further  extent,  by  using  three-axle  vehicles,  of  which 
we  shall  be  allowed  to  couple  two  together  to  take  the  place 
of  the  present  wagon  and  trailer.  But  the  method  which 
promises  greatest  economy  of  labor  charge  would  be  that 
we  should  revive  the  train  system  introduced  by  Colonel 
Renard,  in  Fi-ance.  and  which  was  also  tried  a  few  years  be- 
fore the  war  in  this  country. 

As  this  matter  pft^seses  peculiar  interest  to  me  personally, 
I  have  gone  rather  closely  into  estimates  of  the  saving  that 
could  be  effected  by  using  such  road  trains,  if  and  when 
our  Government  extended  the  electric  supply,  now  confined  to 
our  towns  and  a  few  districts,  to  the  whole  of  our  rural  dis- 
tricts; which  is  a  policy  that  has  been  put  prominently  for- 
ward in  recent  political  speeches. 

It  is  evident  that  it,  and  when,  road  vehicles  can  be  driven 
by  power  derived  from  a  side  wire  by  a  trolley  pole,  very 
great  economy  and  tare  weight  of  the  propelling  vehicles 
can  be  obtained,  as  the  weight  of  the  electric  motor  and  its 
gearing  is  much  less  than  that  of  the  petrol  motor,  with  its 
supply  of  petrol  and  cooling  water,  or  in  the  case  of  the 
steam  unit  of  the  boiler  and  steam  engine.  It  is  probable, 
also,  that  the  wages  that  must  be  paid  to  the  driver  and 
his  assistant  will  approach  closer  to  those  paid  to  a  tram 
driver  than  to  those  paid  to  the  driver  of  a  steam  wagon 
or  a  3-ton  petrol-driven  wagon. 

Taking  my  most  advanced  idea,  that  it  will  be  wise  to  de- 
velop the  use  of  electrically-driven  road  trains,  each  train 
consisting  of  four  three-axle  vehicles,  it  would  be  possible 
to  load  each  of  these  axles  to  eight  tons,  or  a  total  moving 
weight  of  train  close  on  100  tons,  without  the  road  crust  be- 
ing stressed  in  excess  of  what  is  now  the  case  when  a  motor 
wagon,  with  back  axles  loaded  to  eight  tons,  passes  over  it 
at  the  same  speed.  But  I  do  ftot  propose  to  avail  myself 
of  such  extreme  figures.  I  have,  therefore,  made  an  esti- 
mate of  the  working  cost  of  a  train  consisting  of  four  such 
vehicles,  carrying  a  maximum  full  load  of  32  tons,  and,  there- 
fore, probably  weighing  under  60  tons.  I  have  taken  this 
average  paying  load  at  16  tons;  the  annual  mileage  at  12.- 
600,  which  is  a  double  daily  journey  on  210  days  of  30  miles 
out  and  30  miles  home.  I  therefore  can  usefully  transport 
200,000  net  tons  per  mile  per  annum,  and  I  estimate  the  cost 
of  doing  this  at  only  £250  for  electric  power,  £175  for  driv- 
ers' and  assistants'  wages,  which,  with  £1,000  for  standing 
charges  and  tor  repairs,  brings  out  the  total  cost  at  £425. 
equal  to  1.51d.  per  net  ton  per  mile,  of  which  the  wages  charge 


Is  only  .22d.  per  ton-mile.  If  I  had  taken  the  extreme  axle 
weights  I  have  just  mentioned,  of  course  my  cost  per  ton- 
mile  would  be  still  lower. 

Before  I  leave  the  question  of  multiple  axle  vehicles,  I 
wish  to  declare  to  you  that  there  is  strong  evidence  that  the 
use  of  three-axle  vehicles  is  to  be  encouraged  from  the  road 
maintenance  point  of  view,  as  it  has  been  shown  that  three 
axle  vehicles  used  on  the  road  tend  to  reduce  the  height  of 
the  waves  caused  by  the  passage  of  two-axle  vehicles. 

I  cannot  approach  the  subject  of  railway  reconstruction  with- 
out referring  to  the  proposals  of  Gattie  to  establish  clear- 
ing houses  in  London  and  at  other  large  railway  centers,  so  as 
to  reduce  the  number  of  goods  wagons  required  for  the 
transport  of  goods  by  loading  their  contents  into  containers, 
in  which  goods  can  be  transferred  without  breaking  bulk 
in  the  containers  themselves.  I,  looking  at  it  from  the  road 
user's  poin>.  of  view,  am  not  wholly  satisfied  that  Gattie's 
large  containers,  which  occupy  most  of  the  space  on  the 
wagon  floors,  will  greatly  facilitate  the  distribution  of  goods, 
whenever  these  have  to  be  carried  partly  by  rail,  partly  by 
road.  Now  it  is  rarely  the  case  that  goods  are  loaded  di- 
rect on  to  rail;  they  are  generally  sent  either  in  the  pro- 
ducers' wagons  to  the  railway  company,  or  collected  by  the 
railway  company's  road  wagons,  and  transferred  from  them 
to  the  railway  wagon,  and  again,  at  the  end  of  the  railway 
journey,  transferred  to  the  road  wagon  for  further  distribu- 
tion. 

1  should  propose  to  reduce  the  huge  cost  of  these  double 
terminal  transfers  by  my  transfer  system.  I  hereafter  give 
the  name  of  "transfer"  to  a  motor-box  or  frame,  which  is 
of  a  size  so  that  it  can  be  placed  transversely  on  our  rail- 
way goods  wagons;  can  be  loaded  on  to  them  by  being 
pushed  on  to  them  from  the  side;  and  similarly  unloaded  at 
any  convenient  point  on  a  railway  by  being  pushed  sideways 
from  the  railway  wagon  on  to  the  road  wagon.  If  and  when 
my  transfers  are  worked  out  so  that  their  use  becomes  uni- 
versal or  nearly  so,  it  will  be  unnecessary  for  railway  com- 
panies any  longer  to  shunt  wagons  for  the  purpose  of  un- 
loading. Of  course,  there  are  cases  where  the  goods — coal, 
ore.  minerals,  timber,  heavy  castings,  or  other  bulky  objects 
— take  up  the  whole  of  a  railway  wagon;  these  must  be 
shunted  to  be  unloaded  on  a  branch  line;  but  my  desire  is 
that  my  transfers  shall  be  capable  of  being  unloaded  by  stop- 
ping the  goods  train  at  any  desired  point  on  the  main  line 
which  carries  goods  traffic  (such  points  being  protected  by 
signal  in  the  usual  manner).  At  these  points,  instead  of  the 
usual  roadside  station,  with  its  sidings,  goods  sheds,  and 
the  like,  it  will  only  be  necessary  to  provide  platforms  of 
a  suitable  height  by  which  the  road  wagon  can  approach 
the  railway  wagon  sufficiently  closely  to  allow  the  loads  to 
he  moved  from  railway  to  road  wagon  or  vice  versa.  I  be- 
lieve that  it  will  not  be  beyond  the  skill  of  our  engineers 
to  design  these  railway  wagon  frames  and  the  means  of 
carrying  the  transfers,  so  that  the  process  of  transfer  need 
not  exceed  one-twentieth  of  the  time  now  required  for  shunt- 
ing, detention  in  the  station  sidings  for  unloading  the  rail- 
way wagon  reloading  it.  or  dispatching  it  empty.  My 
wagons,  of  course,  could  utilize  Gattie's  proposed  clearing- 
houses, but,  as  far  as  I  have  been  able  to  study  his  system, 
he  does  not  give  the  facilities  that  I  propose  to  give  for  the 
through   distribution  of  goods   from   producer  to  user. 

It  is  most  desirable  that  the  total  carrying  interests  of  the 
railway  company  and  of  the  road  vehicle  owner  ( whether  this 
be  a  private  person  or  a  great  road-carrying  company)  should 
be  one,  and  that  there  should  not  be  competition.  My  trans- 
fers would  effect  this;  the  transfers  themselves  might  either 
be  the  property  of  the  railway  company  or  of  the  road-car- 
rying companies.  It  is  evident  that  it  would  be  in  the  in- 
terests of  the  railway  to  minimize  the  number  of  wagons  it 
requires  for  its  traflic  by  increasing  the  number  of  trans- 
fers, so  that  in  all  probability  it  would  be  better  that  the 
transfers  should  belong  to  and  be  considered  part  of  the 
railway   wagon. 


Carrying  Capacity  of  Cardiff  Water  Mains  Reduced  by  In- 
crustation.— Incrustation  of  the  supply  mains  of  the  Cardiff, 
Wales,  waterworks  has  reduced  their  carrying  capacity  about 
40  per  cent,  according  to  a  paper  presented  recently  by  C.  H. 
Priestley,  engineer  of  the  works.  The  pipe  line  was  laid  in 
1886  and  was  capable  at  that  time  of  carrying  11.000,000  to 
11,500,000  gal.  per  day.  At  present  the  delivering  capacity  is 
7,000,000  gal. 
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Reinforced  Concrete  Ties  of 
Italian   State  Railways 

From    11    Cenienio. 

In  considering  the  direction  and  intensity  of  strains  it  is 
well  to  recall  the  lemark  made  by  the  Railway  Engineers' 
Commission,  presided  over  by  F.  Benedetti,  to  the  effect  that, 
on  the  passage  of  a  train  over  a  tie,  the  latter  only  receives 
a  part  of  the  load  itself,  as  the  neighboring  ties  contribnte  to 
bearing  it.  The  fraction  of  the  load  which  must  be  consid- 
ered as  bearing  on  one  tie  varies  according  to  the  distance 
between  the  ties,  the  rigidity  of  the  reinforcement,  and  the 
distance  between  the  wheels  of  the  locomotive,  cars,  etc.  Cal- 
culations have  shown  that  the  maximum  bending  movement 
to  which  the  ties  can  be  exposed  when  the  maximum  weight 
of  the  moving  load  is  17  tons  could  be  calculated  at  about 


the  wooden  ones  could  not  be  as  strong  as  the  latter,  and  that 
it  was  therefore  advisable  to  consider  new  shapes  for  con- 
crete ties,  so  as  to  reduce  within  the  narrower  limits  the 
bending  moments  which  affect  the  ordinary  ties. 

The  new  type  of  tie  shown  in  the  accompanying  illustration 
is  formed  of  three  distinct  parts,  viz.,  two  ends  or  bearings 
and  the  bars  connecting  them  together.  Each  bearing  is  a 
cylinder  which  stands  on  a  base  of  the  same  shape  but  of 
larger  diameter;  the  connecting  bars  are  formed  of  two  par- 
allel ties  joined  together  and  of  the  same  height  as  the  upper 
parts  of  the  bearings  and  placed  to  correspond  with  them,  so 
as  to  be  at  the  same  height  above  the  ground  level  as  the 
width  of  the  lower  cylinders  and  thus  ^miss  the  footboards 
and  other  projections  during  the  passage  of  trains.  In  the 
upper  part  of  the  bearing  is  an  opening  in  which  the  appa- 
ratus for  attaching  to  the  rails  is  placed,  consisting  of  three 
cones  adherent  to  each  other,  their  heads   projecting  above 
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Half  Plan  of  the  Reinforcement. 


Half  Horizontal  Section. 

150  ton  inches,  but  such  a  result  cannot  be  considered  as 
being  strictly  correct,  as  the  supposition  of  a  continual  load- 
ing of  the  ties  on  the  bed  is  not  always  realized. 

On  the  other  hand,  as  a  timber  tie  of  ordinary  dimensions 
satisfactorily  resists  the  strain  and  pressure  to  which  it  was 
exposed,  it  was  thought  advisable  to  be  guided  by  the  re- 
sistance of  such  a  tie  when  calculating  the  bending  load  and 
breaking  strength  of  the  proposed  ties. 

To  equal  an  oak  tie  of  the  ordinary  dimensions  used  on  the 
Italian  Railways,  namely,  10  in.  by  5%  in.,  with  an  average 
breaking  strain  of  8,400  lb.  per  square  inch  it  is  easy  to 
calculate  that  for  the  reinforced  concrete  tie  of  equal  dimen- 
sions the  initial  reinforcement  should  have  a  section  of  one- 
tenth  of  the  total  section  of  the  concrete,  i.  e.,  there  should 
be  a  quantity  of  reinforcement  which  is  practically  inadmis- 
sible for  resisting  such  a  moment,  while  if  the  reinforcement 
were  contained  within  narrower  limits  and  were  made,  for 
instance,  of  %  in.  round  iron  the  maximum  strain  which  the 
tie  would  withstand  would  be  8.000  lb.  per  square  inch  for  the 
concrete  and  140,000  lb.  per  square  inch  for  the  iron.  In  such 
a  tie  there  would  be  nearly  double  the  weight  of  reinforce- 
ment which  could  be  practically  allowed  in  order  that  the 
cost  should  not  be  excessive,  and  even  then  the  strains  would 
be  nearly  treble  those  which  may  cause  the  breaking  of  the 
reinforced  concrete  tie,  considering  such  limits  for  the  con- 
crete to  be  about  2,800  lb.  per  square  inch. 

From  the  foregoing  conclusions  it  was  concluded  that  a 
reinforced  concrete  tie  of  the  same  shape  and  dimensions  as 


Half  Section  Showing  the  Reinforcement. 

the  heads  of  the  bearing  and  constituting  the  supporting  sur- 
face of  the  bearing  plate.  This  arrangement  prevents  any 
contact  of  this  plate  with  the  concrete  of  the  bearing,  and 
therefore  eliminates  any  risk  of  abrading  or  grinding  away 
of  the  concrete.  The  plugs  of  the  plates  are  screwed  to  the 
two  outside  cones  of  each  bearing  in  the  proper  position,  ac- 
cording to  the  type  of  plate  and  the  gauge.  A  preliminary  16t 
of  100  ties  was  made  from  July  1st,  1916,  to  Sept.  16th.  1916. 
These  were  not  exactly  like  those  shown  in  the  illustration, 
as  the  connecting  bars  of  the  bearings  had  only  one  traverse 
connection.  These  ties  were  allowed  to  season  for  two 
months  before  being  laid  on  a  straight  track  with  an  incline 
of  9.6  per  1,000  with  an  average  of  20  trains  passing  over  it 
in  24  hours;  the  maximum  speed  allowed  is  60  miles  per  hour, 
and  several  trains  with  unusually  heavy  locomotives  have 
gone  over  it. 

The  foundation  of  the  track  is  composed  of  fine  gravel 
mixed  with  earth;  it  may  be  considered  of  medium  quality. 
The  new  ties  have  withstood  and  are  still  withstanding  a 
continual  heavy  traffic  without  anything  abnormal  taking 
place  either  with  regard  to  the  level  of  the  gauge  of  the  track 
or  the  fastening  of  the  rails  to  the  ties,  the  last  named  re- 
maining perfectly  firm. 

Unfortunately,  from  the  first  many  of  the  ties  showed 
cracks  in  the  connecting  bars  and  these  developed  in  some 
bars  until  the  latter  appeared  to  be  wearing  away,  though 
these  defects  in  no  way  prevented  the  bars  from  doing  their 
work,  viz.,  to  maintain  the  right  gauge  between  the  bearings. 
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lu  April,  1917,  after  the  ties  had  been  in  use  for  five  months, 
the  Administration  of  the  State  Railways  agreed  that  the 
trial  had  fully  proved  the  fitness  of  the  new  ties,  and  that 
the  insufficient  resistance  of  the  distance  pieces  (which  was 
the  only  weak  point  which  had  been  detected)  could  be  easily 
remedied.  A  second  lot  of  ties — 2,000  in  number — was  then 
placed  in  continuation  of  the  first  hundred  in  a  part  of  the 
track  containing  two  curves  of  1,600  ft.  and  1,500  ft.  radius, 
this  second  lot  of  ties  being  improved  by  the  use  of  much 
closer  connecting  tars  with  more  joints.  The  concrete  of  the 
connecting  bars  was  also  made  independent  of  that  of  the 
bearings,  by  means  of  special  concrete  joints  destined  to  give 
the  necessary  elasticity  to  the  tie,  and  allowing  for  the  slight 
twisting  movements'  to  which  the  ties  are  exposed  on  the 
passage  of  the  trains  as  a  result  of  the  uneven  pressure  on 
the  bearings.  Slight  alterations  were  also  made  in  the  ar- 
rangement of  the  reinforcement  of  the  bearings. 

The  construction  of  the  2,000  ties  was  commenced  on  June 
nth,  1917,  at  Naples,  by  the  firm  Ing.  Comm.  Carratu,  which 
had  supplied  the  first  lot,  and  were  ready  by  the  end  of  .Jan- 
uary, 1918. 

The  preparation  of  the  reinforcement  was  done  almost 
entirely  by  women.  The  finished  reinforcement  was  then 
placed  in  molds  into  which  concrete  was  poured  and  pressed. 
The  molds  were  removed  gradually,  the  parts  relating  to  the 
bearings  being  withdrawn  on  the  second  and  those  surround- 
ing the  connecting  bars  on  the  fourth  day.  On  the  tenth  day 
the  ties  were  seasoned  under  cover  for  two  months,  after 
which  they  were  loaded  on  to  railway  trucks  and  sent  to  the 
place  where  they  were  to  be  used.  Thus,  in  various  stages, 
the  manufacture  and  laying  occupied  from  the  middle  of  De- 
cember, 1917,  to  the  middle  of  September,  1918.  A  platelayer 
fixed  the  cones  on  the  special  parts  of  the  bearings,  fixing 
the  outer  cones  first  and  then  the  center  one  between  the 
others,  striking  it  with  a  wooden  mallet.  The  same  man  then 
leveled  the  heads  of  the  cones  with  a  hatchet,  thus  preparing 
the  bearing  surfaces  of  the  plates.  The  tie  is  then  put  in 
position  in  a  similar  manner  to  that  used  with  the  ordinary 
wooden  ties,  the  new  tie  being  laid  under  the  rails  in  the  re- 
quired position  (Pig.  5),  and  tte  plugs  are  then  screwed  down 
as  for  other  ties. 

From  the  time  of  laying  up  to  the  present  day,  a  little  over 
two  years,  the  ties  have  given  satisfactory  results,  and  no 
iletects  have  been  discovered. 


signed  so  as  to  cause  the  least  possible  trouble  with  respect 
to  new  methods  and  appliances  and  so  that  its  various  parts 
could  be  produced  by  means  of  the  same  machinery  and 
workmen  previously  employed  by  this  firm  and  other  bridge- 
builders. 

The  bridge  has  a  total  length  of  34  ft.  8  in.  and  an  over-all 
width  of  11  ft.  at  each  end,  the  central  segment  being  4  ft.  7 
in.  in  length.  The  concrete  consists  of  a  mixture  of  112  lb. 
of  cement  to  each  154  cu.  yd.  of  gravel  and  70  cu.  yd.  of  sand, 
with  a  crushing  strength  of  66  lb.  per  square  inch  and  a  co- 
efficient of  adhesion  to  the  reinforcement  of  66  lb.  per  square 
inch. 

The  weight  of  the  bridge  is  consequently  only  half  that  of 
an  all-metal  structure'  of  the  same  type.  The  weight  might 
be  still  further  reduced  in  future  bridges  by  the  use  of  slags 
and  pebbles  in  the  concrete,  whereby  an  additional  strength 
permits  a  further  reduction  of  18  per  cent  in  the  weight  of 
the  concrete. 

The  bridge  has  been  designed  so  that  in  the  members  in 
compression  the  maximum  load  does  not  exceed  504  lb.  per 
square  inch  in  any  part  of  the  structure  and  the  tensile  strain 
on  the  steel  does  not  exceed  16,800  lb.  per  square  inch.  The 
general  arrangement  of  the  reinforcement  is  shown  in  the 
illustrations. 


Movable  3-Ton  Concrete  Bridge 

A  particularly  interesting  use  of  reinforcement  in  concrete 
construction  is  shown  in  the  following  illustration,  repro- 
duced from  Concrete  and  Constructional  Engineering.  This 
movable  bridge  has  been  constructed  by  the  Etablissements 
Beccat  in  order  to  provide  a  structure  of  ample  strength  in 
which  only  a  minimum   amount  of  steel   is  used.    It  was  de- 


Relative  Time  of  Cutting  Through  Plain  and  Reinforced 
Concrete  Pavements. — Information  on  this  point  is  given  as 
follows  in  The  Surveyor  of  Aug.  29,  1919:  In  1914  a  cer- 
tain gas  company  brought  an  action  against  a  certain  local 
authority  who  had  laid  down  a  reinforced  concrete  road 
foundation,  claiming  that  by  so  doing  it  put  them  to  extra 
expense  getting  to  their  mains.  The  judge  who  tried  this 
case  ordered  a  test  to  be  made  between  plain  and  reinforced 
concrete.  On  Nov.  3,  1914,  acting  on  the  judge's  instructions, 
.Tohn  Mowlem  &  Co.,  Ltd.,  a  large  firm  of  London  contrac- 
tors, laid  two  sections,  both  of  an  area  of  12  sq.  ft.  One  was 
of  plain  concrete  12  in.  thick,  and  the  other  reinforced  6  in. 
thick.  The  reinforcement  was  placed  about  2  in.  from  the 
bottom  and  consisted  of  B.R.C.  fabric,  having  wires  of  10 
and  5  gage.  The  concrete  was  a  mixture  of  6  to  1,  and  when 
both  sections  had  been  completed  to  nearly  the  thickness 
previously  mentioned,  a  %-in.  floating  was  made  with  cement 
mortar.  This  experiment  was  to  determine  the  relative  time 
to  break  holes  of  the  same  dimensions  through  each  type 
of  concrete.  On  May  11,  1915,  five  men  started  at  3:10  p. 
m.  on  each  section  to  excavate  holes,  the  dimensions  being 
?:  ft.  2  in.  by  2  ft.  2  in.  Fifty  minutes  later  the  hole  was  com- 
pleted through  the  reinforced  concrete  portion,  while  the 
other  five  men  had  not  finished  their  work  through  the  12- 
in.  section  unreinforced.  The  concrete  was  an  excellent 
quality  of  Thames  ballast.  The  reinforcement  in  the  re- 
inforced section  was  cut  with  a  cold  chisel  and  did  not  give 
any  appreciable  trouble  in  breaking  it  up 
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Movable    3-Ton    Concrete    Bridge    Constructed     by    the    Establisse  nents   Beccat, 
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Our   Need    of   Mental   "Coaches" 

Last  week  we  called  attention  to  the  fact  that  relatively 
tew  practicing  engineers  are  systematic  students  of  current 
engineering  literature.  We  believe  that  this  defect  is  mainly 
ascribable  to  the  failure  of  teachers  to  inculcate  the  habit  of 
searching  for  information.  This  week  we  purpose  outlining 
how  this  habit  may  be  acquired. 

Nearly  every  man  knows  that  it  is  desirable  to  exercise  his 
body  vigorously  for  at  least  an  hour  every  day ;  but  how 
many  men  do  so?  The  fact  that  relatively  tew  professional 
or  business  men  take  adequate  exercise  is  sufiicient  evidence 
that  knowledge  of  what  should  be  done  is  not  a  sufficient 
guarantee  that  it  will  be  done.  We  are  all  creatures  of  habit. 
and  habit  is  stronger  than  reason,  in  most  cases.  Hence  if 
men  are  not  thoroughly  habituated  to  exercise  systematically, 
they  will  seldom  do  so,  even  though  their  reason  tells  them 
that  they  should.  The  same  holds  true  of  the  habit  of  sys- 
tematic searching  for 
information.  In  the  ab- 
sence of  such  a  habit, 
the  average  man  will 
not  read  systematically 
for  information.  Hap- 
hazard reading  is  bet- 
ter than  none,  but  it  is 
tar  from  satisfactory  in 
its  results. 

Nearly  every  person 
will  grant  that  he 
should  be  a  systematic 
reader  of  the  literature 
that  relates  to  his  spe- 
cialty, but  the  majority 
will  confess  that  they 
are  not.  Nor  does  it 
seem  to  lie  within  the 
power  of  many  men  to 
acquire  a  reading  habit 
if   thev   lack    it.     What 


can  be  done,  what  should  be  done  to  remedy  this  deplorable 
condition?  In  our  opinion  one  of  the  best  plans  is  to  or- 
ganize a  club  of  men  interested  in  the  same  problems.  Then 
appoint  one  or  more  members  of  the  club  to  "coach"  the 
rest.  We  use  the  term  "coach"  in  preference  to  "teach,"  for, 
although  teaching  should  involve  "coaching,"  it  seldom  does. 
Men  need  mental  trainers  fully  as  much  as  they  need  physical 
"coaches,"  if  they  are  to  rid  themselves  of  bad  habits  and 
acquire  good  habits. 

Local  chapters  of  national  engineering  societies  can  per- 
form no  greater  service  than  by  organizing  classes  whose 
prime  object  is  to  develop  a  "thirst  for  information."  In  pur- 
suing this  end,  study  should  be  made  of  the  methods  of  the 
Chautauqua  Society.  Also  it  will  be  well  to  read  that  part  of 
the  biography  of  Louis  Agassiz  that  describes  how  he  and 
his  fellow  students  at  the  university  "coached"  one  another. 

This   justly    celebrated    naturalist, 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


a  Swiss-American,  fur- 
nishes one  of  the  great- 
est object  lessons  in 
mental  achievement 
through  having  ac- 
quired a  burning  thirst 
for  knowledge.  So  in- 
satiable was  his  appe- 
tite tor  facts  that  he 
could  not  confine  hla 
reading  and  his  ob- 
servation to  his  special 
field.  A  summer  vaca- 
tion in  the  Alps  led 
him  to  study  existing 
glaciers  and  the  mo- 
raines of  glaciers  no 
longer  existing.  From 
this  study  he  came  to 
the  conclusion  that  the 
northern  part  of  the 
temperate  zone  in  the 
northern       hemisphere. 
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and  the  southern  part  in  the  southern  hemisphere,  had  once 
been  covered  with  a  vast  ice  cap,  and  that  huge  glaciers  had 
carved  the  continents  within  these  areas.  Here  was  a  geolog- 
ical generalization  of  great  significance,  made  by  a  man  who 
was  not  a  geologist.  It  startled  the  geologists  of  the  world. 
Ridicule  was  neaped  upon  this  "ice  age  theory"  of  man  who 
"should  confine  his  theories  to  fish,"  as  Humboldt  wrote  him 
But  investigation  proved  Agassiz  to  be  right. 

Now  what  gave  this  "piscologist"  a  deeper  insight  into 
geology  than  contemporary  geologists  had  shown?  Was  it 
genius?  Agassiz  had  but  one  kind  of  genius — the  genius  for 
systematic  searching  for  tacts  and  for  drawing  inferences 
from  them.  Both  of  these  qualities  had  been  developed  to  a 
high  degree  by  his  habits  of  studying.  Indeed,  this  habit  of 
studying  constituted  the  only  genius  that  he  had.  The  Ger- 
man universities,  then  as  now,  were  conducted  as  to  develop 
this  habit.  To  the  training  thus  received  from  his  German 
professors,  Agassiz  added  a  similar  training  from  his  fellow 
students.  Read  his  biography  if  you  want  to  see  how  a  small 
group  of  students  stimulated  and  trained  one  another  to  be- 
come thoroughly  imbued  with  a  persisting  desire  to  acquire 
knowledge.  If  you  lack  such  a  desire,  or  if  you  have  it  in  but 
lukewarm  degree,  the  "Life  of  Lou,  is  Agassiz"  may  serve  to 
point  the  way  to  become  a  bloodhound  on  the  scent  of  use- 
ful facts. 


Teach  the  Average  Man  to  Invest 
in  Public  Works  Bonds 

During  the  first  ten  months  of  this  year,  the  states  and 
counties  authorized  the  issue  of  $494,000,000  tor  road  work. 
During  1920  there  will  be  elections  to  .vote  on  the  issue  of 
$773,000,000  of  highway  bonds.  These,  in  round  numbers, 
are  the  totals  compiled  by  The  Portland  Cement  Association. 
It  is  probable  that  fully  a  billion  dollars  worth  of  road  bonds 
will  be  authorized  in  1920  by  the  states  and  counties,  ex- 
clusive of  federal  bond  issues. 

Although  these  are  huge  figures,  it  should  be  remembered 
that  a  dollar  will  buy  only  about  half  as  much  road  work  in 
1920  as  in  1914.  Also  it  should  be  remembered  that  the 
production  of  motor  vehicles  is  increasing  much  more  rapidly 
than  the  mileage  of  improved  highways.  In  short,  road  con- 
struction is  relatively  lagging  behind  the  economic  need. 
However,  the  same  is  true  of  every  other  class  of  public 
work.  In  spite  of  all  propaganda,  the  public  is  not  planning 
to  do  half  the  work  that  should  be  done.  During  1918  all  the 
cities  of  30,000  or  more  inhabitants,  with  a  total  population 
of  34,300,000,  spend  only  $278,400,000  tor  public  improve- 
ments. This  was  regarded  as  a  large  sum,  especially  in  war 
time;  but  it  is  only  $8.10  per  capita.  What  the  expenditures 
for  municipal  improvements  in  1919  will  total  is  not  easy  to 
estimate.  It  will  probably  be  less  than  $12  per  capita,  of 
city  residents,  an  amount  that  is  wholly  inadequate. 

It  has  been  estimated  that  in  normal  times  about  10  per 
cent  of  the  annual  gross  income  is  invested  in  "permanent 
improvements" — plant,  buildings,  roads,  etc.  Prior  to  the  war 
American  gross  income  was  50  billion  dollars  annually.  Hence 
about  5  billion  dollars  went  into  improvements  each  year. 
This  percentage  has  always  been  economically  inadequate, 
but.  as  a  result  of  the  war,  it  is  becoming  smaller  rather 
than  greater,  the  reason  being  that  capitalists  are  being  taxed 
very  heavily.  The  average  American  wage  or  salary  earner 
invests  an  almost  infinitesimal  part  of  his  earnings.  The 
great  problem  is  how  to  convert  the  average  American  into 
an  investor,  but  almost  as  great  a  problem  is  how  to  secure 
adequate  propaganda  for  public  works. 

Profits  from  private  works  serve  to  attract  capital  into 
manufacturing,  mining,  agricultural  and  merchandising  fields. 
Unfortunately  the  direct  profit  from  investments  in  public 
works  is  merely  a  bond  interest  of  5  to  6  per  cent,  and  the 
indirect  profits — though  often  great — are  not  easily  measured. 
Hence  there  is  great  need  of  organized  propaganda  to  secure 
public  Improvements.  Hitherto  engineering  societies  have 
done  very  little  to  promote  public  works.  There  is  a 
growing  realization  among  engineers  that  it  is  not  enough 
to  be  ready  and  able  to  design  and  build  public  werks;  engi- 
neers should  induce  the  public  to  undertake  public  improve- 
ments that  are  economically  justifiable. 

In  promoting  road  and  street  projects,  for  example,  engi- 
neering societies  and  clubs  should  ally  themselves  with  cham- 
bers of  commerce  and  other  organizations  interested  in  pub- 
lic welfare.     They  should  make  it  clear  to   the  public   why 
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bond  issues  are  economically  preferable  to  taxes  as  a  means 
of  securing  capital  for  permanent  improvements.  It  should 
be  pointed  out  that  the  owner  of  a  road  bond  is  like  the 
owner  of  stock  in  a  railway,  the  main  difference  being  that 
the  road  bond  holder  receives  a  limited  but  certain  profit  and 
that  his  profits  in  excess  of  the  bond  interest  come  as  in- 
direct gains  from  lower  transportation  costs.  He  gets  his 
share  of  these  indirect  gains  because  he  is  a  member  of  the 
community  that  benefits  from  the  existence  of  better  high- 
ways. 

Up  to  the  present,  nearly  all  highway  bonds  have  been 
sold  to  large  capitalists,  but  why  should  they  not  be  bought 
by  every  income  producer?  Could  they  not  be  marketed  as 
the  "liberty  bonds"  and  saving  stamps  were  sold,  by  local 
committees  organized  to  get  every  man  to  do  his  duty?  Is 
it  not  a  duty  that  every  man  owes  to  the  community  to  help 
furnish  the  capital  with  which  to  improve  its  highways? 
Instead  of  relying  upon  the  thrifty  rich  capitalists  to  buy 
the  road  bonds,  should  not  every  income  earner  rely  upon 
himself,  to  the  extent  of  his  ability?  If  this  were  the  general 
practice,  nearly  all  men  would  be  thrifty  and  very  many 
would  become  rich  as  a  result  of  their  thrift. 

The  Mormon  Church  requires  every  member  to  pay  a  "tith- 
ing" to  the  church,  and  the  "tithing"  is  a  full  10  per  cent  of 
his  income.  Most  of  this  "tithing"  has  been  invested  in 
property,  until  the  church  has  become  rich.  Incidentally  the 
Mormons,  as  a  class,  are  very  prosperous.  In  addition  to 
the  10  per  cent  that  each  Mormon  gives  to  the  church,  there 
is  evidently  a  great  deal  saved  by  him.  It  would  appear 
that  the  average  Mormon  saves  fully  20  per  cent  of  his  an- 
nual income,  half  for  the  church  and  half  for  himself.  Hence 
it  can  not  be  contended  that  the  average  wage  or  salary 
earning  American  can  not  save  at  least  10  per  cent  of  his 
income.  If  this  were  done,  it  is  evident  that  nearly  20  per 
cent  of  the  gross  annual  income  of  all  Americans  would  be 
saved,  tor  the  present  10  per  cent  saving  comes  almost  en- 
tirely out  of  the  profits  and  interest  that  capitalists  receive. 


What  Does  the  Word 
Mean? 


'Freedom" 


To  one  who  has  studied  logic  with  care,  the  present  con- 
troversy between  the  labor  union  leaders  and  the  govern- 
ment officials  forms  an  interesting  example  of  diverse  deduc- 
tions from  premises  that  are  seemingly  alike.  Both  sides 
in  this  controversy  would  agree  to  the  following  syllogism: 

All  just  government  is  based  on  the  consent  of  the  majority 
of  the  governed. 

The  American  government  is  just. 

Hence,  the  American  government  is  based  on  the  consent 
of  the  majority  of  the  governed. 

The  consent  of  the  governed  is  secured  periodically  through 
representatives  elected  by  a  majority.  This  consent  is  partly 
embodied  in  the  constitution  of  the  United  States  and  partly 
in  laws.  The  present  controversy  is  mainly  centered  on  the 
meaning  of  the  words  "free"  and  "freedom"  that  occur  in 
the  constitution.  Union  officials  put  one  interpretation  on 
these  words;  government  officials  give  them  a  different  in- 
terpretation. So  it  is  really  futile  to  deduce  anything  from 
the  constitutional  premise  that  "all  men  are  created  free 
and  equal,"  until  there  is  an  understanding  as  to  the  mean- 
ing of  the  term  "free." 

In  deciding  the  meaning  of  any  word  in  a  contract,  the 
courts  are  accustomed  to  take  expert  testimony,  the  object 
being  to  ascertain  the  meaning  of  the  word  commonly  ac- 
cepted in  the  given  field  under  consideration.  Also  it  Is  cus- 
tomary to  study  the  context  of  the  contract  to  ascertain  the 
most  rational  meaning  assignable  to  the  word.  But  in  the 
field  of  politics,  each  side  is  given  to  using  its  own  inter- 
pretation of  a  word  or  term,  often  refusing  to  examine  any 
other  interpretation.  Now  precisely  this  sort  of  arbitrary 
definition  of  the  word  "freedom"  is  seen  in  the  present  coal 
strike  controversy.  The  union  leaders  declare  the  strike  in- 
junction to  be  an  abridgment  of  their  "constitutional  free- 
dom"; the  .government  asserts  that  it  is  not.  The  matter 
may  eventually  come  before  the  Supreme  Court  for  decision. 
If  it  does,  we  may  be  sure  that  the  court  will  not  turn  to  a 
dictionary  to  ascertain  the  constitutional  significance  of  "free- 
dom." Instead  it  will  start  with  the  self-evident  fact  that 
no  freedom  is  limitless.  Then  it  will  inquire  into  the  ex- 
tent or  degree  of  limitation  permissible  under  the  constitu- 
tion. 
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Even  the  majority  of  the  electorate  is  limited  to  its  free- 
dom, lor  there  are  many  acts  specifically  prohibited.  Free- 
dom, in  short,  is  always  relative  and  never  absolute  in  any 
society.  When  it  has  approached  absolutism,  it  has  ended 
in  anarchy.  Herbert  Spencer's  "Sociology"  gives  several  in- 
stances of  African  natives  that  were  so  nearly  absolute  in 
their  freedom  they  could  not  live  together,  even  in  small 
groups,  without  lighting  with  one  another.  So  they  seldom 
were  to  be  found  in  groups  larger  than  one  family!  That 
probably  marks  the  limit  of  social  freedom,  but  even  there 
the  head  of  the  family  imposed  his  will  upon  its  members, 
and,  to  that  extent,  limited  their  freedom. 

Now  the  fundamental  question  in  the  coal  miners'  strike 
is  the  degree  to  which  the  freedom  to  strike  is  properly 
limited  or  limitable  by  the  rest  of  society  in  this  country. 
All  appeals  to  the  principles  of  "freedom"  in  justification  of 
the  coal  strike  will  be  of  no  avail  until  there  is  an  impartial 
decision  as  to  the  degree  of  freedom  that  a  relatively  small 
group  of  men  may  enjoy  without  injury  to  the  rest  of  society 
Society  has  established  courts  as  the  impartial  tribunals  to 
decide  just  such  niatters  as  this;  and  in  America  the  Supreme 
Court  is.  the  court  of  last  resort.  Let  this  great  case  go  to 
the  Supreme  Court  as  speedily  as  possible,  and,  pending  its 
decision,  let  the  strikers  follow  the  practice  of  citizens  in  all 
cases  subject  to  court  review — continue  peacefully  to  follow 
their  customary  occupations. 


Gompers'  Mistake 

Samuel  Gompers  recently  "tated  that  although  union  work- 
ers in  America  total  only  4,500,000,  they  and  their  families 
represent  24,000,000  people.  He  said  that  each  family  num- 
bers about  0  people,  so  he  multiplied  the  4,500,000  by  5,  and 
then  added  1.500,000  for  good  measure,  to  get  the  24,000,000. 
In  multiplying  by  5,  he  tacitly  assumed  that  each  worker  is 
the  head  of  a  familj',  but,  as  a  matter  of  tact,  there  are  only 
2.C  people  to  each  worker,  which  means  that  there  are  two 
workers  to  each  family.  In  "Vocational  Guidance,"  by  Pieffer. 
the  following  percentages,  based  on  the  IT.  S.  census,  are 
given : 

Per  cent. 

Non-workers  (too  young  or  too  feeble) ^9 

Home  makers  2.3 

Workers    ?.S 

Total  100 

Workers:  Percent. 

-Agriculture     30 

Manufacture,    mechanical    and    mining 23 

Domestic    and    personal    service 16 

Trade    and    transportation 13 

Professions    4 

Idle     14 

Total   100 

Assuming  that  Gompers  is  correct  in  stating  that  there  are 
4,500,000  union  workers,  that  is  only  4  per  cent  of  the  pop- 
ulation. Since  there  are  2.6  people  per  worker  (include  the 
worker),  only  4  X  2.G  or  10.4  per  cent  of  the  total  population 
are  members  of  families  that  belong  to  unions.  This  is  about 
half  what  Gompers  erroneously  claims  the  percentage  to  be 
Since  barely  one  person  in  ten  in  America  is  a  member  of 
a  family  that  is  represented  in  any  labor  union,  it  follows  that 
there  is  small  likelihood  that  labor  union  threats  will  intimi- 
date many  legislators.  Consequently  it  is  a  foregone  con- 
clusion that  anti-strike  laws  of  some  sort  will  soon  be  passed 
by  congress,  and  later,  by  most  of  the  states.  The  American 
public  has  about  reached  the  limit  of  its  patience,  and  talk 
about  the  inalienable  right  of  free  men  to  quit  work  is  not 
meeting  with  a  very  kindly  reception  these  days.  "Free 
men"  all  Americans  are,  but  our  freedom  is  and  always  has 
been  limited.  Actions  that  harm  one's  fellowmen  are  not  long 
permitted,  even  under  the  guise  of  freedom.  Try  disturbing 
the  peace  by  loud  shouting  at  night,  if  you  want  to  test  the 
extent  of  your  freedom  to  use  the  lungs  that  God  gave  you. 


Union  of  Draftsmen  Withdraws  from  American  Federation 
of  Labor. — The  following  news  item  released  last  week  by  the 
National  News  Service  is  of  especial  significance:  Wash- 
ington, Oct.  29. — Declaring  that  high  officials  of  the  Amer- 
ican Federation  of  Labor  are  responsible  for  "tendencies 
to  threaten  the  foundations  of  the  government  of  the  L'^nited 
States."  a  union  of  draftsmen  employed  in  the  Treasury 
Department  has  today  withdrawn  from  the  American  Feder- 
ation of  Labor.  The  movement  is  part  of  a  general  cam- 
paign to  secure  withdrawal  by  all  government  employes 
unions. 


"Economic    Limits    of    Motor 
Trucks   Weights" 

To  the  Editor:  In  the  article  on  the  "Economic  Limits  of 
.Motor  Trucks"  on  page  375  of  your  issue  of  Oct.  1,  1919,  an 
error,  repeated  three  times,  appears  to  be  an  error  of  text 
rather  than  type. 

It  may  shock  some  designers  to  be  told  that  the  thickness 
of  a  homogeneous  concrete  or  reinforced  concrete  slab  to 
distribute  a  given  column  load  to  earth  below  at  a  pressure 
of  1,000  lb.  per  square  foot  need  be  no  thicker,  or  thinner, 
than  if  the  pressure  belov/  the  slab  was  10,000  lb',  per  square 
foot,  when  the  plans  of  the  footings  are  regular,  similar  and 
concentric,  when  the  pressures  are  within  the  limits  of  yield- 
ing without  flow  of  the  subgrade,  and  the  deflections  are  not 
so  large  as  to  be  objectionable. 

When  a  slab  type  of  pavement  distributes  a  concentrated 
or  wheel  load  W  over  a  circular  area  of  subgrade  whose 
radius  is  R  the  pressure  per  unit  of  area  will  be  Pa^=W  irR=; 
the  critical  section  obtains  at  the  point  of  maximum  mo- 
ment and  must  therefore  be  at  the  periphery  of  the  circle 
or  pass  directly  under  the  load. 

The  exact  determination  of  the  moments  is  complicated 
but  the  moment  at  the  periphery  or  on  a  section  through  the 
center  may  be  assumed  at  zero.  Or  any  value  intermediate 
between  zero  and  the  maximum  and  the  value  at  the  other 
section  can  then  be  readily  computed. 

It  is  a  simple  problem  to  solve  between  the  possible  limits 
and  divide  the  total  moment  between  the  two  sections  in  the 
manner  commonly  used  in  building  construction,  when  the 
moment  at  the  center  of  a  fixed  beam  is  assumed  to  be  equal 
WL/12  and  at  the  end  of  the  span  equal  WL/10. 
One  is  just  as  reliable  as  the  other. 

To  illustrate,  assume  the  moment  at  the  edge  of  the  circle 
equals  zero. 

The    moment    at    a    section    through    the    center    will    be 
7rR=     4R  2        R 

M,.  =  Pa. . =  —  W  —  =  .2122  WR. 

2  OTT  3  TT 

The  moment  of  resistance  of  the  section  will  be  Mr  = 
l/6fbd=  =  f.2R.d76  =  .333fRd=  =  .2122WR.  =  Mt. 

Hence,  d=  =  .6366W/f  and  d  =  .798VW7f  in  which  f  is  the 
unit  fiber  stress  in  the  slab. 

For  good   plain  concrete,  f  may  be  taken  at  100  and   the 

equation  becomes,  d=:.0798vW. 

Similar  simple  equations  may  be  written  for  the  case  in 
which  the  moment  at  the  section  through  the  center  is  zero 
and  the  moment  at  the  edge  or  periphery  of  a  circle,  square 
or  any  other  regular  polygon  is  maximum,  also,  for  cases  in 
which  the  pressure  on  the  sub-grade  is  not  uniform  but 
varies  according  to  some  established  law  or  assumption,  with 
the  result,  in  each  case,  reduced  to  the  form  d  =  A  constant 

X  vw. 

The  moments  for  all  intermediate  values  between  zero  and 
maximum  at  both  edge  and  center,  and  at  all  intermediate 
points  between  edge  and  center  may  be  reduced  to  the  sim- 
ple form. 

M  =  A  constant  X  W  '  and 

d  =  A  constant  X  V  WT 
both  entirely  independent  of  the  value  of  Pa. 

When  analyzed  by  strictly  statical  methods  the  value  Pa 
may  always  be  eliminated  in  the  final  result,  so  it  must  be 
evident  that  the  equations  in  the  form  d=VW/Pa, 
d=  VW/4Pa  and  d  =  bVW'in  the  latter  of  which  b  is  a 
function  of  Pa,  are  all  erroneous.  

The  graceful  process  by  which  the  formula  d  =  VW/Pa 
is  developed  does  not  inspire  confidence  in  the  remainder  of 
the   discussion. 

For  a  more  complete  analysis  of  this  problem  readers  are 
referred  to  page  186,  Vol.  41,  of  Engineering  and  Contracting, 
Feb.  11,  1914,  and  to  an  editorial  article  in  the  same  issue 
entitled  "Stresses  in  Concrete  Roads  and  Required  Thickness 
of  Slabs." 

Writers  on  concrete  road  design  generally  state  that  the 
thickness  is  purely  a  matter  of  guess  work,  or  superior  judg- 
ment, although  not  often  stated  in  so  brief  and  unmistakable 
terms. 

The  cross-sections  are  usually  thicker  at  the  center  than 
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at  the  edges,  while  purely  rational  design  dictates  that  after 
reasonable  allowance  for  greater  wear  along  the  central  por- 
tion of  a  road  or  pavement,  the  edges  should  be  much  thicker 
than  the  central  portion  or  heavy  traffic  should  be  barred 
from  the  edges  of  the  slab. 

J.  W.  PEARL. 
Chicago,  111. 


[In  accordance  with  our  custom  the  above  letter  was  sub- 
mitted to  Mr.  Robert  C.  Barnett,  author  of  the  article  on  the 
Economic  Limits  of  Motor  Truck  Weights.  His  reply  fol- 
lows.— Editor.] 

To  the  Editor:  1  have  looked  over  Mr.  J.  W.  Pearl's  com- 
ments on  the  formula  for  pavement  thickness  given  in  my 
recent  article.  It  seems  that  the  criticism  is  based  on  a 
confusion  of  concepts — on  a  failure  to  differentiate  clearly 
between  the  "bearing  capacity"  of  the  subgrade  which  is  a 
function  of  the  physical  properties  of  the  soil,  and  the  "aver- 
age unit  pressure"  on  a  tooting  which  is  a  function  of  the 
load  and  of  the  area  over  which  the  load  can  be  distributed 
by  the  slab.     These  are  two  quite  different  things. 

Although  Mr.  Pearl  apparently  eliminates  P.  from  his 
formula  for  bending  moment,  he  still  retains  the  factors  of 
W  and  R  upon  which  the  unit  pressure  (not  bearing  capacity 
of  soil)  depends. 

It  is  true  that  the  design  of  pavements  now  rests  largely 
on  empiricism;  but  there  are  two  fundamental  facts,  gleaned 
from  the  experience  and  observation  of  road  builders  and 
designers,  which  stand  out  clearly.     These  are: 

First.  The  heavier  the  load  for  a  given  subgrade  condition, 
the  thicker  must  be  the  pavement. 

Second.  The  less  the  bearing  capacity  of  the  subgrade,  the 
thicker  the  pavement  must  be  for  a  given  load. 

Mr.  Pearl  admits  that  the  thickness  of  the  slab  varies  as 
the  square  root  of  the  load.     We  are  agreed  upon  that  point. 

Does  he  deny  that  a  soft  subgrade  would  require  a  thicker 
slab  for  a  given  load  than  would  a  good  hard  subgrade?  If 
not,  there  is  no  real  issue  between  us. 

The  constant  b  in  my  equation  is  an  empirical  one  and,  of 
course,  has  different  values  for  different  subgrades  and  tor 
different  types  of  pavements — such  values  as  experience 
dictates. 

It  was  foreign  to  the  purpose  of  my  article  to  discuss 
pavement  design,  as  that  is  but  a  detail  of  the  larger  problem. 
Each  step  taken  in  the  solution  of  that  larger  problem  will 
have  to  stand  or  fall  on  its  own  merits.  I  invite  constructive 
criticism  and  would  be  glad  to  have  Mr.  Pearl  present  a 
better  formula  than  the  one  I  have  adopted  as  conforming 
with  our  present  state  of  knowledge.  The  wholesale  con- 
demnation of  the  article,  because  of  disapproval  of  one  detail, 
savors  of  the  legal  type  of  mind  rather  than  of  an  engineer- 
ing one.  ROBERT  C.  BARNETT. 

Kansas  City,  Mo. 


A.  A.  E.  to  Have  Membership  Drive. — The  American  Asso- 
ciation of  Engineers  will  conduct  a  membership  drive  during 
the  first  two  weeks  of  December.  The  method  to  be  em- 
ployed is  similar  to  that  used  in  obtaining  subscriptions  to 
the  Liberty  Loans. 

The  90  clubs  and  chapters  will  divide  their  members  into 
membership  teams,  each  with  certain  territory  to  cover,  and 
under  the  supervision  of  a  team  captain.  The  drive  will  be 
handled  for  each  chapter  by  a  drive  commander  who  will 
keep  in  direct  touch  with  the  national  headquarters  of  the 
association  by  telegraph.  He  will  make  telegraph  reports 
of  the  number  of  applications  obtained  each  day.  A  force 
will  be  maintained  at  the  national  headquarters  to  tabulate 
the  returns  and  to  advise  the  chapters  of  their  standings. 


Pennsylvania  Automobile  License  Fees  Will  Total  $5,100,000. 

— Automobile  license  receipts  by  the  Pennsylvania  State 
Highway  Department  have  passed  the  $5,000,000  mark.  The 
total  receipts  of  the  automobile  division  from  all  sources 
during  the  year  ending  Dec.  31.  1918.  were  $4,048,185.50.  The 
total  number  of  registrations  for  that  period  was  078,786  of 
which  363,001  were  for  pneumatic  tired  vehicles.  The  num- 
ber of  pneumatic  tired  vehicles  registered  in  1919  up  to  Oct. 
18  was  over  435,000.  These  registrations,  the  state  highway 
department  expects,  will  continue  within  a  few  days  of  the 
close  of  the  year  and  it  is  estimated  that  by  Dec.  31,  the 
total  receipts  of  the  automobile  division  from  all  sources  will 
be  in  the  neighborhood  of  $5,100,000  to  $5,125,000. 


Bridge  Approaches 

It  frequently  is  advisable  to  raise  the  floor  of  a  bridge  above 
the  elevation  for  the  roadway  leading  to  the  bridge.  The 
principal  reason  for  this  difference  in  elevation  is  the  neces- 
sity of  securing  ample  clearance  between  the  maximum  high- 
water  level  and  the  bridge  structure  in  order  to  pass  floating 
debris.  These  differences  of  elevation  lead  to  the  necessity  of 
connecting  the  two  elevations — the  bridge  floor  and  the  road 
surface — by  a  suitable  ramp,  concerning  which  a  number  of 
points  deserve  more  attention  than  generally  is  given  to  them. 
An  interesting  discussion  of  this  subject  appears  in  the  Aug- 
ust-September Public  Roads,  from  which  the  matter  following 
is  abstracted. 

Economy  in  road  design  dictates  that  the  elevation  of  the 
roadway  should  be  selected  without  any  reference  whatever  to 
the  elevation  cf  the  bridge  floor.     The  elevation  of  the  road- 


Wrong   Type   of   Approach.  Right    Type    of    Approach. 

way  at  any  point  is  dependent  on  such  factors  as  foundation 
conditions,  drainage  gradient,  etc.,  and  when  these  conditions 
are  satisfied,  whatever  addition  is  made  in  the  height  of  an 
embankment  must  be  recognized  as  involving  additional  risk 
to  high  speed  traffic,  additional  construction  cost  and  addi- 
tional maintenance  cost  and,  therefore,  demanding  full  jus- 
tification. 

On  the  other  hand,  the  logical  result  of  all  this  is  short 
ramps  which,  though  somewhat  to  be  condemned  on  the 
ground  that  they  mar  the  beauty  of  the  roadway  are,  never 
theless,  in  the  interest  of  economy.  This  is  particularly  true 
where  a  bridge  crosses  a  stream  laying  in  a  low,  flat  valley, 
the  stream  carrying  enough  drift  to  require  rather  a  high 
clearance.  In  such  cases  the  difference  in  elevation  between 
the  economical  level  of  the  road  surface  and  the  proper  ele- 
vation of  the  floor  of  the  bridge  may  be  considerable  and  it 
is  seldom  economical  or  advisable  to  raise  the  road  grade  to 
the  elevation  of  the  floor  of  the  bridge,  as  such  a  procedure 
would  involve  a  considerable  amount  of  expensive  embank- 
ment. The  obvious  solution,  then,  is  the  construction  of  a 
comparatively  short  bridge  approach  and  the  real  problem 
lies  in  the  choice  of  a  gradient  for  such  approaches. 

The  present  tendency  is  to  build  bridge  approaches  on  long 
easy  grades,  but  this  involves  a  heavy  expense  and  tends  to 
nullify  the  gain  accruing  from  the  independent  selection  of 
the  proper  elevation  for  the  bridge  floor  and  tor  the  roadway. 
A  better  practice  is  to  base  the  gradient  of  the  approach  on 
the  ruling  grade  in  force  on  other  parts  of  the  road.  In  other 
words,  if  there  is  a  10-ft.  difference  in  elevation  between  the 
normal  position  of  the  road  surface  and  the  proper  elevation 
of  the  floor  of  the  bridge  and  if  5  per  cent  grades  are  common 
throughout  the  length  of  the  road,  there  is  no  particular 
reason  tor  constructing  the  ramp  connecting  these  two  eleva- 
tions on  less  than  a  5  per  cent  grade,  particularly  as  the 
shorter  ramp  will  usually  be  less  expensive  and  should  be 
more  easily  maintained  than  a  longer  structure  built  on  a 
light  grade. 

Ramps  used  for  bridge  approaches  should  be  built  full 
width.  It  frequently  happens  that  where  the  shoulder  width 
of  Ihe  road  proper  is,  say  24  ft.,  and  the  clear  width  of  the 
bridge  floor  is  16  or  18  ft.,  the  ramp  is  allowed  to  pinch  down 
in  width  as  the  bridge  is  approached  until  there  is  a  distinct 
constriction  at  and  near' the  bridge.  It  is  much  better  prac- 
tice to  provide  abutments  which  will  enable  the  use  of  full 
width  ramps,  or  if  this  is.  for  any  reason,  inadvisable  to 
fence  approaches  which  are  of  any  considerable  height. 

Finally,  breaks  in  grade  between  bridge  approaches  and 
the  elevations  which  they  connect  should  be  eased  by  the 
use  of  vertical  curves  under  the  same  rules  which  apply  to 
breaks  in  grade  at  other  points  along  the  highway.  The  use 
of  easement  curves  will  somewhat  increase  the  length  of 
bridge  approaches  because  of  the  necessity  of  building  the 
whole  of  the  easement  in  the  approach.  However,  this  is  not 
a  matter  of  great  importance  and  the  added  cost  is  more  than 
justified  by  the  tact  that  approaches  which  have  been  prop- 
erly eased  are  a  distinct  assistance  in  driving  on  to  and  off  of 
a  bridge  structure.  Moreover,  they  make  the  maintenance  of 
a  road  at  the  bridge  very  much  simpler. 


(114) 


Engineering  and  Contracting  for  November  5,  1919. 


525 


Standard  Pavement  Sections  and  Details  of  Indiana  State  Highway 

Commission 
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New     Specifications     of    Indiana 

Highway  Commission  for 

Concrete  Roads 

The  recently  issued  standard  specifications  of  the  Indiana 
State  Highway  Commission,  of  which  H.  K.  Bishop  is  Chief 
Engineer,  for  concrete,  vitrified  block  an3  bituminous  con- 
crete pavements  embody  the  latest  practice.  The  standard 
sections  for  these  types  are  shown  on  another  page  of  this 
issue.  The  requirements  for  concrete  road  construction  in 
particular,  contain  several  new  features,  some  of  which  are 
outlined  in  the  following  abstract  from  the  speciflctaions  for 
1-course  plain  concrete  pavement. 

Coarse  Aggregate. — This  coarse  aggregate  shall  consist  of 
crushed  stone  or  screened  washed  gravel,  uniformly  graded 
from  the  maximum  size  to  pieces  %  in.  in  diameter.  The 
maximum  size  shall  be  such  that  all  will  pass  through  a  lab- 
oratory screen  having  circular  openings  not  less  than  IVa 
nor  more  than  2  in.  in  diameter.  Not  more  than  5  per  cent, 
by  weight,  shall  pass  a  laboratory  screen  having  circular 
openings  %  in.  in  diameter. 

Crushed  stone  shall  consist  of  clean,  tough,  durable  crushed 
rock  having  a  French  coefficient  of  wear  of  not  less  than 
eight  and  a  crushing  strength  of  not  less  than  16,000  lb.  per 
square  inch;  this  material  shall  be  free  from  dust  and  flat 
and  elongated  pieces. 

The  gravel  shall  be  screened  and  washed  free  of  clay  and 
coatings  of  any  character.  Any  material  containing  shale, 
lumps  of  clay,  disintegrated  or  rotten  boulders,  soft,  flat  or 
elongated  particles  shall  be  rejected.  Unscreened  or  pit-run 
gravel  shall  not  be  used. 

Joints. — At  the  close  of  each  day's  work  and  also  at  other 
times  when  the  process  of  depositing  concrete  is  stopped  for 
an  appreciable  time,  a  butt  construction  joint  shall  be  made 
at  a  right  angle  with  the  center  line  of  the  pavement.  For 
this  joint  there  shall  be  used  a  clean  plank  having  a  thickness 
of  not  less  than  2  in. — a  width  not  less  than  the 
thickness  of  the  pavement  and  a  length  not  less  than 
the  width  of  the  pavement.  The  plank  shall  be  cut 
through  to  crown  of  the  finished  pavement  and  shall  be 
provided  with  openings  to  facilitate  the  placing  of  joint 
reinforcing  rods.  It  shall  be  accurately  set  and  held  to  place 
vertically  and  to  a  true  line.  Longitudinal  reinforcing  bars 
shall  he  placed  Z  ft.  6  in.  center  to  center  and  3  in.  below  the 
finished  surface  of  the  pavement.  These  bars  shall  be  of 
steel,  %  in.  in  diameter  or  an  equivalent  sectional  area  and 
shall  have  a  length  of  4  ft.,  extending  2  ft.  away  from  the 
joint  on  either  side.  These  bars  shall  be  incased  in  paper  in 
a  manner  which  will  prevent  a  bond  between  the  steel  and 
concrete.  Upon  the  resumption  of  work  the  plank  hereto- 
fore specified  shall  be  removed  and  concrete  deposited 
against  and  in  contact  with  the  exposed  end  of  the  finished 
concrete.  The  contractor  shall  exercise  extreme  care  at 
these  joints  and  see  that  the  pavement  Is  absolutely  level 
on  each  side  of  the  joint. 

Forms. — Outside  forms  for  this  work  shall  be  of  wood  or 
metal,  of  the  depth  of  the  concrete,  straight,  free  from  warp 
and  of  sufficient  strength  when  staked  to  resist  the  pressure 
of  the  concrete  without  springing.  If  of  wood,  they  shall  be 
4  in.  wide  on  top  and  a  depth  equal  to  that  of  the  pavement 
and  surfaced  timber,  or  if  of  metal,  they  shall  be  of  approved 
section  and  shall  have  a  flat  surface  on  top  of  not  less  than 
1%  in.  The  forms  shall  be  joined  neatly  and  tightly  and 
staked  securely  to  line  and  grade  at  least  200  ft.  in  advance 
of  the  point  of  placing  concrete,  and  shall  be  cleaned 
thoroughly  and  greased  or  soaped  before  any  concrete  is 
placed  against  them. 

Devices  for  Measuring  Materials. — The  accurate  measure- 
ments of  each  of  the  materials  composing  and  the  production 
of  a  uniform  mixture  of  the  concrete  are  essential.  The  con- 
tractor shall  furnish  and  use  approved  timing  devices,  a 
water  measuring  and  discharging  device,  also  boxes  or  pans 
of  such  dimensions  as  will  give,  when  filled  and  struck,  the 
extra  volumes  of  aggregate  required  by  the  engineer. 

Composition  of  Concrete. — The  concrete  shall  be  composed 
of  1  part  Portland  cement,  1%  parts  fine  aggregate  and  not 
more  than  3  parts  coarse  aggregate,  totaling  not  more  than 
414  parts  of  aggregates.  The  aggregates  shall  be  measured 
separately  and  accurately  by  volume  in  such  proportions  as 
the  engineer  shall  direct,  so  as  to  give  the  greatest  density 
and  strength. 


A  cubic  yard  of  concrete  in  place  between  neat  lines  shall 
contain  not  less  than  1.91  bbl.  of  cement. 

The  engineer  shall  compare  the  calculated  amount  of  ce- 
ment required  according  to  these  specifications  and  accom- 
panying plans  with  the  amounts  actually  used  during  each 
day's  work,  as  determined  by  actual  count  of  the  numbers 
of  sacks  of  cement  used  each  day.  If  the  amount  of  cement 
used  on  any  day  is  less  by  2  per  cent  than  the  amount  here- 
inbefore required,  the  contractor  agrees  to  remove  all  such 
sections  and  to  rebuild  the  same  according  to  these  specifica- 
tions at 'his  expense. 

Consistency  of  Concrete. — The  consistency  of  the  concrete 
shall  be  such  that  when  a  cylinder  6  in.  in  diameter  and  12  in. 
in  length  is  filled  with  concrete  and  tamped  until  all  voids  are 
filled  and  a  slight  film  of  mortar  appears'on  the  surface  and 
the  cylinder  then  removed,  the  vertical  settlement  or  "slump" 
of  the  concrete  shall  not  exceed  2  in.  when  a  mechanical  fin- 
ishing machine  is  used,  nor  more  than  4  in.  when  the  finish- 
ing is  done  by  other  methods  permitted  in  these  specifications. 
Mixing  Conditions. — No  concrete  shall  be  mixecl  while  the 
air  temperature  is  at  or  lower  than  35°  F.,  and  no  material 
containing  frost  shall  be  used.  Bags  of  cement  or  fine  aggre- 
gate containing  lumps  or  crusts  of  hardened  material  shall 
not  be  used.  The  concrete  shall  he  mixed  only  in  such  quan- 
tity as  is  required  for  immediate  use  and  any  which  has  de- 
veloped initial  set  or  has  been  mixed  longer  than  30  minutes 
shall  not  be  used. 

iVlixing  Concrete. — Concrete  shall  be  mixed  thoroughly  in 
a  batch  mixer  of  the  broom  and  bucket  type  for  a  period  of 
not  less  than  \  minute  after  all  the  materials  are  in  the  drum, 
and  during  this  period  the  drum  shall  make  not  less  than  14 
nor  more  that  20  revolutions  per  minute.  The  entire  con- 
tents shall  be  removed  from  the  drum  before  materials  are 
placed  therein  for  the  succeeding  batch. 

Hand  mixing  shall  not  be  allowed  except  to  finish  out  a  sec- 
tion of  concrete  in  case  mixer  should  break  down. 

Placing  Concrete.— The  placing  of  concrete  shall  generally 
proceed  up  grade.  Concrete  shall  be  placed  only  on  a  moist 
subgrade.  If  the  subgrade  is  dry  it  shall  be  sprinkled  with 
as  much  water  as  will  be  absorbed  readily.  Where  the  pave- 
ment is  to  be  laid  adjacent  to  railway  tracks  or  around  struc- 
tures, no  concrete  shall  be  placed  until  the  tracks  and  struc- 
tures have  been  set  to  the  required  grade  and  alignment  in 
advance,  and  all  structures  which  project  through  the  pave- 
ment shall  be  cleaned  thoroughly  to  permit  adhesion  of  the 
concrete. 

The  concrete  shall  be  deposited  on  the  subgrade  rapidly  in 
successive  batches,  by  means  of  a  discharging  device,  such 
as  the  boom  and  bucket  type,  which  does  not  cause  separa- 
tion of  the  mortar  and  coarse  aggregate  and  shall  be  dis- 
tributed to  the  required  depth  and  for  the  entire  width  of  the 
pavement  by  shoveling  or  other  approved  methods.  Rakes 
shall  not  be  used  for  handling  concrete.  This  operation  shall 
be  continuous  between  transverse  joints  without  the  use  of 
intermediate  forms  or  bulkheads.  In  case  of  an  unavoidable 
interruption,  a  transverse  joint  shall  be  placed  at  the  point 
of  stopping  work,  provided  that  the  section  on  which  the 
work  has  been  suspended  shall  not  be  less  than  10  ft.  in 
length.  Sections  less  than  10  ft.  in  length  shall  be  removed. 
Finishing  Concrete.— The  surface  of  the  concrete  shall  be 
struck  by  means  of  a  steel  templet  weighing  not  less  than 
400  lb.,  for  a  length  of  19  ft.  The  templet  shall  be  of  a  built- 
up  section  consisting  of  an  S  in.  steel  channel  reinforced  with 
a  steel  "I"  beam.  "T"  rail  or  "angle"  in  such  a  manner  as  will 
give  \*  sufficient  strength  to  retain  its  shape  under  all  work- 
ing conditions.  The  templet  shall  be  crowned  to  the  desired 
cross-section  and  shall  be  moved  with  a  longitudinal  and 
crosswise  motion  moving  always  in  the  direction  in  which 
the  work  is  progressing. 

Immediatoly  after  the  concrete  has  been  struck  off  it  shall 
be  rolled  with  an  approved  metal  hand  roller  having  a  smooth 
even  surface,  approximately  6  ft.  in  length,  12  in.  in  diameter 
and  weighing  not  more  than  100  lb.  This  roller  shall  have  a 
handle  at  least  2  ft.  longer  than  the  width  of  the  pavement, 
and  all  the  rolling  shall  be  done  from  one  side  of  the  pave- 
ment. The  roller  shall  pass  from  one  edge  of  the  pavement 
to  the  other  in  one  operation,  and  the  rolling  shall  continue 
until  free  water  ceases  to  come  to  the  surface. 

After  The  rolling  has  been  completed,  the  concrete  shall  be 
finished  by  using  a  belt  made  of  canvas  or  rubber  belting  not 
less  than  12  in.  in  width  nor  less  than  2  ft.  longer  than  the 
width  of  the  pavement.  This  belt  shall  be  worked  with  a 
longitudinal  and  crosswise  motion  as  described  for  steel  tern- 
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plet.  Care  shall  be  observed  in  ihe  use  of  the  belt  not  to 
permit  the  edges  to  dig  into  the  surface  of  the  concrete  or 
to  work  the  crown  out  of  the  pavement.  The  use  of  an  ap- 
proved type  of  finishing  machine  will  be  permitted. 

The  edges  of  the   concrete   shall  be  rounded   with   an  ap 
proved  edging  tool  having  a  radius  of  approximately  %  in. 

Protection  of  Concrete. — As  soon  as  finished,  the  concrete 
shall  he  protected  by  a  canvas  covering,  suspended  not  less 
than  12  In.  above  the  surface,  and  it  directed,  the  surface  of 
the  pavement  shall  be  sprinkled  with  water.  When  the  con- 
crete has  hardened  sufficiently,  the  canvas  covering  shall  be 
removed,  the  sides  banked  with  earth  and  then  the  entire 
surface  of  the  pavement  shall  be  covered  with  water  and  kept 
covered  for  a  period  of  15  days.  The  water  shall  be  over  the 
entire  surface  of  the  pavement  and  shall  be  at  least  2  in.  in 
depth  at  the  shallowest  point.  The  contractor  shall  provide 
sufficient  pumping  capacity  to  at  all  times  keep  the  pavement 
flooded  with  water  while  it  is  curving.  On  grades  over  2  per 
cent  where  it  is  impracticable  to  flood  the  finished  work  the 
surface  of  the  concrete  shall  be  wetted  thoroughly  and  cov- 
ered with  earth  or  other  approved  material  to  depth  of  not 
less  than  1%  in.  This  material  shall  be  kept  moist  at  all 
times  by  sprinkling  with  water  and  shall  remain  on  the  con- 
crete for  a  period  of  not  less  than  18  days  under  the  most 
favorable  conditions,  or  for  a  longer  period  if  directed  by  the 
engineer,  during  v.-hich  time  traffic  shall  be  excluded  from 
the  concrete  by  the  erection  and  maintenance  of  suitable  bar- 
ricades, and  satisfactory  precautions  shall  be  taken  to  exclude 
foot  trafiBc  for  a  period  of  not  less  than  3  days. 

When  required  or  approved,  other  methods  of  curing  and 
protecting  the  concrete  may  be  used. 

After  the  foregoing  period  has  elapsed,  the  covering  on  the 
concrete  shall  be  removed,  the  surface  of  the  pavement  swept 
clean  and  the  concrete  allowed  to  cure  for  a  period  of  3 
days,  after  which  the  roadway  may  be  opened  to  traffic.  In 
no  instance  shall  traffic  be  allowed  on  the  pavement  before 
21  days  after  the  concrete  was  laid,  and  in  cold  weather  the 
road  shall  be  kept  closed  for  a  longer  period,  the  time  to  be 
determined  by  the  engineer. 

Uneven  Surface  to  be  Remedied.— Should  there  appear  at 
a  joint,  or  other  point  on  the  concrete  pavement  surface,  any 
unevenness  amounting  to  '4  in.  or  over,  above  or  below  the 
general  contour  of  the  surface  of  the  concrete,  then  the  con- 
tractor shall  take  such  means  as  will  be  effective  to  remove 
such  unevenness  and  produce  a  true  surface,  but  no  depres- 
sions shall  be  remedied  by  filling  with  concrete  or  other  ma- 
terial unless  the  concrete  slab  has  been  cut  so  as  to  insure  a 
thickness  of  at  least  4  in.  for  the  new  material  and  with  sides 
cut  vertical.  If  any  such  depression  requires  a  patch  of  this 
character  of  over  2  sq.  ft.  in  extent,  then  the  entire  slab  of 
concrete  shall  be  cut  through  to  the  foundation  for  the  entire 
width  of  the  road  and  new  concrete  placed  as  to  produce  a 
true  surface. 

Concrete  Shall  Not  Be  Placed  During  Freezing  Weather.— 
Concrete  shall  not  be  placed  when  the  temperature  is  at  or 
below  3.5°  F.  All  concrete  placed  when  the  temperature  shall 
reach  35°  F.  or  below  within  18  hours  thereafter  shall  be 
at  the  contractor's  risk  and  shall  be  replaced  at  his  own  ex- 
pense upon  written  notice  from  the  engineer. 

Concrete  shall  not  be  placed  upon  a  frozen  subgrade. 


Cost  of  Heating  and  Spreading   Road  Oil  at   Los  Angeles.— 

In  the  latter  part  of  July,  1918,  the  city  of  Los  Angeles,  Cal., 
placed  in  operation  a  municipal  plant  for  heating  the  oil  used 
for  street  purposes.  The  first  cost  of  the  heating  plant  In- 
cluding the  retort  was  ?11.8T1.  Three  oil  spraying  trucks 
were  purchased  at  a  cost  of  $17,014,  and  a  garage  for  them 
was  erected  at  a  cost  of  $876.  The  average  cost  of  the  oil 
heated  at  the  plant  and  spread  by  the  trucks  was  $2  52  per 
barrel  for  the  year  ending  June  30,  1919.  A  total  of  32,008  bbl. 
was  spread  in  this  time.  The  following  figures  from  the  last 
annual    report   by   A.   C.    Hansen,    City   Engineer,    show    the 

average  unit  costs: 

Per  bbl. 

Oil  .and  heating   ^^'oe. 

Spreading:    .■•■•••. ;:, 

Superintendence   and   overhead  administration    Ul 

Total   *2.52 

The  oil  was  purchased,  delivered  on  siding  alongside  the 
plant  at  a  price  of  $2.09  per  barrel,  prior  to  Nov.  8,  1918;  after 
that  date  it  cost  $2.29  per  barrel. 
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Central  Loading   Plant   Facilitates 
Street  Paving  Work 

A  particularly  well  planned  central  loading  plant  was  em- 
ployed by  J.  S.  McLaughlin  &  Sons.  Red  Oak,  la.,  in  con- 
structing 95.8G5  sq.  yd.  of  concrete  street  paving  at  Spencer, 
la.  The  plant,  a  description  of  which  appears  in  the  Sep- 
tember Concrete  Highway  Magazine,  was  designed  with  a 
view  to  using  the  smallest  possible  number  of  laborers  and 
to  get  the  most  out  of  mechanical  equipment. 

While  the  preparation  of  the  subgrade  was  going  on,  three 
large  bins  and  a  shop  building  were  erected  on  vacant  prop- 
erty alongside  a  railway  siding.  One  bin  was  for  stone, 
one  for  bulk  cement  and  the  third  for  sand,  while  the  shop 
is  for  truck  repair  and  storage  of  tools  and  miscellaneous 
materials. 

A  crane  equipped  with  a  clamshell  bucket  lifts  the  crushed 
stone  from  gondola  cars  on  the  siding  and  deposits  it  over 
a  wood  box  tunnel  a  little  above  ground  level.  The  tunnel 
is  equipped  with  gates  or  trap  doors  operated  from  below 
by  short-handled  levers.  The  stone  falls  through  these  gates 
upon  a  conveyor  belt  that  carries  the  material  to  a  bucket 
elevator,  which  in  turn  em.pties  it  into  the  top  of  the  loading 
bin.  From  the  bin  the  stone  runs  by  gi-avity  into  a  measur- 
ing box  which  is  mechanically  emptied  into  trucks. 

Bulk  cement  is  delivered  to  the  cement  bin  in  freight  cars. 
which  are  unloaded  by  a  power-driven  scoop.  The  cement 
is  carried  to  the  top  of  the  bin  by  bucket  conveyors  and  is 
measured  in  a  box  before  emptied  into  the  trucks. 

Sand  is  handled  in  much  the  same  manner  as  the  stone. 
As  the  source  of  supply  is  local,  the  contractors  use  their 
own  5-ton  motor  trucks  to  haul  it  from  the  washing  plant 
to  the  bin.  The  loaded  trucks  run  up  an  incline  onto  the 
platform,  dump  their  loads,  and  the  sand  is  carried  by  belt 
conveyor  and  bucket  to  the  bin.  from  which  it  is  measured 
into  the  trucks. 

Electric  motors  supply  the  power  which  operates  the  con- 
veyors and  elevators  for  each  bin.  This  has  proved  emi- 
nently  satisfactory  and   economical. 

Materials  are  hauled  from  the  loading  plant  to  the  mixer 
by  a  fleet  of  ten  standard  Ford  trucks  with  specially  de- 
signed bodies.  These  first  receive  the  correct  amount  of 
sand  at  the  sand  bin.  They  then  pass  under  the  cement  bin, 
receive  there  the  right  amount  of  cement  and  proceed  to  the 
stone  bin.  where  the  correct  volume  of  that  material  is 
loaded  on  top  of  the  cement.  The  proportions  being  com- 
pleted, the  loaded  trucks  proceed  to  the  mixer  over  a  haul 
averaging  about  a  mile.  Traveling  on  the  subgrade.  they 
back  up  to  the  mixer,  dump  the  material  into  the  skip  and 
return  to  the  plant. 

The  mixer  is  equipped  with  a  drum  having  a  rated  batch 
capacitv  of  28  cu.  ft.  Only  24  cu.  ft.  are  carried  in  the 
trucks  for  each  batch,  and  the  concrete  resulting  is  well 
mixed  during  the  one-minute  period  specified.  The  propor- 
tions 1:2:3  are  rigidly  adhered  to,  the  cement  content  being 

1  7  bbls.  per  cu.  yd.  On  July  8th  a  check  was  made  of  the 
amount  of  cement  used  in  the  first  13,000  sq.  yds.  of  paving 
and  it   was  found   to  exceed   requirements  by  approximately 

2  per  cent. 

Records  show  that  an  average  run  during  a  10-hour  day 
produces  1,200  sq.  yd.  of  finished  pavement.  The  high  run 
has  been  1,580  sq.  yd.  This  accomplishment  is  all  the  more 
remarkable  because  integral  curb  is  being  built  at  each  side 
of  the  pavement,  and  the  pavement  is  being  reinforced  with 
steel  rods.  The  section  is  6  in.  thick,  one-course  construc- 
tion. Reinforcing  is  2  in.  from  the  finished  surface.  The 
roller  .<ind  belt  method  of  finishing  is  employed  and  precau- 
tions .are  taken  to  prevent  too  rapid  drying  out  of  the  fin- 
ished pavement,  by  a  covering  of  earth  kept  wet. 

There  are  47  men  employed  inthe  different  operations 
from  the  arrival  of  the  material  on  the  cars  to  the  finished 
pavement,  the  distribution  being  as  follows: 

At  Loading  Plant — 
1  foreman. 

1  mechanic. 

2  men  at  stone  bin. 

^*  I'^^oreman^'""-"  3  concrete  spreaders  or  graders, 

i  mixer  operators.  2  men  placing  steel  reinforcing. 

2  men  at  strip  of  mixer.  5  men  finishing. 

9  men  at  chute  2  men  on  roller  ana  belt. 

5    men    covering   finished   pavement,    watering  it   and   removing 

forms.  ,    ^, 

2  men  on  miscellaneous  duties. 

7) 


3  men  at  cement  bin. 
2  operators   for   crane   c!am.shell. 
10  drivers  for  Ford  trucks. 
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Storage  Tanks  for   Road  Oil  Cut 
Out  Demurrage 

By  CHARLES  E.  MURPHY, 
Asphalt  Sales  Etepartment,  The  Texas  Co. 

Demurrage  charges  are  aggravating  not  only  to  those  who 
pay  them  but  also  to  the  companies  to  whom  they  are  paid. 
They  are  an  obnoxious  expense;  a  sort  of  a  tithe  or  levy  paid 
for  something  which  one  doesn't  get.  Yet,  they  are  neces- 
sary; in  fact,  without  them  the  transportation  facilities  of 
the  country  would  l;e  in  a  continual  state  of  chaos;  lengthy 
delays  in  deliveries  would  be  the  inevitable  outcome,  and  the 
sums  invested  by  railway  and  commercial  companies  In  cars, 
rails,  and  land  would  be  tripled  at  least. 

The  reason  for  these  things  is  obvious,  because  if  con- 
signees or  persons  to  whom  cars  are  shipped  were  allowed  to 
let  the  cars  remain  in  the  freight  yard  or  on  the  siding  for  an 


Discarded  Gasoline  Tanl<  of  15,000  Gal.  Capacity  Utilized  as  Storage 
Tank  for  Asphaltic  Road  Oil. 

indefinite  period,  then  more  cars  would  be  needed,  more  rails 
would  be  required,  and  additional  space  for  freight  yards  and 
sidings  would  be  a  necessity.  Consider  what  an  enormous 
amount  of  additional  capital  would  have  to  be  invested! 

To  take  a  practical  example.  Suppose  a  certain  freight 
yard  accommodates  1,000  cars,  each  car  occupying  approxi 
mately  40  ft.  of  track.  In  all  they  would  occupy  track  space 
to  the  extent  of  40,000  ft.,  and  if  all  the  cars  were  left  there 
two  days,  during  that  period  no  more  cars  could  be  admitted 
to  the  yards.  However,  if  500  cars  were  unloaded  and  moved 
from  the  yard  in  the  first  day,  then  500  new  cars  could  be  ad- 
mitted the  second  day.  If  this  could  be  continued  at  all  times 
then  every  two  days  the  freight  yard  would  be  occupied  by  a 
completely  different  group  of  cars.  But,  if  delay  existed  and 
it  was  impossible  to  allow  a  number  of  cars — say  200 — into 
the  yard  for  three  days,  then  space  at  other  places  would  have 
to  be  provided  for  the  200  cars.  In  other  words,  8,000  ft.  of 
track  space  would  be  necessary. 

Not  only  do  the  railroads  suffer  from  such  delays,  but  also 
companies  which  own  cars.  Their  material  is  demurred  in 
delivery,  their  cars  are  held  up  for  several  days,  and  all  this 
means  additional  cars  at  tremendous  expense.  One  could  con- 
tinue giving  the  reasons  for  demurrage  and  its  consequent 
havoc,  but  chapters  would  be  consumed  in  doing  so.  The  real 
point  is  to  offer  some  helpful  way  to  avoid  it,  even  if  it  gives 
only  slight  assistance  or  is  provocative  only  of  some  other 
remedy. 

Storage  tanks  offer  about  the  most  efficacious  method  for 
obviating  demurrage  charges.  Municipalities  which  have 
made  use  of  this  system  will  attest  to  this,  for  since  their 
installation  these  communities  have  paid  little  or  no  demur- 
rage. Of  course,  there  are  expensive  types  of  storage  tanks 
and  types  which  cost  comparatively  little.  No  matter  which 
is  installed,  however,  each  offers  a  place  to  deposit  the  ma- 
terial until  it  is  needed,  it  allows  for  the  early  return  of  the 
cars,  and  gives  the  contractor  or  municipality  a  feeling  of 
confidence  that  the  commodity  is  always  on  hand  for  use. 

In  this  article  we  shall  simply  consider  a  novel  type  of 
storage  tank  which  has  cut  out  entirely  the  necessity  tor  the 
town  of  Southampton,  Long  Island,  paying  demurrage  charges 
in  certain  districts  of  the  community.  One  may  follow  better 
the  description  of  this  storage  tank  by  scrutinizing  the  accom- 
panying photograph  of  it. 

(1 


The  tank  is  a  discarded  gasoline  tank  with  a  capacity  of 
15,000  gal.  It  is  placed  in  a  firm  but  inexpensive  concrete  base 
so  that  all  dampness  and  immediate  contact  with  water  on  and 
under  the  ground  will  be  avoided,  and  is  situated  near  enough 
to  the  railroad  siding  to  allow  for  direct  pumping  of  the  as- 
phaltic road  oil  to  it  from  the  tank  ear.  A  rectangular  wooden 
platform  is  built  a  few  feet  above  the  tank,  supported  by  four 
props  and  crosswise  braces.  The  hand  pump  which  extends 
through  the  dome  cover  rests  on  the  platform,  and  is  placed 
at  such  a  height  that  the  man's  back  who  uses  the  pump  is 
not  broken  by  operating  it.  Prom  near  the  top  of  the  hand 
pump  an  ordinary  tin  pipe  extends  out  to  the  distributor  tor 
filling  purposes. 

Rain  and  moisture  are  prevented  from  entering  the  tank 
by  placing  the  dome  cover  tightly  on  the  tank  during  storms. 
The  proximity  of  the  storage  tank  to  the  railroad  siding  makeB 
it  possible  to  unload  an  8,000  gal.  tank  car  of  asphaltic  road 
oil  in  about  an  hour.  Consider  this  factor  in  facilitating  the 
early  return  of  the  car  to  the  company  owning  it,  the  preclud- 
ing of  demurrage  charges,  and  the  fact  that  the  road  oil  is  on 
hard  for  use  at  any  time. 

It  must  be  apparent  that  other  types  of  tanks  could  be  util- 
ized by  contractors  and  municipalities  for  this  purpose. 
Though  inexpensive,  they  furnish  a  great  accommodation,  and 
will  serve  the  purpose  until  more  permanent  tanks  can  be 
installed. 


Cost  of   Street  Repairs  at  Los  Angeles 

Repair  of  all  streets  at  Los  Angeles,  Cal.,  not  permanently 
paved  with  asphalt,  brick,  concrete,  or  other  siitiilar  materials 
is  carried  out  by  the  Street  Maintenance  Department. 

Minor  repairs  to  improved  streets  are  made  by  a  mixture  of 
hot  road  oil  and  gravel.  This  material  is  obtained  from  city 
plants.  The  oiled  gravel  mixture  is  made  by  obtaining 
properly  graded  sand  and  crushed  stone  from  the  city  crusher, 
adjoining  the  mixing  plant,  running  this  and  the  proper  pro- 
portion of  hot  road  oil  through  a  concrete  mixer,  after  which 
the  material  is  loaded  in  trucks  and  wagons  for  distribution 
throughout  the  city.  During  the  year  ending  .June  30,  last, 
!t,569  cu.  yd.  of  the  mixture  was  used  at  a  cost  of  $1.87  per 
cubic  yard. 

Where  the  condition  of  the  surface  of  improved  streets  re- 
quires it,  reconstruction  is  accomplished  by  rooting,  rolling 
and  oiling.  After  the  gutters  are  thoroughly  cleaned  the  en- 
lire  surface  is  rooted  with  a  rooter,  having  from  three  to 
five  points,  according  to  the  strength  of  the  roller.  The 
lumpy  surface  is  then  pulverized  with  a  discing  machine 
also  pulled  by  the  roller.  A  heavy  application  of  water  is 
made  and  after  grading,  rolling,  regrading  and  rerolling  the 
surface  is  ready  for  oiling.  A  slight  delay  is  sometimes  ad- 
visable, as  street  traffic  will  considerably  assist  in  making 
the  surface  more  compact.  Road  oil,  containing  at  least  81 
per  cent  asphaltum,  is  applied,  and  covered  with  sand  or  rock 
screenings.  Work  of  the  above  nature  is  done  only  after  an 
inspection  by  the  superintendent  shows  that  it  is  necessary 
and  reconstruction  equipment  is  apportioned  so  that  each 
part  of  the  city  gets  a  just  amount  of  this  work. 

The  cost  of  this  work  in  1918-19  according  to  the  report  of 
A.  C.  Hansen,  City  Engineer,  for  the  year  ending  June  30, 
last,  was  as  follows: 

Miles.        Per  mile. 

Rootine,  discing,  grading  and  rolling 156  $317.60 

Oiling    150  518.90 

Crushed  rock  and  sand  for    150  501.65 

Wetting  surface  for  grading f 156  60.00 


A.  A.  E.  and  Licensing  of  Engineers. — Tlie  board  of  direc- 
tors of  the  American  Association  of  Engineers,  at  its  quar- 
terly meeting  on  Oct.  11,  adopted  a  resolution  announcing  a 
militant  attitude  of  the  association  toward  licensing  and  reg- 
istration of  engineers.  Every  effort  will  be  made  to  have  a 
license  bill  enacted  in  every  state  in  which  there  is  none  at 
present.  Chapters  were  advised  to  appoint  license  commit- 
tees, each  of  which  is  to  co-operate  with  the  National  License 
Committee  in  drafting  the  national  bill  for  adoption  in  all 
states.  Action  will  be  taken  also  to  insure  enforcement  of 
existing  license  laws.  The  resolution  states  that  "it  shall 
be  the  duty  of  chapter  committees  to  see  that  the  law  is  en- 
forced, both  in  letter  and  in  spirit,  and  that  such  amendments 
are  made  to  the  law  from  time  to  time  as  experience  renders 
advisable  in  order  that  the  profession  may  be  kept  in  a  high 
plane." 

18) 
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Vift^nt     r»f     ^1-7 c»     mf      H  aciAarti^a      T  ^-»<-  '"^^ay;   and  elecliic  iransmission  line  and  gas  tank  line  each 

dlCCl      Ul      i^l^e     OI      I^CMUenCe      l^Or  tlnee  miles  long.     Assumed  that  it   will  not  be  necessary  to 

on   Cost  of  Street  Improve-  ""'"'  ''^'''^'"'^  p'^"'  °'"  ^''^  p"»"^- 

m.r.n4-<:>    ^«^     TT^;i;*;^^:k  table  i— estimated  cost  of  house  and 

ments  and   Utilities*  improvements. 

Includ- 

By  MORRIS  KXOWLES.  Cost       Per  cent       Ing 

Consulting    Buginee.-.    Pittsburgh,    Pa.,    and    Wincisor,    Ont.  "^'"-                                       hou.^e.       "co'st"^'       head' 

It  Should  be  understood  that  there  are  Other  factors  affect-  iSnd". :.'.;:::::::;;;: '''moo       *6'l4           "'2      ' 

ing  the  size  at  which  lots  should  be  designed,  in  addition  to  Lot  improvements".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.       232.fi4         425             49 

street  improvements   and   utilities.     It   will   be   advantageous  ^^X?.  '"^P'r/*'"^"'^    463.29         8.48            9.9 

therefore  to  present  a  brief  statement  of  these  other  various  Electrical  system    26  33         0.48               6 

factors,   in   order   that   phases   which    are   considered   in    this  te^^eS-l?J,rm- and   sanitary;::::::;:       202  4I         Ho             fl 

paper  may  be  co-ordmated  with  th?m.     Such  factors  are:  House    connections    13S.50         2  53             2  9 

1.  Cost  of  land.  

$4  690  57 

2.  Size  and  arrangement  of  rooms  in  house.  En&infering  and  supervision  at  10%..       '469:06          8.58 

3.  Certain  improvements  that  lie  within  the  boundaries  of  — — — — 

the  lot,   such  as  grading    (which   is   affected   by   topography),  interest  at  6% 309:58         5.66 

planting,  fences,  hedges  and  house  walks.  

4.  Desirability  of  a  front  yard  to  properly  set  off  house  and  55,469.21      100.00         lOO.O 

to  establish  privacy  from  passers  on  street  "  '*^'"  ''^  ""'«^''  f'""'"  Table  I  house  is  64  per  cent  of  total 

5.  Desirability  of  a  side  vard  to  ensure  sunshine  proper  '=°*^*'  '"Eluding  distribution  of  overhead:  land  with  lot  im- 
ventilation,  adequate  fire  protection  and  suitable  approach  to  Pavements,  12.1  per  cent:  street  improvements.  9.9  per  cent; 
rear.  water,   electrical,   gas   and   sewer  improvements,   with   house 

G.  Desirability  of  a  rear  vard  to  provide  space  for  clothes  connections,  14  per  cent.  Engineering,  supervision  and  inter- 
line, house  garden,  garage  perhap?,,  and  playground  for  the  ^^^  charges,  which  are  distributed  in  these  statements,  are 
children.  14.24  per  cent  of  the  whole. 

Elements  Not  Related  to  Size  of  lot.— There  are  elements.  Figures  shown  in  Table  II  are  cost  per  lineal  front  foot  of 

even  of  street  improvements  and  utilities,  that  in  no  way  are  ^^'^^  yard  and  per  lineal  fool  depth  of  front  and  rear  yards, 

related  to  size  of  lot.    For  example:  Costs  per  lineal  foot  lot  frontage  and  depth  would  be  greater, 

(a)  Those  divisions  of  utilities  that  lie  outside  townsite  ^^  cost  of  house  meters,  shut-off  valves,  etc.,  would  be  in- 
boundaries,  as  water  supply  plant,  both  pumping  station  and  eluded  in  this  cost. 

filtration  units:  sewage  treatment  and  disposal  plants:  power  table  ii— cost  of  utilities  AND  STREET  niPROVE- 

plant  to  generate  electricity:  steam  plant,  in  event  houses  are  MENTS  PARALLEL  TO  YARD  SPACE, 

to  be  heated  from  a  central  heating  station:  and  in  some  cases  ^          5i;                 ^            6d~             ^"-6 

a  gas  plant,  though  it  may  be  doubtful  whether  such  a  plant  ^           =g               c '■"             =g  £              s£s 

would  be  erected.  ~o.^            "o            ~  =-             =->> 

(b)  Various  trunk  supply  lines  which  lead  from  the  re-  o^|  |t;  0^=  feoS 
spective  supply  plants  to  townsite.  These  include  water  sup-  -^  s  ^  ^^-6  -s--  -5'" 
ply  trunk  line:  gas  and  steam  trunk  lines:  electrical  trans-  c  sic  oga  osga  o  5 1 
mission  line:  and  sewer  outfall  line.  .street    improvements. ..  .ji'ts'bu          .$'"8"93'"'         *  tsToo          »L10 

(c)  There  are  certain  portions  of  street  improvements  and      Water  system 36,40  1.82  13.00  .26 

utilities  Iving  even  within  boundaries  of  townsite  which  are  W^slTsflm^TT.'.:'.'...:'.    n.fo               ;S7               do              '.it 

not  directly  and  immediately  affected  by  size  of  lot.     For  ex-  Sewers-  storm  and  sanl- 

ample,  those  street  improvements  and  utilities  that  lie  directly  House  connections  ::::::     '":m               ^:oo               U^              .U 

in  front  cf  house  and  that  parallel  the  depth  of  house.     These  — 

portions  of  utilities  and  street  improvements  are  more  affected  $290.60           $14.53           $124.00           $2.48 

by  size  and  arrangement  of  house  than  by  dimensions  of  lot  The  results  in  Table  II  shew  that  if  space  between  houses 

Likewise,   there   are   certain   elements   of   house   connections  o"  main  streets  is  increased  1  ft.,  cost  of  utilities  and  street 

which  are  not  affected  by  size  of  lot:  for  example,  connections  improvements  per  house  is  increased  $14.53.  If  front  or  rear 

to  mains,  curb-boxes,  stop  cocks,  meters  and  the  portions  of  yai^l  is  increased  1  ft.  in  depth,  cost  of  street  improvements 

house  services  that  lie  within  the  street.  and   utilities   per  house   is  increased   $2.48.     These  computa- 

The  foregoing  elements  bear  an  important  relation  to  the  'ions  bring  out  the  interest  fact  that  in  so  tar  as  street  im- 

cost  of  utilities,  in  so  far  as  they  affect  cost  per  capita  or  provements  and  utilities  are  concerned,  5.86  ft.  can  be  added 

cost  per  house,  but  they  are  not  in  any  way  related  to  size  to  depth  of  front  or  rear  yard  for  same  cost  of  adding  1  ft.  to 

of  lot.  width  of  side  yard. 

A  well  defined  statement  regarding  those  portions  of  util-  Assuming  for  sake  of  comparison  a  lot  42  ft.  front  by  80  ft. 

ities  and  street  improvements  which  directly  relate  to  size  of  fieep.  the  combined  cost  of  land  and  lot  improvements  is  equal 

lots  can  now  be  made.  to   $568.64,   or,  $13.54   per  front   foot.      (See   Table   I).     If,  for 

(a)  They  include  street  improvements  and  utilities  located  t'"s  lot,  costs  of  main  and  minor  street  improvements  and  util- 
directly  in  front  of  the  space  lying  between  houses.  ities  are  combined  and  quoted  as  cost  per  lineal   front  foot 

(b)  Street  improvements  and  utilities  located  on  minor  of  side  yard  parallel  to  yard  space,  they  equal  $2i>.73  per  lineal 
streets  that  lie  parallel  to  space  occupied  by  front  yards  and  foot. 

by  rear  yards.  If  the  cost  of  land  and  lot  improvements  be  combined  with 

(c)  Lengths  of  house  service  connections  which  are  located  cost  of  utilities  and  street  improvements  on  main  street 
in  front  yards  and  in  rear  yards.  parallel  to  side  yard,  the  cost  per  lineal  front  foot  of  side  yard 

Relative  Costs  for  Assumed  Townsite.— In  order  to  estimate  is  $28.07.     Assuming  rents  based  on  10  per  cent  return,  rent 

relative  costs,  it  will  be  necessary  to  assume  a  town  layout,  for  each  front  foot  of  side  yard  is  23  ct.  per  month,  of  which 

Following  are  the  factors:  12  ct.  is  for  street  improvements  and  utilities,  and  11  ct.  is 

An   industrial  town  with   1,000  houses.     Houses   are   22   ft.  for  land  and  lot  improvements.     This  is  the  cost  of  air  and 

wide  and   30   ft.  deep.     Lots  are  42  ft.  front  by  80   ft.   deep.  sunshine,  or  $4.60  per  family  per  month. 

Houses  are  located  on  center  line  of  lots  and  are  placed  15  ft.  While  no  sweeping  conclusions  can  be  made,  because  we 
back  from  front  property  line.  Main  streets  are  .50  ft.  wide;  bave  discussed  only  one  assumed  townsite,  it  is  interesting  to 
minor  streets  40  ft.  wide.  Main  streets  have  24-ft.  paved  note  that  cost  per  lot  for  "street  improvements  and  utilities" 
roadway,  5%-ft.  planting  strips,  combined  concrete  gutters  and  is  $1,121.93,  compared  with  $568.64  for  "land  and  lot  improve- 
purbs,  and  5-ft.  sidewalks.  Alleys  are  omitted.  There  are  ments,"  the  latter  being  5-0  per  cent  of  former.  If  however. 
24  houses  in  each  block,  making  length  of  block  504  ft.  and  we  compare  cost  per  front  foot  of  those  elements  of  street  im- 
width  160  ft.  There  are  approximately  42  such  blocks  in  the  provements  and  utilities  directly  related  to  size  of  lot,  with 
townsite.  Filtration  plant  and  pumping  station  is  assumed.  cost  per  front  foot  of  lot  improvements  and  land,  they  are 
two  miles  from  townsite;  sewage  disposal  plant,  one  mile  respectively  $20.73  and  $13.54.  the  latter  being  65  per  cent  of 
the  former. 

*'A  paper  presented  Oct.  17  at  the  joint  conference  of  the  Amer-  <iiionpctinn<:   nn    Frnnnmiral    ne<:inn    anri    rnncfnirtinn TTbp 

ican  City  Planning  Institute  and  the   Town   Planning  Institute  of  S>uggestions  on    tconomical    Uesign    and    Construction.      L  se 

Canada.  contour  streets.     Grade  lots  and  streets  at  same  time.     De 
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sign  street  widths  and  pavements  to  meet  demands  of  trafllc. 
Compare  cost  of  reducing  grades  with  cost  of  pavements  suit- 
able for  steeper  grades.  Do  not  make  sidewallts  unnecessarily 
wide.  Use  combined  gutter  and  curb.  Study  relative  merits 
of  alleys  and  easements.  Study  carefully  location  of  utilities. 
Use  combined  trenches  where  suitable.  Substitute  direct  sewer 
connections  for  catch  basins.  Use  combination  manholes. 
Connect  roof  leaders  to  gutters.  Omits  storm  sewers  near 
summits  of  streets.  Install  house  connections  at  one  time. 
Carry  house  wire  services  on  brackets  attached  to  rear  of 
house. 


Paris  Proves  the  Wisdom  of  City  Planning 

The  right  building  of  modern  cities  was  first  undertaken  in 
France.  The  French  capital,  Paris,  is  the  best  example  of 
successful  city  planning  and  building  on  earth  today,  and  be- 
cause it  was  well  planned  and  well  built,  it  is  one  of  the  largest 
and  wealthiest  cities  of  the  world. 

Paris  had  its  origin  in  a  marsh.  In  the  century  before  the 
Christian  era,  Paris  was  a  little  village  on  a  low  island  in  the 
Seine.  About  the  year  1700,  and  during  the  reign  of  the  great 
king  Louis  XIV.  the  plans  of  the  Paris  of  today  were  laid. 
The  king  called  upon  the  leading  architects  of  his  country  to 
plan  the  city,  and  they  surveyed  the  territory  adjoining  the 
then  crowded,  dirty  and  ill-smelling  city  as  the  site  for  the 
Paris  of  the  future.  During  the  next  century  these  plans  were 
continued,  and  some  of  them  put  In  effect.  From  that  time 
until  today,  the  people  of  Paris  have  worked  on  the  plan  pre- 
pared for  Louis  XIV.,  with  the  result  that  they  have  a  city 
that  amazes  the  world  by  its  beauty  and  attracts  to  itself  a 
tremendous  wealth  and  trade  from  all  quarters  of  the  world. 

Napoleon  Bonaparte  is  honored  in  the  memory  of  the  French 
people  quite  as  much  for  w'hat  he  did  for  their  beloved  Paris 
as  he  is  admired  because  of  his  military  genius.  Napoleon 
realized  that  the  city,  then  of  700,000  people,  would  become 
the  home  of  two  or  more  millions.  He  realized,  too,  the  dan- 
ger to  the  city  and  its  people  from  its  then  crowded  condi- 
tion. He  proposed  to  give  Paris,  the  center  under  his  reign 
of  tho  wisest  government  since  Roman  times,  a  splendor 
eclipsing  that  of  any  existing  city. 

Napoleon  began  a  great  work  of  opening  up  the  city.  He 
made  almost  forgotten  plans  effective  by  cutting  new  streets. 
Under  his  direction  superb  new  bridges  were  constructed 
across  the  Seine,  and  he  transformed  the  banks  of  the  river 
by  building  new  quays.  He  built  the  first  sidewalks  in  Paris, 
and  lighted  the  streets  at  night.  Napoleon  began,  too,  the 
erection  of  great  monuments  to  commemorate  the  valor  and 
the  victories  of  his  armies.  Arches  and  columns  which  today 
are  famous  the  world  around  are  among  his  works. 

The  successors  of  Napoleon  continued  the  works  he  had 
started,  and  for  .50  years,  as  the  city  grew,  the  public  projects 
continued.  In  1853  Baron  Georges  Eugene  Haussmann  took 
charge  of  the  completion  of  the  improvement  and  beautiflca- 
tion  of  Paris.  Still  working  on  the  broad  lines  laid  down  by 
the  architects  of  1700.  Haussmann  opened  up  all  of  the  old 
city  of  Paris  to  light  and  air.  He  cut  new  streets  here, 
widened  old  ones  there,  tore  down  hundreds  of  old  structures 
that  beautiful  buildings  could  be  brought  to  view.  He  placed 
the  railroad  stations  in  a  circle  about  the  old  center  of  the 
city  and  opened  up  fine  ways  of  access  to  them,  and  particu- 
larly he  created  new  diagonal  thoroughfares  to  shorten 
haulage. 


Cleveland    Engineering    Society    Prefers    Local    Speakers. — 

The  Cleveland  Chapter  of  the  American  Association  of  Engi- 
neers has  given  up,  temporarily,  at  least,  the  plan  of  having 
speakers  from  outside  of  the  organization  speak  at  regular 
meetings.  It  has  been  found  by  experience  that  such  speak- 
ers could  bring  out  only  10  or  15  per  cent  of  the  membership, 
while  it  some  member  of  the  chapter  speaks  on  a  subject 
which  is  of  first  hand  importance,  the  attendance  is  as  large 
as  50  per  cent  or  70  per  cent.  The  plan  that  is  now  fol- 
lowed Is  to  appoint  a  certain  member  to  talk  for  a  few 
minutes  on  a  selected  subject  which  is  of  Immediate  interest 
to  such  men  as  make  up  the  majority  of  the  chapter  mem- 
bership. After  this  introductory  talk  the  subject  is  thrown 
open  for  general  discussion  with  a  view  of  getting  the  opin- 
ion of  the  chapter  and  taking  positive  action  of  some  sort. 


New  Method  for  Adjusting  Earth 

Excavation  and  Determining 

Haul 

Every  highway  engineer  who  is  striving  for  economy  in 
highway  design  finds  that  his  greatest  problem  lies  in  the  ad- 
justment of  his  grade  line  so  that  he  can  avoid  unnecessary 
earth  work.  The  amount  of  surfacing  which  he  must  use  is 
rather  arbitrarily  determined  by.tlie  length  of  the  route  se- 
lected and  is  all  but  independent  of  the  gi-adients  finally 
adopted.  Similarly,  the  number  and  the  size  of  the  drainage 
structures  are  determined,  almost  entirely,  by  the  location 
and  are  quite  independent  of  the  gradients  used.  These,  with 
the  earth  work,  make  up  the  three  major  portions  of  the  cost 
of  any  highway  but,  differing  essentially  from  the  other  two 
in  this  respect,  the  quantity  of  earth  work  can  be  modified, 
to  a  very  marked  extent,  by  modifications  in  the  grade  line, 
no  matter  what  location  is  chosen.  Economy  of  design,  there- 
fore, dictates  that  the  gradients  which  are  finally  selected  not 
only  meet  general  engineering  requirements,  but  that,  as  far 
as  possible,  all  economies  which  do  not  involve  a  conflict  with 
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general  engineering  principles  be  adopted.  An  interesting 
discussion  of  a  graphic  method  of  adjusting  excavation  and 
of  determining  overhaul  is  given  in  the  August-September 
Public  Roads  by  J.  W.  Ball,  Highway  Engineer,  and  C.  R 
Shore,  Highway  Draftsman,  U.  S.  Bureau  of  Public  Roads. 
The  matter  following  is  abstracted  from  this  discussion.  The 
methods  described  are  believed  to  be  original,  but  whether 
original  or  not,  it  is  felt  that  their  usefulness  justifies  their 
presentation  at  this  time  and  that  their  careful  study  and 
more  general  adoption  by  highway  engineers  will  result  in 
noticeable  savings  in  the  cost  of  excavation.  On  the  other 
hand,  it  Is  recognized  that  these  methods  are  not  competent 
to  correct  improper  location  nor  do  they  suffice  to  determine 
the  most  economical  general  adjustment  of  the  grade  line. 
They  do,  however,  suffice  to  indicate  local  changes  in  grade 
alignment  w-hich  are  in  the  interest  of  economy.  The  changes 
worked  out  may  or  may  not  be  in  keeping  with  general  en- 
gineering principles,  and  where  this  method  is  adopted  it  is, 
therefore,  necessary  to  caution  those  who  use  it  that  the 
changes  which  this  method  develops  as  in  the  interest  of 
economy  may  have  to  be  rejected  as  in  violation  of  major 
engineering  principles.  An  illustration  of  this  fact  would  be 
the  development,  by  the  use  of  this  method,  of  the  fact  that 
a  shorter  curve  should  be  adopted  at  a  point  where  the  mini- 
mum has  already  been  selected,  or  that  a  short  adverse  grade 
in  a  long  ascending  grade  would  save  excavation.  In  either 
case  an  engineer  would  hesitate  to  follow  the  dictates  of 
economy  and  should,  in  fact,  reject  the  information  developed 
as  of  no  value,  more  important  considerations  preventing  its 
use. 

These  and  other  cases  will  occur  where  the  information 
developed  can  not  be  used  but  they  serve  simply  as  an  illus- 
tration of  the  general  statement  that  this  system  is  an  assist- 
ance in  the  proper  adjustment  of  highway  grade  lines,  not  a 
panacea  to  be  applied  for  the  elimination  of  excessive  costs 
rightly  chargeable  to  poor  location  or  to  improper  general 
assumptions  as  to  the  laying  in  of  the  grade  line.  The  dis- 
cussion follows: 

The  Quantities  Diagram. — The  "quantities"  diagram,  as  ap- 
plied to  highway  design,  consists  of  two  curves  obtained  by 
connecting  the  two  series  of  points  which  result  if  the  sta- 
tions are  platted  as  abscissas  and  the  corresponding  end 
areas  of  excavation  and  embankment,  respectively,  as  ordi- 
nates.  Excavation  is  platted  positive,  and  embankment  neg- 
ative. The  excavation  curve  would  then  always  appear  above 
the  horizontal  axis   (or  coincident  %vith  it  wherever  there  Is 
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no  excavation),  and  the  embankment  curve  would  appear  be- 
low the  horizontal  axis  (or  coincident  with  it,  where  there  is 
no  embanlvment).  With  end  areas  platted  in  square  feet  and 
the  stations  and  fractions  thereof  in  linear  feet  (see  Fig.  1), 
the  area  included  between  the  horizontal  axis  and  the  curve 
which  lies  above  it  represents  the  volume  of  excavation,  while 
the  area  included  between  the  horizontal  axis  and  the  curve 
which  lies  below  it  represents  embankment,  both  in  cubic 
feet. 

These  areas  are  readily  found  by  a  planimeter  and  by  using 
a  horizontal  scale  of  1  in.  to  100  lin,  ft,  and  a  vertical  scale  of 
1  in.  to  100  sq.  ft.,  1  sq.  in.  on  the  "quantities"  diagram  repre- 
sents 10,000  cu.  ft,  of  excavation  or  of  embankment,  as  the 
case  may  be. 

This  "quantities"  diagram  furnishes  a  quick  and  accurate 
means  of  determining  the  quantities  for  preliminary  esti- 
mates, but,  more  important  still,  it  presents  a  useful  yardage 
curve  to  be  studied  in  connection  with  general  grade  revi- 
sions, since  it  shows  the  location  and  amount  of  earth  work 
at  all  points  along  the  line.  The  curves  are  particularly  use- 
ful in  locating  sections  of  a  highway  which  are  grossly  out 
of  balance,  for  the  predominance  of  cut  or  of  fill  over  any 
section  of  a  highway  is  very  noticeable.  These  curves  do 
not,  however,  give  any  indication  as  to  whether  the  failure 
to  secure  a  balance  is  due  to  a  genera!  policy  of  doing  too 
much  cutting  or  of  calling  for  too  much  filling  or  is  caused 
by  a  failure  to  make  proper  use  of  the  maximum  grade. 
These  curves  simply  indicate  where  a  lack  of  balance  exists. 
The  question  as  to  whether  this  lack  of  balance  is  to  be  cor- 
rected at  all  and,  if  so,  what  methods  are  to  be  adopted,  is 
one  of  engineering  judgment  which  can  not  be  assisted  by 
any  set  formula. 

The  Excess  Area  Diagram. — The  "excess  area''  diagram  is 
the  algebraic  sum  of  the  excavation  curve  and  the  embank- 
ment curve  of  the  "quantities'"  diagram.  Excavation  excess 
is  platted  as  positive  and  embankment  excess  is  platted  as 
negative  and  the  line  stations  are  platted  along  the  horizontal 
axis  as  before.  In  this  graph  the  ordinate  for  each  station  is 
in  square  feet  and  is  the  difference  in  square  feet  between 
the  excavation  included  in  the  end  area  and  the  embankmnt 
included  in  the  end  area  for  that  station.  This  is  platted  as 
positive  if  the  excavation  exceeds  the  embankment  and  as 
negative  if  the  embankment  exceeds  the  excavation.  Wliere 
the  road  is  all  in  cut  or  all  in  fill  the  'excess  area"  curve  will 
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coincide  with  the  quantities  curve  but  where,  as  in  side  hill 
work,  cross  sections  Include  both  cut  and  fill,  the  "excess 
area"  curve  will  fall  between  the  two  curves  of  the  quantities 
diagram.  Moreover,  wherever  the  cut  and  the  fill  are  equal, 
the  "excess  area"  curve  will  intersect  the  horizontal  axis,  from 
which  it  naturally  follows  that,  on  a  hillside  location,  where 
an  ideal  location  would  cause  the  cut  along  any  section  to  ex- 
actly make  the  fill  along  that  section,  the  excess  area  curve 
win  be   a   straight  line  coinciding   with   the   horizontal   axis. 


Any  deviation  from  such  a  location  causes   the  excess  area 
curve  to  separate  from  this  horizontal  axis. 

The  excess  area  diagram  therefore  shows  to  what  extent 
the  location  of  the  grade  line  varies  from  this  ideal  line. 
Moreover,  the  area  below  the  excess  area  curve  and  above 
the  horizontal  axis  represents  the  volume  of  excavation  in 
excess  of  that  required  to  make  the  corresponding  fill  along 
this  portion  of  the  line  and  the  area  below  the  horizontal  axis 
but  above  the  excess  area  curve  represents  the  volume  of 
embankment  which  is  in  excess  of  that  produced  by  the  ex- 
cavation over  that  section.     The  excavation  and  the  embank- 


-^^ 


PLAN 
Fig.  3. 

ment  on  any  given  length  of  a  project  are,  then,  theoretically 
balanced  when  the  plus  and  minus  areas  on  the  excess  area 
diagram  are  equal  over  this  length  of  the  project.  The  quan- 
tity to  be  hauled  is  also  accurately  and  clearly  shown  and  the 
distance  of  the  haul  can  be  closely  approximated. 

■R'henever  an  allow^ance  is  to  be  made  for  shrinkage  it  is 
advisable  to  increase  the  embankment  areas  by  the  customary 
per  cent  (which  usually  varies  from  15  to  25  per  cent  of  the 
volume  of  embankment  in  common  excavation)  before  cal- 
culating the  difference  between  excavation  and  embankment. 
The  amount  of  increase  to  be  used  is  generally  fixed  by  estab- 
lished rules  but  may,  in  the  absence  of  fixed  rules,  be  adjusted 
according  to  the  judgment  of  the  engineer. 

Use  o*  the  Excess  Area  Diagram. — The  road  location  having 
been  made  in  the  usual  way,  and  the  end  areas  from  cross 
sections  having  been  obtained  from  a  tentative  grade  line,  to 
apply  the  excess  area  diagram  in  the  design  of  the  road,  first 
plat  the  quantities  diagram,  using  for  this  purpose  the  in 
formation  secured  from  the  cross  sections  for  the  tentative 
grade  line.  Any  gross  errors  in  the  balance  will  be  shown 
by  the  quantities  diagram  and  the  first  step  should  be  to  se- 
cure a  decision  as  to  their  adjustment.  If  they  are  to  be  elim- 
inated, the  grade  line  should  be  relaid  and  the  quantities  dia- 
gram redrawn  until  there  is  some  approach  to  a  balance  be- 
tween controlling  points.  The  excess  area  diagram  should 
then  be  drawn  and  the  work  of  refining  the  grade  line  may  pro- 
ceed. This  refinement  of  the  grade  line  will  involve  minor 
changes  in  the  position  of  the  line;  that  is,  pushing  it  into 
or  pulling  it  out  of  the  hill  on  sidehill  work,  or  minor  changes 
in  the  established  gradient.  These  will  be  discussed  Inde- 
pendently. 

Alignment  Revisions  for  Balancing  Quantities. — Assuming 
now  a  section  of  sidehill  road  of  profile  AB  (see  Fig.  2)  with 
a  typical  cross  section  as  S  and  with  the  elevations  of  A  and 
B  as  fixed  or  controling  points,  then  naturally  the  desirable 
grade  line  would  be  unbroken,  that  is,  would  show  no  reverse 
grades  from  A  to  B. 

If  a  location  made  from  A  to  B  on  the  plan  and  profile  as 
shown  in  Fig.  1  results  in  an  excess  area  diagram  as  shown 
in  this  figure,  and  if  the  excavation  on  the  section  as  a  whole 
is  practically  in  balance  It  is  at  once  apparent  that  points  C 
and  D  vary  from  the  economical  location  by  the  excess  em- 
bankment m  at  C,  and  the  excess  excavation  n  at  D,  and  that 
if  the  balance  is  preserved  the  excess  excavation  at  D  must 
be  hauled  to  C.     The  problem  then  is  to  revise  the  alignment 
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at  C  and  D  so  that  the  excess  area  curve  will  approach  as 
closely  as  possible  to  its  most  economical  position,  that  is,  the 
horizontal  axis,  and  to  do  this  without  disturbing  the  balance 
on  the  section,  AB,  as  a  whole,  and  without  introducing  any 
improper  gradients. 

On  a  sidehill  location,  pulling  the  alignment  out  of  the  hill 
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has  the  same  effect  on  the  quantity  of  earthwork  as  raising 
the  grade.  Similarly  shoving  the  line  into  the  hill  has  same 
effect  as  lowering  the  grade.  If  now  the  effective  width  of  a 
cross  section  is  defined  as  the  horizontal  distance  V  (see 
typical  cross  section  Fig.  2)  between  the  intersections  of  the 
original  ground  slope  and  the  ditch  slopes,  then  the  result 
of  a  change  in  the  elevation  of  the  grade  depends  upon  the 
effective  widths  of  the  cross  sections  involved. 

Thus  (see  Fig.  3)  assume  a  fill  on  level  ground.     The  area 
AD  +  BC 

of  the  cross  section  is  x  H.     If  this  fill  is  increased 

2 
down  by  a  height  Y  the  area  becomes 

AD  +  BC  MN  +  AD 

X  H     H-     • X  Y.     The    reverse    of    this 

2  2 

holds  true  if  the  height  of  the  fill  is  decreased.  This  same 
also  holds  true  if  part  of  the  section  is  in  cut  and  part  in  fill, 
the  fill  being  increased  by  raising  the  grade  line  and  de- 
creased by  lowering  the  grade  line  by  the  average  width  of 
the  bases  times  the  amount  of  the  change  in  grade.  But  AB 
is  the  same  as  V  in  the  type  figures,  MN  is  the  same  as  V  and 
Y  the  same  as  g.  There  results  the  general  deduction  that 
for  any  change  in  grade,  the  change  in  excess  area  of  the 
(V  +  V') 

cross   section   equals  g .which   is   positive   when  the 

2 
grade  is  raised  and  negative  when  the  grade  is  lowered.  For 
small  changes  in  grade  elevation  V  may  be  assumed  as  equal 
to  V  and  the  equation  there  becomes  gV.  For  changes  of 
grade  elevations  exceeding  half  of  a  foot  the  average  effective 
Widths  should  be  determined  by  scaling  the  cross  sections. 

Changes  in  Center  Line  Position.— At  points  such  as  C  and 


D  in  Fig.  2  the  change  required  in  grade  elevations  at  each 
cross  section,  if  an  economical  balance  is  to  be  secured  is 
easily  computed  in  feet  as  will  be  more  clearly  brought  out 
later  on.  However,  it  is  often  inadvisable  to  make  adjust- 
ments by  means  of  local  changes  in  grade  and,  on  hillside 
locations,  a  similar  result  can  be  secured  by  moving  the  cen- 
ter line  a  corresponding  distance  from  or  into  the  hill  so  that 
the  required  lowering  or  raising  of  the  ground  surface  results. 
The  amount  of  this  lateral  movement  (see  Fig.  3)  is  easily 
determined.  Raising  the  grade  line  reduces  the  excavation 
and  increases  the  fill.  By  an  inspection  of  Fig.  3  it  will  be 
clear  the  primary  effect  of  raising  the  grade  line  a  distance 
X  is  to  throw  the  center  line  out  of  the  hillside  by  a  distance 
y.  If  on  the  other  hand  embankment  is  to  be  decreased,  the 
line  must  be  pushed  into  the  hill.  This  distance  y  may  be 
determined  for  any  cross  section  by  platting  on  this  cross 
section  the  change  of  elevation  which  has  been  calculated  as 
necessary  to  accomplish  the  desired  change  in  excavation  or 
in  embankment  and  scaling  y.  To  determine  the  desirable 
change  in  the  position  of  the  center  line  over  any  section  of 
the  highway,  the  y  distances  are  platted  as  shown  in  the 
plan  Fig.  3  and  a  new  curve  laid  which  will  as  nearly  as  pos- 
sible average  these  points. 

It  is  seldom  possible  to  achieve  what  would  theoretically  be 
the  most  economical  location!  for  in  rounding  points  maxi- 
mum grades  must  be  considered  and  excess  excavation  must 
be  provided  to  make  the  embankments  in  the  gullies.  More- 
over, the  closeness  of  the  approximation  of  the  alignment  to 
its  most  economical  location  is  governed  by  general  condi- 
tions as  to  maximum  grade,  maximum  radius,  length  of  line 
of  sight,  etc.,  but  the  excess  area  diagram  is  of  much  help  in 
ad.iusting  the  grade  within  the  limits  imposed  by  such  re- 
quements. 

Grade  Revisions  for  Balancing  Quantities. — Consider  a  pro- 
file as  shown  in  Fig.   -1   and  for  convenience  assume  a  level 
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ground  line,  and  excavation  and  embankment  section  10  ft. 
wide  with  vertical  slopes.  Then  the  area  of  the  cross  section 
is  directly  proportional  to  the  depth  of  the  cut  or  fill,  and  in 
this  special  case  the  cross-section  area  is  always  either  (1) 
all  excavation.  (2)  all  embankment,  or  (3)  zero. 

With  the  original  grade  line  as  shown  at  EF  in  Fig.  4  the 


(122) 


Engineering  and  Contracting  for  November  5,  1919. 


533 


excess  area  diagram  is  platted  as  in  Kig.  5  and  shows  that  the 
excess  excavation  for  a  lo-ft.  width  ot  cross  section  is  60.000 
cu.  ft.  and  the  excess  embankment  I'O.OUO  cu.  ft.  The  balance 
is,  therefore,  40,000  cu.  ft.,  deficient  in  embankment,  no  ac- 
count being  taken  of  shrinka,a;e.  Assume  that  it  is  desirable 
to  raise  the  grade  line  parallel  to  itself,  but  that,  on  account 
of  local  conditions,  it  must  be  broken  at  G  and  H  to  connect 
with  the  former  grade  at  E  and  F.  Let  M  be  the  vertical 
■ordinate  representing  this  change  as  it  will  appear  on  the  ex- 
cess area  diagram,  that  is  the  average  required  change  in  the 

AB  +  CD 

area  of  cross   section  in  square   feet.     Then,   since 

2 
is  the  average  length  of  the  trapezoid  ABDC  in  Fig.  3,  to  de- 
termine  the   vertical   ordinate  or  its   equivalent   the   required 
•change  in  cross  section,  there  results  the  equation 
40,000  40,000 

M  = = =  .50 

AB  +  DC       1,000  +  600 


2  2 

Which  is  the  average  change  in  cross  section  required  to  pro- 
duce the  desired  result. 

On  a  cross  section  10  ft.  wide,  as  assumed,  a  change  of  50 
sg.  ft.  in  end  area  is  secured  by  a  change  of  5  ft.  in  grade  ele- 
vation. Hence  the  grade  line  from  G  to  H,  Fig.  4,  should  be 
raised  5  ft.,  the  grade  EGHF  resulting. 

After  this  change  in  grade  line  is  made,  the  resulting  excess 
area  diagram  may  be  plotted,  as  in  Fig.  6,  which  is  a  recti- 
fication of  Fig.  5  about  ACDB,  which  line  thus  becomes  the 
new  horizontal  axis  and  the  quantities  are  found  to  be  bal- 
anced within  ordinary  working  limits  of  accuracy. 

With  similar  conditions  as  to  vertical  slopes  and  width  of 
cross  section  Fig.  7  is  a  profile  with  a  tentative  grade  line 
placed  at  EF.  which  yields  the  excess  area  diagram  shown  in 
Fig.  S.  The  excavation  is  considerably  out  of  balance.  It 
is  desired  to  balance  the  quantities  by  raising  the  grade  line 
at  one  point  as  G.  In  Fig.  8,  ACB  illustrates  the  effect  of  this 
change  on  the  corresponding  excess  area  diagram.  But 
Deficiency  of  balance 

M  = 

AB 


and 


M 


Average  area  of  cross  section. 

Proceeding  as  before.  Fig.  9  is  the  excess  area  diagram  with 
the  new  grade  line  EGF  as  the  axis.  However,  this  adjust- 
ment involves  a  long  haul  between  station  2  and  station 
9  +  50  and  to  further  adjust  the  grade  line  to  eliminate  this 
haul  the  line  of  balance  of  the  excess  area  diagram  should  be 
revised.  By  proceeding  as  before  the  excess  area  diagram 
<Fig.  9)  is  modified  to  show  a  new  balance  along  AOXB  and 
the  grade  line  is  revised  to  EG'H'F  in  Fig.  7,  g'  and  g"  being 
computed  as  indicated  above  The  excess  area  diagram  may 
then  be  plotted  again  as  in  Fig.  10,  which  is  a  rectification  of 
the  excess  area  diagram  about  the  grade  line.  EG'H'F,  which 
shows  that  the  quantities  are  in  balance  with  a  minimum 
haul.  When  familiar  with  the  method  of  procedure  one 
makes  the  first  revision  from  the  quantities  diagram  and  the 
final  revision  generally  without  a  preliminary  trial. 

In  actual  construction,  because  of  the  approximation  in  de- 
termining the  effective  widths  of  cuts  and  fills,  it  is  some- 
times found  that  after  revision  the  quantities  are  still  some- 
what out  of  balance.  In  this  case  by  using  two  trial  excess 
area  diagrams,  one  can  interpolate  for  the  real  balance  very 
accurately. 

Overhaul  of  Excavation. — "When  the  distance  between  the 
center  of  mass  of  any  cut  and  the  center  of  mass  of  the  cor- 
responding embankment  exceeds  1,000  ft.,  all  of  the  material 
obtained  from  the  cut  and  used  in  the  embankment  shall  be 
known  as  'overhaul  excavation.'  and  the  length  of  overhaul 
shall  be  measured  as  the  distance  betw'een  center  of  mass  of 
cut  and  center  of  mass  of  fill,  minus,  1,000  ft."  [From  U.  s. 
Bureau  of  Public  Roads.  Typical  Specifications.]  This  de- 
fines the  method  by  which  overhaul  shall  be  calculated  in 
making  final  payment  for  overhaul,  and  where  this  definition 
is  used  it  must  be  adhered  to  strictly  in  making  final  pay- 
ments to  contractors.  However,  for  other  purposes,  the  cen- 
ter of  volume  of  excavation  to  be  hauled  and  the  ce^ter  of 


volume  of  the  corresponding  embankment  may  be  approx- 
imately determined  by  inspection  from  tlie  excess  area  dia- 
gram and  a  close  approximation  of  the  overhaul  readily  cal- 
culated. 

If  it  is  desired  to  determine  the  center  of  volume  ot  any 
excess  either  of  embankment  or  ot  excavation,  the  excess  ex- 
cavation or  embankment  may  be  divided  by  vertical  lines, 
and  the  areas  on  each  side  of  each  line  can  be  measured  by  a 
planimeter.  In  this  way  an  approximate  center  of  volume 
can  be  quite  rapidly  calculated.  Overhaul  is  the  distance  be- 
tween the  center  ot  volume  of  the  excavation  and  of  the  cor- 
responding embankment  less  the  free  haul  multiplied  by  the 
quantity  moved.  This  method  is  much  easier  and  quicker  to 
apply  than  that  of  the  mass  diagram,  and  while,  ^s  stated 
above,  not  legal  for  computing  final  estimates,  is  satisfactory 
for  grade  adjustments,  estimates,  and  even  for  intermediate 
vouchers. 


Method    for    Simplifying   Concrete    Alley 
Paving 

In  constructing  concrete  pavement  in  alleys  where  buildings 
and  fences  are  on  property  lines  with  telegraph  poles  within 
the  right  of  way  it  is  very  difficult  to  secure  a  true  convex  or 
concave  surface  by  the  use  of  hand  floats  or  lutes.  This  dif- 
ficulty was  overcome  by  Metzel  &  O'Hearn,  Contractors,  in 
some   alley   paving   laid   this   year   in    Covington,    Ky.      Their 
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Section   of   Concrete   Paving   in   Alleys  at   Covington,   Ky. 

methods  are  described  as  follows  in  The  Concrete  Highway 
Magazine: 

The  alleys  were  IS  ft.  wide,  with  concave  surface  having  a 
3-inch  fall  from  edge  to  center.  A  1:2:3  concrete  mixture  was 
used.  The  concrete  was  laid  6  in,  thick  and  reinforced  with 
wire  mesh. 

In  an  endeavor  to  improve  on  the  lute  method,  a  2  by  C-in. 
form  was  set  up  on  each  side  of  the  alleys  18  in.  from  the 
property  line.  This  left  15  ft.  between  forms,  into  which  space 
concrete  was  placed,  struck  off  with  template  and  finished 
with  roller  and  belt  as  in  regular  road  construction.  The 
mixer  was  set  up  at  alley  intersections  and  concrete  buggies 
were  used  to  carry  the  concrete  to  where  deposited.  The  18 
in  between  the  edge  of  this  pavement  and  the  buildings  or 
I)roperty  line  provided  space  for  the  men  to  handle  strike- 
board  and  bell.  After  the  concrete  had  been  allowed  to  cure 
for  three  days,  side  forms  were  removed,  a  %  by  6-in.  ex- 
pansion joint  was  placed  against  the  concrete,  and  the  18-in. 
space  to  the  property  line  was  then  paved.  This  strip  was 
given  a  pitch  of  1  in.  to  the  foot.  By  handling  the  work  in 
this  way  a  true  surface  was  secured  and  the  construction 
simplified. 

Buildings  fronting  on  or  extending  through  to  alleys  are 
often  not  on  the  property  line.  They  either  encroach  on 
city  property  or  are  back  of  the  property  line.  The  usual 
practice  is  to  pave  the  full  width  between  buildings,  disregard- 
ing property  lines  if  the  buildings  are  within  a  few  inches  one 
way  or  the  other  of  the  line.  However,  when  the  time  arrives 
to  build  a  new  building,  if  the  allev  is  a  few  inches  too  wide 
and  the  builder  desires  to  occupy  his  entire  holdings,  the 
concrete  must  be  cut  away.  The  cut  is  likely  to  be  very 
irregular  and  may  destroy  the  appearance  of  the  alley  at  that 
particular  point.  By  the  method  of  construction  described, 
the  18-in.  strip  may  be  removed  if  necessary,  foundations  for 
new  buildings  constructed  and  the  space  remaining  between 
expansion  joint  and  foundation  repaved.  In  this  way  the 
main  paving  is  not  disturbed.  The  longitudinal  joints,  being 
within  18  in.  of  the  buildings  or  fences,  receive  practically 
no  wear. 
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Use    of    a    Self-Computing    Level 
Rod   in  Highway  Surveys 

By  R.  T.  BROWN, 
Chief  of   Surveys.   State   Highway  Department   of    South    Carolina. 

The  principle  of  the  self-computing  level  rod  has  been 
known  for  years  to  teachers  of  engineering  and  to  some  prac- 
ticing engineers  of  an  investigative  turn  of  mind.  Details  of 
construction  and  method  of  using  this  type  of  level  rod  were 
described  by  H.  P.  Gillette  in  Engineering  News,  of  Sept.  13, 
1900,  in  a  letter  to  the  Editor.  This  description,  with  com- 
ments, is  re-published  in  Gillette's  Earthwork  and  Its  Cost. 
But  due  partly  to  our  conservation  in  following  long-used 
methods,  and  partly  to  the  fear  of  introducing  new  sources  of 
error  into  levelling  operations,  we  have  neglected  to  take  ad- 
vantage of  this  time  and  labor-saving  principle. 

A  brief  review  of  the  principle  involved  gives  us  the  essen- 
tial features  in  the  construction  and  use  of  such  a  rod. 

The  ordinary  level  rod  is  graduated  from  the  bottom  up- 
ward; so  that  of  two  readings  from  the  same  height  of  instru- 
ment the  larger  I'eading  indicates  the  lower  elevation.  Con- 
sequently all  elevations  must  be  found  from  their  distance 
below  the  known  elevation  of  the  plane  of  the  telescope, 
usually  designated  as  the  H.  I. 

The  self-computing  level  rod,  on  the  other  hand,  is  grad- 
uated from  the  top  downward  so  that  the  greater  reading  in- 
dicates the  greater  elevation.  Therefore,  if  the  level  is  so 
situated  as  to  read  the  exact  elevation  of  a  point  on  which  the 
rod  is  held  it  will  read  1  ft.  more  when  the  rod  is  held  on  a 
point  1  ft.  higher.  Thus,  if  the  level  is  set  up  so  as  to  read 
6.15  on  a  B.  M.  whose  elevation  is  6.15  it  will  read  7.15  on  a 
point  1.00  ft.  higher,  instead  of  5.15  as  witii  the  ordinary  level 
rod.  If  the  elevation  of  the  B.  M.  were  86.15  and  the  reading 
thereon  were  still  G.15  then  the  reading  on  a  point  1  ft.  higher 
would  again  be  7.15,  while  the  elevation  would  be  87.15. 
Hence  by  reading  the  units  and  tractions  (decimals)  direct 
and  supplying  the  tens  and  hundreds  mentally  the  elevations 
of  all  points  in  range  of  the  length  of  rod  used  can  be  read 
directly  without  being  referred  to  the  height  of  instrument 
at  all. 

With  a  plain  rod  graduated  from  the  top  downward  it  would 
be  impracticable  and  often  impossible  to  so  set  up  the  level 
as  to  read  the  exact  known  elevation  of  the  point  (B.  M.  or 
T.  P.)  on  which  the  road  is  held  when  starting.  To  eliminate 
this  difficulty  the  graduations  are  made  on  a  continuous  tape 
or  ribbon  passing  over  the  rounded  ends  of  the  rod,  or  pre- 
ferably over  rollers  inserted  in  slots  near  the  ends  of  the  rod. 
Some  means  must  be  provided  for  clamping  this  tape  or  rib- 
bon when  it  is  moved  into  the  desired  position. 

To  use  the  rod  the  level  is  set  up  as  usual  at  any  convenient 
place  and  tlie  rod  held  on  the  B.  M.  or  T.  P.  whose  elevation 
is  previously  known.  Instead  of  reading  and  recording  what- 
ever the  wire  happens  to  strike,  the  movable  ribbon  is  moved 
up  or  down  until  the  reading  corresponds  with  the  feet,  tenths, 
and  hundredths  of  the  known  elevation  cf  the  point.  For  ex- 
ample, in  the  second  case  of  the  illustration  given  above  the 
ribbon  would  be  moved  until  the  wire  cut  6.15  and  then 
clamped  to  prevent  accidental  slipping.  The  SO  would  be  sup- 
plied when  recording  the  reading,  so  that  it  would  show  86.15. 
When  held  on  the  point  1  ft.  higher,  whose  elevation  is  de- 
sired, the  reading  would  be  7.15,  which  would  be  recorded  as 
87.15.  The  ribbon  remains  clamped  while  all  readings  are 
made  from  one  set-up.  When  a  turning  point  is  selected  its 
elevation  is  read  and  recorded,  the  level  carried  ahead  and 
set  up,  and  the  ribbon  again  moved  until  the  level  reads  the 
elevation  of  the  point,  as  found  just  before  moving  up. 

It,  of  course,  takes  slightly  more  time  to  adjust  the  ribbon 
at  each  backsight  than  is  required  to  simply  read  and  record 
a  backsight.  When  it  is  considered,  however,  that  these 
elevations  will  be  plotted  directly  without  further  computa- 
tion and  that  the  levelman  is  not  required  to  lose  time  in 
computing  the  H.  I.  at  each  turn  to  be  able  to  check  on  prev- 
iously established  bench  marks  along  the  way,  since  he  reads 
at  once  the  elevation  of  the  bench  if  the  work  is  correct,  it 
will  be  seen  that  the  time  lost  in  setting  the  ribbon  is  re- 
gained by  eliminating  computations. 

The  chief  advantage,  however,  of  this  type  of  rod  lies  not 


in  its  use  for  simple  profile  levels  but  in  taking  combined 
cross  section  and  profile  levels.  It  is  common  experience 
when  taking  cross  sections,  especially  on  steep  side-hill  loca- 
tion, that  there  are  numerous  cases  in  which  part  of  the 
points  on  possibly  several  sections  can  be  read,  while  the 
others  cannot  be  secured  without  the  use  of  a  hand-level  or  a 
new  set-up.  The  use  of  a  hand  level  wastes  time  and  intro- 
duces new  opportunities  for  error.  Taking  the  readings  on 
these  points  after  making  a  new  set-up  involves  subtracting 
the  readings  from  a  different  H.  I.  than  that  used  tor  the 
points  first  secured  on  the  same  sections.  This  tends  to  con- 
fusion in  the  plotting  and  is  very  likely  to  lead  to  error  in 
the  sections. 

With  a  self-computing  rod,  on  the  other  hand,  the  elevations 
of  some  of  the  points  may  be  read  from  one  set-up,  the  re- 
mainder read  at  any  other  set-up  from  which  they  can  be 
seen,  and  the  elevations  recorded  on  the  line  opposite  the 
proper  stations.  Since  no  H.  I.  is  recorded  or  used  there  is 
no  cause  for  confusion  to  the  plotter. 

This  feature  makes  a  rod  of  this  type  especially  valuable 
for  taking  final  sections  on  finished  work,  since  the  elevations 
in  the  bottom  of  a  cut  can  he  taken  from  one  set-up  and  those 
on  the  banks  from  an  earlier  or  later  set-up  and  the  eleva- 
tions shown  opposite  their  respective  stations. 

The  writer  has  used  this  type  of  rod  for  about  five  years  in 
all  kinds  of  territory  and  has  seen  half  a  dozen  engineers 
change  from  doubters  to  advocates  of  its  use.  Some  of  these 
are  university  graduates,  others  came  "up  from  the  ranks" 
through  years  of  experience  on  railroad  surveys.  Two  of 
these  men  would  consistently  check  within  0.03  to  the  mile  on 
benches  previously  established  with  a  Philadelphia  rod.  Re- 
cently a  levelman  with  no  previous  experience  with  this  type 
of  rod  ran  a  line  of  levels  of  about  28  miles  by  this  method, 
taking  cross  sections  at  the  same  time,  and  checked  only  0.32 
out  between  two  U.  S.  G  S.  bench  marks  at  beginning  and  end 
of  this  distance. 

Since  the  tens  must  be  supplied  mentally  each  time,  from 
knowing  the  elevation  of  the  preceding  T.  P.,  there  is  always 
a  possibility  of  a  10  ft.  error  through  carelessness  in  keeping 
up  with  relative  elevations  of  turning  points.  Since,  however, 
an  error  of  this  magnitude  is  easily  detected  on  the  ground 
and  will  most  certainly  be  discovered  immediately  at  the  next 
B.  M.  it  is  not  so  serious  as  a  small  error  due  to  an  incorrect 
reading  on  any  rod  or  to  incorrect  computations  of  H.  I.s  and 
elevations.  When  such  an  error  is  discovered  at  a  B.  M.  an 
inspection  of  the  notes  will  often  reveal  the  point  at  which  it 
occurred,  and  the  notes  can  be  corrected  without  re-running, 
by  merely  changing  the  figures  in  the  tens  columns. 

Rods  of  this  type  are  now  manufactured  in  convenient  and 
practicable  form  for  transportation  and  use.  The  graduations 
are  on  a  metal  ribbon  of  such  width  as  to  provide  a  good  self- 
reading  rod.  The  tension  of  the  ribbon  when  in  use  is  ad- 
justable by  means  of  a  screw  and  a  screw  clamp  is  provided 
to  hold  the  ribbon  at  any  desired  setting. 


Engineers  in  the  1920  United  States  Census. — As  a  result 
of  Engineering  Council's  request  to  the  director  of  the  census, 
the  national  service  committee  has  been  successful  in  effecting 
a  reclassification  of  engineers  so  that  all  technical  engineers 
will  be  listed  as  such  in  the  1P20  census  separately  and  dis- 
tinctly from  the  non-technical  engineers.  Thus,  the  next  cen- 
su.=-.  will  bring  an  enumeration  of  all  technical  engineers  to- 
gether as  i.ne  unit  under  the  main  headings  of  civil,  me- 
chanical, electrical  and  mining.  Architects  will  also  be 
enumerated  separately.  It  is  believed  that  every  professional 
engineer  can,  with  very  little  violence  to  the  facts,  place  him- 
self in  one  of  the  broad  classes  adopted  for  the  1920  census: 
civil,  mechanical,  electrical,  mining.  With  the  general  co- 
operation of  all  engineers  along  these  lines  a  much  better 
enumeration  should  result  than  in  any  preceding  census. 


Engineering  Council  Joins  National  Chamber  of  Commerce. 

— Engineering  council  has  been  elected  to  membership  in  the 
Chamber  of  Commerce  of  the  United  States.  The  organiza- 
tion has  appointed  as  national  councillor  to  represent  it  in 
the  national  chamber  and  to  serve  as  the  connecting  link  be- 
tween engineering  council  and  the  central  organization,  Harold 
W.  Buck,  of  Viele,  Blackwell  &  Buck.  Consulting  Engineers, 
New  York  City,  and  past-president  of  the  American  Institute 
of  Electrical  Engineers,  and  as  alternate  Irving  E.  Moultrop, 
of  the  Edison  Electric  Illuminating  Company,  Boston,  member 
of  American  Society  of  Jlechanical  Engineers  and  American 
Institute  of  Electrical  Engineers. 
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Lot  and  Block  Units  for  Moderate 
Priced  Houses* 

By  ARTHUR  COLEMAN  COMEY, 
City  Planner,  Cambridge,  Mass. 

It  is  to  be  assumed  that  in  the  normal  case  a  proper  layout 
of  main  streets  and  disposition  of  public  grounds  will  permit 
the  minor  streets  to  be  so  arranged  as  to  produce  the  op- 
timum in  block  lengths  and  widths,  the  latter  closely  affect- 
ing lot  depths.  Lot  widths  on  the  other  hand  are  not  con- 
trolled to  any  large  de.gree  by  other  elements  in  the  plan 
and  may,  of  course,  readily  be  changed  at  any  subsequent 
time  prior  to  development  or  actual  sales  without  materially 
modifying  its  general  relations. 

Factors  Controlling  Width  of  Lots. — The  factors  controlling 
the  width  of  interior  lots  are,  on  the  one  hand,  adequate 
width  for  the  dwelling  Itself,  light  and  air  in  its  yards  and 
(to  a  less  degree)  passage  for  automobiles:  on  the  other,  the 
cost  of  utilities  in  the  street,  which  rise  rapidly  as  lot  widths 
are  increased  and  practically  require  the  minimum  adequate 
width  to  be  the  standard,  if  not  the  maximum  as  well,  ex- 
■cept  as  topography  and  other  elements  in  the  plan  fix  certain 
points  and  permit  somewhat  larger  lots  wMthout  increased 
expense.  A  house  nearly  square  is  the  most  economical,  so 
that,  except  where  under  the  spur  of  high  land  values  lots 
have  been  plotted  too  narrow,  the  two  room  deep  house  is 
the  usual  type. 

For  detached  houses,  7  or  8  ft.  is  the  minimum  side  yard 
width  to  assure  sufficient  light  and  air  at  the  first  story, 
as  well  as  safety  from  fire.  One  side  yard  should  be  at 
least  10  ft.  wide  to  provide  space  to  drive  an  automobile. 
The  square  house  is  probably  the  widest  that  should  normally 
be  provided  for.  The  G-room  house  may  be  as  small  as  22 
It.  square,  the  7  and  8-room  types  running  up  to  26  or  27  ft. 
The  proper  standard  minimum  lot  width  for  detached  houses 
is  40  to  44  ft.  Unless  40  ft.  can  be  obtained,  semi-detached 
'or  row  houses  should  be  planned. 

For  semi-detached  houses,  10  ft.  is  none  too  wide  a  side 
yard  for  light  and  air  as  well  as  for  the  passage  of  auto- 
mobiles. Such  houses  need  not  be  over  23  ft.  wide  and  are 
frequently  not  over  20  ft.  The  proper  standard  minimum 
lot  width  for  semi-detached  houses  is  30  to  33  ft.  In  sec- 
tions with  moderate  rentals  it  is  proper  to  mix  detached  and 
semi-detached  houses  according  to  any  scheme  of  grouping 
the  city  planner  and  architect  may  work  out.  Each  pair 
of  semi-detached  houses  requires  1%  lots  of  a  size  suitable 
for  detached  houses.  In  cases,  therefore,  where  it  is  desir- 
able to  plat  lots  in  advance  of  building,  the  40-ft.  width,  or 
better.  44  ft.,  may  be  used  as  a  standard  minimum. 

Disadvantages  of  Mingling  Different  Types  of  Houses. — 
Three  reasons  prevent  the  advantageous  mingling  of  row 
houses  with  the  other  two  types:  An  alley  is  usually  re- 
quired behind  the  row  house,  a  considerable  expense,  which 
constitutes  an  unnecessary  burden  if  incurred  behind  houses 
with  side  yards  and  therefore  not  dependent  on  alleys:  the 
larger  building  units  are  apt  to  be  out  of  scale  with  the 
other  types:  and  in  most  cases  the  type  of  occupancy  is 
different.  The  row  of  three  houses  placed  at  intersecting 
street?  may  be  used  with  semi-detached  and  detached  houses 
by  adding  to  the  rear  yard  of  the  middle  house  an  exten- 
sion 10  to  20  ft.  wide,  reaching  the  sine  street  across  the 
rear  of  the  corner  lot.  The  unit  of  three  will  require  about 
two  lots  of  the  size  for  detached  houses,  and  therefore  fits 
into  a  scheme  of  40  to  44-ft.  lots. 

The  row  house  attains  practically  its  full  economy  with 
5,  6  or  7  In  a  group.  Above  9  the  inordinate  length  of  the 
TOW  becomes  unpleasant  architecturally,  and  at  the  same 
time  Increases  fire  risk  and  steadily  decreases  ventilation 
in  the  block.  Such  relatively  short  groups  obviously  require 
special  lotting.  The  lot  widths  for  interior  houses  are  con- 
trolled absolutely  by  the  design  of  the  house.  To  secure 
adequate  light  and  air,  row  houses  should  not  be  more  than 
two  rooms  deep.  The  usual  plan  is  one  large  room  across 
the  front  and  one  or  two  smaller  rooms  at  the  back.  The 
proper  width  for  such  a  house  is  18  or  20  ft.  The  end  houses 
of  rows  may  be  put  on  lots  27  to  30  ft.  wide,  so  that  two 
such  end  houses  of  adjacent  groups  require  three  of  the 
lots  designed  for  Interior  houses. 

It  is   difficult  to  make  a  lotting  scheme  which   will   serve 
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for  both  row  houses  and  for  semi-detached  and  detached 
houses.  In  cases  where  row  houses  are  anticipated,  lotting 
should  accompany  the  plan  for  grouping  the  dwellings  in- 
stead of  precedini?  it. 

Cost  of  Frontage  Important  Factor.  —While  it  is  generally 
recognized  that  50  ft.  is  sufficient  distance  for  light  and  air 
between  the  fronts  of  small  houses,  and  while  this  same 
distance  is  also  a  sufficient  minimum  between  backs,  in 
practice  such  shallow  lots  as  these  dimensions  produce  are 
seldom  found  necessary  owing  to  the  fact  that  added  lot 
depth  does  not  correspondingly  increase  the  cost  of  most 
utilities.  It  is  frontage  that  is  expensive,  and  rear  land 
must  be  considered  to  remain  close  to  the  acreage  cost  of 
raw  land.  This  is  a  particularly  important  factor  where 
topographical  conditions  or  irregular  boundaries  would  in- 
volve considerable  extra  length  of  streets  to  produce  but 
few  more  lots  of  standard  depth,  the  alternative  of  fewer 
and  deeper  lots  with  much  less  street  construction  being 
much  cheaper  and  involving  only  a  slight  loss  in  gross  sell- 
ing value. 

On  all  exoept  the  main  thoroughfares,  the  needs  of  traffic, 
are  not  sufficient  to  effect  the  distance  between  the  fronts 
of  houses.  In  detached  house  neighborhoods,  experience 
indicates  that  20-ft.  front  yards  are  not  excessive.  For  semi- 
detached houses,  1.5  ft.  is  found  suitable.  For  row  houses, 
10  to  1.5  ft.  may  usually  be  provided.  A  variation  in  set  back 
not  exceeding  5  ft.  usually  adds  to  the  attractiveness  of  the 
street.  Unnecessary  depth  runs  up  the  cost  of  service  lines 
from  the  utilities  that  are  placed  in  the  street.  If  the  street 
line  were  placed  at  the  building  line,  as  in  Washington,  D.  C, 
the  utility  lines  might  be  run  close  to  the  houses,  thereby 
saving  considerable  expenditure  necessary  under  any  of  the 
present  methods. 

Houses  of  moderate  price  normally  range  from  18  to  32 
ft.  in  depth,  the  vast  majority  being  from  20  to  30  ft.  deep, 
though  certain  designs  for  narrow  semi-detached  houses  may 
require  34  to  3.5  ft.  In  the  depth  of  rear  yards  even  more 
variation  occurs,  both  because  their  use  varies  and  because 
it  frequently  proves  to  add  so  little  to  the  cost  to  make  them 
ample.  For  detached  houses,  an  ample  garden  space  for  a 
person  working  elsewhere  during  the  day  is  40  by  50  ft. 
If  not  so  used,  this  is  still  not  too  large  for  children's  play. 

On  streets  of  ordinary  width,  lots  for  detached  houses 
should  normally  be  planned  90  to  110  ft.  deep:  for  semi- 
detached houses,  SO  to  lOO  ft.:  and  for  row  houses,  70  to  90 
ft.,  including  to  the  centre  of  alleys  where  introduced. 

Where  extreme  land  values  do  not  preclude,  a  scheme  of 
lots  based  on  a  standard  minimum  of  40  to  44  ft.  by  90  to 
100  ft.  is  proper.  In  extreme  cases,  where  row^  houses  are 
certain  to  come,  lots  as  small  as  16  to  18  ft.  by  70  ft.  may 
be  necessary,  but  intermediate  widths  so  common  In  most  of 
our  cities  are  not  easily  adapted  to  modern  housing  standards. 
The  Corner  Lot. — The  best  size  for  corner  lots  in  cases 
where  practically  all  the  houses  are  to  face  one  set  of  roughly 
parallel  streets  may  be  fixed  as  ranging  from  the  same  width 
to  5  ft.  wider  than  corresponding  interior  lots,  and  approxi- 
mately the  same  depth. 

With  houses  fronting  on  all  streets,  to  secure  the  maxi- 
mum salable  frontage  and  the  least  interruption  to  the  archi- 
tectural motive  along  each  street  and  around  the  corner,  the 
corner  lot  is  best  made  approximately  square.  It  should  be 
equal  in  area  to  the  corresponding  interior  lots.  A  somewhat 
large  square  corner  lot  may  be  cut  diagonally  in  two,  and  a 
pair  of  semi-detached  houses  set  across  it,  though  this  ex- 
pedient is  not  always  pleasant.  It  is  net  apt  to  be  a  good 
plan  to  ^attempt  to  crowd  houses  at  a  street  intersection  and 
still  give  sufficient  square  feet  of  rear  yard  space  by  violent 
skewing  of  irregularity  in  lot  boundaries.  Acute  interior 
lot  corners  should  be  particularly  avoided.  Lot  lines  should 
usually  be  run  back  at  least  40  ft.  to  a  point  not  less  than 
5  ft.  behind  the  house,  approximately  at  right  angles  to  the 
street. 

Block  Widths  and  Lengths. — Block  widths  are  normally 
twice  lot  depths,  though  many  irregular  blocks  are  bound  to 
be  platted,  especially  in  layouts  on  rough  or  peculiarly  shaped 
land,  to  economize  in  construction  cost  and  in  land  used  for 
streets. 

Block  lengths  are  controlled  by  the  needs  of  traffic,  both 
vehicular  and  pedestrian,  and  by  factors  of  safety.  Experi- 
ence shows  that  in  residential  areas,  blocks  60€  to  700  ft. 
long  cause  little  dissatisfaction.  Shorter  blocks  are  wasteful 
of  land  in  cross  streets.    Blocks  longer  than  800  ft.  are  found 
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to  cause  undue  detours  iu  going  from  one  side  to  the  other. 
This  is  more  noticeable  in  the  case  of  foot  traffic  than  the 
modern  automobile.  Inasmuch  as  adequate  footways  require 
but  one-sixth  the  space  of  cross  streets,  and  even  less  pro- 
portionate construction  cost,  their  use  midway  across  blocks 
of  lengths  up  to  1,2I10  ft.  is  permissible,  particularly  in  dis- 
tricts with  steep  slopes,  making  connecting  streets  expen- 
sive. In  areas  designed  with  deep  courts  and  blind  streets 
only  partially  cutting  up  the  blocks,  if  each  such  court  and 
street  has  a  path  leading  from  it  across  the  block,  most  of 
its  disadvantages  will  disappear,  though  it  will  still  be  less 
easily  policed  or  protected  in  case  of  fire  than  regular  blocks. 
While  variations  to  the  ordinary  block  and  lot  system 
which  do  not  easily  conform  to  rule  have  hitherto  seldom 
been  laid  out.  the  increased  attractiveness  attending  their 
use  in  a  reasonable  number  of  instances  demands  that  the 
opportunity  be  not  closed  by  rigid  standards.  As  they  are 
apt  to  be  integral  parts  of  the  group  designs  for  the  actual 
houses,  their  layout  cannot  be  determined  until  the  building 
program  is  adopted.  Where  interesting  variations  are  not 
anticipated,  the  minimum  standard  of  blocks,  180  to  200  ft. 
by  60n  to  800  ft.,  with  lots  40  to  44  ft.  wide,  is  more  apt 
than  any  other  to  be  adapted  to  the  future  needs  of  a  neigh- 
borhood. 


Rules    for    the    Establishment    of 

Street  Widths  and  Their 

Subdivisions* 

By  B.  A.  HALDEMAN. 
Advi-scry  Enfe'ineer.  Zoning  Commission,  Philadelpliia,  Pa. 

Streets  should  be  divided  into  the  following  four  classes, 
based  upon  their  immediate  and  future  purpose  and  service; 
Main,  secondary,  minor  and  special  service  streets. 

Main  streets  will  form  the  principal  routes  for  the  imme- 
diate or  future  use  of  large  volumes  of  mixed  traffic  moving 
between  important  centprs  within  a  community  or  from  com- 
munity to  community. 

Secondard  streets  will  be  those  of  lesser  traffic  importance, 
supplementing  the  main  streets  and  serving  to  distribute 
mixed  traffic  to  and  from  the  latter  and  between  centers  of 
lesser  importance. 

Minor  streets  will  be  those  laid  out  for  purely  local  traffic 
use  or  to  facilitate  the  subdivision  or  development  of  property. 

Special  service  streets  will  be  those  designed  and  laid  out 
for  special  purposes  and  restricted  to  special  uses. 

The  location,  width  and  subdivision,  and  also  the  grade,  of 
main  and  secondary  streets  should  be  based  upon  their  pres- 
ent and  future  value  as  traffic  carriers.  They  will  form  the 
primary  net  of  the  street  system  and  should  be  planned  in  ad- 
vance of  urban  improvements  as  the  controlling  elements  in 
the  general  development  of  the  transportation  and  other  cir- 
culatory facilities  of  the  city  and  the  adjacent  region,  and 
consideration  should  be  had  in  their  layout  for  the  economic 
development  of  those  facilities.  At  least  a  primary  scheme  of 
zoning  for  use  should  precede  or  accompany  their  layout. 

Certain  types  of  special  service  streets,  particularly  those 
designed  to  connect  the  units  of  a  park  system,  should  be  laid 
out  coincident  with  the  traffic  net. 

With  the  net  of  main  and  secondary  streets  established,  the 
areas  lying  between  them  may  be  subdivided  by  such  system 
of  minor  or  special  service  streets  as  may  best  serve  the  de- 
velopment of  each  particular  area. 

The  width  of  a  street  shall  be  understood  in  all  cases  to 
mean  the  distance  between  the  bounding  property  lines. 

The  width  of  main  and  secondary  streets  should  be  such  as 
will  adequately  accommodate  such  classes  and  such  volumes 
of  traffic  as  are  likely  to  be  put  upon  them  after  the  territory 
or  region  they  serve  shall  be  fully  developed. 

The  width  of  minor  streets  should  be  such  as  will  ade- 
quately care  for  local  travel  and  service  of  abutting  property. 

As  special  service  streets  will  be  designed  to  serve  special 
and  particular  uses,  any  attempt  to  standardize  their  widths 
would  be  futile. 
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Recommended  widths  are  as  follows: 

Main   streets    108.  12.S  or  148  ft. 

Seeondar-.-  streets    GO  or  SO  ft. 

Minor  streets   12,   20.   10  or  CO  ft. 

Sl>ecial   service   streets Variable. 

In  cities  and  regions  where  the  laying  out  of  any  consider- 
able number  of  streets  of  a  greater  width  than  80  ft.  would  be 
unwise,  it  is  recommended  that  streets  exceeding  that  width 
be  placed  in  the  special  service  class,  the  "secondary  streets" 
classification  eliminated,  and  the  GO  and  80  ft.  wide  ones 
classed  as  "main  streets." 

The  unit  width  for  a  line  of  vehicles  shall  be  8  ft. 

The  unit  width  tor  a  line  of  pedestrians  shall  be  2  ft. 

The  so-called  "elastic''  method  should  be  employed  in  estab- 
lishing and  increasing  the  widths  of  subdivisions. 

The  roadway  width  of  a  street  shall  be  the  distance  be- 
tween curb  lines,  or  between  the  centers  of  the  gutters  where 
there  are  no  curbs. 

No  roadway  for  a  single  line  of  vehicles  should  be  less  than 
8  ft.  or  more  than  10  ft.  wide. 

Roadways  to  accommodate  two  lines  of  vehicles  should  be 
20  ft.  wide  except  that  such  roadways  in  minor  and  special 
service  streets  may  be  16  or  18  ft.  wide. 

Roadways  to  accommodate  three  lines  of  vehicles  should 
be  20  ft.  wide. 

Roadways  to  accommodate  four  lines  of  vehicles  should  be 
uG  ft.  wide. 

Any  increase  beyond  a  roadway  width  of  36  ft.  should  be 
made  by  adding  an  8-£t.  unit  for  each  additional  line  of  vehicles 
to  be  accommodated.  Where  the  street  is,  or  will  be,  occupied 
by  street  railway  tracks,  the  unit  should  be  undivided,  but 
where  there  will  be  no  tracks,  the  unit  may  be  divided. 

The  minimum  width  of  the  space  between  the  property  line 
and  the  curb  line,  including  width  of  the  curb,  should  be  as 
follows: 

On  streets  40    ft.    wide 11  ft. 

On  streets  50  or   W   ft.    wide 12  ft. 

On  .streets  SO    ft.  -wide 14  ft. 

On  streets  more  than  SO  ft.  wide 18  tt. 

The  width  of  the  paved  footway  on  any  street  should  not 
be  less  than  4  ft.  Increases  beyond  that  width  should  be  by 
2-ft.  units  or  multiples  thereof. 

The  planting  strip  between  the  property  line  and  the  nearest 
edge  of  the  paved  footway  should  not  be  less  than  1  ft.  wide 
on  a  40-ft.  wide  street,  or  less  than  2  ft.  on  a  street  of  greater 
width. 

The  width  of  the  planting  strip  between  the  curb  line  and 
the  nearest  edge  of  the  paved  footway,  including  the  width  of 
the  curb,  should  in  no  event  be  less  than  4  ft.  in  a  street  60  ft. 
or  less  in  width,  or  less  than  6  ft.,  in  a  street  of  greater  width 
than  60  ft. 

Trees  should  be  planted  in  such  locations  that  they  will  not 
be  disturbed  by,  or  obstruct,  any  subsequent  change  in  the 
curbs  or  paving. 

Where  dual  roadways  are  laid,  separated  by  a  planting  strip, 
the  latter  may  be  of  variable  width  and  the  curbs  adjacent  to 
the  sidewalk  should  be  set  in  their  permanent  locations. 

Where  a  central  reservation  for  street  railway  tracks  is  es- 
tablished it  should  be  at  least  20  tt.  wide. 

The  following  are  suggested  typical  widths  and  arrange- 
ments of  cross-section  subdivisions.  (Figures  indicate  widths 
in  feet): 

40-ft.  50-ft.  60-ft.  so-ft. 

streets.  streets.  streets.  streets, 

a      b      c 
Planting  strip. 


b      c       a      b      c  a      b 

111  222222  222 

Paved  footway 4fi4  446446  466 

Planting    strip 6       4       5  9       6       4     14     11       4  21     14       6 

Roadway    IS     18     20  20     26     26     20     26     36  26     36     52 

Planting    strip 6       4       ."i  0       6       4     14     11       4  21     14       6 

Paved    footway 464  446446  466 

Planting   strip Ill  222222  222 


Planting  s*rip.  . 
Paved  footway. 
Planting   strip.. 

Roadwa.y 

Reservation   . . .  . 

Roadway    

Planting  strip. . 
Paved  footway. 
Planting    strip.  . 


40     40     40 
lOS-ft. 
streets, 
a         b 
6         4 


50     50     50     60 
128-tt. 
streets, 
a        b        t 
6         4 


20 
32 
2'1 
8 
4 
6 


6 

S 

26 

20 

26 

8 

6 

4 


26 

20 

26 

8 

S 

2 

-1 


4 

8 

20 

52 

20 

S 

4 

6 


26 

40 

26 

8 

6 

4 


60     60       SO     SO  SO 

'l4S-ft  streets. 

c        a        l>  c  d 

2         6         4  2  2 

S         4         6  8  S 

&■        8         8  8  S 

36       20       26  36  44 

20       72       60  40  24 

36       20       26  36  44 

8         S        8  8  8 

8         4         6  8  8 

2         6         4  2  2 


lO.s     108     108       128     128     128     148     148     148     148 


(126) 


Etighiffihuj  and  Cuutractiny  fur  Nuiemher  5,  1919. 


5^7 


Effective  Use  of  Machinery  in 
Concrete  Road  Con- 
struction 

An  excellent  example  ot  the  effective  use  of  modern  road 
building  machinery  is  afforded  by  the  construction  operations 
on  the  Federal  Aid  highway  now  being  built  between  Morten's 
Creek  and  Bangor,  Pa.  This  section  is  5.45  miles  in  length 
and  was  let  at  a  contract  price  of  approximately  $320,00<i. 
The  concrete  surfacing  is  18  ft.  wide,  8  in.  thick  at  the  center 
and  C  in.  thick  at  the  edges.    A  1:2:3  mix  is  employed. 

Light  jack  hammer  drills  are  used  in  all  rock  work.  The 
earth  excavation  is  handled  by  a  steam  shovel. 

The  concrete  materials  are  delivered  by  rail  on  the  siding. 
They  are  unloaded  from  cars  by  a  locomotive  crane,  operating 
a  clamshell  bucket,  and  dumped  into  material  bins. 


The  concreting  was  started  in  July  and  the  mixing  plant 
was  in  operation  for  30  days  out  of  the  first  :;i  working  days. 
During  this  time  it  averaged  240  ft.  of  1:2:3  concrete  pave- 
ment, 18  ft.  wide  and  average  of  7.33  in.  thick  The  working 
force  consisted  of  8  men  on  the  mixer.  G  men  on  the  material 
piles  and  4  men  on  the  train. 


How  Drivers  Can  Help  Maintain  Good 
Roads 

Drivers  can  do  much  for  the  maintenance  of  good  roads 
declares  Alfred  F.  Masury  chief  engineer  of  the  International 
Motor  Co.,  manufacturer  of  Mack  trucks. 

Did  you  ever  notice,  asked  Mr.  Masury,  in  going  up  a  hill, 
particularly  one  paved  with  asphaltic  concrete,  that  the  sur- 
face on  the  right  hand   side  of  the  read  is  wavy  and  rough, 


General  View  of  Mixing   Plant,  Showing   Also   Method   of   Protect 
pearing   in   the   Foreground   and   the   Canvas  Co 

To  pro\ide  the  necessary  water  for  the  locomotive  crane  an 
old  tank  wagon  was  mounted  on  a  platform,  a  hydraulic  ram 
set  in  a  nearby  creek,  and  the  two  connected  by  a  pipe  line. 
Since  that  day.  and  without  further  attention,  this  makeshift 
tank  has  never  been  short  of  water. 

A  light  industrial  track,  laid  on  a  gravity  grade,  runs  under 
the  hopp'^rs.  which  are  so  built  that  six  buckets  can  be  loaded, 
at  once,  the  operation  being  carried  on  as  follows: 

The  engine  delivers  a  train  at  the  top  of  the  gravity  track. 
Six  cars  are  then  cut  loose  and  tnoved  by  hand  so  that  the 
first  bucket  of  each  is  ur.der  its  .?tone  hopper.  The  hopper 
is  then  opened  and  the  stone  compartment  of  the  first  bucket 
on  the  car  is  filled.  The  6  cars  are  then  moved  forward  till 
the  second  bucket  comes  under  the  chutes  and  the  stone  com- 
partments in  these  buckets  are  filied.  The  6  cars  are  again 
shoved  forward  and  placed  under  the  6  sand  chutes.  In  two 
operations  the  12  sand  compartments  are  filled  and  the  cars 
are  then  pushed  on  to  the  3  cement  chutes  where  the  cement 
compartments  are  filled.  The  whole  operation  uses  9  men  and 
filling  6  cars  '12  full  charges  for  the  mixer)  takes  about  five 
minutes. 

In  the  meantime  the  engine  has  picked  up  another  string  ot 
the  cars,  this  string  having  been  loaded  while  the  engine  was 
at  the  mixer,  and  starts  for  the  mixer.  Near  the  mixer 
there  is  a  switch  where  this  train  lies  till  the  mixer  has  han- 
dled the  material  delivered  to  it  by  the  alternate  train.  When 
this  alternate  train  pulls  out,  the  first  train  pulls  in  with  its 
load  and  lies  at  the  mixer  until  its  load  is  used  up.  In  this 
•way  two  engines  handling  three  strings  of  cars  can  keep  a 
large  mixer  operating  at  full  capacity  up  to  a  distance  of 
about  6  miles  between  mixer  and  loading  bins  and  on  a  good 
track  can  be  operated  over  grades  of  6  to  S  per  cent.- 


ng        Newly  Placed  Concrete,  the  Earth  Covered   Pavement  Ap- 
vered     Slab.   Just    Laid,    Immediately    Beyond. 

while  that  on  the  left  hand  side  is  smooth?  The  reason  is 
this:  The  extra  traction  required  to  climb  the  hill  wears 
and  tears  the  surface,  while  there  is  little  or  no  traction  dow-n 
hill. 

Another  thing,  the  right  hand  track  of  the  road  in  either 
direction  is  the  one  which  is  worn  most  This  is  because  of 
the  arched  surface  of  the  road  which  throws  the  greater 
weight  and  strain  on  the  right  hand  side  of  the  vehicle  and 
consetiuently  the  right  hand  side  of  the  roadway.  Truck 
builders  and  wagon  makers  have  even  adjusted  their  axles 
and  springs  so  as  to  withstand  the  greater  strain  on  the  right 
hand  side  of  the  vehicle. 

The  custom  of  arching  the  roadways  was  formed  in  the 
early  days  of  road  making  when  dirt  and  porous-surfaced 
roads  were  the  ones  mostly  in  use,  and  it  was  necessary  to 
give  sufficient  pitch  to  the  surface  of  the  roadway  to  drain 
off  the  water  and  prevent  it  from  penetrating  the  surface  of 
the  road  to  soften  and  weaken  the  roadbed.  With  modern 
watertight  surfaces,  the  necessity  for  arched  roads  does  not 
exist  and  engineers  are  designing  roads  with  very  slight  pitch. 

Drivers  can  prevent  wear  to  the  surfaces  of  the  roads  and 
even  improve  their  conditions,  if  instead  of  driving  in  one 
track  or  on  the  edge  of  the  road,  they  will  drive  over  the 
middle  and  other  less  used-  parts  of  the  road  when  traffic  per- 
mits. The  ont  thing  that  is  fatal  above  all  things  to  road 
surfaces,  whether  dirt  or  paved,  is  driving  in  tracks,  w-hich 
subjects  one  small  part  of  the  road  surface  to  all  the  traffic 
and  damage  that  the  whole  road  accommodates.  Traffic  should 
be  evenly  distributed  over  the  entire  surface  of  the  road,  and 
a  little  thoughtfulness  and  care  in  this  respect  on  the  part  of 
drivers  will  do  much  to  add  to  the  permanence  and  excellence 
of  our  roadways. 
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General  Principles  of  Road 
Administration* 

By  R.  W.  ACTON, 
County    Engineer,    St.    Louis    County,    Minnesota. 

Highway  administration  consists  of  three  controlling  ele- 
ments; the  political,  the  economic,  and  the  art  of  road  build- 
ing and  maintenance.  These  elements  are  so  intricately  in- 
terlocked that  to  consider  any  one  of  them  independently  of 
the  others,  will  result  in  a  failure  to  appreciate  the  very  first 
principles  of  road  administration. 

Analyze  the  political  element.  Every  individual  who  owns 
property  pays  a  direct  road  tax.  Nearly  every  individual 
must  use  the  highways.  Outside  of  our  public  school  system, 
nothing  comes  in  closer  contact  with  the  public.  Thus,  being 
so  close  to  the  public  pulse,  is  there  small  wonder  that  it  is  a 
fruitful  source  of  political  propaganda?  No  greater  oppor- 
tunity offers  itself  to  exhibit  the  inherent  selfishness  of 
human  nature,  and  with  it  the  narrow,  petty  vanities  and  Ig- 
norance of  the  individual.  Lack  of  interest,  lack  of  knowl- 
edge relative  to  actual  conditions,  and  failure  to  squarely  face 
the  situation  by  the  public,  tended  for  a  time  to  permit  a  po- 
litical reaction,  which  obviously  blocked  progressive  admin- 
istration. But  the  fact  cannot  be  disputed  that  when  the 
majority  of  the  public  become  thoroughly  informed  upon  the 
subject,  they  inevitably  take  a  stand  for  what  is  right.  It  is 
therefore  up  to  highway  officials  and  engineers  to  study  the 
highway  problems  in  the  perspective,  as  well  as  in  detail,  and 
give  a  straightforward  report  of  their  findings  and  conclu- 
sions. 

The  economic  side  of  highway  administration,  interwoven 
with  the  political,  absolutely  governs  final  results.  Prac- 
tically all  revenues  collected  for  construction  and  mainte- 
nance of  roads  are  derived  from  direct  taxation.  The  return 
is  both  direct  and  indirect,  but  more  often  accepted  as  in- 
direct. Individually,  we  petition  and  accept  a  direct  assess- 
ment for  drainage,  sidewalk  and  street  improvements.  The 
improvement  is  either  on  or  adjacent  to  our  property;  and  we 
acquire  a  direct  ownership  for  something  for  which  we  are 
making  payment.  On  the  other  hand,  the  individual  pays 
his  road  tax  into  a  fund  and  becomes  a  small  stockholder  of 
property  owned  exclusively  by  the  public.  Instinctively  there 
is  a  demand  for  dividends  and  returns,  not  always  in  propor- 
tion to  the  Investment. 

In  recent  years  road  taxes  were  largely  levied  and  expended 
locally.  With  the  growth  of  our  centers  of  population,  and 
the  general  utility  of  the  motor  car,  there  came  a  demand  for 
trunk  line  roads.  Obviously,  there  were  large  districts  of 
low  valuation,  which  could  not  meet  these  demands.  This 
has  resulted  in  increasing  the  obligation  for  the  county  unit, 
the  acceptance  of  an  obligation  by  the  state,  and  very  re- 
cently, by  the  Federal  Government. 

There  are,  therefore,  four  administrative  and  tax  levying 
bodie.s,  i.  e.,  the  township,  county,  state  and  Federal  govern- 
ments. The  working  principles  of  these  organizations  are 
perfectly  sound,  based  on  the  theory  that  the  township  shall 
provide  for  its  local  needs,  the  county  to  provide  tor  main 
roads  connecting  centers  of  population  within  the  coimty,  the 
state  provide  for  inter-county  roads  and  main  state  trunk 
highways,  vvith  the  Federal  government  applying  its  funds  to 
highways  of  national  character. 

Simple  and  reasonable  as  this  appears  for  a  satisfactory 
enonomic  working  plan  for  highway  administration,  and  in 
the  face  of  the  fact  that  Europe's  magnificent  system  of  high- 
ways was  made  possible  by  this  method,  we  have  not  been 
willing  to  accept  the  principles,  except  in  part.  The  real  con- 
dition is  that  we  have  rather  tended,  as  a  matter  of  policy,  to 
compromise  to  county  aid,  state  aid,  and  Federal  aid,  with 
certain  legal  restrictions  to  prevent  the  "pork  barrel."  State, 
Federal  and  county  aid  has  become  such  a  fixed  custom  with 
us  that  naturally  the  same  procedure  followed  in  the  distribu- 
tion of  road  funds.  The  outstanding  features,  however,  are 
that  the  attempt  is  too  often  made  to  draw  on  this  aid  for  im- 
provement of  a  strictly  local  nature  wherein  the  maximum 
benefits  are  not  returned  to  the  majority  of  the  taxpayers. 

Distribution  of  Cost  According  to  Beneflts.—lt  is  unreason- 
able to  presume  that  for  the  best  results  in  the  end.  Federal 
funds  should  be  expended  on  other  than  roads  of  national  im- 
portance.    States  of  large  valuation   should  assist  financially 

•Prom  p.  paper  presented  before  the  Rngineer.s'  Club  of  Northern 
Minnesota. 


in  the  improvement  of  national  roads  through  states  of  large 
areas  and  low  valuation.  The  same  relationship  should  hold 
between  state  and  county,  and  thence  on  down  between  county 
and  township. 

We  may  as  well  clearly  face  the  situation  that  money  can- 
not be  drawn  from  the  blue  sky  for  road  improvements;  that 
each  locality  to  the  last  individual,  who  is  desirous  of  having, 
good  roads  must  be  willing  to  pay  the  cost;  and  that  there 
must  be  a  reasonable  clearly  defined  classification  of  high- 
ways upon  which  township,  county,  state  and  Federal  govern- 
ment must  assume  a  financial  responsibility.  Until  the  public 
is  willing  to  recognize  this  primary  fundamental  principle  in 
the  economics  of  road  administration,  we  must  work  under  a 
handicap. 

It  is  very  reasonable  to  assume  that  in  the  near  future  we 
will  see  as  much  time,  thought,  and  study  devoted  to  road 
economics  as  to  the  constructive  features,  both  of  which  have 
been  magnified  by  the  intensified  motor  and  motor-truck 
traffic  of  the  past  three  years.  During  the  past  fiscal  year, 
the  expenditures  in  the  automobile  industry  alone  amounted 

to  approximately  .$1, 1,000,000.     The  office  of  public  roads  at 

Washington  report  that  the  total  expenditures  tor  highways 
of  all  classes  for  the  same  period  amounted  to  $300,000,000. 
Inasmuch  as  the  auto  and  auto-truck  are  but  one  class  of 
vehicle  which  the  roads  must  carry,  we  have  reason  to  ques- 
tion whether  the  correct  proportion  is  being  held  between  the 
expenditures  that  are  being  made  for  the  rolling  stock  that 
goes  on  to  the  road  as  compared  to  expenditures  for  highway 
construction  and  maintenance.  This  question  '.Is  especially 
pertinent,  considering  that  the  country  is  still  in  a  develop- 
ment stage,  and  must  need  to  be  constantly  facing  a  demand 
for  more  road  mileage. 

No  expense  has  been  spared  to  perfect  a  high-power  econom- 
ically operated  motor  car.  In  addition  to  this,  the  perfecting 
of  the  motor-truck  has  advanced  more  rapidly  in  the  past  two 
years  than  would  have  been  reasonably  expected  in  ten  years 
durins  ordinary  times. 

Equitable  Form  of  Taxation  Must  Be  Evolved. — It  is  ob- 
vious that  a  progressive  readjustment  must  be  made  in  high- 
way economics,  which  shall  determine  the  manner  and 
methods  of  financing  our  highways.  This  must  involve  an 
equitable  form  of  taxation,  based  upon  a  com.prehensive  classi- 
fied road  system  which  will  provide  for  the  needs,  from  the 
congested  trunk  line  to  the  last  feeder  of  the  actual  settler 
or  farmer.  This  must  involve,  either  by  annual  levy  or  bond 
issue,  the  raising  of  sufficient  funds  to  provide  the  economic 
type  of  construction  for  the  various  road  classifications,  to 
which  sufficient  funds  must  be  provided  for  adequate  main- 
tenance of  the  same.  This  involves,  in  detail,  the  formation 
of  a  budget  of  expenditures,  in  order  that  an  equitable  tax 
may  be  levied;  that  an  equitable  distribution  of  the  funds  may 
be  made  to  the  various  road  classifications;  and  that  a  defi- 
nite working  program  may  be  laid  out. 

Rapid  strides  have  already  been  made  in  bringing  roads  into 
a  classified  system.  The  various  state  highway  departments, 
in  conjunction  with  the  Federal  government,  have  taken  the 
initiative  in  this  matter,  and  the  county  units  are  rapidly  drop- 
ping into  line.  The  state  of  Minnesota  has  probably  taken 
the  lead  in  this  respect  in  the  Northwest,  having  developed  a 
lO.OOii-mile  state  trunk  road  system  out  of  a  total  mileage  in 
the  state  of  close  to  100,flOO  miles.  In  addition  to  this,  a  Fed- 
eral road  mileage  has  been  designated  which  incorporates  ap- 
proximately one-half  of  the  designated  state  trunk  road  sys- 
tem. Numerous  counties  are  classifying  their  roads,  laying 
out  definite  building  programs  covering  a  period  of  several 
years,  and  making  up  their  annual  budgets  in  a  manner  to 
facilitate  the  work. 

Politically,  we  are  opposed  to  the  budget  system  in  the  rais- 
ing and  expending  of  public  funds,  as  is  evidenced  by  the  ac- 
tion of  our  national  legislative  body.  All  political  parties,  in 
their  platforms,  advocate  the  system,  but  fail  to  bring  forth 
legislation  in  the  matter.  Nevertheless,  the  demand  for  effi- 
ciency, results,  and  taxation  limitations,  will  automatically 
force  this  system  in  road  administration,  and  with  it,  must 
then  necessarily  come  the  working  program  and  the  classified 
road  system. 

While  our  state  legislature  must  be  called  upon  to  deter- 
mine the  equitable  form  of  taxation  for  the  construction  and 
maintenance  of  our  highways,  it  is  obvious  that  our  highway 
officials  and  engineers  must  eventually  work  out  the  details 
of  a  solution  for  presentation  to  them.  In  general,  outside  of 
a  varying  registration  motor  tax,  practically  all  funds  raised 
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■within  the  state  are  derived  from  a  general  property  tax,  and 
while  highway  expenditures  were  low,  little  attention  was 
given  to  the  matter.  Unquestionably,  however,  with  the  in- 
creased expense  in  highway  construction  and  maintenance  in 
order  to  meet  traffic  demands,  the  carrying  of  the  total  cost 
as  a  general  property  tax  is  decidedly  unfair.  There  seems 
to  be  no  valid  reason  why  a  wheelage  tax,  based  on  horse- 
power and  weight  per  inch  of  tire  width  should  not  be  suit- 
able. While  not  in  a  position  to  give  definite  figures,  we  have 
come  to  the  conclusion  that  the  highway  wear  and  tear,  per 
vehicle  per  mile,  can  be  readily  determined  as  the  tire  cost 
per  mile  on  a  motor  car. 

It  is  my  opinion  that  we  have  nearly  reached  the  limit  on 
property  tax,  except  by  direct  assessment,  until  some  provi- 
sion has  been  made  to  exhaust  the  possibilities  of  the  wheel- 
age  tax. 

In  the  Northwest.  Michigan  and  Illinois  have  gone  into  this 
subject  exhaustively,  and  are  raising  substantial  levies  under 
this  form  of  tax.  Illinois  has  gone  so  far  as  to  lay  out  a 
5,000-mile  system  of  trunk  roads  to  be  constructed  at  a  cost 
of  $60,000,000,  and  financed  by  a  bond  issue,  the  interest  and 
principal  of  which  is  to  be  paid  from  a  wheelage  tax.  This 
Illustrates  the  extent  to  which  the  possibilities  of  a  wheelage 
tax  may  be  equitably  carried  out. 

Another  form  of  equitable  taxation  is  the  direct  assessment. 
This  is  especially  applicable  when  the  highways  are  being 
constructed  under  a  bond  issue.  Admitting  that  every  piece 
of  land  cannot  have  a  surfaced  road  built  around  it  at  public 
expense,  we  must  admit  the  fact  that  lands  lying  directly 
adjacent  to  a  surfaced  road  obtain  a  special  benefit  that  can- 
not be  obtained  by  all  lands  within  the  territory,  and  are 
therefore  reasonably  subject  to  special  assessment. 

In  this  state,  under  what  was  commonly  known  as  the  El- 
well  law,  highways  estimated  at  over  seven  million  dollars 
were  petitioned  for,  of  which  approximately  1,100  miles  were 
constructed  at  a  cost  of  $3,500,000.  This  law  assessed  one- 
fourth  of  the  cost  of  the  improvement  to  specially  benefited 
property.  On  high  class  road  improvement,  I  believe  the  per- 
centage is  too  high,  but  certainly  a  portion  paid  by  direct 
assessment  is  an  equitable  tax.  This  law  was  repealed,  but 
not  due  to  objection  with  reference  to  the  assessment  features, 
which  I  know,  from  personal  knowledge,  were  not  unpopular. 
The  actual  repeal  was  forced  by  objections  to  the  bonding 
features  of  the  law.  rnquestionably,  the  law  required  con- 
structive amendment,  rather  than  repeal. 

It  Is  my  opinion  that  not  only  an  equitable  but  a  popular 
form  of  road  levy  may  be  devised  which  would  involve  direct 
property  tax,  wheelage  tax,  and  special  assessment. 

Road  Building  Under  a  Bond  Issue. — The  question  of  financ- 
ing highway  construction  invariably  brings  forth  the  question 
of  building  under  a  bond  issue.  That  subject  in  itself,  could 
not  be  entirely  covered  in  an  evening's  discussion.  In  gen- 
eral, the  construction  of  roads  under  a  short-time  bond  issue 
(not  exceeding  ten  years),  while  not  entirely  successful,  has 
warranted  the  experiment  due  primarily  to  the  educational 
benefits  in  showing  the  economy  of  concentrated  work.  The 
experience  in  this  state,  which  from  the  reports  of  the  depart- 
ment of  roads  at  Washington  is  generally  duplicated  in  other 
states,  is  that  the  issues  are  seldom  sufficient  to  cover  the 
contemplated  work. 

It  has  been  our  experience,  that  after  a  road  is  petitioned 
for  under  bond-issue  proceedings,  and  the  engineer  has  made 
a  careful  estimate  of  the  cost,  that  the  figures  generally  stag- 
ger the  promoters  of  the  project  to  the  extent  that  the  project 
either  falls  through  or  the  engineer  is  ordered  to  reduce  his 
estimate  on  revised  specifications.  This  is  an  easy  compro- 
mise for  the  promoters,  for  when  the  bond  issue  has  gone 
through  at  the  reduced  figures  they  immediately  forget  the  re- 
vised specifications.  Obviously,  there  is  general  dissatisfac- 
tion when  the  work  is  completed. 

Bond  issues  for  surfaced  roads  should  certainly  not  be  car- 
ried over  a  longer  period  than  the  life  of  the  road  surface. 
Some  of  the  Eastern  states,  which  have  gone  into  long  term- 
bond  issues  of  40  to  50  years,  have  had  the  misfortune  to  pay 
for  pavements,  the  life  of  which  did  not  exceed  seven  to  nine 
years.  It  is  generahy  conceded  that  bond  issues  for  long-time 
periods  should  cover  only  the  more  permanent  portion  of  high- 
way construction;  i.  e.,  the  subgrade  grade  work,  including 
excavation  and  permanent  bridges  and  culverts.  The  financ- 
ing of  road  surfaces  should  be  raised  by  issue  of  from  five 
years  up  to  not  exceeding  15  years,  depending  upon  the  type 
of  pavement. 


Precautions  for  Concrete  Pave- 
ment Construction  in 
Cold  Weather 

Sometimes  early  cold  weather,  accompanied  by  freezing 
temperatures,  finds  the  contractor  on  concrete  pavement  work 
with  a  small  stretch  of  his  contract  uncompleted.  Under 
these  conditions  he  must  decide  whether  to  lay  off  his  crew 
for  the  winter,  resulting  in  the  loss  from  tied  up  capital  and 
a  handicap  on  early  spring  work  because  of  an  uncompleted 
contract,  or  to  provide  means  for  completing  the  contract  at 
once.  The  latter  is  usually  found  less  expensive  in  the  end 
where  only  a  small  yardage  is  involved.  Construction  of  con- 
crete pavements  during  extremely  cold  weather  is  not  recom- 
mended, hut  often  the  best  interests  of  the  public  can  be 
served  and  the  contractor's  profit  protected  by  taking  meas- 
ures to  insure  the  successful  completion  of  the  work.  The 
precautions  that  should  be  taken  under  these  conditions  are 
described  in  a  bulletin  issued  recently  by  the  Portland  Cement 
Association. 

Principles  to  Be  Observed. — Low  temperatures  retard  while 
warmth  tends  to  accelerate  the  initial  hardening  of  concrete. 
To  insure  the  succe.-;s  of  concrete  pavement  work  done  during 
cold  weather,  it  is  therefore  necessary  to  heat  the  aggregates 
and  the  mixing  water  so  that  the  concrete,  when  deposited 
on  the  subgrade,  will  have  a  mass  temperature  of  not  less 
than  SO"  F. 

Immediately  after  the  concrete  has  been  placed  and  fin- 
ished, it  must  be  protected  during  the  curing  period  by  hay, 
straw  or  canvas.  By  stretching  canvas  on  light  frames  to 
make  shelters  that  will  enclose;  the  newly  finished  sections 
of  pavement,  the  temperature  within  such  an  enclosure  may 
be  maintained  at  a  point  which  will  facilitate  hardening  of  the 
concrete  during  the  time  required  for  that  process. 

Heating  Aggregates. — Many  concrete  pavement  contracts 
are  now  supplied  with  aggregates  from  a  central  plant,  the 
materials  being  conveyed  from  this  plant  to  the  mixer  by  in- 
dustrial railway  or  motor  truck.  If  the  yardage  to  be  com- 
pleted during  cold  weather  is  relatively  large,  it  will  probably 
pay  to  install  rotary  heaters  for  aggregates.  These  may  be 
of  the  same  type  as  are  used  for  heating  aggregates  for 
asphalt  pavement  mixtures,  although  it  may  be  necessary  to 
operate  them  at  a  higher  speed  than  is  customary  for  asphalt 
pavement  work,  in  order  to  turn  out  the  volume  of  heated 
sand  and  stone  required  for  concrete  pavement  operations. 
If  rotary  heaters  are  not  practicable,  it  is  possible  to  heat 
both  sand  and  stone  rapidly  by  jets  of  live  steam  directed 
into  the  piles  as  the  materials  are  loaded  into  the  cars  or 
trucks^  conveying  them  to  the  mixer.  If  the  distance  from 
loa,ding  plant  to  mixer  is  great,  it  may  be  necessary  to  arrange 
tor  heating  after  the  materials  have  reached  the  mixer.  These 
are  details  which  must  be  worked  out  in  accordance  with  the 
circumstances  and  requirements  of  each  particular  job. 
Where  aggregates  are  delivered  and  stored  upon  the  sub- 
grade  ahead  of  the  mixer,  it  is  possible  to  heat  the  piles  of 
sand  and  stone  by  live  steam  jets  or  pipe  heaters.  The  latter 
usually  consist  of  sections  of  steel  pipe,  like  a  boiler  smoke- 
stack, placed  on  the  ground  and  upon  which  the  aggregates 
are  piled.  Fires  are  built  in.side  the  pipe,  using  any  available 
fuel,  and  the  heat  is  thus  distributed  throughout  the  pile,  of 
aggregates.  With  this  method  it  is  sometimes  necessary  to 
guard  against  heating  aggregates  to  too  high  a  temperature, 
as  some  materials,  such  as  flints  and  quartz  gravels,  may  be 
injured  by  high  heat. 

Heating  Mixing  Water. — The  most  convenient  methods  for 
heating  mixing  water  involve  the  use  of  portable  furnaces  or 
braziers,  which  will  burn  coal,  wood  or  coke,  and  which  con- 
tain coils  around  which  the  fire  is  built.  These  coils  are  con- 
nected to  the  mixer  water  supply  line  at  any  convenient  point. 
Protection  of  Pavement  During  Curing  Period. — After  the 
concrete  has  been  laid,  it  is  of  vital  importance  that  its  tem- 
perature be  maintained  as  much  above  45''  F.  as  possible,  for 
at  least  10  days,  in  order  that  the  concrete  may  attain  the 
required  strength.  Immediate  protection  must  be  given  after 
finishing,  so  that  the  warmth  introduced  by  heating  the  aggre- 
gates and  mixing  water  will  be  retained  as  long  as  possible. 

A  canvas  protection  may  be  spread  over  a  light  frame  and 
the  required  temperature  maintained  within  by  supplying  arti- 
ficial heat  with  lighted  lanterns,  salamanders  or  steam  coils, 
depending  upon  the  atmospheric  temperatures  outside  the 
shelter  and  upon  the  tightness  of  the  canvas  protection,     tf 
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snow  or  cold  storms  uiay  be  expected,  it  may  be  best  to  cover 
the  newly  placed  concrete  with  a  foot  or  more  of  straw,  which 
in  turn  should  be  covered  with  canvas.  Earth  banked  upon 
the  edges  of  the  canvas  will  help  hold  it  in  position  and  will 
also  help  to  keep  out  much  cold  air  and  prevent  the  covering 
from  being  blown  away.  Such  protection  will  keep  out  frost 
for  many  weeks,  especially  it  snow  should  fall  on  the  canvas 
and  the  temperature  does  net  go  too  far  below  the  freezing 
point.  Sawdust  is  sometimes  used  for  protecting  pavements 
from  cold,  but  care  should  be  taken  not  to  use  a  sawdust 
which  will  stain  the  pavement  surface.  If  it  is  important  to 
have  the  pavement  ready  for  traffic  at  the  earliest  possible 
date,  it  will  probably  be  best  to  use  a  light  framework  cov- 
ered with  canvas  and  maintain  the  required  temperature 
within  this  enclosure  to  insure  proper  early  hardening. 

Unless  the  foregoing  precautions  can  be  taken  for  protec- 
tion during  the  curing  period,  the  concrete  should  not  be  used 
for  traffic  until  the  next  spring,  following  a  period  of  at  least 
30  days  of  mild  weather. 

Stable  manure  should  never  be  used  as  a  protective  cover- 
ing for  fresh  concrete.  It  will  cause  permanent  staining  of 
the  surface  and  acids  may  develop  in  the  process  of  decom- 
position that  are  likely  to  cause  a  pitting  and  scaling  of  the 
green  concrete. 

Use  of  Chemicals  to  Accelerate  Hardening  of  Concrete. — 
Use  of  salt  and  other  chemicals  to  lower  the  freezing  point 
of  water  or  chemicals  to  accelerate  the  hardening  of  the  con- 
crete is  not  advocated  where  the  protective  measures  de- 
scribed can  be  applied.  The  following  suggestions  regarding 
the  use  of  chemicals  may  be  of  assistance  in  some  cases: 

The  only  chemical  recommended  as  an  addition  to  the  mix- 
ing water  is  calcium  chloride.  This  material  possesses  the 
property  of  lowering  the  freezing  point  of  water  and  accelerat- 
ing the  setting  of  cement.  It  is  used  by  being  dissolved  in 
the  mixing  water.  It  is  generally  sold  in  crystal  form  and  is 
readily  soluble  in  water.  If  used  in  quantities  of  about  3  per 
cent  by  weight  of  the  mixing  water,  it  will  enable  placing 
the  concrete  when  the  temperature  is  slightly  below  freezing, 
with  little  danger  of  injury.  When  the  proper  mixing  water 
ratio  of  more  than  .51/2  to  6  gal.  of  water  is  used  for  each  sack 
of  cement  in  a  standard  paving  mixture  of  1:2:3  proportions, 
the  quantity  of  calcium  chloride  to  use  will  be  1.5  lb.  per  sack 
of  cement.  This  amount  will  correspond  closely  to  3  per  cent 
by  weight  of  the  total  mixing  water. 

The  use  of  common  salt  (sodium  chloride)  in  concrete  mix- 
tures is  not  recommended.  While  salt  has  the  property  of 
lowering  the  freezing  point  of  water,  it  also  seriously  retards 
the  setting  of  cement,  which,  of  course,  is  exactly  opposite 
to  the  condition  sought  in  cold  weather  concreting. 

Protection  to  Workmen  During  Cold  Weather  and  Housing 
Equipment. — The  contractor  can  increase  the  efficiencV  of  his 
workmen  and  add  to  their  output  by  providing  them  with  pro- 
tection from  the  elements  during  severe  weather.  This  is 
particularly  true  of  those  workmen  who  must  stand  for  long 
period's  comparatively  inactive  and  exposed  to  the  wind.  The 
concrete  mixer  should  be  provided  with  a  shelter  which  will 
protect  the  engineer  and  fireman  while  working.  The  men 
who  handle  cement  at  the  mixer  are  particularly  exposed  and 
do  not  have  the  advantage  of  those  men  who  work  with  warm 
materials,  as  it  is  unnecessary  to  warm  the  cement.  The 
finishers  should  be  provided  with  a  place  where  their  tools 
can  be  warmed  from  time  to  time,  and  with  a  convenient 
shelter,  where  they  can  warm  their  hands  and  bodies  when 
not  actively  working  on  the  pavement.  A  little  attention  to 
these  details,  which  contribute  greatly  to  the  comfort  and 
efficiency  of  the  workmen,  will  return  many  times  their  cost 
in  the  form  of  increased  daily  production. 


Ohio  Has  $14,500,000  of  Road  Contracts  Under  Way. — Ac- 
cording to  a  report  of  A.  R.  Taylor,  State  Highway  Commis- 
sioner, Ohio  has  contracts  under  way  covering  500  miles  of 
highway.  The  total  cost  will  be  about  $14,500,000.  The  pre- 
vious high  total  was  371  miles,  in  1916.  Federal  aid  of  $10,- 
205,625  has  been  granted  for  this  and  next  year  and  1921. 
The  state  appropriation  for  main  market  roads  for  the  two 
years  ending  .Tune  30,  1921,  is  $2,255,500.  And  for  the  intei-- 
county  roads  for  the  same  period  $6,466,500.  A  sum  of  $5,- 
000,000  from  auto  license  fees  will  be  available  for  mainte- 
nance and  repair  purposes.  This  makes  a  total  sum  of  $23,- 
927.625,  for  the  state  highway  system,  not  including  county 
or  local  roads,  built  and  maintained  from  local  levies.  Sixty- 
six  counties  will  vote  on  special  local  levies  next  month. 


Gang  Patrol  System  for  Main- 
tenance of  Lucas  County, 
Ohio,  Highways 

Patrol  gangs  working  from  central  stations  have  proved 
very  effective  in  maintaining  the  highway  system  of  Lucas 
county,  Ohio.  The  plan  which  was  worked  out  by  Cecil  L. 
Rood,  County  Surveyor,  is  described  in  the  November  Issue 
of  The  Highway  Magazine,  to  which  we  are  indebted  for  the 
information  in  this  article.     The  road  system  is  divided  into 


Standard    Patrol    Station. 

five  districts,  each  of  which  has  a  patrol  station  near  its  cen- 
ter. These  patrol  stations,  all  located  at  railroad  points  ot 
delivery,  are  as  follows: 

No.  1.  Maumee   42.4  miles  of  road  in  district 

No.  2.  Whitehouse    43.8  miles  of  road  In  district 

No.  3.  Reynolds    Corner 71.9  miles  of   road  in  district 

No.  4.  D..  T.  &  I.  crosSLjnK 46.7  miles  of  road  in  district 

No.  5.  Booth    63. S  miles  of   road  in  district 


Total    26.S.6   miles  ot   road   in   district 

The  illustration  shows  one  of  the  standard  patrol  stations, 
which  was  erected  at  a  cost  of  $750.  Each  station  has  a  bin 
capacity  of  1  car  load  of  broken  stone,  and  a  mixing  floor  of 
concrete,  15  ft.  x  15  ft.     The  maintenance  outfit  for  the  county 
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includes  two  2V^  ton  trucks,  two  7  ft.  gasoline  motor-driven 
concrete  mixers  and  four  400  gal.  tank  wagons  for  bituminous 
materials. 

District  No.  1  is  taken  care  of  jointly  by  patrol  gangs  No. 
1  and  No.  2;  Districts  No.  2  and  No.  3  are  taken  care  of  by 
patrol  gang  No.  2,  and  Districts  No.  4  and  No.  5  by  patrol 
gang  No.  1. 

Each  patrol  gang  takes  the  concrete  mixer  with  it  when  it 
moves  from  one  station  to  another.  Each  gang  consists  of 
truck  driver,  who  acts  as  foreman,  and  five  men.  who  mix 
the  material,  clean  out  the  holes  and  fill  them  with  bituminous 
concrete  and  tamp  the  same. 

Gang  No.  3  consists  of  three  men.  who  act  as  a  "flying 
squad"  to  repair  damaged  bridge  floors,  guard  rails,  wash- 
outs in  bermes,  etc.  This  gang  also  has  a  motor  truck.  In 
addition  this  gang  paints  guard  rails,  places  and  keeps  in  re- 
pair danger  and  warning  signs,  and  attends  to  the  thousand 
and  one  complaints  that  come  into  the  surveyor's  office. 

The  cost  of  operation  has  varied  as  regards  patroling  roads, 
but  the  big  saving  has  been  made  in  the  general  cost  of  main- 
taining them.     The  patching  of  holes,  when  small,  alone  has 
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made  the  general  cost  per  mile  per  year  decrease  consider- 
ably. 

The  method  of  patching  is  as  follows: 

No.  3  and  No.  1  stone,  %  to  %  to  %  in.  in  size,  is  mixed 
at  the  patrol  station  with  bituminous  cement  in  pro- 
portion of  from  17  to  20  gal.  of  bitumen  to  1  cu. 
yd.  of  stone.  After  thoroughly  mixing,  this  is  allowed 
to  set  for  from  12  to  24  hours,  according  to  weather 
conditions.  The  mixture  is  then  loaded  on  the  truck, 
and.  as  the  roads  are  patrolled,  each  hole  is  cleaned  out  with 
wire  brooms  and  then  tamped  full  of  the  bituminous  material, 
care  being  taken  to  see  that  the  patch  is  left  about  %  in. 
higher  than  surrounding  road.     Traffic  does  the  rest. 

The  following  tables  give  some  idea  of  the  cost  of  patrol 
and  maintenance: 

COST   OP  ROAD   PATROL. 
Including    oo.st    ami    maintenance    of    equipment. 

Road 

miles  Cost 

patroled.  per  mile. 

1916     13-5  $  57.10 

1917  6S.0  3.5.05 

1918  104.9  33.67 

GENERAL  MAINTENANCE. 

IDlfi     95.7  SS0.79 

1917  183.1  72n.44 

1918  : 214.5  561.12 

The  above  figures  are  all  on  macadam  roads  of  various 
types.  The  illustration  shows  a  typical  report,  one  of  which 
is  made  daily  by  the  patrolman  to  the  County  Surveyor.  By 
means  of  this  it  is  possible  to  know  each  day  just  where  the 
gang  is  and  what  it  is  doing,  and  to  check  at  the  end  of  the 
season  the  material  bought  and  the  yardage  patched. 


New    5-Ton    Truck    Has    10-Speed 
Transmission 

A  heavy  duty  motor  truck  having  a  ten  speed  transmission 
has  been  bought  out  by  the  G.  A.  Schacht  Motor  Truck  Co., 
Cincinnati,  0.  The  fundamental  principle  of  the  transmis- 
sion is  to  enable  the  5-ton  truck  to  attain  a  high  vehicle  speed 
when    conditions    justiiy    without    dangerous    engine    speed. 


Chassis   of    New   Schacht  5-Ton   Truck. 
There  are  eight  forward  and  two  reverse  speeds  with  a  wide 
range  of  power  reduction  that  will  not  only   permit  a  high 
rate   of   vehicle   speed   but   also   provide   tremendous   pulling 
power  on  low  and  intermediate  gears. 

The  Schacht  5-ton  truck  with  ten  speed  transmission  is 
stated  to  be  capable  of  attaining  a  speed  of  20  miles  per 
hour  at  an  engine  speed  of  only  1.000  revolutions  per  minute 
The  main  ti-ansmission  has  four  speeds— first,  second,  third 
and  fourth  or  direct.  The  secondary  transmission  provides 
an  extra  reduction  and  can  be  used  in  connection  with  any 
one  of  the  five  regular  speeds— so  that  there  is  a  lower  first 
second,  third,  fourth  and  reverse.  There  are  only  two  move 
ments  of  tne  auxiliary  gear  shift  lever— backward  and  for 
ward. 

The  truck  is  motored  by  a  new  and  heavier  engine  with  a 
bore  of  41/2  in.  by  G  in.  stroke.  This  engine  has  been  espe- 
cially designed  to  stand  the  strain  of  increased  speed  and 
load  carrying  capacity  which  is  expected  from  heavy  duty 
engines  of  today.  It  is  simple  and  accessible  so  that  the 
average  driver  or  repairman  can  keep  it  in  good  condition 
with  a  minimum  of  time  and  effort. 

Lubrication  is  of  the  fall  force  pressure  feed  to  all  crank 
and  cam  shaft  bearings  through  drilled  crank  shaft  pistons 
and  cylinders  are  lubricated  by  oil  thrown  from  the  lower 
ends  of  the  connecting  rods.  The  worm  drive  rear  axle  is 
exceptionally  heavy  and  sturdy.  It  is  made  in  the  Schacht 
factory  as  is  also  90  per  cent  of  the  entire  truck,  including 
frames,  steering  gears,  transmissions,  control  sets,  and  radi- 
ators. 


Problems   Affecting  Design  and 
Construction  of  Highways* 

By  \V.  G.  THOMPSON. 
State  Highway  Engineer  of  New  Jersey. 
It  has  been  said  by  a  well-known  railroad  executive  that  the 
railroad  of  the  future  may  find  it  more  economical  to  tear  up 
short  line  tracks  and  develop  motor  truck  transportation  in  its 
place.  Although  the  supplying  of  tonnage  is  the  freight  traffic 
manager's  problem,  it  is  also  a  problem  which  should  engage 
the  serious  attention  of  the  engineering  department,  from  the 
viewpoint  that  every  moans  should  be  employed  to  reduce  the 
cost  of  supplying  tonnage  to  the  main  lines,  just  as  careful 
attention  is  given  in  location  and  construction,  to  reducing 
grades  and  curvature  to  the  minimum.  It  is  claimed  that, 
considered  as  a  unit,  few  branch  lines  pay  expenses,  but  as 
gatherers  of  freight  and  passengers  to  increase  density  of 
main  line  traffic,  they  are  sources  of  profit.  As,  however, 
traffic  gathered  by  them  is  turned  over  to  the  main  lines  with 
a  deficit  attached,  which  has  to  be  overcome  during  the  main 
line  movement  before  any  profit  is  made,  it  might  be  a  de- 
cided advantage  if  this  traffic  could  be  delivered  to  the  trunk 
line  by  means  of  the  motor  truck  or  tractor,  without  this 
bill  of  expense  attached: 

Since  it  is  a  fact  that  it  is  now  necessary  to  truck  products 
of  all  kinds,  and  especially  farm  products  to  the  short  branch 
line,  and  load  them  into  cars,  a  serious  investigation  of  the 
matter  may  disclose  that  one  handling  might  be  obviated  and 
considerable  expense  saved  if  the  tracks  were  removed  from 
many  branch  lines  and  the  grade  used  for  an  improved  motor 
road,  which  could  be  entered  from  every  intersecting  highway. 
Such  an  arrangement  would  mean  increased  facilities  at  main 
line  points  for  freight  handling,  but  with  the  present  rapid 
improvement  of  country  and  interurban  highways,  it  would 
relieve  the  railroads  of  the  burden  of  maintaining  freight  sta- 
tions, water  systems,  coaling  stations,  track  and  other  struc- 
tures, and  the  inevitable  overhead  expense  during  seasons 
when  traffic  is  light. 

It  is  inconceivable  that  trunk  highways  paralleling  trunk 
lines  of  railroads  will  ever  seriously  affect  the  tonnage  carried 
by  the  railroads,  but  it  is  quite  conceivable  that  with  the  ex- 
tensive building  of  hard,  smooth,  all-year  highways,  the  ton- 
nage of  branch  line  roads  will  be  very  seriously  affected,  and 
in  my  opinion  this  problem  should  from  now  on  engage  the 
attention  and  induce  careful  investigation  by  the  engineering 
departments  of  railroads,  whose  managers  are  looking  to  the 
future  and  the  economical  handling  and  transportation  of 
freight. 

There  are  at  present,  approximately  0,000,000  passenger 
motor  cars  in  the  United  States.  Conservative  estimates 
place  the  passenger  mileage  of  automobiles  in  the  United 
States  at  45,000,000,000  per  annum.  Commercial  motor  cars 
increased  from  GO.OOO  in  1912  to  approximately  fiOO,000  in  1918. 
The  mileage  for  all  kinds  of  commercial  motor  cars  is  now 
estimated  at  5,000,000,000  ton  miles  per  year.  It  is  estimated 
there  will  be  in  use  at  the  end  of  the  next  10  years  20,000,000 
passenger  and  5,000,000  commercial  motor  cars.  Surely  the 
above  figures  should  cause  railroad  officials  more  than  casual 
concern  and  lead  to  consideration  of  the  matter  of  short  line 
hauls  from  the  highway  viewpoint. 

Highway  engineering  today  differs  little  from  railway  en- 
gineering. The  same  fundamental  principles  are  involved  in 
the  original  design  of  both,  viz.:  Alignment,  grades,  curves, 
drainas^e  of  subgrade,  bridges,  superelevation  of  curves,  etc. 
There  must  also  be  traffic  regulations  and  signals,  danger 
signs,  distance  and  direction  markers,  etc.  Particular  atten- 
tion is  being  given  to  grades  and  curves,  especially  on  the 
New  Jersey  state  highway  system,  where,  except  in  very  hilly 
country,  .5  per  cent  grades  and  6°  curves  are  the  maximum. 

The  advent  of  the  swiftly  moving-motor  vehicle  soon  demon- 
strated that  the  earth  and  macadam  pavements  were  un- 
suitable and  uneconomical  for  that  class  of  traffic,  therefore 
the  most  durable  types  such  as  concrete,  stone  block,  asphalt 
and  brick  pavements  are  now  being  laid.  Light  foundations 
and  inadequate  drainage  are  the  most  fruitful  causes  of 
pavement  failure,  as  they  are  in  track  construction.  Systems 
should  be  provided  for  thorough  drainage  of  the  sub- 
foundation,     such     as     lateral     drains       under     the     pave- 

*From  an  address  before  the  New-  York  Chapter  of  the  American 
Association  of  Engineers. 
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ment,  leading  to  longitudinal  drains,  the.  construc- 
tion of  storm  sewers  on  a  grade  in  long  level  sec- 
tions: and  the  construction  ot  side  ditches  and  gutters.  In  the 
preparation  of  subfoundation.  all  areas  of  permanent  satura- 
tion are  removed  and  replaced  with  coarse  sand  or  broken 
stone  placed  directly  beneath  the  pavement.  Experience  Is 
developing  the  fact  that  concrete  provides  the  most  durable 
and  lasting  foundation  under  heavy  traffic.  It  is  being  used 
in  rapidly  increasing  amount  as  a  pavement  and  as  a  founda- 
tion for  other  types  of  pavement. 

On  country  and  interurban  highways,  graded  widths  from 
gutter  to  gutter  are  not  less  than  30  ft.  and  the  hard  pave- 
ment not  less  than  18  ft.,  widening  to  24  to  30  ft.  where  sev- 
eral roads  converge,  or  when  approaching  large  cities.  All 
curves  exceeding  3°  are  superelevated,  as  in  railroad  practice, 
in  accordance  with  a  formula  devised  for  the  purpose  and 
based  on  a  speed  of  30  miles  per  hour,  though  some  of  our 
banked  curves  have  been  driven  at  CO  miles  per  hour,  pre- 
sumably because  the  driver  liked  the  sensation  of  rounding 
a  curve  at  high  speed  without  the  effort  of  resisting  the  over- 
turning force. 

Laws  of  most  eastern  states  permit  gross  loads  of  from 
24,000  to  30,000  lb.  on  trucks,  therefore  bridges  are  being  de- 
signed for  20-ton  loads,  assuming  75  per  cent  of  the  load  as 
being  on  the  rear  axle. 

Rapid  increase  in  use  of  motor  vehicles  makes  pertinent  the 
question  as  to  whether  we  are  building  pavements  sufficiently 
wide  and  foundations  sufficiently  heavy.  The  first  is  a  matter 
of  local  finances:  the  second  is  one  which  can  be  determined 
only  by  experience  and  observation,  extended  over  a  period  ot 
years.  On  our  most  heavily  traveled  route,  that  between 
Newark  and  Trenton,  we  are  laying  a  concrete  pavement  8  in. 
thick  at  the  sides  and  101/2  ins.  at  the  center.  On  all  othei 
routes  the  pavement  is  being  laid  6  in.  at  the  sides  and  8%  in. 
at  the  center.  It  is  believed  these  will  suffice  for  15  or  20 
years. 

A  comprehensive  system  of  marking  the  highways  with  dan- 
ger, distance  and  direction  markers  is  being  installed  to  en- 
able the  motorist  to  travel  from  place  to  place  with  conven- 
ience and  safety,  if  be  will  but  observe  the  traffic  regulations 
and  ordinary  courtesy  to  others. 

Highway  and  highway  transportation  engineering  offer  a 
broad,  promising  field  to  young  engineers  in  the  future. 
There  are  objections  to  employment  in  public  service,  the 
principal  one  being  uncertain  tenure  of  office,  due  to  changing 
political  administrations,  but  it  is  within  the  power  of  the  en- 
gineers of  this  country,  by  united  and  persistent  effort,  by 
educational  propaganda,  the  exercise  of  tact,  good  judgment 
and  constant  adherence  to  the  high  ideals  which  actuate  99 
per  cent  of  our  engineo's  to  so  mold  public  opinion  that  within 
a  very  few  years  the  civil  engineer  may  attain  the  social  and 
economic  status  which  are  rightfully  his.  especially  in  the  ad- 
ministration of  public  business  and  affairs.  To  most  en- 
gineers, the  idea  of  mixing  or  entering  into  politics  is  repug- 
nant, but  the  present  political  system  and  the  appointment 
and  election  of  misfits  and  unfits  will  continue  until  the  peo- 
ple of  this  great  nation  are  educated  to  demand  trained,  ex- 
perienced, practical  men  for  the  conduct  ot  public  affairs. 


Engineers  Resent  1916  Basis 
for   1919  Salaries 


Federal  Aid  Road  Projects. — Pennsylvania  had  first  place  in 
the  number  of  statements  approved  during  July,  the  amount 
of  Federal  aid  allowances,  and  the  estimated  cost  of  roads 
to  be  constructed,  while  Nebraska  turned  in  the  greatest 
mileage.  Seventeen  projects  in  Pennsylvania  approved  will 
cost  $4,607,028.41  for  which  the  Federal  aid  is  $1,968,997.40. 
Ohio  with  12  projects  came  next  to  Pennsylvania  in  the  num- 
ber approved  and  in  the  estimated  cost  of  the  roads  to  be 
improved,  and  third  in  the  amount  ot  Federal  aid.  Okla- 
homa's two  projects  occupy  third  place  for  the  month  in  the 
estimated  cost  of  the  roads  and  second  in  the  amount  of  Fed- 
eral aid  allowance.  This  State  leads  the  country  in  tlie  size 
of  a  single  project  handled  in  July.  It  is  estimated  to  cost 
$1,271,555  for  which  $600,000  Federal  aid  is  allowed.  In  the 
record  of  approvals  tor  the  month  of  August  Arkansas  oc- 
cupies first  place  in  the  estimated  cost  and  mileage  ot  proj- 
ects and  in  respect  to  the  largest  project.  Minnesota  is  first 
in  the  total  number  ot  projects  approved,  namely  11,  and  sec- 
ond in  the  amount  of  Federal  aid  allowances.  Pennsylvania 
received  the  largest  amount  of  Federal  aid  and  her  six  ap- 
proved projects  come  second  in  the  estimated  cost  ot  the 
roads. 


"Adverse  criticism  has  been  offered  by  individuals  and 
organizations  representing  the  engineering  profession  in  the 
United  States  to  the  recommendations  for  the  classification 
of  employees  in  the  Canadian  civil  service  made  by  the  ac- 
counting firm  of  Arthur  Young  &  Co.,  of  Chicago,  Toronto 
and  New  York." 

This  we  learn  from  the  Engineering  News-Record  of  Sept. 
25,  and  as  we  continue  reading  the  account  of  the  report,  we 
wonder  that  so  mild  a  term  as  "adverse  criticism"  is  the 
limit  of  quoted  opinion.  The  News-Record  takes  up  an 
analysis  of  the  report  made  by  a  member  of  the  Federal 
Government  Section  of  the  Engineering  Council  Committee 
on  Classification  and  Compensation  of  Engineers  as  follows: 

"The  Canadian  report  is  published  in  two  parts.  The  first 
part,  a  volume  of  82  pages,  describes  the  principles  and  the 
methods  underlying  the  classification,  and  the  second,  a  vol- 
ume of  678  pages,  contains  what  is  called  the  'classification.' 

"The  Canadian  report  bases  salaries,  not  upon  living  costs 
at  the  time  the  classification  was  made,  but  upon  what  would 
have  been  normal  conditions  for  1918  had  the  tendencies  of 
the  period  prior  to  the  war  continued  and  had  the  war  not 
occurred.  Under  the  heading,  'The  Principles  and  Policies 
Adopted  as  a  Basis  for  the  Recommended  Schedules  of  Com- 
pensation,' in  Part  1  ot  the  Canadian  classification,  is  the 
following: 

"5.  That  the  salaries  proposed  should  not  be  based  on  the 
depreciated  value  ot  the  dollar  of  the  present  time  as  meas- 
ured by  the  abnormally  high  costs  of  the  necessities  of  lite 
that  have  developed  as  a  result  ot  the  war.  Conditions  are 
now  not  stable.  Economic  conditions  the  world  over  are  in 
an  unsettled  and  uncertain  state,  and  to  found  a  salary  re- 
vision on  what  may  prove  to  be  temporary  conditions  might 
involve  the  necessity  of  a  downward  revision  when  conditions 
return  toward  the  normal.  On  the  strength  of  these  consid- 
erations it  was  decided  to  base  the  general  level  ot  the  salary 
schedules  on  what  would  have  been  normal  conditions  tor  1918 
had  the  tendencies  of  the  period  prior  to  the  war  continued 
and  had  the  war  not  occurred." 

This  curious  attempt  to  find  a  basis  for  present  day  prices 
or  charges  by  a  projection  of  trend  curves  from  the  period 
prior  to  the  World  upheaval  is  observable  in  other  places 
than  the  Young  report.  Certain  valuation  engineers  are 
doing  exactly  the  same  thing  in  determining  unit  prices  for 
their  appraisals.  Presumably  those  who  follow  this  course 
base  Iheir  action  upon  a  belief  that  history  is  about  to  turn 
aside  into  the  channel  it  was  following  6  years  ago.  but  frankly 
we  can  see  no  justification  whatever  for  such  a  belief.  That 
present  conditions  are  unstable  none  can  deny;  but  that  there 
will  be  a  reversion  to  substantially  the  old  order  seems  to 
us  to  be  a  most  improbable  outcome.  In  fact  any  attempt 
at  close  prediction  of  these  matters  requires  an  amazing 
temerity. 

In  the  meantime  the  salaried  man  Is  living  in  1919.  under 
1919  conditions — not  under  the  conditions  of  1920  or  1921, 
whatever  those  shall  be — but  on  the  chance  that  there  may 
be  reductions  at  an  indefinite  future  time,  the  Young  report 
asks  that  salaries  as  ot  1914  be  made  to  bear  the  burden  ot 
50  per  cent  to  100  per  cent  increases  in  living  costs,  instigated 
by  the  recommendation  of  a  bonus  of  indefinite  amount.  It 
does  not  require  years  to  bring  the  sufferings  of  penury  upon 
a  family,  or  to  dissipate  the  savings  of  half  a  lifetime  of  in- 
dustry and  frugality.  The  carrying  out  of  the  recommenda- 
tion of  the  Young  report  must  inevitably  add  to  the  social 
and  economic  unrest.  ■  Among  those  injured  by  it  there  will 
be  the  feeling  that  the  world  is  selfishly  against  them,  and 
will  take  what  it  can,  ergo:  "We  will  take  what  we  can." 
Such  thoughts  breed  Bolshevism  in  the  hope  of  a  remedy,  or 
lawlessness  in  the  despair  of  one. 

But  in  the  statement  that  "fairness  to  the  employee  re- 
quires that  the  compensation  should  permit  him  to  maintain 
a  standard  ot  living  such  as  to  make  for  the  good  of  society 
and  posterity,"  the  report  lays  claim  to  justice,  and  quotes 
the  report  of  the  Bureau  of  Labor  Statistics  for  the  District 
of  Columbia  to  the  effect  that  "this  would  indicate  that  a' 
minimiim-of-comfort  budget,  according  to  the  practices  and 
standards  of  domestic  economy  prevailing  in  Washington  in 
1916,  must  be  about  $1200.  Since  1916  the  cost  ot  the  neces- 
sities ot  decent  living,  weighed  according  to  importance  In 
the  family  budget,  has  advanced  approximatelv  50  per  cent. 
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This  indicates   that  an  identical  standard  of  decency  cannot 
be  purchased  for  less  than  $1800  today." 

Commenting  upon  this  report,  an  engineer  said: 

"No  data  are  available  tor  comparing  living  costs  in  Canada 
and  here.  Presumably  they  are  somewhat  less  there.  How- 
ever this  may  be,  in  the  Canadian  classification  TOO  classes 
and  subclasses,  or  35  per  cent,  have  a  minimum  salary  rat- 
ing o£  $1200  or  less,  and  500,  or  over  25  per  cent  have  $1000 
or  less.  Even  if  we  assume  that  a  reasonable  living  wage  in 
Canada  in  1916  was  $1000,  as  compared  with  $1200  in  the 
District  of  Columbia,  the  rise  in  price  levels  would  make 
$1540  the  living  w^age  in  Canada  in  these  years.  Of  the  1970 
classes  and  subclasses,  nearly  1,100,  or  56  per  cent,  have  a 
minimum  salary  rating  of  less  than  $1540  per  year — that  is. 
in  1918  and  1919  would  not  have  paid  a  living  wage  to  a  family 
of  five.  While  undoubtedly  many  of  the  lowest  grades  carry 
subsistence  or  other  perquisites  in  addition  to  the  salary, 
such  a  provision  is  not  likely  to  affect  many  grades  above 
$1000.  or  materially  to  change  the  proportion  of  classes  which, 
all  compensations  included,  receive  less  than  $1540  per  an- 
num." 

Arthur  S  Tuttle,  chairman  of  Engineering  Council's  Com- 
mittee on  Classification  and  Compensation  of  Engineers,  in 
a  recent  letter  to  Secretary  Flinn  finds  that  the  Canadian 
report  "is  open  to  serious  criticism  on  the  ground  that  it  fails 
to  group  engineering  service  along  orderly  lines,  that  it  pro- 
vides too  narrow  limits  for  promotions  within  a  grade,  and 
that  the  compensation  proposed  for  all  grades  is  inadequate 
for  the  service  rendered." 

"The  report  states  that  the  compensation  proposed  are  in 
tended  for  'normal  times'  and  that,  pending  restoration  of 
such  time,  the  rates  recommended  should  be  'supplemented 
by  a  bonus,'  but  no  information  appears  as  to  the  magnitude 
of  the  bonus. 

"From  my  .study  of  the  report  it  would  appear  that  the 
groups  and  ranges  of  compensation,  tabulated  as  far  as  prac- 
ticable under  the  classification  tentatively  proposed  by  Engi- 
neering Council's  Committee  are  about  as  indicated  in  the 
table:" 

TABUI>ATrON    OF    TITIjES    AXD    ."^ALAPvIES    FOR    KNGINEERS 
IN  CANADIAN  CIVn>  SERVICE  REPORT  PNDER  CLASSI- 
FICATION" PRliI'iiSETi  P,Y  COMMITTEE   OF  EN- 
GI.XEKIUNG  C(  U'NCIL. 
Tentative    Classi- 
fication of  Positions 
in   State  and  Mu- 
nicipal  Service 
P'l'oposed  by  En- 
gir^^-'rins:'  Council's 
Committee    on 
State   and   Mu- 
nicinal   Service. 
Con.sul  ting"  engineer 


Salary    Ran^e    Proposed 
for  Canadian  Service. 


-Usual- 
=='  Min.     Max. 
1  $6,000    


-Extreme^ 
Min.     Max. 


Chief       engineer 
(major   work)    , . 


Chief       engineer 
(minor   work)    ., 


5    fi.OOO 


"    .3,900  $4. soil 


Qualifications 

Proposed   for 

Canadian  Service. 

Professional    Engr. 

12  yrs.'  exper.     (7 

in  charge) 

$t.W0     Professional    Engr. 

7-12    yrs.'    exper. 
(3  to  7  in  charge) 

3, BOO  $6,000  Professional  Engr. 
7-12  yrs..'  exper. 
f3  to  7  in  charge) 


deputy    

8 

3.900 

4.800 

3.600 

5.700 

Professional  Engr. 
7-12    jTs."    exper. 

f3  to  7  in  charge) 

Engineer    

37 

3.300 

4.020 

3.000 

4,500 

Professional  Engr. 
5-10  yrs.'  exper. 
(2  to  5  in  charge) 

Senior         assistant 

engineer    

40 

2.640 

3.000 

2.400 

3,480 

Professional  Engr. 
3  years'  exper. 
(2  to  3  in  charge) 

A.ssistant    engineer 

23 

2,100 

2,580 

2.040 

3,120 

Professional  Engr. 
3  yrs.'  experience 

Junior  assistant   . . 

1.5 

1,680 

2.040 

1.680 

2,160 

Professional  Engr. 
2  yrs.'  experience 

Senior   draftsman.. 

Inclui 

ded  in 

professional  service 

Draftsman     

S 

1,260 

1,560 

3  years'  experience 

.Tunior  diaftsman.. 

4 

900 

1.200 

2  years'  experience 

Chief       instrument 

man    

Included  in 

profess 

ional  sarvice 

Instrument  man   . . 

5 

1.260 

1.560 

3  years'  experience 

Rodman    

4       000     1.200     

lided  in  proposed  Can; 

adian 

2  years'  experience 

•No.   of  titles  pro' 

classification. 

Big  Federal  Aid  Road  Jobs. — Among  the  special  features 
of  the  recent  Federal  aid  road  record  as  kept  by  the  United 
States  Department  of  Agriculture,  are  three  road  projects  to 
cost  over  $1,000,000,  one  of  them  over  $2,000,000.  On  a  Mas- 
sachusetts project,  a  short  concrete  road,  the  estimated  cost 
is  at  the  rate  of  $127,864  a  mile.  This  is  the  highest  average 
cost  per  mile  so  far  shown  in  any  Federal  aid  road.  A  bi- 
tuminous brick  or  concrete  road  in  Ohio  will  average  $67,716 
a  r'ilp- 


Kentucky   Practice    in    Construc- 
tion of  Water  Bound  Macadam* 

By  jM.  D.  ROSS. 
Division  Engineer,  Department  of  Public  Roads,  Newport,  Ky. 
The  well  known  characteristics  of  a  properly  constructed 
water-bound  macadam  road  are:  A  well  drained,  carefully 
shaped  and  thoroughly  compacted  subgrade;  properly  shaped 
shoulders  and  ditches  to  insure  the  removal  of  surface  water, 
and  a  layer  of  thoroughly  compacted,  properly  bonded  crushed 
stone,  the  surface  of  which  has  been  well  keyed  together  by 
rolling  so  that  it  represents  a  compact  mass  of  stone  of  suffi- 
cient size  to  bear  the  loads  that  will  pass  over  it  without 
crushing,  and  in  which  the  stones  are  mechanically  locked  to- 
gether by  rolling  and  held  in  place  by  means  of  dust  from  the 
crushed  stone  which  has  been  worked  into  the  crevices  be- 
tween the  stone  by  means  of  water  and  rolling. 

General  Considerations  Regarding  Grade  and  Drainage. — 
As  a  properly  constructed  water-bound  macadam  road  is  a 
costly  investment,  careful  consideration  should  be  taken  ta 
make  the  important  features  permanent.  The  fixing  of  the 
maximum  grade  will  be  governed  hy  at  least  two  conditions: 
one  the  amount  of  the  load  that  can  be  hauled  over  the  grade, 
and  the  other  the  cost  of  maintenance.  It  has  been  conclu- 
sively demonstrated  that  grades  should  not  exceed  5  per  cent, 
on  the  other  hand  when  possible,  there  should  be  enough 
grade  to  secure  ample  drainage. 

Great  care  should  be  taken  to  see  that  all  drainage  is  such 
as  will  not  cause  failure  of  the  road.  If  the  subgrade  becomes 
water  soaked  it  should  be  drained  by  means  of  tile  subdrain. 
The-  side  ditches  should  be  ample  to  carry  the  heaviest  flow 
of  water  and  a  wide  shallow  ditch  is  preferable  to  a  deep 
narrov.-  one:  they  are  much  easier  to  construct,  cheaper  to 
maintain  and  are  not  dangerous  to  traffic.  All  ditches  should 
drain  to  a  natural  drainage  point,  through  a  culvert  and  away 
from  the  i-oad. 

Width  of  Macadam. — A  well  constructed  macadam  road  will 
have  a  width  of  at  least  26  ft.  from  center  to  center  of  ditch 
in  cuts,  and  at  least  20  ft.  from  outside  to  outside  of  shoulders 
on  fills,  fi.auring  9  to  14  ft.  of  metal.  At  this  point  we  will 
consider  carefully  the  width  of  metal  that  should  be  used. 
This  question  is  a  much  discussed  one,  some  states  have 
adopted  14  ft.  as  the  least  width  of  stone  surface,  some  12  ft. 
and  some  9  ft.;  the  width  required  depends  altogether  upon 
the  amount  of  travel.  For  a  good  many  of  our  roads  in  Ken- 
tucky 9  ft.  of  metal  with  a  graded  width  of  20  to  26  ft.  is 
ample.  Of  course,  a  9  ft.  metal  road  will  not  allow  two 
vehicles  to  pass  on  the  stone  surface,  but  there  are  sections 
in  some  counties  where  it  is  comparatively  seldom  that  two 
heavily  loaded  wagons  have  to  pass,  and  where  they  do  the 
shoulders  offer  a  surface  harder  and  firmer  than  the  usual 
country  road.  This  should  be  the  minimum  width  and  is  only 
recominended  where  the  heavy  traffic  is  mostly  in  one  di- 
rection. On  the  other  hand,  roads  that  are  important  and 
have  considerable  traffic  in  both  directions,  should  never  have 
less  than  14  ft.  of  metal.  This  will  allow  two  vehicles  to  pass 
each  other  safely,  and  if  suitable  earth  shoulders  are  built  on 
each  side  automobiles  will  have  no  trouble  passing.  If  the 
stone  is  less  than  14  ft.  wide,  there  is  a  likelihood  that  the 
edges  of  the  macadam  will  be  sheared  off  by  the  wheels.  The 
Kentucky  Department  of  Public  Roads  has  figured  that  any 
width  less  than  14  ft.  is  waste  of  money  and  of  little  value, 
unless  the  surface  is  reduced  to  single  track  of  9  ft. 

Construction  Equipment. — In  considering  the  construction 
of  a  waterbound  macadam  road  the  section  used  will  be  a  14 
ft.  metal  surface.  The  equipment  used  in  addition  to  picks, 
shovels  and  ordinary  implements  are  a  heavy  construction 
plow  for  loosening  the  earth,  wheel  scrapers  for  filling  the 
low  places  and  w-agons  for  moving' the  earth  any  distance. 
Bottom  dump  or  spreading  wagons  w^ill  save  money,  as  they 
are  used  to  advantage  in  spreading  the  stone,  and  often  elim- 
inating handling  the  stone  twice.  A  scraping  grader  or  road 
machine  will  be  especially  needed  for  shaping  the  subgrade, 
ditchoB.  etc.  A  steam  roller  of  at  least  10-ton  size  is  indis- 
pensable in  the  construction  of  a  modern  road,  both  for  pre- 
paring the  subgrade  and  rolling  the  broken  stone.  Water 
plays  a  large  part  in  making  the  stone  cement  together  so  a 


•From   a   paper   presented   at   the   1919   Road    School  at   the   Uni- 
versity of  Kentucky. 
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watering  cart  or  sprinkler  of  about  500-gal.  capacity  should 
be  secured.  The  tires  on  it  should  be  extremely  wide  and 
the  sprinkling  arrangement  should  be  such  that  the  water  will 
be  sprayed  on  to  the  crushed  stone  in  a  gentle,  full  and  evenly 
distributed  stream. 

Unless  it  is  cheaper  to  have  the  stone  shipped  from  some 
regular  quarry,  or  unless  there  is  no  suitable  local  stone 
available,  a  portable  crushing  outfit  should  be  provided,  con- 
sisting of  a  boiler,  an  engine,  the  crusher,  and  portable  bins 
with  a  rotary  screen  and  elevator  to  receive  the  stone  from  the 
crusher  and  to  lift  it  into  the  screen  from  whence  the  different 
sizes  are  discharged  into  their  respective  bins.  The  crusher 
should  be  so  arranged  that  the  stone  can  be  dumped  on  a  plat- 
form Duilt  around  the  mouth  of  the  crusher,  so  that  the  stone 
can  be  fed  into  the  crusher  without  further  lifting,  and  the 
bins  should  be  so  arranged  that  the  crushed  stone  may  be 
loaded  into  the  wagons  by  gravity.  The  plant  should  be  lo- 
cated as  centrally  as  possible  to  the  work,  if  possible  the 
crushed  stcne  should  not  be  hauled  over  a  mile,  yet  at  the 
same  time  it  must  be  convenient  to  water,  as  a  great  amount 
is  needed  for  the  boiler.  The  size  of  the  crusher  should  be 
such  that  the  output  will  be  from  To  to  100  cu.  yd.  daily,  as 
the  roller  can  easily  roll  this  much  each  day. 

Preparation  of  SuDgrade. — Considering  all  fills  and  cuts  hav- 
inir  been  made,  and  the  subgrade  roughly  prepared,  then  all 
spongy  materials,  vegetable  matter,  roots,  stumps,  etc.,  should 
be  carefully  removed  from  the  roadway;  nothing  should  be 
used  but  sound  earth.  The  cross-section  of  the  surface,  slope, 
etc.,  is  as  follows: 

In  cuts  the  side  slopes  should  be  at  least  1  to  1  and  for  a 
14-ft.  metal  surface  the  width  between  center  of  ditches  should 
be  26  ft.,  which  includes  14  ft.  of  metal,  3  ft.  for  each  shoulder 
and  3  ft.  to  the  center  of  each  ditch. 

The  slope  of  metal  surface  should  be  %  to  %  in.  vertical  to 
1  ft.  horizontal,  the  3  ft.  from  the  edge  of  shoulder  to  center 
of  ditch  should  have  a  fall  of  4  in.  to  1  ft.,  a  total  for  3  ft.  will 
be  1  ft.  depth  of  ditch.  The  only  difference  in  section  for 
fills  is  the  3  ft.  slope  from  shoulder  will  run  from  3  to  1  slope 
into  1%  to  1  slope,  all  fills  will  naturally  slope  1%  to  4. 
making  the  total  width  from  outside  to  outside  edge  of 
shoulder  20  ft. 

In  preparing  the  subgrade  for  the  broken  stone  it  trench 
excavation  is  adopted  most  of  the  dirt  to  be  moved  in  making 
this  trench  can  be  plowed  and  thrown  out  with  an  ordinary 
road  grader  at  small  expense.  The  width  of  the  trench  should 
be  the  same  as  that  of  the  macadam,  or  14  ft.  and  the  depth 
the  thickness  of  the  bottom  course  of  macadam. 

Usually  in  constructing  the  subgrade  with  proper  use  of 
the  road  grader  having  the  blade  at  such  an  angle  as  to  cut 
half  the  required  width  of  surface  to  be  metaled,  sufficient 
material  is  left  on  the  side  to  form  the  shoulder  for  the  ma- 
cadam; this  subgrade  can  be  properly  crowned  and  brought 
to  the  proper  cross  section  by  adjusting  the  blade  to  the  right 
angle. 

After  the  subgrade  is  shaped  to  the  approximate  cross  sec- 
tion it  should  be  rolled  thoroughly  until  it  is  hard,  firm  and 
smooth.  If  soft  places  are  found  or  depressions  develop  dur- 
ing the  rolling,  more  good  material  should  be  put  on.  Re- 
member that  the  subgrade  should  be  shaped  and  rolled  prop- 
erly as  bumps  and  hollows  left  in  the  subgrade  will  show  up 
in  each  succeeding  course.  After  the  subgrade  is  made  it  is 
very  important  to  have  drains  cut  through  the  shoulders  (at 
intervals  of  50  ft.)  to  the  side  ditches.  This  may  save  many 
days  work  and  will  keep  the  subgrade  dry  when  otherwise  it 
would  be  flooded  at  every  rain. 

After  the  roadway  has  been  graded  with  reasonable  care, 
the  surface  upon  which  thp  broken  stone  is  to  be  placed,  must 
be  hard,  smooth,  and  carefully  crowned  to  the  same  section 
as  the  finished  roadway  will  assume. 

Bottom  Course  of  Stone. — After  the  subgrade  has  been  pre- 
pared for  a  few  hundred  feet,  the  spreading  of  the  first  course 
o£  stone  should  be  commenced.  This  ordinarily  consists  of 
stone  broken  to  sizes  of  from  ^4  in.  to  3%  in.,  and  should 
never  be  larger  than  3;-^  in.  for  our  ordinary  local  limestone. 
In  macadam  construction  where  harder  rock  exists  the  maxi- 
mum dimension  is  limited  to  3  in.  This  is  because  the  soft 
stone  will  often  crush  under  the  roller  to  a  greater  extent 
than  the  harder.  Any  stone  larger  than  3%  in.  in  any  di- 
mension should  be  broken  with  a  napping  hammer.  Stone 
for  the  first  course  need  not  be  of  especial  hardness  or  tough- 
ness. Ordinary  limestone  of  any  kind  may  be  used.  The 
thickness  of  the  course  varies  with  the  local  conditions.  For 
the  average  waterbound  macadam  road  in  Kentucky  a  thick- 


ness  of  t  in.  loose  will  be  the  average,  and  should  be  mostly 
used.  A  course  of  6  in.  can  be  thoroughly  rolled  with  a  10 
or  12-ton  road  roller.  Any  thickness  over  this  is  not  advised 
as  it  cannot  be  consolidated  properly. 

This  course  should  consist  of  a  single  layer  of  stone  spread 
uniformly  on  the  subgrade.  The  metal  should  be  dumped  on 
dumping  boards,  unless  spreading  wagons  or  trucks  of  ap- 
proved type  are  used.  In  spreading  stone  care  should  be 
taken  to  secure  the  required  thickness  and  no  more;  the 
tendency  seems  always  to  use  an  excess  amount.  One  way 
to  prevent  this  excess  is  the  use  of  wooden  blocks  about  6  in. 
square  with  a  height  equal  to  the  required  thickness  of  the 
loose  layer.  These  blocks  should  be  used  on  each  side  and 
the  center,  and  the  stone  should  then  be  leveled  carefully  to 
the  top  of  these  blocks.  It  is  very  important  to  have  a  good 
man  in  charge  of  the  spreading  as  proper  and  economical 
spreading  in  many  cases  makes  a  saving  of  hundreds  of  yards 
of  material  per  mile. 

After  100  ft.  or  more  of  the  first  course  of  stone  is  spread 
and  carefully  shaped  the  rolling  should  commence.  In  rolling, 
there  is  one  thing  to  remember:  always  roll  the  sides  first. 
and  when  both  sides  are  firm  work  gradually  towards  the  cen- 
ter. This  insures  a  uniform  compacting  of  the  stone.  Finally 
roll  until  the  whole  surface  has  been  rolled  with  the  rear 
wheels,  then  there  is  no  danger  of  spreading  the  stone.  The 
roller  should  run  as  nearly  parallel  to  the  center  line  of  the 
roadway  as  possible.  If  this  rule  is  not  followed  the  roller 
will  mash  the  stone  out  flat  and  spoil  the  crown.  There  is 
no  set  rule  as  to  how  much  the  stone  should  be  rolled.  Ex- 
perience will  soon  teach  how  much  to  roll  any  particular  kind 
of  stone.  Granite  and  other  hard  stone  require  more  rolling 
than  do  limestones,  and  in  general  the  harder  the  stone  the 
more  rolling  is  required.  In  testing  the  stone  to  see  if  it  has 
been  thoroughly  rolled  one  should  be  able  to  walk  on  it  with- 
out causing  much  movement  of  the  stone  except  just  under 
the  feet. 

.\11  irregularities  and  depressions  which  may  develop  should 
be  corrected  with  additional  metal  as  the  rolling  progresses 
and  the  whole  surface  should  be  thoroughly  compacted  after 
such  additions  and  corrections  so  that  it  is  firm  and  true  to 
the  grades  and  cross-sections.  Screenings  of  sizes  ranging 
from  %  in.  lo  dust  should  be  spread  with  shovels  from  piles 
along  the  roadside  and  in  no  case  should  the  screenings  be 
dumped  on  the  surface.  Screenings  should  be  spread  in  thin 
layers  and  each  layer  rolled  dry,  this  process  being  continued 
until  the  screenings  are  slightly  below  the  surface  of  the 
rolled  metal.  Excess  screenings  should  be  scattered  with 
brooms. 

Upper  Course. — In  deciding  upon  the  size  of  the  pieces  of 
stone  to  be  used  for  the  upper  layer  of  a  waterbound  ma- 
cadam road,  the  things  to  be  taken  into  consideration  are 
the  quality  of  stone  available  for  use.  the  amount  of  traffic, 
and  the  weight  and  character  of  the  loads  which  will  pass 
over  the  surface.  With  a  road  surface  carrying  traffic  made 
up  of  a  great  many  heavily  loaded  horse-drawn  vehicles,  to- 
gether with  a  large  number  of  motor-driven  vehicles,  if  the 
pieces  of  stone  in  the  surface  of  the  road  are  so  small  that 
the  wheels  passing  over  them  crush  them  it  is  inevitable  that 
the  rapid  wear  will  result  and  the  road  will  be  destroyed 
quickly.  On  the  other  hand  it  the  surface  of  the  road  is  made 
of  large  pieces  of  stone  the  traffic  will  not  crush  them  nor 
even  wear  them  with  sufficient  rapidity  to  supply  fine  ma- 
terial to  fill  the  cracks  between  the  stone  and  keep  the  voids 
filled,  notwithstanding  the  action  of  the  elements  and  traffic. 
In  such  a  case  the  road  will  become  rough  and  uneven,  the 
surface  being  made  up  of  rounded  stones  which  project 
slightly  and  make  it  disagreeable  to  traffic.  Considering  this, 
it  has  been  found  with  the  limestone  available  in  Kentucky, 
the  size  ranging  from  1%  in.  to  3%  in.  is  most  satisfactory. 
When  stone  of  this  size  is  used  it  is.  of  course,  desirable  to 
have  the  surface  layer  made  up  of  fairly  uniform  pieces  and 
should  be  screened  as  closely  as  possible  to  these  sizes. 

The  upper  course  should  be  spread  with  blocks  to  a  depth 
of  4  in.,  loose  measurement,  as  after  careful  consideration  of 
the  quality  of  our  local  stone  and  traffic  conditions  this  thick- 
ness has  been  found  most  satisfactory.  This  course  must  be 
spread  the  same  width,  with  the  same  care  as  the  first  course 
and  rolled  in  the  same  manner.  In  commencing  to  roll  the 
second  course  the  outside  of  the  wheel  of  the  roller  should 
rest  half  on  the  shoulder  and  half  on  the  stone  so  as  to  keep 
a  uniform  cross  slope  to  both,  and  to  pack  the  shoulder  in 
order  to  keep  the  stone  from  spreading.  Whenever  possible 
the  shoulder -should  be  rolled  for  a  distance  of  at  least  2  ft. 
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from  the  stone,  at  this  period  of  the  road's  progress.  Roll  as 
before  from  the  sides  to  the  center  until  the  stone  is  firmly  in 
place  so  that  a  gentle  kick  will  scarcely  dislodge  a  stone  and 
the  surface  is  firm  and  even.  Any  depressions  or  bumps  in 
the  stone  should  be  level  or  filled  with  additional  stone  (of 
same  size  as  the  rest  of  the  course)  and  all  wheel  tracks 
smoothed  out  and  the  roller  run  over  such  places  until  the 
surface  is  hard  and  smooth. 

The  Binder  Course. — After  the  second  course  has  been  con- 
solidated to  the  proper  cross-section,  the  third  or  binder  course 
should  consist  of  stone  screenings  varying  from  %  in.  in  size 
to  dust.  Limestone  screenings  are  generally  used  in  this 
construction  as  the  same  material  comprises  the  other  courses, 
although  sand  and  gravel  has  been  used  for  binder  for  some 
rock  with  good  results.  The  screenings  should  be  spread 
from  wagons  or  from  piles  alongside  the  road.  They  should 
never  be  dumped  directly  on  a  stone  surface.  In  applying 
screenings  a  quick  jerky  motion  is  necessary,  so  that  a 
shovelful!  goes  over  a  large  area.  They  should  be  spread  in 
thin  layers,  and  each  layer  rolled  dry,  this  process  being 
continued  until  t!ie  screenings  are  flush  with  and  not  above 
the  top  of  the  rolled  metal.  If  screenings  are  spread  before 
the  sto];e  has  been  thoroughly  rolled  they  only  serve  to  sepa- 
rate the  larger  stone.  The  resulting  surface  is  made  up  of 
individual  stones  set  in  pockets  of  screenings  and  is  not  as 
durable  as  one  made  of  stone  firmly  locked  together  by  roll- 
ins  before  any  screenings  are  spread.  All  excess  screeningu 
should  be  scattered  with  brooms. 

After  spreading  the  screenings  the  road  should  be  thor- 
oughly sprinkled  with  water  from  the  sprinkler  to  wash  the 
screenings  into  the  voids  in  the  stone.  Water  thoroughly 
until  it  bubbles  and  flushes  or  rises  to  the  surface  as  this 
shows  that  the  voids  in  the  stone  have  been  properly  filled. 
Follow  the  sprinkler  with  the  roller  and  roll  well,  sprinkle  and 
roll  until  the  roller  following  close  behind  the  sprinkler  has  a 
wave  of  water  continualy  going  before  the  wheels.  This  flush- 
ing may  cause  the  dust  to  settle  and  bare  spots  to  show  up; 
cover  these  with  more  screenings,  wet  and  roll  until  the  sur- 
face is  firm  and  hard  and  uniformly  covered  with  a  thin  coat 
of  dust.  Don't  make  the  mistake  of  using  too  much  screen- 
ings. If  more  than  just  enough  to  fill  the  voids  and  cover 
surface  is  used,  it  will  cause  ruts  under  traffic  and  water 
standing  in  them  will  soften  the  surface  and  the  result  will 
be  destruction  of  the  road.  After  a  section  of  road  has  been 
flushed  and  finished  as  above  described,  it  should  be  left  to 
set  and  dry  out  and  then  be  watered  and  rolled  so  as  to 
make  a  thorough  bonded  surface.  The  surface  when  com- 
pleted should  present  a  granular  surface  with  no  excess  of 
screenings  and  should  be  so  hard  that  a  piece  of  rock  will 
crush  beneath  the  roller,  before  penetrating  the  surface. 

When  a  section  of  road  is  finished  the  road  grader  should 
be  used  to  go  over  the  shoulders  and  all  surplus  dirt  removed 
until  the  road  has  as  nearly  as  possible  the  cross  section 
that  the  finished  road  should  assume.  By  setting  the  blade 
to  the  proper  slope,  this  can  be  readily  done  with  little  ex- 
pense When  the  finished  macadam  road  (with  6  in.  of  loose 
metal  for  first  course  and  4  in.  for  second  course)  is  prop- 
erly rolled  and  bonded,  it  results  in  a  compact  mass  of  metal 
approximately  7  in.  thick.  It  has  been  figured  that  7  in. 
compacted  metal  built  on  a  proper  sub-grade  is  suflicienf  to 
take  care  of  the  average  trafiic.  The  method  of  constructmg 
a  macadam  road  as  outlined  above,  will  be  found  in  the  Gen- 
eral Specifications  eotten  out  by  the  Kentucky  Department 
of  Public  Roads,  and  if  followed  closely  the  best  results  will 
be  obtained. 


Michigan  State  Roads  Under  Contract.— During  the  past 
two  years  the  State  Highway  Department  of  Michigan  has 
approved  contracts  for  the  construction  of  706  miles  of  state 
trunk  line,  Federal  aid  and  Covert  act  roads,  representing  a 
total  expenditure  of  $8,37S,.in9.  Since  July  3,  1919,  the  de- 
partment has  authorized  the  construction  of  181  miles  of 
state  trunk  line  road  at  a  cost  of  $2,207,.5O5.87.  The  total 
awarded  under  the  Covert  act  since  Aug.  2.  1917,  is  324. -t 
miles  at  cost  of  $3,317,710.14.  while  the  Federal  aid  con- 
tracts authorized  since  Sept.  29.  1917.  call  for  the  construc- 
tion of  201  miles  at  a  cost  of  $2,853,293. 


$1,000,(X)O  Road  Contract.— Dallas  County,  Texas,  will  soon 
call  for  bids  on  a  road  contract  calling  for  an  expenditure  of 
about  $1,000,000. 
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Reflections  on  Engineering  and 
Education* 

By  JOHN  F.  HAYFORD. 
Engineering  is  the  foundation  of  our  present  civilization. 
Please  note  that  I  have  not  said  that  engineering  is  our 
present  civilization.  Civilization  is  the  whole  structure,  or 
perhaps  1  should  say  it  is  the  superstructure.  All  of  those 
things,  ideas,  ideals,  which  men  think  of  as  civilization,  are  in 
the  superstructure  which  could  not  have  been  built  so  large 
or  so  well  without  the  foundation,  engineering.  The  super- 
structure, civilization,  would  fall  if  it  were  not  for  the  solid 
foundation,   engineering, — applied   science. 

The  important  point  to  keep  in  mind  is  that  without  the 
foundation,  engineering,  man  does  not  have  the  time  or 
energy  to  develop  and  maintain  our  present  type  of  civiliza- 
tion. Without  the  engineering  he  cannot  have  the  civiliza- 
tion. With  it  he  has  the  possibility  of  becoming  civilized, 
and  history  shows  that  he  ordinarily  makes  much  progress 
along  that  line. 

The  engineer  who  knows,  and  feels,  that  engineering  is  the 
foundation  which  carries  the  superstructure,  our  present 
civilization,  which  is  something  higher  and  better  than  the 
foundation,  is  naturally  interested  in  that  superstructure. 
He  is  keen  to  adapt  his  foundation  to  the  superstructure. 
Naturally  he  is  keen  to  see  the  human  relations  of  his  work 
and  that  of  his  profession.  To  him  engineering  is  not  mere 
technique. 

Men,  Service,  Engineers. — Our  slogan  tor  colleges  of  en- 
gineering should  be,  let  us  educate  men  for  service  as  engi- 
neers. 

If  we  adopt  this  slogan  with  the  proper  emphasis  on  the 
three  words,  men,  service,  engineers,  we  are  apt  to  remem- 
ber that  each  man  is  an  organism,  not  a  machine,  that  he 
continues  to  grow  and  change  long  after  graduation,  that 
we  can  not  hope  to  stock  him  in  college  with  all  the  ideas 
and  skill  he  will  have  later,  that  our  function  in  college  is  to 
help  vitalize  the  organism,  to  invigorate  its  growth,  to  start 
it  in  adapting  itself  to  its  future  environment.  We  will 
think  less  perhaps  of  the  possible  condition  of  that  organ- 
ism during  the  first  five  years  after  it  leaves  the  commence- 
ment stage,  and  much  more  of  the  way  it  will  be  function- 
ing in  the  whole  period  of  40  years  of  service. 

Specialization  and  General  Education. — Which  should  re- 
ceive the  main  emphasis,  specialization  or  general  education? 
The  answer  is,  I  believe,  both,  alternately.  The  most  ef- 
fective specialist  is  one  who  has  the  power  and  the  ability 
to  concentrate  his  mental  pressure  on  so  narrow  a  line  that 
it  is  a  cutting  edge,  who  does  so  concentrate,  and  who  at 
the  same  time  keeps  so  broad  a  bearing  on  the  world  that 
his  cutting  edge  is  properly  guided.  The  specialist  who 
renders  greatest  service  is  one  motivated  permanently  by  a 
broad  vision  while  his  attention  and  power  is  concentrated 
on  specific  tasks  for  which  he  has  made  himself  the  superior 
of  others.  He  needs  a  broad  vision  to  motivate  him  and 
guide  him  to  the  service  most  worth  while.  The  man  who 
is  broadly  cultured,  and  nothing  more,  loses  his  cutting  edge. 
loses  his  power  to  concentrate,  fails  to  have  the  power  to  do 
the  specific  tasks  which  are  parts  of  his  service. 

Intelligence  Tests  and  Engineering  Students. — I  am  con- 
vinced that  intelligence  tests  have  immediate  value,  even 
now.  when  we  know  so  little  about  them.  I  feel  certain 
that  they  will  become  much  more  valuable  when  they  are 
better  understood.  This  statement  is  made  in  order  that  I 
may  be  understood  when  I  raise  a  question  on  one  point  in 
regard  to  such  tests  as  applied  to  students  of  engineering. 
It  is  strongly  advocated  that  certain  objective  tests,  which 
seem  to  me  to  be  essentially  vocational  tests,  should  be 
used  on  engineering  students.  We  are  probably  justified  in 
being  skeptical  on  this  point.  Engineering  is  not  a  narrow- 
vocation  and  immediate  success  is  not  the  important  thing. 
An  engineer,  it  is  true,  Itke  all  men,  carries  a  routine  load 
which  may  be  specified  in  advance  in  some  cases.  But  after 
all  the  valuable  part  in  an  engineer's  service  arises  from 
his  ability  to  see  and  solve  new  problems,  to  improve  design, 
to  meet  the  emergencies  of  operation,  to  put  better  methods 
of  procedure  in  the  place  of  the  usual  methods,  to  see  the 
things  that  are  not  where  he  looks  and  which  may  be  in  the 
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future  only.  The  engineer's  greatest  service  is  based  largely 
on  his  ability  to  see  the  things  that  are  not  obvious,  to  see 
the  possible  advances  that  are  but  obscurely  indicated,  to 
see  in  the  blue-print  and  the  description  that  which  is  a 
possible  future  fact  worth  while.  The  engineer  who  is  of 
great  service  to  the  world  deals,  as  a  rule,  with  a  great 
variety  of  things  which  may  cover  a  large  part  of  the  whole 
range  of  science,  including  those  undeveloped  sciences  which 
contain  the  laws  of  the  reactions  which  occur  in  the  contact 
of  man  with  man,  as  individuals  or  in  groups. 

It  seems  to  me  that  any  candid  study  of  many  engineers 
who  have  rendered  great  service  to  the  world  will  show 
that  they  exhibit  great  variety  in  their  general  character- 
istics. Among  the  engineers  who  have  rendered  great  service 
are  men  of  the  artistic  temperament,  men  with  great  ability 
at  the  finger's  ends  and  men  with  but  little  manual  skill,  men 
who  have  succeeded  by  direct  attacks  in  person  on  the  tech- 
nical problems  that  came  before  them  with  little  attention 
on  the  human  elements  in  life  and  men  who  have  worked 
almost  entirely  through  other  brains  than  their  own,  being 
great  executives  in  the  engineering  Held.  There  is  still 
abundant  opportunity  in  engineering  for  all  of  these  types. 

The  engineers  that  we  should  aspire  to  educate  have  so 
broad  a  field,  so  great  a  variety  of  opportunity,  such  large 
powers  of  future  expansion  beyond  their  size  while  in  col- 
lege, and  expansion  in  so  many  directions,  that  we  should 
be  skeptical  of  vocational  tests  or  of  objective  tests  of  that 
type  for  them. 

Please  do  not  misunderstand.  It  is  certain  that  there 
should  be,  and  probably  will  be.  much  experimenting  in  the 
next  few  years  in  connection  with  various  tests  applied  to 
students  of  engineering.  It  is  only  on  one  point  in  connec- 
tion with  the  proposed  tests  that  I  have  expressed  skepticism. 
1  believe  that  an  engineer  needs  intelligence  and  must  use 
it, — but  not  simply  a  particular  kind  of  mechanical  mathe- 
matical intelligence.  Hence  I  believe  that  the  future  tests 
should  aim  to  discover  and  measure  intelligence, — rather 
than  a  particular  brand  of  intelligence. 

Lack  of  Vocational  Training  Greatest  Defect  of  Educa- 
tional System. — There  is  need  of  much  clear  recognition  of 
the  fact  that  the  greatest  defect  in  our  educational  system 
at  present  is  the  lack  of  vocational  training.  Trade-schools 
are  needed, — trade-schools  which  are  frankly  and  definitely 
devoted  to  training  artisans  of  all  grades,  including  the 
highest  types,  as  for  example,  skilled  draftsmen.  The  drafts- 
man bears  the  same  relation  to  an  engineer  that  the  trained 
nurse  or  the  interne  in  a  hospital  bears  to  the  surgeon.  The 
trained  nurse  renders  valuable  service  in  that  capacity  for 
life.  The  surgeon's  success  is  based  on  her  skill  and  fidelity. 
The  interne  is  for  a  time  in  much  the  same  relation  to  the 
surgeon  as  the  trained  nurse.  But  he  is  developing  up 
through  that  experience  to  become  a  surgeon.  So  also  a  good 
road  to  the  engineer's  position  runs  by  way  of  temporary 
service  at  the  drafting-table. 

If  we  had  well-developed,  frank  trade-schools,  many  of  the 
best  men  for  the  routine  work  which  is  the  basis  of  engi- 
neering would  be  developed  in  those  schools,  and  probably 
the  draftsmen  would  largely  be  developed  there.  As  a  re- 
sult we  would  have  better  workmen,  better  foremen,  better 
operators,  better  draftsmen.  As  artisans  of  higher  grade 
were  developed  in  such  a  well-planned  system  of  trade- 
schools  we  would  be  face  to  face  in  time  with  even  greater 
difficulties  than  now  in  drawing  a  clear,  definite  line  to  sep- 
arate the  highest  grade  of  artisans  from  the  engineers.  The 
engineers  would  find  the  emphasis  in  the  lines  in  which  they 
served  going  more  and  more  to  the  creative  side,  the  im- 
provement side.  The  engineer's  education  would  in  time 
respond  still  more  than  at  present  to  that  kind  of  a  demand 
on   his   ability. 

The  establishment  and  frank  development  to  their  highest 
capabilities  of  trade  schools  for  artisans  would  give  the 
graduates  of  such  schools  better  preparation  for  their  future 
service  in  a  shorter  time  than  they  can  now  get  it,  either  by 
experience  merely  or  by  studying  to  be  artisans  in  a  college 
of  engineering. 

Permeating  many  of  our  educational  problems  in  this 
society  are  obscurities  that  arise  from  the  fact  that  the 
essential  difference  between  the  high-grade  artisan  and  the 
engineer  is  not  clearly  seen  and  the  corresponding  action 
taken.  In  military  life  everywhere  a  clear  distinction  is 
seen  between  the  private,  or  non-commissioned  officer,  and 
the  officer.     That  distinction  clearly  seen  and  acted  upon  is 


effective    both    in    contributing   to   the   efficiency    of    the    or- 
ganization and  in  developing  the  individual  in  it. 

As  in  military  life,  the  exceptional  men  frequently  pass 
from  one  of  these  classes  to  the  one  above,  from  the  non- 
commissioned to  the  officer  class,  so  we  should  expect  even 
though  we  had  the  ideal  educational  system,  that  excep- 
tional men,  trained  as  artisans  would  rise  to  the  professional 
class. 

Application  of  War  Time  Experience  to  Times  of  Peace. — 
I  desire  to  raise  and  emphasize  three  broad  questions  aris- 
ing out  of  the  war  experience.  First,  In  the  next  ten  years 
in  our  colleges  of  engineering  will  the  successful  motivation 
of  our  students  be  a  military  motivation,  or  a  motivation  in 
some  other  line?  Second,  Is  it  possible  to  get  a  real  speed- 
ing up  in  the  education  of  engineers  in  time  of  peace  that 
shall  correspond  to  that  which  was  secured  in  the  training 
of  men  for  specific  tasks  in  war  time?  Third,  Is  it  our 
patriotic  duty  to  train  all,  or  large  numbers,  of  our  students 
to  be  military  engineers?  Or  will  we  serve  the  nation  still 
better  If  we  educate  them  thoroughly  as  engineers  and  let 
them  get  at  college  or  in  camps  whatever  small  amount  of 
the  essentials  of  strictly  military  knowledge  experience  may 
show  each  man  should  have, — but  get  it  without  interrup- 
tion of  their  engineering  education  or  distortion  of  that 
education. 

Our  young  men  under  the  spell  of  the  unanimous  determi- 
nation to  fight  the  Hun  had  an  extremely  strong  military 
motivation.  Did  that  motivation  show  a  sudden  lapse  when 
the  armistice  was  signed?  Are  the  young  men  now  in  col- 
lege showing  the  intense  motivation  toward  military  occu- 
pations that  they  did  in  1917  and  1918?  Should  they  show 
such  a  motivation  now  if  they  see  things  rightly?  Is  the 
task  now  imminent  before  us  in  the  world  essentially  mili- 
tary,— or  essentially  a  peace  task?  Consider  the  mental  at- 
titude of  the  boys  now  in  college.  Do  they  take  to  military 
training  with  avidity?  Is  not  the  military  motivation  for 
engineering  students  largely  a  thing  of  the  past?  As  motiva- 
tion is  extremely  important  to  our  success  as  educators 
should  we  develop  a  new  motivation  in  the  place  of  the  lost 
military  motivation, — or  take  advantage  of  whatever  moti- 
vation now  exists  in  nascent  state  in  our  young  men?  A 
frank  and  full  consideration  of  these  queries  will  also  fur- 
nish a  true  answer  to  that  first  question,  which  was  "In  the 
next  ten  years,  in  our  colleges  of  engineering,  will  the  suc- 
cessful motivation  of  our  students  be  a  military  motivation, 
or  a  motivation  in  some  other  line?" 

Next,  Is  it  possible  to  get  a  real  speeding  up  in  the  educa- 
tion of  engineers  in  time  of  peace  that  shall  correspond  to 
that  which  was  secured  in  the  training  of  men  for  specific 
tasks  in  war  time?  Education  is  essentially  a  slower  process 
than  training.  The  more  specific  and  narrow  the  task  for 
which  a  man  is  to  be  training  the  more  quickly  he  may  be 
trained.  Each  piece  of  war  time  training  was  purposely  and 
rightly  made  as  specific  as  possible.  An  engineer  needs 
an  education  which  shall  fit  him  for  a  large  variety  of 
somewhat  vague  tasks.  To  train  a  man  to  do  things  at  once 
thus  and  so, — is  an  undertaking  which  lends  itself  readily 
to  a  speeding  up.  But  it  is  a  much  harder  task  and  one 
which  is  essentially  much  slower,  to  educate  a  man  so  that 
he  will  think.  This  is  what  we  must  do  for  our  future  engi- 
neers. Let  us  keep  these  things  in  mind,  and  apply  the 
necessary  correction  factors,  whenever  it  is  tacitly  assumed, 
or  openly  asserted,  that  the  war  experience  in  training  for 
specific  tasks  with  great  speed  shows  that  we  may  educate 
engineers  in  a  much  shorter  time  than  we  have  in  the  past. 
Of  course  we  can  do  better  than  we  have  in  the  past — but 
education  cannot  be  speeded  up  to  the  same  limit  as  special 
training. 

In  discussions  as  to  possible  changes  in  our  educational 
system  one  tacit  assumption  frequently  made  is  that  it  is 
our  patriotic  duty  to  put  much  of  a  military  complexion 
into  our  training  of  engineers,  that  it  is  our  patriotic  duty 
to  pay  considerable  attention  to  military  engineering  in 
the  training  of  engineering  students.  I  challenge  that  as- 
snmption.  I  believe  it  to  be  clearly  a  mistake  and  have 
indicated  my  belief  in  the  third  question, — "Is  it  our  patriotic 
duty  to  train  all,  or  large  numbers  of  our  students  to  be 
military  engineer's?  Or  will  we  serve  the  nation  still  better 
it  w-e  educate  them  thoroughly  as  engineers  and  let  them 
get  at  college  or  in  camps  whatever  small  amount  of  the 
essentials    of    strictly    military    knowledge    experience    may 
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show  each  man  should  have. — but  get  it  without  interruption 
or  distortion  of  their  engineering  education." 

In  the  war  just  ended  the  original  engineer  arm  of  the 
United  States  Army  was  increased  to  131.5  times  its  pre- 
war strength.  Eleven  per  cent,  of  our  total  force  was  made 
up  of  engineer  troops.  On  the  face  of  it  this  means  that  as 
a  patriotic  duty  we  should  train  an  extremely  large  number 
of  military  engineers.  But  is  that  the  correct  conclusion? 
The  expansion  was  made  by  taking  men  educated  for  engi- 
neering, and  with  experience  as  engineers  in  practice,  for 
officers,  and  using  for  the  rank  and  file  in  engineering  troops, 
artisans  in  engineering  lines  wMth  a  peace  time  occupation 
similar  to  that  which  was  to  be  theirs  in  war.  It  was 
found  to  be  both  an  easy  and  a  short  task  to  give  them,  the 
officers  and  the  men,  the  essentials  of  strictly  military 
knowledge.  They  did  their  war  work  well  and  promptly. 
In  general  throughout  this  war,  in  so  far  as  the  United 
States  was  concerned,  the  greatest  shortage  was  never  in 
trained  officers  and  men.  It  was  in  transportation  and  ma- 
terials. The  higher  the  development  of  engineering  in  peace 
time  in  a  given  nation  the  more  quickly  these  shortages  of 
transportation  and  of  materials  can  be  met.  Our  engineers 
in  war  faced  the  same  problems  as  they  had  been  accustomed 
to  in  times  of  peace.  If  we  train  our  future  engineers  to 
solve  the  problems  of  peace  more  thoroughly  we  will  be 
doing  much  more  to  increase  their  effectiveness  in  war 
than  by  giving  them  in  advance  a  little  smattering  of  so- 
called  military  engineering.  The  great  principles  of  mili- 
tary strategy  remain  the  same  throughout  all  ages.  But  the 
tools  and  the  tactical  methods  of  war  change  each  genera- 
tion with  the  advance  of  applied  science  and  are  conditioned 
on  the  state  of  that  advance.  We  as  engineering  educators 
shall  contribute  more  to  the  national  welfare  by  raising  the 
state  of  the  art,  engineering,  than  we  can  in  any  other  way. 

In  the  process  of  doing  our  best  for  engineering,  by  im- 
proving engineering  education  while  we  hold  fast  to  that 
which  is  excellent  in  our  present  methods,  we  should  of 
course  welcome  any  enrichment  of  courses  and  improvement 
of  methods  which  may  come  from  our  military  experience  or 
our  military  arms. 

Our  greatest  service  to  the  nation  will  be  to  do  our  best 
to  make  this  nation  foremost  in  engineering  in  time  of 
peace, — and  therefore  foremost  in  military  engineering  in 
time  of  war  when,  and  if.  war  shall  come.  Our  service  will 
be  of  the  highest  type  if  there  is  ever  before  us  the  realiza- 
tion that  engineering  is  the  foundation  of  our  civilization. — 
if  we  realize  that  we  make  a  better  superstructure  possible 
when  we  build  the  foundation  better. — if  we  realize  that  our 
part  is  ever  to  foster  a  better,  broader,  more  thorough  engi- 
neering education  than  has  ever  yet  been  given. 


$1,265,000,000    of    Highway    Bond    Issues 
Proposed    or  Authorized  in  1919 

Highway  bond  issues  aggregating  $493,865,490  were  author- 
ized between  Jan.  1  and  Sept.  15.  1919,  by  states,  counties  and 
road  districts,  according  to  statistics  compiled  by  the  Portland 
Cement  Association.  In  addition  bond  issues  totaling  $772,- 
943.500  were  proposed. 

The  following  table  shows  ^he  state  and  county  issues: 


Alabama —  Proposed. 

State    $25,000,000 

County    5.000.000 

Arizona — 

County    10.750.000 

Arkansas — 

State    15,000.000 

County    100. 000 

California — 

State    

County    5.585.000 

Colorado — 

State    5.000. OOO 

TDelaware — 

County    

Florida —  " 

State    10.000.000 

County    

Georgia — 

State    40.000.000 

County    7.835,000 

Idaho — 

State    2.000.000 

County    3,405,000 

Illinois — 

State    

County    11,398,000 

Iowa — 

County    4.500.000 

Kansas — 

State    60.000.000 

County    


Authorized. 


$  4. 400. OOO 


2.000.000 


40.000.000 
17.535.000 


500.000 


1,065,000 


14,245,000 


6,773,000 

60,000.000 
2.615.845 

18,475,000 


Kentucky- 
County    

« 

1,050.000 

3.100,000 

8,000,000 

50,000,000 
2,100,000 

I^ouisiana — 

Parish   

3,130.000 

Maine — 

State    

Jlichigan — 

State    

County    

1,800.000 

.     100,000,000 
4,182,500 

.       20.000,000 
4,080.000 

60,000,000 
.       21,435,000 

15,000,000 
160,000 

Minnesota — 

State    

County    

.Mi.ssi.ssippi — 

State    

12.500.000 

County    

Missouri — 

State    

3.815.000 

County.    District   or  Township... 
Mont.ana — 

State    

11.378.000 

County    

6,283.000 

3.000.000 

1.000.000 
200.000 

Nebraska — 

County    

Nevada — 

State    

County    

600.000 

605.000 

2.000.000 
200.000 

25.000,000 
5,505,000 

7,860,000 

New   Jersey — 

Count\-    

New   Mexico — 

State    

County    

North   Carolina — 

State    

County  or  Township 

Oklahoma — 

13.109.635 

1.158.000 

12.500.000 
7,196,704 

50,000,000 
16,665.500 

Oregon — 

State   

Pennsylvania — 

State    

8,225,000 

1.000,000 

1,560.000 

.       13.000.000 

5.00O.000 

75.000.000 
.       22.790.000 

Rhode   Island- 
State    

South  Carolina^ 

Countv    

8.025. 000 

South  Dakota — 

Tennessee — 

County    

Texa.s— 

State    

6.685.000 

County,  Precinct  or  District 

Utah— 

State   

73.532,000 

4.000.000 
1.500. 000 

"7,875,000 

County    

1.306.000 

.       30.000.000 
500.000 

.       50.000.000 
13.972.000 

.       50.000.000 
.       24.000,000 

V.'a.shington — 

State    

Countv    

West  Virginia — 

State         . .         . .         

County  or  District 

Wisconsin — 

State          . .             

5,213,200 

12,920,000 
2,800,000 

Wyoming — 

State    

Small  Portable  Bituminous  Material 
Heater  for  Patrolmen 

A  small  portable  tar  and  asphalt  heat&r  designed  especially 
for  use  in  connection  with  road  patrol  systems  has  been 
placed  on  the  market  by  Littleford  Bros.,  450  E.  Pearl  St., 
Cincinnati,  O.  With  this  outfit  the  patrolman  or  operator, 
covering  a  limited  inileage,  is  in  a  position  to  make  patches 
immediately  after  the  road  shows  signs  of  wear.    The  heater 


50,000 


Littleford  Patrol   Heater. 

is  durably  constructed  of  sheet  steel,  and  the  design  is  such 
as  to  make  it  easily  handled  by  one  man.  The  fire  box  is  fitted 
with  cast  iron  grate  and  hinged  fire  door.  The  welded  kettle 
rests  entirely  within  the  Sre  box  and  is  removable;  it  has  a 
capacity  of  8  gal. 
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Trestle   and    Tipple    for    Loading 
Broken  Stone  into  Trucks 

The  accompanying  cuts,  showing  the  method  of  loading 
trucks  from  railroad  cars,  used  by  Wilmurt  A.  Bennett,  en- 
gineer and  contractor.  Rocky  Mount,  Va.,  on  a  macadam  job 
at  Rocky  Mount,  Va.,  illustrate  how  it  is  sometimes  possible 


Arrangement   for    Loading    Trucks    From    Railroad    Cars. 

for  a  contractor  to  make  use  of  local  conditions  greatly  to  his 
advantage.  The  trestle  was  built  on  the  site  of  an  old  turn 
table  which  had  been  removed,  leaving  a  round  hole  in  the 
ground  about  GO  ft.  in  diameter  and  5  ft.  deep  with  a  spur 
track  ending  at  the  circumference.  Thie  hole  was  graded  out 
about  2  ft.  deeper  and  one  side  cut  away  to  give  access  to  the 
center.  The  track  was  then  raised  for  a  distance  of  about 
100  ft.  back  and  extended  across  the  excavation  with  a  2  per 
cent  arade  to  facilitate  moviiig  cars  by  hand. 

Two  cars  are  spotted  at  a  time,  and  after  the  first  is  un- 
loaded through  the  tipple  it  is  released  and  rolled  down  the 
track  so  that  the  other  car  may  be  eased  down  into  position. 
One  man  is  required  in  the  car  and  one  on  the  ground,  and 
these  two  men  handle  the  material  at  an  average  rate  of  150 
cu.  yd.  per  day,  giving  a  cost  of  4  ct.  per  cubic  yard.  The 
cost  of  the  trestle  was  $G35  and  it  will  handle  about  0500  cu.  yd. 
of  material,  making  the  total  cost  of  handling  from  cars  to 
trucks  13.8  ct.  per  yard.  A  few  cars  dumped  on  the  ground 
and  loaded  into  the  trucks  by  hand  gave  a  cost  of  over  46  ct. 
for  handling,  to  say  nothing  of  the  additional  cost  of  truck 
time. 

The  hauling  is  done  with  ■'!4-ton  and  1-ton  trucks  with  dump 
bodies,  which  are  hired  locally  at  the  rate  of  $1.40  per  hour 
for  a  1-ton  truck  with  driver.  These  trucks  have  proved  very 
satisfactory  on  this  job  on  account  of  the  central  location  of 
the  tipple  which  gives  an  unusually  short  haul.  Where  the 
haul  is  not  over  %  mite  one  truck  delivers  the  material  as 
fast  as  it  can  be  spread  by  three  men.  The  average  haul  is 
about  %  mile  and  the  hauling  cost  is  about  18  ct.  per  cubic 
yard,  or  approximately  32  ct.  for  handling  from  cars  to  job. 


Personals 

William  Jones  has  been  appointed  street  commissioner  of  Han- 
nibal, Mo. 

Lee  Castleberry  has  been  appointed  street  commissioner  of 
Peaton.  Tex. 

T.  Keith  Legore,  for  the  past  3  years  city  engineer  of  Columljia. 
S.  C  has  resigned  and  will  open  an  office  in  that  city,  specializing 
in  highway  and  municipal  engineering. 


H.  L.  Riley,  Minneapolis,  Minn.,  has  been  assigned  as  resident 
■engineer  to  Shiawassee  and  Clinton  counties  by  the  State  High- 
wa.v   Department  with  headquarters  in  Owosso. 

Philip  J.  Deering,  of  Portland,  Me.,  who  has  been  chairman  of 
the  State  Highway  Commission  for  the  last  four  years,  has  re- 
signed, and  William  M.  Ayer  of  Oakland  ha.s  been  selected  to  fill 
the  vacancy.  Mr.  Ayei-  has  been  a  member  of  the  commission  for 
.some  years. 

John  F.  Buckner,  formerly  city  engineer  of  Cleburne.  Tex.,  and 
more  recently  assistant  engineer  with  Whittaker  &  Washington, 
has  accepted  the  position  of  secretary  of  the  Rush  County  High- 
way Commission.  Henderson.  Tex.,  and  will  have  supervision  of 
the"  construction  of  a  Ifl.noo.OOO  road  system. 

Col.  Frederick  A.  Snyder,  of  Philadelphia.  Pa.,  former  city  en- 
fc'ineer  of  Williamsport.  Pa.,  and  more  recently  commander  of  the 
rine  Hundred  and  Third  Engineers,  Twenty-Eighth  Division,  has 
b-^en  commissioned  a  colonel  in  the  Pennsylvania  National  Guard 
now  in  process  of  reorganization.  He  will  command  the  First  En- 
gineers. 

Henry  P.  Beck,  of  Richmond.  Va.;  Prank  W.  Davis.  Lawrence- 
ville;  Wade  W.  Massie,  Washington,  Va. ;  Hamee  A.  Mundy,  Jr.. 
Natural  Bridge,  Va..  and  Horace  Hardaway,  St.  Paul,  Va.,  have 
been  appointed  members  of  the  State  Highway  Commission  of 
Virginia,  llessers.  Davis  and  Hardaway  are  engineers.  The  re- 
maining members  of  the   commission  are   farmers. 

Capt.  W.  V.  Buck,  formerly  city  engineer  of  Junction  City,  Kan., 
lias  been  appointed  assistant  state  highway  engineer  of  Kansas. 
The  commission  also  has  appointed  three  division  engineers  as 
provided  in  the  law  passed  b.v  the  last  legislature.  The  appoint- 
ments are  as  follows:  C.  I.  Felps.  formerly  bridge  engineer  of  the 
State  Highway  Department,  engineer  for  the  eastern  division,  con- 
sisting of  S3  counties;  Lieut.  L.  P.  Scott,  formerly  resident  en- 
gineer on  Federal  Aid  Project  No.  11  in  Sedwick  County,  engineer 
for  the  northwest  division.  35  counties:  C.  C.  Jones,  formerly  dis- 
trict engineer  for  Osage  and  Wabaunsee  counties,  engineer  for  the 
southv.est  district,   37  counties. 

John  Ericson,  for  22  years  city  engineer  of  Chicago,  and  at 
present  consulting  engineer  for  the  Department  of  Public  Works 
of  that  city,  has  opened  offices  at  S'20  Otis  Bldg..  Chicago,  and  will 
engag'e  in"  a  consulting  engineering  practice,  specializing  in  mu- 
nicipal, hydraulic  and  structural  engineering'.  Mr.  Ericson  was 
.appointed  city  engineer  on  July  6.  1897.  Since  his  appointment  as 
city  engineer"  to  Jan.  1.  19in,  the  following  work  was  done  under 
his'  direction:  Pumping  Stations — Remodeled.  4;  entirely  recon- 
structed, 2-  new,  4.  Distribution  System— Water  mains  (6-inch 
to  48-in  ),  1,400  miles;  fire  hydrants,  20.200;  stop  valves.  14.150. 
Water  Tunnels — Under  Lake  Michigan,  15  miles:  land  tunnels,  39 
miles  (Sizes  from  r,  ft.  to  14  ft.  inside  diameter.)  Intake  cribs.  5. 
Developed  a  Standard  Bascule  Bridge  Design  for  the  City  of  Chi- 
cago. 1S9S.  Bridges  Constructed.  1897  to  1919— Movable,  28;  fixed, 
20  In  addition  to  his  duties  as  city  engineer  he  has  served  in  the 
following  capacities:  Member  and  engineer  Board  of  Local  Im- 
nroveme'nts,  member  3oard  of  Automobile  Examiners,  meniber 
and  chairman  Board  of  Examining  Engineers,  member  and  chair- 
man Harbor  and  Subway  Commission,  member  Commission  on 
Down-town  Improvements,  member  Harbor  Board. 

Obituaries 

Charles  H.  Sw/an,  a  retired  engineer  of  Philadelphia,  Pa.,  died 
Oct  7  ased  59.  He  was  formerly  engineer  in  the  Bureau  of  bur- 
vevs  ■■r  I'niUidelphia  and  had  charge  of  all  work  connected  with 
the  abolition  of  grade  crossings.  He  continued  in  that  position 
until  1905,   when  he  retired. 

Prof.  John  Vose  Hazen,  a  member  of  the  Dartmouth  faculty 
for  41  years,  died  (let.  2  at  his  home  in  Hanover.  N.  H.,  after  a 
protracted  illness.  The  second  oldest  professor  in  the  college,  he 
had  been  in  retirement  since  a  period  of  poor  health  during  the' 
summer.  He  was  born  in  Royalston.  Mass..  Nov.  27.  1850.  After 
receiving  the  degrees  of  BS.  and  CE.  from  Dartmouth  in  1875  and 
1876  respectively,  he  served  as  instructor  in  civil  engineering  at 
at  Chandler  School,  connected  with  the  college.  Awarded  a  pro- 
fessorship of  theoretical  and  applied  mechanics,  he  continued  on 
the  teaching  staff  until  1S93,  when  he  was  chosen  as  Woodman 
professor  of  civil  engineering  and  graphics  on  the  Chandler  Foun- 
dation     The  college  conferred  an  AM.  degree  on  him  in  1908. 


Industrial  Notes 


C  W  Cross  has  been  apiiointed  by  the  Chicago  Pneumatic  Tool 
Co.  as  manager  of  western  railroad  sales  with  headquarters  at 
Fisiier  Building.   Chicago. 

The   offices  of   the    Service   Motor   Truck    Co.    of    Wabash.    Ind 
have  ,iiist  been  moved  from  the  building  which  they  have  occupied 
for   tlie   last   ten   years,    into   a   new   brick   and    reinforced   concrete 
administration    building    three    stories    high,    which    has   just    been 
completed  at  a  cost  of  $150,000. 

The  Production  Engineering'  Co..  212  Centre  St.,  New  York, 
has  been  organized  to  act  as  engineers  to  manufacturers.  The 
officers  of  the  company  are  John  -\.  Honeager.  president.  Robert 
Steinman.  treasurer,  and  H.  Allen  Hinchcliff,  secretary.  The  firm 
will  specialize  in  the  designing  and  buildin.g  of  tools  and  machinery 
for  automatic  production,  with  emphasis  on  labor  saving  devices. 

E.  J.  Dewine.  for  the  past  two  years  in  the  construction  division 
of  the  Army  has  .joined  the  permanent  forces  of  the  International 
Exposition  "of  Municipal  Equipment.  Grand  Central  Palace.  New 
York,  and  will  have  charge  of  the  department  of  streets,  asphalt 
and  road  mnchiiierv.  J.  H.  Brewster,  a  sanitary  engineer  w'ho 
.since  his  discharge  from  the  Army  has  been  identified  with  the 
engineering  department  of  the  New  York  State  Board  of  Health, 
also  has  joined  the  permanent  forces  of  the  exposition  and  wi  I 
have  char&e  of  the  health,  water,  sewage  disposal  and  milk 
sections. 

Announcement  has  been  made  of  the  sale  of  the  plant  of  the 
Knox  MoLOrs  Co..  Springfield.  Mass..  to  Neil  It.  Sinclair  of  New- 
York  president  of  the  Militor  Motors  Corporation.  In  disposing 
of  the  plant,  the  Knox  Motors  Co.  reserves  the  right  to  use  a  part 
nf  the  buildings  for  its  needs  for  a  period  of  two  years.  The  Knox 
.Motors  Co  has  been  identified  with  the  motor  industry  since  its 
infancy  and  will  continue  the  manufacture  of  its  present  products 
as  well  as  parts  for  its  former  models  at  the  Springfield  plant.  It 
is  understood  that  the  company  has  plans  under  consideration 
which   will  increase  and   round  out  its  present  lines. 
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Roads   and   Streets — 1st   Wednesday 


(a)    Roads 
.b)    Streets 


(c)  .street    Cleaning 

(d)  Municipal    .Miscullanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and   Sani- 

tation 

(e)    Management   and  Office 
System 


(c)  Irrigation    and    Drainage 

(d)  Power    and    Pumping 


Railways    and    Excavation — 3rd    Wednesday 

(a)  Excavation    and  (c)    Quarries   and    Pits 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers  and  Canals  Electric 

(e>   Management    and    Office 
System 

Buildings  and  Structures — 4th   Wednesday 

(a)  Buildings  (c)    Harbor    Structures 

(b)  Bridges  (d)    AHscellaneous    Structures 

(e)    Properties    of    Materials 
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Self-Satisfaction  Causes  Ignorance 
and  Slackens  Progress 

"Taken  as  a  whole,  they  are  a  fractionally  informed,  com- 
plaisant lot."  When  an  expression  like  this  casually  reaches 
the  ear  one's  curiosity  is  aroused.  To  what  "lof  is  the 
speaker  referring?  The  voters  at  the  last  election?  The 
workers  in  a  factory?  The  trustees  of  a  school  board?  Trav- 
eling salesmen?  Directors  of  a  corporation?  The  mind  of 
the  questioner  flies  to  many  a  class,  but  always  to  some 
class  other  than  the  one  to  which  he  belongs.  Inherent  ego- 
tism invariably  makes  us  think  of  the  other  fellows  when  any 
generalization  is  uttered  about  the  relative  ignorance  of  a 
class  of  men. 

Let  some  one  mention  the  general  lack  of  education  of  a 
certain  nation,  and  how  many  Americans  will  instinctively 
think  that  iheir  own  nation  is  meant?  Let  it  be  said  that  a 
certain  profession  con- 
sists of  relatively  igno- 
rant men  and  how  many 
engineers  will  automat- 
ically think  that  engin- 
eers are  meant?  Not 
one  in  a  hundred.  Hu- 
man beings  are  instinc- 
tively and  excessively 
self-satisfied.  Were 
they  not,  the  world 
would  be  manyfold 
wealthier,  and,  let  us 
hope,  happier  than  it  is. 

We  engineers,  and 
especially  those  of  us 
that  have  had  a  college 
course  in  engineering. 
are  of  one  flesh  with 
the  rest  of  men  in  our 
self-esteem;  for  most 
of  us  fancy  that  we  are 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


pretty  well  informed  and  up  to  date  professionally,  at  least 
in  that  branch  of  engineering  in  which  we  specialize.  But 
are  we?  Have  we  ever  put  ourselves  to  a  quantitative  test 
to  justify  our  high  self-rating  in  the  scale  of  professional 
knowledge?  Has  it  ever  occurred  to  us  that  if  we  were  cross- 
examined  by.  say,  ten  of  the  best  informed  specialists  in  our 
field,  we  might  be  shown  to  be  miserably  lacking  in  knowledge- 
needed  for  the  most  efficient  performance  of  our  daily  tasks? 
The  editor  has  chanced  to  see  many  celebrated  engineers 
under  cross-examination  as  expert  witnesses,  and  rarely  has 
he  seen  any  of  them  stand  up  well  under  a  grilling  question- 
ing that  involved  a  detailed  knowledge  of  their  specialties. 
Often  there  has  been  an  abject  breakdown  and  confession  of 
ignorance  of  matters  that  should  have  been  known  offhand. 
At  such  times,  the  excuse  has  usually  been  offered  by  the 
great  man  that  he  left  "details"  to  his  subordinates.  Under 
the    broad   terra    "detail"    the   great   man   usually    classes   all 

that  he  does  not  know 
about  his  professional 
work.  Details  there  are, 
to  be  sure,  which  no' 
man  can  remember,  but 
hundreds  of  facts  that 
should  be  known  are- 
thrown  into  this  catch- 
all excuse  basket,  as 
mere  "details." 

The  truth  is  that  no 
engineer  is  thoroughly 
well  informed,  not  evea 
the  youngest  of  us.  By 
the  side  of  the  best  in- 
formed engineer  in  any 
given  specialty,  prob- 
ably the  average  en- 
gineer i  n  that  field' 
would  not  be  able  to 
show  a  knowledge  rat- 
ing 40  per  cent.    By  the 
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side  of  the  ten  best  informed  specialists,  we  doubt  whether 
the  average  specialist  would  rate  as  high  as  15  per  cent  in 
needed  knowledge.  Yet  most  of  us  go  about  rather  well 
pleased,  instead  of  profoundly  dissatisfied  with  our  knowledge. 

What  evidence  is  there  that  leads  to  such  a  pessimistic 
conclusion?  It  is  to  be  found  on  every  side,  if  we  will  but 
look,  but,  best  of  all,  it  is  to  be  found  by  every  man  in  him- 
self. Introspection  will  furnish  abundant  proof,  if  we  but 
treat  ourselves  as  relentlessly  and  searchingly  as  we  might 
be  treated  under  a  severe  cross-examination  conducted  by 
experts  in  our  specialty. 

Are  you  familiar  with  surveying?  Feel  perfectly  compe 
tent  personally  to  direct  a  survey  of  a  highway,  for  example? 
Yes?  Competence  to  direct,  you  will  grant,  involves  knowl- 
edge of  the  most  economic  available  methods  and  devices 
Very  well,  then,  what  is  the  most  economic  method  and  de- 
vice for  cross-section  leveling?  This  is  not  an  idle  query; 
we  are  putting  it  to  you  for  answer,  if  you  are  one  who  feels 
himself  able  to  direct  a  survey.  And  we  feel  confident  that 
not  one  civil  engineer  in  a  hundred  can  answer  this  simple 
question  correctly,  unless  he  read  in  our  Nov.  5  issue  the 
article  entitled  "Use  of  a  Self-Computing  Level  Rod  in  High- 
way Surveys,'"  by  R.  T.  Brown,  Chief  of  Surveys  of  the  State 
Highway  Department  of  South  Carolina.  Lest  you  reply 
that  this  is  an  unfair  test  because  of  the  recency  of  this  ar- 
ticle, we  must  tell  you  that  Mr.  Brown  refers  in  his  article 
to  a  published  description  of  the  endless-tape  leveling  rod 
designed  by  H.  P.  Gillette,  in  Engineering  News,  Sept.  13. 
1900,  nineteen  years  ago.  Sixteen  years  ago  Gillette's  "Earth- 
work and  Its  Cost."  containing  this  same  description,  was 
placed  on  sale  and  has  been  on  sale  ever  since.  Mr.  Brown 
says:  "But  due  partly  to  our  conservatism  in  following  long 
used  methods,  and  partly  to  the  fear  of  introducing  new- 
sources  of  error  into  leveling  operations,  we  have  neglected 
to  take  advantage  of  this  time  and  labor-saving  principle." 

Mr.  Brown  has  not  fully  stated  the  fundamental  reason 
why  this  time-saving  leveling  rod  is  so  rarely  used.  The 
fundamental  reason  is  ignorance,  an  ignorance  that  springs 
from  self-satisfaction.  The  average  civil  engineer  thinks 
that  he  knows  the  best  way  to  take  cross-section  levels.  He 
makes  no  search  for  a  better  way,  or,  finding  what  is  really 
a  better  way,  he  gives  it  no  test.  In  the  latter  case,  he 
usually  reasons  deductively  upon  assumed  premises  and 
comes  to  a  false  conclusion.  Thus,  he  may  say  to  himself:  If 
this  endless  tape  leveling  rod  is  as  good  as  it  is  claimed  to 
be,  after  all  these  years  it  would  surely  have  come  into  more 
general  use.  Since  it  is  not  in  general  use,  it  must  be  no 
improvement  over  the  old  kinds  of  leveling  rod.  Or  he  rea- 
sons thus:  By  graduating  the  tape  on  the  rod  from  the  top  down- 
ward, all  computation  in  leveling  is  eliminated,  but  computing 
"height  of  instrument"  and  elevation  occupies  so  small  a  time 
that  the  risk  of  error  in  using  this  unusual  type  of  rod  more 
than  offsets  any  gain  in  time.  This  line  of  reasoning  is  one 
that  the  editor  has  frequently  heard.  It  is  purely  hypothetical 
deduction,  for  it  assumes  as  true  what  is  not  true,  namely, 
that  the  time  spent  in  computation  of  elevations  and  H.  I, 
is  nominal. 

The  majority  of  civil  engineers  have  never  read  about  this 
level  rod.  Most  of  the  minority  that  have  heard  of  it  have 
not  investigated  it:  and  of  those  that  have  "investigated''  it, 
only  a  very  few  have  carried  their  investigation  to  the  point 
of  an  actual  test,  having  relied  on  deductive  reasoning  from 
assumed  premises.  This  last  named  act  is  largely  the  re- 
sult of  failure  to  make  a  careful  study  of  logic  and  logical 
methods,  and  that,  in  turn,  springs  from  confidence  in  one's 
ability  always  to  reason  correctly  without  having  studied 
logic,  the  science  of  reasoning.  So,  from  whatever  angle  we 
view  this  general  failure  to  use  this  labor-saving  device,  we 
see  that  complaisant  self-satisfaction  is  the  outstanding 
cause. 

To  any  engineer  who  regards  the  above  example  as  an 
extreme  case,  not  typical,  we  suggest  the  following  test: 
Take  the  last  12  volumes  of  this  periodical,  or-  of  any  other 
that  contains  many  useful  articles  relating  to  a  given  sub- 
ject in  which  you  regard  yourself  as  well  informed.  Spend 
half  an  hour  on  each  volume,  going  through  it  page  by  page, 
recording  only  those  articles  that  seem  to  contain  useful  in- 
formation. This  reconnaisance  over  a  six  year  period  of  a 
•weekly  magazine  will  consume  about  one  full  day.  Then  fol- 
low it  by  reading  and  very  briefly  abstracting  the  worthwhile 
facts  of  each  article  for  the  purpose  of  securing  a  personally 
made  index.     Having  made  this  "contour  map"  of  the  six-yeai 


field,  ask  yourself  whether  you  are  not  far  better  equipped 
to  solve  economic  problems  in  that  field  than  you  were  be- 
fore you  made  the  "survey."  There  can  be  one  only  answer 
— that  the  editor  knows  from  his  own  experience  in  writing 
books.  But  the  editor's  recital  of  his  experience  can  never 
make  the  imprint  on  your  mind  that  your  own  experience  will 
make.  Do  this  thing,  or  something  like  it,  yourself.  See  for 
yourself  that  you  are  really  ignorant,  in  your  own  specialty. 
Such  a  revelation  may  be  the  only  influence  that  you  need 
to  dispell  the  grand  illusion  that  makes  men  mediocre — the 
illusion  that  they  are  pretty  well  informed. 

Was  it  not  Isaac  Newton  who  said,  shortly  before  the  close 
of  his  wonderful  life:  "I  feel  that  I  have  been  like  a  child 
gathering  colored  pebbles  along  an  ocean  shore,  so  number- 
less are  the  facts  that  I  know  not,  so  few  the  number  that 
1  know." 

That  is  the  attitude  of  mind  that  every  thorough  searcher 
for  information  inevitably  comes  to  have:  and  coincidently 
there  vanishes  nearly  all,  if  not  all,  vanity  over  one's  per- 
sonal knowledge  or  achievements.  How  miserable  seem  our 
own  pickings  from  the  little  crab-apple  tree  of  knowledge  that 
we  have  personally  brought  to  fruition.  How  vast  the 
orchards  that  other  men  have  planted.  How  immeasurably 
vaster  the  acres  remaining  to  be  covered. 


Why  theGovernment  Should  Regu- 
late Coal  Consumers  as  Well  as 
the  Miners  and  Operators 

Bituminous  coal  miners  have  averaged  a  loss  of  28  per  cent 
of  the  working  time  during  the  past  eight  years,  mainly  be- 
cause mine  operators  have  not  kept  the  mines  operating  at  a 
uniform  rate,  or,  as  electrical  engineers  would  say,  at  100  per 
I'ent  load  factor  The  mine  operators  blame  the  coal  con- 
sumers for  this  condition  of  affairs,  stating  that  most  of  the 
public  lives  from  hand-to-mouth,  or,  rather  hand-to-stove, 
ana  will  not  oi'der  coal  much  in  advance  of  current  needs. 
This  is  not  a  new  condition  of  affairs.  The  writer  wrote  an 
edUorial  on  this  subject  for  Engineering  News,  Nov.  13,  1902, 
and  urged  a  careful  study  of  this  economic  problem.  Now 
th?t  a  great  strike  has  brought  the  matter  to  public  attention, 
there  is  some  prospect  that  this  problem  may  be  solved. 

The  miners  propose  to  solve  it  by  working  only  30  hours  a 
week.  They  claim  that  during  191S  when  80,000  coal  miners 
were  in  the  army,  the  remaining  90  per  cent  produced  15  per 
cent  more  coal  than  is  normally  produced.  Now  they  propose  to 
furnish  continuous  work  for  all  the  miners  by  reducing  the 
weekly  number  of  work  hours.  This  is  not  so  foolish  a  so- 
lution of  the  problem  as  might  appear  at  first  glance.  In- 
deed, it  is  quite  reasonable,  and  would  meet  with  little  or  no 
opposition  were  all  workers  able  to  enjoy  a  30-hour  week  and 
at  the  same  time  produce  as  much  per  annum  as  they  have 
been  accustomed  to  produce.  We  do  not  doubt  that  this  very 
thing  could  be  done  were  workers  and  managers  to  co- 
operate in  putting  it  into  effect:  but  a  great  deal  of  educa- 
tional work  lies  ahead  before  that  can  be  accomplished.  In 
the  meantime  what  can  be  done  to  increase  the  "load  factor" 
of  the  coal  miners? 

It  has  been  suggested  that  freight  rates  on  coal  be  made 
lower  during  the  spring  and  summer  months,  in  order  to 
secure  orders  enough  to  keep  the  miners  busy  during  those 
months.  But  this  is  open  to  the  objection  that  most  people 
live  from  hand-to-mouth  and  do  not  bite  at  the  bait  of  lower 
prices  for  things  that  they  do  not  need  immediately.  Cer- 
tain it  is  that  a  seasonal  ten  per  cent  reduction  in  the  price 
of  coal  has  not  served  to  cause  m.any  householders  to  stock 
up  during  the  spring  and  summer  months.  It  has  been  sug- 
gested that  the  coal  ordered  and  stored  early  in  the  year  bo 
billed  in  the  fall  of  the  year,  without  interest  charge.  But 
who  is  to  foot  the  bill  for  interest?  The  coal  operators  are 
not  likely  to  do  so,  except  under  government  compulsion 
There  is  the  further  objection  that  bituminous  coal  deterior- 
ates gradually  (about  2  per  cent  the  first  year)  when  stored 
in  the  open  air.  Subaqueous  storage  is  practicable  only  on 
a  large  scale. 

Like  every  economic  problem,  this  one  contains  many  fac- 
tors, but  it  is  peculiarly  complicated  by  the  fact  that  the  con- 
trol of  all  the  Important  factors  is  not  in  the  hands  of  any 
one  man  or  of  any  group  of  men.  Nor  does  there  seem  any 
likelihood  of  such  a  unified  control  coming  about  through  or- 
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■dinary  indus^trial  pvolution.  The  public  is  not  likely  to  permit 
a  great  corporation  to  secure  control  of  most  of  the  coal 
■mines.  If  not.  there  is  no  escaping  the  conclusion  that  the 
.government  itself  must  take  some  sort  of  action  that  will 
result  in  central  control  of  all  the  main  economic  factors. 
This  does  not  necessarily  mean  government  ownership  of  the 
coal  mines,  but  it  does  mean  regulation  of  their  management, 
somewhat  analogous  to  the  regulation  of  railways  and  other 
public  utilities.  It  means  that,  and  perhaps  it  means  more 
than  that. 

If  the  government  should  undertake  to  regulate  the  coal 
producers,  why  should  it  not  regulate  the  coal  consumers? 
If  by  their  hand-to-furnace  habits  of  ordering  coal,  the  con- 
sumers have  caused  coal  miners  to  be  idle  28  per  cent  of  the 
time,  surely  the  government,  in  the  interest  of  social  economy, 
should  make  the  consumers  abandon  this  habit.  The  most 
practical  way  of  regulating  the  ordering  of  coal  by  consumers 
need  not  be  discussed  in  this  article,  the  main  object  of  which 
is  to  present  the  thought  that  coal  consumers  are  quite  as 
much  in  need  of  government  control  as  are  coal  operators  and 
coal  miners.  These  three  human  factors  in  this  economic 
problem  must  be  made  to  cooperate  if  there  is  to  be  the  max- 
imum of  economy.  Hitherto  each  of  these  three  factors  has 
acted  mainly  with  respect  to  its  own  interests.  The  same, 
of  course,  may  be  said  of  many  another  industry,  but  in  the 
production  of  coal  we  have  one  of  the  worst  examples  of  the 
waste  of  human  effort  because  of  the  absence  of  complete  co- 
operation. The  result  is  precisely  the  same  as  if  an  army 
of  about  a  quarter  of  a  million  men  were  constantly  idle. 
Here  is  Congress  hesitating  as  to  w"hether  we  really  need 
a  standing  army  of  375,000  men,  when  more  than  two-thirds 
that  number  of  men — coal  miners — have  been  idle  every  year 
except  the  year  1918.  The  tax  that  is  paid  to  support  an 
army  of  idle  coal  miners  every  year  is  paid  in  the  form  of 
higher  prices  for  coal,  and  is  thus  hidden  from  sight. 

The  government  can  eliminate  this  idle  time  tax  by  requir- 
ing all  coal  consumers  to  store  a  part  of  the  coal  they  use. 
This  would  reduce  the  total  number  of  coal  miners  by  about 
25  per  cent,  but,  as  there  is  a  steadily  growing  demand  for 
workers,  no  hardship  would  be  incurred  by  the  discharged 
miners,  provided  the  government  were  to  undertake  to  train 
them  for  new  positions.  This  last  proviso  is  important.  In 
fact  it  is  probably  essential,  for  workmen  rightly  resent  being 
thrown  out  of  employment  The  speed  with  which  skilled 
workmen  can  be  trained  was  not  generally  realized  until  the 
war  made  it  necessary  quickly  to  train  ship  builders,  munition 
workers  and  what  not. 

Let  the  government,  therefore,  train  the  excess  number  of 
miners  for  new  jobs,  paying  them  their  regular  wages  during 
the  training  period.  Put  the  remaining  miners  on  a  44-hour 
week  basis,  and  require  the  mine  operators  to  pay  them  a 
uniform  weekly  wage  throughout  the  year,  just  as  office  em- 
ployes are  now  paid.  This  will  stimulate  the  mine  operators 
to  keep  their  men  continuously  busy.  Finally,  let  the  govern- 
ment require  all  coal  users  to  submit  schedules  of  their  com- 
ing year's  total  requirements,  and  accept  uniform  monthly 
deliveries  thereof,  except  in  certain  special  cases.  By  this 
tripartite  regulation  of  the  miners,  the  operators  and  the  con- 
sumers, great  economy  in  the  production  of  coal  will  be  se- 
cured. Moreover,  there  will  be  a  similar  decrease  in  the  cost 
of  transporting  coal  by  rail. 


Think  About  Thinking 

Relatively  few  men,  even  among  those  called  educated, 
have  studied  any  text  book  on  logic.  .  Of  those  that  have 
studied  logic  apparently  few  have  formed  the  habit  of  study- 
ing their  own  methods  of  thinking.  Nearly  all  who  have  read 
logic  seem  to  regard  it  as  being  like  grammar  in  respect  of 
the  reader's  ability  to  learn  at  once  for  all.  Hence  it  comes 
about  that  very  few  thinkers  think  about  thinking,  just  as 
relatively  few  writers  think  about  grammar.  This  unfor- 
tunate attitude  toward  logic  is  partly  due  to  the  mistaken 
belief  that  the  mind  needs  no  special  training  in  order  to 
draw  correct  inferences  from  facts,  and  it  is  partly  due  to 
the  teachers  and  text  books  on  logic. 

Aristotle,  the  father  of  logic,  was  a  grammarian  before  he 
became  a  logican.  His  "syllogisms"  are  essentially  nothing 
more  than  systems  of  wording  premises  and  so  "combining  " 
them  as  to  draw  conclusions.  Viewed  in  this  light  the  de- 
•ductive  logic  of  Aristotle  is  a  sort  of  glorified  grammar,  a 
system    that   leads   to  a   correct   use   of   words   in   deductive 


reasoning.  While  it  can  not  be  denied  that  the  systematic 
use  of  language  is  a  great  aid  in  reasoning,  it  should  not  be 
inferred  that  deductive  logic  involves  nothing  more  than 
syllogising,  yet  none  of  the  text  books  on  logic  undertakes 
to  go  much  beyond  the  very  limited  realm  of  the  syllogism 
in  discussing  deductive  reasoning.  This  is  a  great  mistake, 
and  it  is  one  that  has  done  more  to  bring  logic  into  neglect 
than  can  be  estimated. 

John  Stuart  Mill  wrote  the  first  edition  of  his  celebrated 
"Logic"  about  70  years  ago.  While  he  admittedly  added 
nothing  of  any  consequence  to  deductive  logic,  he  claimed  to 
have  systematized  inductive  logic  for  the  first  time.  His 
conception  of  induction  was  the  old  one  of  drawing  a  broad 
generalization  from  the  observation  of  particular  instances, 
e.  g..  All  men  are  mortal.  He  thought  it  the  particular 
province  of  inductive  logic  to  establish  the  laws  of  nature, 
and  to  this  end  he  formulated  "four  experimental  methods" 
or  "canons."  He  boldly  proclaimed  these  to  be  all  the 
methods  that  could  be  conceived,  which,  if  true,  would  tend 
to  close  the  door  of  progress  quite  as  effectively  in  the  field 
of  inductive  logic  as  it  had  presumably  been  closed  by 
Aristotle  in  the  field  of  deductive  logic.  Mill  said:  "These 
four  methods  which  it  has  now  been  attempted  to  describe 
are  the  only  possible  modes  of  experimental  inquiry;  at  least, 
I   know   not,  nor  am  able  to   imagine,   any  others." 

Bain  and  other  logicians  have  accepted  this  dictum,  and 
to  this  day  there  has  been  no  serious  attempt  to  combat  it. 
But  if  "logic  is  the  science  of  sciences,"  as  Mill  himself  called 
it,  and  if  science  is  steadily  advancing,  is  there  not  an  in- 
congruity in  the  statement  that  Mill's  "canons"  and  Aristotle's 
"syllogisms"  embrace  all  the  fundamental  principles  of  cor- 
rect thinking?  The  fact  is  that  logic  has  been  a  "dead 
science"  these  70  years  mainly  because  it  was  not  born  a 
science,  and  not  even  Mill  breathed  the  spirit  of  science  into 
its  body. 

Consider  a  few  of  the  outstanding  scientific  discoveries 
that  have  occurred  since  Mill  penned  his  first  edition  in 
1848:  (1)  Discovery  of  the  mechanical  equivalent  of  heat, 
W'hich  lead  to  the  grand  discovery  of  the  indistructibility  of 
energy.  (2)  Enunciation  of  the  theory  of  evolution.  (3)  The 
discovery  of  bacteria  as  the  causes  of  most  diseases.  (4)  The 
birth  of  physical  chemistry.  (5)  The  revolutionary  discov- 
eries of  X-ray  and  radium  emanations,  which  have  led  to 
many  changes  in  our  conception  of  matter  and  energy. 

Any  well  read  engineer  who  studies  Mill's  logic  today  can 
hardly  fail  to  be  impressed  by  the  great  handicap  of  ignorance 
of  science  under  which  Mill  labored.  Nor  can  the  conviction 
be  escaped  that  Mill  erred  badly  in  assuming  that  he  had 
said  about  the  last  new  word  that  could  be  said  on  logic. 

Boole  invented  his  symbolic  or  equational  logic  shortly 
after  Mill  wrote  his  first  edition,  and  for  a  time  great  hope 
was  aroused  in  his  desciples  that  his  methods  would  revolu- 
tionize deductive  logic;  but  the  hope  has  remained  unfulfilled. 
The  principle  merit  of  symbolic  logic  is  that  it  gives  a  some- 
what better  grasp  of  the  syllogisms,  and  serves  to  bring  out 
the  truly  symbolic  nature  of  deductive  reasoning  even  where 
words  are  used.  Aside  from  Boole's  work  there  has  been  no 
noteworthy  advance  in  logic  in  70  years,  yet  Boole  furnished 
a  method  that  has  only  a  narrow  field  of  application.  Some 
day  this  inactivity  of  the  "science  of  sciences"  for  70  years 
will  astonish  scientific  historians. 

Few  of  us  who  are  professional  thinkers  have  been  in  the 
habit  of  analyzing  our  own  methods  of  arriving  at  conclu- 
sions. And  only  a  few  of  these  few  have  written  about 
their  thinking  processes.  In  short  we  are  not  habituated  to 
think  about  thinking.  Burbank's  great  book  is  peculiarly 
illuminative,  because  he  describes  not  only  his  methods  but 
certain  of  his  reasoning  processes.  Unfortunately  he  has  not 
studied  logic  as  such,  and  therefore  is  not  as  clear  as  he 
might  have  been  in  outlining  his  system  of  reasoning  about 
the  creation  of  new  plants.  Our.  other  great  thinkers  have 
been  even  less  inclined  than  Burbank  to  self-analysis  of  their 
methods  of  thinking.  Were  Edison  to  describe  in  detail  his 
systems  of  thinking,  we  do  not  doubt  that  he  would  greatly 
aid  all  inventive  minds.  He  might  show  how  an  average 
mind  could  become  highly  inventive.  Indeed  it  is  not  im- 
probable that  he  would  enrich  posterity  far  more  by  pub- 
lishing a  searching  analysis  of  his  mental  methods  than  by 
making  his  most  chei'ished  invention. 

Think  about  thinking,  that  is  about  all  the  mental  proc- 
esses, mechanical  aids  and  systems  of  arriving  with  celerity 
at  correct  conclusions  and  creative  ideas. 
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Reasoning  of  every  kind,  whether  deductive,  inductive  or 
creative,  is  impossible  without  memory.  Other  things  being 
equal,  the  man  with  the  best  memory  is  the  best  reasoner.  So, 
study  the  art  of  memorizing,  and  to  do  this  read  psychology. 
Learn  the  relative  importance  of  the  three  great  factors  in 
memorizing,  (1)  vividness  of  impression,  (2)  repetition  of  im- 
pressions, and  (3)  association  of  different  impressions.  Study 
your  growing  power  of  remembering  facts  relating  to  your 
own  specialty,  noting  especially  the  accelerated  growth  of 
that  power  when  you  carefully  analyze  and  compare  the  data. 
Observe,  then,  the  increase  in  your  ability  to  reason  both 
correctly  and  creatively  as  your  store  of  memorized  facts  in- 
creases. Should  you  go  no  farther  than  this  in  thinking  about 
thinking  you  will  be  well  rewarded,  for  you  will  come  to  have 
a  respect  for  memory  that  relatively  few  educated  men  now 
have,  and  with  that  respect  will  come  a  determination  to 
store  your  mind  with  usable  information. 

If  you  think  long  enough  about  thinking,  you  will  finally  see 
plainly  that  the  process  of  qualitative  deduction  is  funda- 
mentally a  process  of  remembering.  Then  it  follows  that  the 
deductive  inference  that  is  called  "foresight''  is  itself  a 
process  of  remembering,  or  "hindsight."  The  inexperienced 
child,  lacking  a  memory  of  dangers,  runs  into  danger — shows 
no  foresight.  Similarly  with  all  inexperienced  people,  be  they 
young  or  old. 

Memory  may  relate  to  personal  experiences,  or  to  the  nar- 
rated experiences  of  others,  or  to  the  place  where  recorded 
experiences  may  be  found.  Facts  are  equally  valuable,  re- 
gardless of  their  source,  provided  they  are  available  as  data 
with  which  to  reason.  But  "time  is  the  essence  of  the  con- 
tract," so  he  that  has  the  facts  in  his  head  is  better  than  he 
that  has  them  in  his  library. 


Results  of  Malaria  Mosquito  Survey  in 
Northern  California 

During  the  past  10  years,  California  has  rid  itself  of  at 
least  GO  per  cent  of  malaria.  This  is  due  principally  to  the 
state-wide  campaign  against  the  malaria-carrying  mosquito 
known  as  Anopheline,  according  to  a  recent  bulletin  issued 
by  the  State  Board  of  Health  of  that  state.  Since  1916  the 
State  Board  of  Health,  in  co-operation  with  the  University  of 
California,  has  been  making  a  survey  of  the  state  with  the 
objects  of  obtaining  accurate  knowledge  of  the  distribution 
of  the  malaria  carrying  mosquito,  to  determine  methods  of 
control,  and  to  educate  the  public  by  lectures  and  literature. 
The  territory  covered  thus  far  includes  the  northern  third 
of  the  state  where  58.7  per  cent  of  the  malarial  deaths  from 
1909  to  1918  have  occurred. 

The  results  show  that  two  out  of  every  five  mosquitoes  cap- 
tured were  at  least  potential  carriers  of  malaria.  In  the  Sac- 
ramento Valley  counties  52.7  per  cent  of  all  mosquitoes  col- 
lected were  Anopheline.  Considering  only  counties  with  a 
high  malaria  rate,  there  have  been  reductions  varying  from 
63  per  cent  to  85  per  cent  in  the  death  rate  for  the  5-year 
period  from  1914  to  1918,  as  compared  with  the  previous  5- 
year  period,  1909  to  1913  inclusive.  This  actually  means  that 
there  have  been  about  125  lives  saved  in  that  period  and 
probably  50,000  cases  of  malaria  prevented. 

Another  interesting  phase  is  the  economic  loss  from  ma- 
laria in  districts  where  irrigation  has  been  recently  intro- 
duced. According  to  Mr.  Harold  P.  Gray,  State  District 
Health  Officer,  in  a  recent  report  to  the  California  State  Board 
of  Health  printed  in  the  Journal  of  the  American  Medical  As- 
sociation, the  introduction  of  irrigation  caused  an  economic 
loss  due  to  malaria  of  $31.70  per  family  for  medicine,  medical 
service  and  labor  loss  in  191S.  The  district  in  which  this  oc- 
curred was  the  Anderson-Cottonwood  irrigation  district,  com- 
prising about  32,000  acres  along  the  Sacramento  River  and 
having  a  population  of  about  1,300.  Ideal  conditions  for  the 
breeding  of  Anopheline  mosquitoes  were  created  by  the  seep- 
age from  the  canals  and  laterals.  Of  1,081  persons,  590  or 
54.5  per  cent  had  malaria  symptoms.  The  cost  per  family 
for  the  year  was  $5.70  for  medicine,  $7.10  for  medical  services, 
and  $18.90  for  labor  loss,  making  a  total  of  $31.70.  This 
amounted  to  $7  66  per  capita  or  $14.05  for  each  sick  person. 
With  the  drainage  and  mosquito  control  work  carried  out  as 
planned  it  is  estimated  that  reduction  of  malaria  amounting 
to  95  per  cent  may  be  expected  in  four  years. 


Discharge    Coefficients  [for  Canal 
Head  Gates 

The  first  consideration  in  regard  to  a  canal  head  gate  ia 
that  its  capacity  shall  surely  be  equal  to  the  demand  that 
will  be  made  upon  it.  The  next  consideration,  and  almost 
as  vital,  is  its  cost.  Every  foot  saved  in  width  means  many 
dollars  saved  the  water  users;  a  foot  saved  in  depth  may 
mean  several  times  as  much;  a  few  tenths  saved  here  and 
there  in  head  through  gates  and  other  structures  is  trans- 
lated into  acres  covered  that  otherwise  might  be  left  above 
the  ditch.  A  logical  and  practical  method  for  the  study  of 
capacity  as  related  to  existing  head  gates  and  the  application 
of  results  obtained  to  the  design  of  future  structures,  is  out- 
lined  by  J.   S.  Longwell   and  Julian   Hinds,  Engineers   U.   S. 
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Figs.  1  to  3. 

Reclamation  Service,  in  the  October  Reclamation  Record,. 
from  which  the  matter  following  is  abstracted. 

The  discharge  of  orifices  in  general,  both  submerged  and. 
with  free  outfall,  has  been  extensively  discussed  in  textbooks: 
and  published  articles  on  hydraulics,  but  there  are  a  num- 
ber of  points  in  connection  with  the  discharge  through  canal 
headgates  as  a  special  form  of  orifice  which  have  not  been, 
covered  in  the  published  literature  on  the  subject  as  fully 
as  might  be  desired. 

It  has  been  established  that  the  discharge  through  thin- 
edged  orifices  and  short  tubes  is  given  with  sufficient  ac- 
curacy by  the  formula  Q  =  AC  V  2gh,  where  Q  is  the  dis- 
charge, A  is  the  area  of  the  orifice,  C  is  a  coefficient  deter- 
mined by  experiment,  and  h  is  the  effective  head.  If  A  is 
measured  in  square  feet  and  h  is  given  in  feet,  the  discharge 
Q  is  obtained  in  second-feet.  It  is  the  purpose  of  this  dis- 
cussion to  point  out  the  limitations  to  be  observed  in  the  ap- 
plication of  this  formula  to  the  computations  of  discharge- 
through  canal  headgates  in  installations  similar  to  those 
shown  in  Figs.  10  and  11,  and  to  develop  a  logical  method  for 
determining  the  value  of  C  and  the  effective  head  to  be  used 
with  such  structures.  It  is  assumed  the  form  of  equation  as 
given  above  is  satisfactory. 

The  following  notation  is  used  throughout  the  discussion: 
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"Vi  =  Velocity  or  approach. 

Vo  =  Velocity  through  orifice. 

V2  =  Velocity  at  point  of  maximum  recovery  in  canal. 

hvi,    hvo,  and   hV2  =  Velocity  heads   corresponding  to  Vj,   Vo.   and 

V2.  respectively. 
hi  =  Head  on  center  of  orifice,  including  hvi. 
ho  =  Head  on  top  of  orifice,  includinir  hv„. 
ha  ^  Drop  through  orifice,  including'  hv,. 
ii3  =  Drop  from  above  gate  to  maximum  W.   S.   in  canal  below. 

including  hvi. 
hj  -  Back  pressure  on  center  of  orifice, 
d  =h„— h,. 

Q  =  Discharge   in   cubic  feet  per  second. 
A  =Area  of  orifice 

Co  =  Coefficient  of  discharge  computed  from   ho. 
Cs  =  Coefficient   cf  discharge   computed  from   hj. 
Cj  =  Coefficient   of  discharge  computed  from  h», 
C    —  Coefficient    of   discharge. 
hf^Fricuon  head   through   transition. 

The  velocity  is  assumed   to  be   the  mean   velocity  at   the 
Ijoint  under  consideration,  no  allowance  being  made  for  the 


Figs.  4  to  6. 

iinequal  distribution  ot  velocities  throughout  the  cross  sec- 
tion. The  effective  head  is  in  all  cases  assumed  to  Include 
the  velocity  head  due  to  the  velocity  of  approach  (hVi). 

Typical  discharge  conditions  are  Illustrated  in  Figs.  1  to  9, 
inclusive.  Pigs.  1,  2  and  3  represent  ordinary  orifice  discharge 
as  discussed  in  all  treatises  on  hydraulics.  It  is  assumed  to 
"be  established  that  the  effective  head  for  the  condition  in 
Fig.  1  should  be  measured  to  the  center  of  the  gate  for  ordi- 
nary accuracy.  Likewise  the  head  tor  Fig.  3  should  be  meas- 
ured to  the  water  surface  below  the  gate.  Formulae  for  Fig. 
2  and  precise  formulae  for  Fig.  1  will  be  found  in  any  stand- 
ard treatise  on  hydraulics. 

In  previous  analyses  ot  flow  through  headgate,  h^.  the  drop 
from  a  point  above  the  gate  to  the  water  surface  at  the  point 
■of  maximum  recovery  below  the  gate,  has  been  taken  as  the 
effective  head  and  a  corresponding  discharge  coefficient  com- 
puted. Such  experimental  data  as  are  available  indicate  that 
this  coefficient  is  not  constant,  and  Fig.  4  to  9  inclusive  are 
Intended  to  show  that  a  constant  coefficient  based  upon  the 
head  h..  can  not  be  obtained.  In  order  to  reduce  the  variables 
to  a  minimum  the  intake  and  approach  conditions  are  as- 
sumed to  be  identical  in  all  cases.  In  Figs.  1,  2  and  3  the 
sides  of  the  jet  are  assumed  to  be  unconflned  by  walls,  the 
•discharge  being  into  an  open  pool.     In  Figs.  4  to  9  inclusive 


the  bottom  and  sides  of  the  transition  are  assumed  to  fit  the 
orifice  at  the  head  wall  and  to  gradually  change  to-  the  cross 
section  of  the  canal. 

Flow  is  in  all  cases  produced  by  the  resultant  of  the  head 
tending  to  force  the  water  down  stream  and  the  back  pres- 
sure tending  to  hold  it  back.  In  Fig.  1  the  jet  Is  free  to  fall 
as  soon  as  it  has  cleared  the  orifice,  hence  there  Is  no  back 
pressure.  In  Fig.  2  the  lower  part  ot  the  jet  Is  supported  by 
flotation,  and  there  is  back  pressure  on  the  submerged  por- 
tion of  ihe  orifice.  In  Fig.  3  the  average  back  pressure  Is  equal 
to  h,  and  the  net  effective  head  is  h„  the  drop  in  water  sur- 
face through  the  gate  plus  the  velocity  head  of  approach. 

In  Fig.  4  an  outfall  channel  is  fitted  to  the  orifice.  If  the 
sides  and  bottom  of  the  channel  are  made  to  conform  exactly 
to  the  sides  and  bottom  of  the  freely  falling  jet,  Fig.  1,  no 
alteration  of  the  flow  will  occur.     If,  however,   the  form  of 
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Figs.   7  to   9. 

the  channel  is  such  that  the  jet  is  held  up  above  its  free  fall 
trajectory,  a  portion  of  its  w-eight  will  be  supported  by  the 
bottom  of  the  channel.  A  portion  of  the  weight  of  each  par- 
ticle of  water  will  be  supported  by  the  particle  below,  and  a 
partial  hydrostatic  pressure  will  result,  producing  a  back 
pressure  on  the  orifice.  In  order  for  this  back  pressure  to 
be  effective  in  reducing  the  discharge  through  the  gate  the 
holding  up  of  the  jet  must  begin  at  the  orifice.  This  is  illu- 
strated in  Fig.  5.  Assume  a  gap  left  in  the  channel  between 
A  and  B,  the  point  B  being  located  so  that  it  just  catches  the 
freely  falling  jet.  Although  the  jet  is  held  up  above  normal 
at  D,  the  resulting  hydrostatic  pressure  clearly  has  no  effect 
on  the  flow  at  A.  Filling  the  gap  in  the  channel  will  not  alter 
the  results. 

Figures  G  and  7  represent  conditions  in  which  the  outlet 
channel  is  such  that  the  jet,  immediately  below  the  orifice,  is 
held  up  above  its  free  fall  trajectory.  The  water  particles 
are  falling  slightly  as  they  leave  the  orifice  and  the  effective 
head  is  more  than  h„.  However,  if  the  free  fall  of  the  jet  is 
materially  interfered  with  at  A,  nearly  the  full  weight  of  the 
stream  will  be  supported  by  the  bottom  of  the  channel  and 
the  effective  head  will  exceed  hj,  by  only  a  very  small  amount 
In  design  this  slight  increase  may  safely  be  neglected.  In 
the  discussion  of  experimental  data  the  increase  may  be  neg- 
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lectecl    without    serious    error   unless   conditions    approximate 
those   shown  and   discussed  inider   Fig.   5. 

Figures  S  and  9  show  a  transition  section  titted  to  the  orifice 
flow  conditions  in  the  channel  below  the  transition  such  that 
the  water  surface  begins  to  rise  after  passing  through  the 
orifice  This  rise  represents  the  recoverable  portion  of  the 
change  in  velocity  head  between  the  orifice  and  the  channel 
below  the  transition.  There  is  a  definite  limit  to  the  propor- 
tion of  the  change  in  velocity  head  between  the  orifice  and 
channel  which  may  be  recovered  with  a  given  form  of  transi- 
tion. It  is  generally  assumed  that  this  maximum  recovery  is 
represented  by  kAbv,  where  A'lv  is  the  change  in  velocity 
head  and  k  is  a  constant  depending  upon  the  form  of  transi- 
tion. In  figure  8,  R  is  assumed  to  be  equal  to  kAhv,  so  that 
if  the  water  surface  at  D  be  raised,  due  to  change  in  regimen 
of  channel  below,  ihe  orifice  will  become  submerged  at  A  and 
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Whalen   Headgates,   North   Platte   Project. 

the  conditions  shown  in  Fig.  9  will  exist.  If  the  water  sur- 
face at  A  is  lowered  conditions  will  be  similar  to  those  shown 
In  Fig.  7.  There  can  be  no  pressure  head  above  the  top  of 
the  opening  at  A.  Fig.  8,  since  the  orifice  is  not  submerged, 
and  since  the  jet  is  clearly  not  falling,  there  is  hydrostatic 
back  pressure  equal  to  the  depth  of  the  orifice  and  the  effec- 
tive head  is  h„.  In  Fig.  9  the  back  pressure  is  equal  to  the 
depth  of  water  just  below  the  orifice,  and  the  effective  head 
is  h,. 

Figures  6,  7  and  8  show  that  for  a  wide  range  in  outlet  con- 
ditions the  discharge  remains  sensibly  the  same,  while  h.^  may 
be  equal  to  or  greater  than  h„,  or  with  inlet  and  outlet  ap- 
proaching perfection  and  with  proper  regimen  in  the  channel 
below,  h,  may  approach  zero  as  a  limiting  value.  It  is  thus 
evident  that  a  coeflicient  of  discharge  based  upon  h,  must 
vary  with  the  outlet  conditions  as  well  as  with  the  form  of 
orifice.  The  value  of  this  coefficient  will  be  affected  by  the 
required  elevation  of  water  in  the  channel  below  the  transi- 
tion, as  well  as  by  the  form  of  the  transition.  Recovery  can 
not  take  place  to  a  greater  elevation  than  the  normal  water 
surface  in  the  channel  below,  regardless  of  the  recovering  ca- 
pacity of  the  outlet. 

Headwork  structures  for  canals  are  usually  constructed 
along  definite  lines  and  may  be  grouped   into  a  few  distinct 


classes  having  similar  inlet  conditions  and  approximately 
equal  recovery  coefficients  k.  The  relative  elevations  of  the 
top  of  the  orifice  and  the  normal  water  surface  in  the  canal 
are  likely,  however,  to  vary  widely  and  fiow  conditions  may 
vary  through  the  entire  range  from  Fig.  G  to  Fig.  9.  In  de- 
sign this  variation  should  properly  be  provided  for  by  using 
the  effective  head  h„  or  hj,  obtained  as  outlined  above,  with 
an  experimentally  determined  value  for  C.  Flow  conditions 
below  the  orifice  should  be  determined  separately,  from  the 
known  or  assumed  value  of  K  and  the  hydraulic  properties 
of  the  canal.  The  effective  head  hj  may  be  found  by  adding 
kAhv  and  the  friction  loss  in  the  transition  to  h,  h,  and  Akv 
being  known  and  k  being  assumed  from  experimental  data  on, 
similar  transitions.  If  h,  as  thus  computed  is  greater  than  h„ 
design  for  h„. 

In  experimental  work  flow  conditions  will  vary  from  those 
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Sunnyside    Headgates,   Yakima    Project. 

shown  in  Fig.  6  to  those  in  Fig.  9,  for  varying  discharges 
through  the  same  structure,  since  the  canal  depth  will  never 
vary  exactly  as  the  height  of  gate  opening  under  all  condi- 
tions of  head  water.  A  coefficient  of  discharge  based  upon 
h,  will  therefore  vary  widely  for  the  same  structure  under 
varying  conditions  and  is  valueless.  The  discharge  coefficient 
should  be  based  upon  the  head  h„  or  h„  h,  being  in  all  cases 
observed  and  not  computed.  Measurements  should  also  be 
taken  from  which  to  determine  the  value  of  k,  the  friction  in 
the  transition  and  other  special  losses.  It  will  usually  be 
impracticable  to  separate  the  losses  occurring  in  the  transi- 
tion, in  which  case  the  friction  may  be  estimated  with  suffi- 
cient accuracy,  and  all  other  losses  may  be  included  in  the 
value  of  k.  A  careful  distinction  should  be  drawn  between 
cases  in  which  the  recovery  is  produced  by  gradual  expan- 
sion, and  cases  involving  the  hydraulic  jump.  A  lower  value 
of  It  may  be  expected  where  the  jump  occurs. 

A  number  of  observations  made  at  the  Whalen  headgates 
on  the  North  Platte  project  and  at  the  Sunnyside  headgates 
on  the  Yakima  project  by  the  United  States  Reclamation- 
Service  are  analyzed  in  Tables  I.  II  and  III.  The  Whalen  head- 
works  consist  of  nine  5-ft.  9-in.  by  6-ft.  cast  iron  gates  sep- 
arated by  IS-in.  piers,  as  shown  in  Fig.  10.  Only  observations 
in  which  at  least  eight  gates  were  open  are  included  in  the 
table.     The  Sunnyside  headworks  consist  of  six  castiron  gates 
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separated  by  18-in.  piers,  as  shown  in  Fig.  11.  Unfortunately 
only  the  head  h,  was  measured  in  these  experiments  and  it 
was  necessary  to  compute  li^  by  indirect  methods.  The  ob- 
servations for  the  Whaien  gates  are  arranged  in  the  order  of 
ascending  values  of  d/Ahv  and  a  value  of  k  is  found  by  trial 
which  gives  the  same  average  value  of  C  for  partial  recovery 
(using  h„)  as  for  full  recovery  (using  hj).  The  value  of  k  thus 
determined  for  the  Whaleu  gates  is  0.62.  All  Sunnyside  gates 
appear  to  be  under  full  recovery  and  there  is  no  basis  for  de- 
termining the  value  of  k.  A  value  of  0.70  is  assumed  and 
the  resulting  discharge  coefficient  is  the  same  as  for  the 
Whaien  gates.  The  average  value  of  C  is  found  to  be  0.72. 
No  great  dependence  can  bo  placed  upon  the  results  derived 
from  these  experiments,  since  the  head  h.,  was  not  measured 
in  the  field.  It  was  also  necessary  to  estimate  the  friction 
loss  from  A  to  D  and  the  velocity  head  at  D.  The  table  is 
given  for  illustration  only. 

The  values  of  C,  as  originally  computed  are  shown  for  com- 
parison. It  may  be  noted  that  in  certain  cases  C.  was  found 
to  be  greater  than  unity.  These  observations  were  originally 
thrown  out  on  the  assumption  that  values  of  C,  greater  than 
unity  are  impossible.  This  assumption  is  incorrect  and  these 
experiments  should  be  retained.  For  example,  assume  a  bell 
mouth  entrance  with  a  coefficient  of  0.95  and  an  expanding 
outlet  which  will  recover  0.90  of  the  velocity  head  through 
the  orifice,  the  velocity  above  and  below  the  structure  being 
assumed  zero,  then 

Vo  =  .95\'2ih;; 


evo  ' 


2g 


=  .90h3 


Recovery  =  0.90hvo  =  .81h.i 

h2  =  h:;  —  .Slh::  =  .19h,, 


Vo=  .95^2g^  =  2.20v'2gh 


or  C.2  =  2.20 

Values  of  C,  as  high  as  this  can  easily  be  produced  and 
values  greater  than  unity  doubtless  often  occur  in  practice. 

In  all  future  experimental  work  on  the  flow  through  head- 
gates,  it  is  suggested  that  the  value  of  h,  be  obtained  in  the 
field.     To  do  this  it  will  probably  be  necessary  to  install  a 
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gage  or  well  connected  with  the  floor  directly  downstream 
from  the  gates.  This  will  be  particularly  necessary  in  the 
case  of  full  recovery  with  the  hydraulic  jump,  in  which  case 
there  is  much  disturbance  on  the  downstream  side  of  the 
gates  and  on  account  of  the  air  in  the  water  the  actual  water 
surface  elevation  will  not  represent  the  true  hydrostatic  pres- 
sure. The  value  of  h,  and  of  d  should  also  be  obtained.  The 
gate  opening,  velocity  of  approach,  velocity  of  water  in  canal 
at  D.  discharge  and  other  hydraulic  data  should  be  taken.  All 
gates  should  be  opened  the  same  amount  so  that  flow  condi- 
tions will  be  as  uniform  as  possible  entirely  across  the  chan- 
nel. 

From  the  data  obtained,  the  various  experiments  should  be 
grouped,  as  explained  above,  and  the  values  ot  C  and  k  com- 
puted. Detailed  tabulations  may  then  be  prepared  giving  the 
values  of  ('  for  various  gates  and  values  of  k  for  various 
types  of  transition  sections. 

In  the  design  of  canal  headgates  the  maximum  elevation 
of  the  water  surface  in  the  canal  and  the  minimum  water  sur- 
face above  the  headgates  are  usually  established  and  the  re- 
quired discharge  is  known.  With  data  at  hand,  the  value  of 
h„  may  be  computed.  From  experimental  data  available,  the 
value  of  k  for  the  type  of  transition  section  which  it  is  pro- 
posed to  use  may  be  determined.  From  a  similar  source  the 
proper  value  of  C  for  the  type  of  gate  installation  may  be 
selected.  Assumptions  may  then  be  made  as  to  the  size  and 
setting  of  the  gates  and  h^  computed  from  formula  h3  =  h;  + 
k(hVi  —  hv,)  +  hf.  In  this  computation  it  should  be  under- 
stood that  h-,  is  not  to  exceed  h„.  Knowing  C,  h,,  Q  and  h„, 
the  area  of  gate  opening  may  be  computed  and  compared  with 
that  assumed  and  the  necessary  adjustments  of  assumption 
made  and  the  area  revised  if  necessary. 

It  is  believed  that  by  the  use  of  this  method  the  chances 
for  errors  in  design  due  to  changing  conditions  of  flow  in  the 
canal  will  be  minimized  and  that  a  more  rational  design  will 
result  in  every  way  than  would  be  obtained  by  the  use  of  the 
overall  coefficient  C;. 


Reasonable  Economic  Performance  for  Stationary  Steam 
Plants. — The  following  table,  extracted  from  a  lecture  pre- 
pared last  year  by  Prof.  L.  P.  Breckinridge  as  part  of  his  fuel 
conservation  work  for  the  U.  S.  Fuel  Administration,  indicates 
the  economies  that  may  reasonably  be  expected  in  the  opera- 
tion of  several  types  of  power  and  heating  plant  boilers  both 
for  the  production  of  steam  and  the  generation  of  power. 


T.vpe   of  Plant. 

Central   Stations: 

(a)  Largre.  10,000  kw.  and  up--.- 

(b)  Small.  2,000-10,000  kw 

Manufacturing  power  plants; 

(a)  Small  plants  up  to  100  hp,  . .  . 

(b)  Medium   plants  100-500  hp... 

(c)  Large  plants  500-2,000  hp 

Heating-   plants: 

(a)  Central,  1.000  hp.  and  up 

(b)  Office  buildings,  public  bldgs. 
(c')   Residences     


Efficiency 

of  Boiler  and 

Coal    per   Hour. 

Furnace 

Lb. 

Per  Cent. 

Per    Kw. 

-0-76 

3-2 

68-74 

4-214 

Per  IHp. 

60-70 

8-5 

68-72 

5-3 

68-74 

4-2>;4 

Per  Boiler  Hp. 

68-74 

4-3 

50-70 

6-3 

50-65 

Compressed  Air  Line  Connection  with  Water  Main  Fur- 
nishes Fire  Pressure. — The  main  compressed  air  line  at  the 
shipbuilding  plant  of  the  Beaumont  Shipbuilding  &  Dry  Dock 
Co..  Beaumont,  Tex.,  which  is  piped  throughout  for  compressed 
air.  is  connected  directly  with  the  water  line.  In  the  connect- 
in.g  pipe  there  is  a  stop  valve  which  normally  is  closed  tight. 
In  case  of  fire  this  valve  is  opened  and  water  under  full  pres- 
sure is  available  at  every  point. 


Municipalities  Adopt  City  Manager  Form  of  Government. — 
A  number  of  cities  voted  at  the  November  elections  on  the 
adoption  of  the  city  manager  form  of  municipal  government. 
Tallahassee,  Fla..  by  a  vote  of  225  to  105  ratified  a  new  char- 
ter providing  for  a  commission  manager  form  of  government. 
Newport  News,  Va.,  gave  a  majority  of  4  to  1  in  favor  of 
the  new  form  of  government:  and  Lynchburg.  Va.,  by  a  vote 
of  774  to  4,'?4  also  adopted  the  city  manager  type  of  gov- 
ernment. 
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American  Firm  May  Install  Waterworks  in  24  Cities  of 
Peru. — The  Peruvian  government  is  stated  to  be  negotiating 
with  American  interests  for  the  installation  of  waterworks, 
drainage  and  paving  in  24  of  the  largest  cities  and  towns  of 
the  republic. 
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A  Page  from  Recent  Waterworks 
Reports 

Frost  Penetration  in  New  England  in  1917-1918.— The  long 
stretches  of  extremely  cold  weather  of  the  winter  of  1917-18 
caused  the  frost  to  penetrate  to  unusual  depths  in  many  sec- 
tions of  New  England.  J.  C.  Whitney,  Water  Commissioner 
of  Newton,  Mass.,  reported  that  in  several  instances  mains 
froze  at  dead  ends,  the  frost  in  places  penetrating  to  a  depth 
of  fully  6  ft. 

Geo.  W.  Batchelder,  Water  Commissioner  of  Worcester, 
Mass.,  in  his  annual  report  for  the  year  ending  Nov.  30,  1918, 
stated  that  the  frost  penetrated  to  a  depth  of  6%  ft.,  causing 
th»  most  severe  freezing  in  the  history  of  the  department;  A  ■ 
frost  penetration  of  5  ft.  was  reported  by  Edwin  T.  McDowell, 
Superintendent  of  Waterworks  of  Middletown,.  Conn. 

Grouting  Foundations  for  Dam.— Grout  mixed  in  the  pro- 
portions of  GO  to  1  and  applied  under  pressure  of  90  lb.  to 
the  square  inch  was  used  in  closing  very  small  crevices  In 
the  ledge  underlying  the  new  Pine  Hill  Dam  of  Worcester, 
Mass.  The  excavations  of  the  site  of  the  dam  in  places  were 
from  40  to  50  ft.  in  depth  below  the  original  surface  of  the 
ground  and  extended  into  a  ledge.  The  ledge  was  found  to 
be  shattered  to  such  an  extent  that  it  was  necessary  to  re- 
move considerable  n"antities  to  obtain  suitable  hardness  to 
build  upon.  The  numerous  seams  and  crevices  allowed  the 
passage  of  water  so  readily  that  it  became  necessary  to  drill 
still  further  into  the  rock,  and  numerous  holes  were  sunk  to 
a  depth  of  25  or  more  feet,  in  order  to  reach  a  less  porous 
material.  By  testing  these  holes  with  water  under  pressure 
it  was  found  that  certain  groups  were  connected  through  the 
fissures  in  (he  rock,  and  by  traversing  the  area  under  treat- 
ment it  was  possible  to  isolate  different  groups  into  conve- 
nient clusters  for  sealing  and  making  water-tight.  To  ac- 
complish this  a  short  piece  of  2-in.  iron  pipe  was  connected 
with  each  hole,  caulked  and  made  fast  and  tight  with  a  pet- 
cock  in  the  top  of  each,  so  that  the  circulation  of  grout  could 
be  controlled.  One  of  the  pipes  was  connected  with  a  grout 
mixer  in  which  the  cement  and  water  were  thoroughly  mixed 
under  air  pressure  and  forced  into  the  group  of  holes  under 
treatment.  This  was  done  without  let-up  until  the  seams  re- 
fused to  take  more.  In  some  cases  two  or  three  24-hour  days 
were  necessary  to  effect  complete  tightness. 


War  Gardens  of  Worcester,  Mass.,  Water  Department. — 
About  19  acres  of  war  gardens  were  cultivated  during  1918 
by  the  Water  Department  of  Worcester.  The  principal  crops 
were  beans,  potatoes  and  carrots.  Returns  from  the  sale  of 
these  vegetables  showed  a  balance. 


Firewood  Cut  from  Water  Shed. — During  the  period  of  fuel 
shortage  in  1917-18  men  in  the  employ  of  the  Water  Depart- 
ment of  Worcester,  Mass.,  cut  several  hundreds  cords 
of  birch,  alders  and  other  woods  not  desirable  on 
the  water  sheds.  A  considerable  portion  of  this  wood  was 
burned  at  the  water  shop.  The  balance  of  the  wood  was  prin- 
cipally sold  to  the  school,  fire  and  police  departments.  An 
agreement  was  made  between  the  mayor  and  water  commis- 
sioner, representing  the  city,  and  the  Worcester  fuel  com- 
mittee to  permit  the  cutting  of  fire  wood  on  the  water  sheds 
to  relieve  the  fuel  situation.  About  ,3.000  cords  were  cut 
under  this  agreement,  for  which  the  city  oharged  the  fuel 
committee  at  the  stumpage  rate  of  $1.75  per  cord. 


How  IVliddletown,  Conn.,  Handled  Frozen  Meter  Problem. — 
About  3<10  meters  at  Middletown,  Conn.,  were  frozen  during 
the  severe  winter  of  1917-18.  These  were  removed,  repaired 
and  reinstalled  as  soon  as  possible.  Protection  of  meters 
from  frost  was  neglected  by  consumers.  In  many  cases  the 
cellars  in  which  the  meters  were  located  were  much  colder 
than  had  been  anticipated  as  the  scarcity  of  coal  made  it 
necessary  for  consumers  to  burn  as  little  fuel  as  possible. 
The  percentage  of  frozen  meters  In  Middletown  was  about 
the  same  as  in  other  cities  throughout  the  state.  The  cost 
of  repairing  these  frozen  meters  was  small,  and  the  water 
department,  following  the  example  of  Hartford,  New  Britain, 
Springfield,  and  other  neighboring  cities  with  metered  serv- 
ices, \\ic\(\  the  property  owner  responsible  for  the  cost.  A 
flat  charge  of  $1.00  was  made  in  all  cases  of  frozen  meters 
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and  this  amount  was  added  to  the  semi-annual  bill  rendered 
in  May.  For  the  period  which  the  meters  were  removed  on. 
account  of  freezing,  it  was  necessary  to  estimate  the  charges 
on  the  basis  of  what  the  consumer  used  under  ordinary  cir- 
cumstances. This,  of  course,  led  to  more  or  less  dispute  on: 
the  part  of  some  property  owners,  but  on  the  whole  it  worked 
out  quite  satisfactorily  to  both  the  department  and  consum- 
ers. 


Thawing  Fire  Hydrants  with  Exhaust  from  Truck. — During 
the  winter  of  1917-18  a  number  of  fire  hydrants  of  Middle- 
town,  Conn.,  froze  repeatedly,  making  it  necessary  to  examine 
and  thaw  them  daily  during  the  extremely  cold  weather.  The 
method  employed  for  thawing  the  hydrants  was  quite  original. 
The  exhaust  muffler  from  a  30-HP.  4-cylinder  Federal  fire- 
truck  was  removed  and  the  ends  used  as  companion  flanges, 
for  fastening  a  12-in.  piece  of  2-in.  pipe  to  the  end  of  the 
cast  iron  exhaust  pipe.  The  12-in.  section  was  connected  by 
a  union  and  elbow  to  another  piece  of  2-in.  galvanized  iroa 
pipe  4  ft.  long.  To  this  latter  a  piece  of  %-in.  hose  7  ft.  long 
was  connected  by  a  special  coupling.  In  the  thawing  opera- 
tion the  end  of  the  hose  was  forced  down  the  barrel  of  the 
hydrant  until  it  came  in  contact  with  the  ice.  The  engine 
was  then  started  and  the  hot  exhaust  carried  to  the  frozen. 
parts  of  the  hydrants.  Usually  they  were  thawed  in  3  or  t 
minutes,  but  in  some  cases,  however.  It  took  18  minutes.  A 
number  of  hydrants  wore  broken  by  the  action  of  the  frost 
and  were  replaced  with  new  ones. 


Borings  to  Determine  Condition  of  Embankment  at  Ashokan 
Reservoir. — During  4he  latter  part  of  the  season  of  1918  two 
experimental  borings  were  sunk  through  the  Middle  dike  ot 
the  Ashkohan  reservoir  of  the  New  York  City  water  supply, 
for  the  purpose  of  investigating  the  condition  of  the  embank- 
ment materials  and  determining  what  influence  the  method 
of  construction  had  on  that  condition.  Consequently  such 
points  were  selected  as  would  give  a  comparison  between 
rolled  embankment,  puddled  fill,  and  original  cover.  The 
borings  were  made  upstream  from  the  core  wall  at  the  deep- 
est point  of  the  Beaver  Kill  gorge.  Two  and  one-half  inch 
casing,  except  where  obstructions  necessitated  a  change  to 
1%-in.  casing,  was  driven  or  turned  down,  regular  "E"  wash- 
rods  and  chopping  bits  being  used  to  loosen  the  material 
ahead  of  the  casing.  A  timber  tripod  derrick  with  suspended 
block  was  used  in  conjunction  with  a  gasoline  hoisting  engine 
to  carry  on  the  work;  a  1%-HP.  gasoline  engine  running  a 
Douglas  force-pump  furnished  water  to  the  wash-rods.  One 
boring  went  through  78  ft.  of  rolled  embankment  and  96  ft. 
of  puddle  and  the  other  through  77  ft.  of  rolled  embankment 
and  36  ft.  of  original  cover.  The  results,  according  to  the 
last  annual  report  of  the  Board  of  Water  Supply  of  New  York 
City,  indicated  that  the  rolled  embankment  was  only  slightly 
damp  except  at  one  point  where  a  greater  degree  of  moisture 
was  encountered,  attributable  to  a  different  class  of  material 
and  coming  from  the  same  borrow  pit  as  that  used  in  the 
puddled  fill.  The  original  cover  also  was  in  an  unscathed 
condition.  The  puddled  material  was  in  varying  degrees  of 
wetness  but  wa^  confined  within  the  limits  of  the  gorge  ex- 
cavation. 


Value  of  Soap  Saved  More  Than  Cost  of  Water  Softening 
at  St.  Louis. — The  total  quantity  of  dissolved  and  suspended 
matter  removed  from  the  37,751,000,000  gal.  of  river  water, 
which  passed  through  the  basins  at  the  Chain  of  Rocks  fil- 
tration plant  at  St.  Louis,  Mo.,  during  the  year  ending  April 
1.  1919,  amounted  to  over  400,000  tons.  It  required  the  addi- 
tion of  1,781  tons  of  sulphate  of  iron  and  14,999  tons  of  lime 
to  the  river  water  to  precipitate  the  above  quantity  of  dis- 
solved and  suspended  solids.  The  removal  of  the  dissolved 
solids  reduced  the  hardness  of  the  river  water  82  parts  per 
million.  This  means  that  the  quantiy  of  soap  necessary  for 
every  1,000  gal.  of  filtered  water  used  for  washing  purposes 
would  cost  93  ct.  less  than  if  the  water  had  not  been  softened. 
This  saving  in  the  use  of  soap  to  the  people  of  St.  Louis 
would  amount  to  a  total  of  over  $260,000  for  the  year,  a  sum 
greater  than  the  total  annual  pay-roll  of  the  supply  and  puri- 
fying section  with  an  average  number  of  230  employes.  The 
total  cost  of  all  chemicals  used  in  water  purification  during 
the  year  added  to  the  cost  of  all  other  supplies  purchased  by 
the  supply  and  purifying  section  is  some  $5,500  less  than  the 
value  of  the  soap  saved  annually  through  the  softening  of 
the  water. 

16^ 


A'vgineering  and  Contracting  for  November  12,  1919. 


.10/ 


The  New  10,000,000  Gallon  Flat 

Slab  Roof  Concrete  Reservoir 

of  Dayton,  O. 

In  the  year  1917-191S  Ihe  Water  Departmeut  of  Dayton,  O., 
built  a  covered  concrete  masonry  reservoir  of  10  million  gal- 
lons capacity.  The  population,  then  estimated  at  148,000 — 
which  had  practically  doubled  in  20  years  and  increased  by 
38  per  cent  in  the  last  decade— reflected  growing  war  activ- 
ities. The  water  consumption  was  50  per  cent  greater  than 
10  years  earlier  and  the  rapidly  increasing  demand  threat- 
ened to  outstrip  the  available  resources  of  the  department,  so 
that  it  was  necessary  to  improve  the  plant,  notwithstanding 
the  abnormal  prices  then  prevailing. 

Though  the  average  consumption  was  but  13  million  gallons 
daily,  the  ordinary  maximum  daily  rate  of  consumption  was 
upwards  of  IS  million  gallons,  and  the  ordinary  maximum 
hourly  rate  was  equivalent  to  30  million  gallons  daily.  The 
ratio  between  the  maximum  and  the  minimum  hourly  fluctu- 
ations was  approximately  as  5:1,  the  minimum  rate  of  con- 
sumption bejns  about  G  m.illion  gallons  per  day. 

The  water  supply  is  derived  from  a  system  of  driven  wells 
on  the  banks  of  the  Mad  River,  in  proximity  to  the  industrial 
center  of  the  city,  and  is  pumped  to  the  consumer  under  di- 
rect pressure,  except  in  the  high  service  district  of  the  north- 
west, where  there  is  a  standpipe  of  900,000  gal.  capacity. 

A  description  of  the  methods  of  design  and  construction  is 
given  in  a  paper  by  Leonard  Metcalf  and  William  T.  Barnes, 
both  of  the  firm  of  Metcalf  &  Eddy,  Boston,  presented  at  the 
recent  convention  of  the  New  England  Water  Works  Asso- 
ciation.    The  following  is  an  abstract  of  the  paper: 

Influence  of  Topography  Upon  Character  of  Water  Works 
Plant. — The  topography  of  Dayton  lends  itself  admirably  to 
the  division  of  the  water  distribution  system  into  two  ser- 
vices— high  and  low .  The  low  service  comprises  the  con- 
gested value  district  and  surrounding  business  district  of  the 
city,  at  a  general  elevation  of  about  740  ft.  above  sea  level. 
Above,  and  virtually  surrounding  the  city,  lie  upland  plains, 
the  margins  of  which  are  generally  between  elevations  850 
and  900,  and  which  rise  >vith  increasing  distance  from  the 
city,  to  an  elevation  of  1,000  ft.,  more  or  less.  The  upland 
plains  furnish  advantageous  sites  for  reservoirs  close  to  the 
heart  of  the  city,  from  which  water  may  be  delivered  to  the 
low  service  district  at  fair  domestic  pressure  (TO  lb.  per  sq 
In.,  more  or  less)  in  ample  volume  for  the  maximum  Are  de- 
mand, without  undue  friction  loss,  and  without  involving  bur- 
densomely  expensive  pipe  connections. 

As  the  first  step  in  the  solution  of  the  storage  problem  it 
was  found  more  advantageous  to  locate  the  equalizing  reser- 
voir upon  the  upland  plain.  Later,  additional  reservoirs  will 
be  added  upon  the  heights  in  different  sections  of  the  city, 
feeding  their  supplies  into  the  common  center,  the  heart  of 
the  city. 

Factors  Influencing  Decision  as  to  Capacity  of  Reservoir. — 
Under  normal  conditions  the  capacity  of  the  proposed  reser- 
voir would  have  been  fixed  at  25  to  30  million  gallons,  but  in 
view  of  the  conditions  in  the  building  market,  induced  by  the 
war,  it  was  felt  necessary  to  reduce  this  limit.  The  capacity 
adopted  was  determined  by  the  amount  of  storage  necessary 
to  equalize  the  hourly  fluctuation  in  domestic  and  industrial 
water  consumption,  provide  storage  which  would  facilitate 
the  mailing  of  minor  repairs  at  the  Keowee  St.  pumping  sta- 
tion, and  meet  the  "1916  standard"  fire  supply  requirements 
of  the  National  Board  of  Fire  Underwriters. 

The  significant  rates  of  demand  for  water  were  found  to  be: 


, Rate  of  Water  Consumption ^ 

Per  Max-  Max-       Max- 
capita.   Average  imum  imum      imum 
Popula-        Slip-      Gal.  per      day.  day.  week.      hour. 
Tear.         tion.       percent,     day.        M.g.d.  M.g.d.  M.g.d.      M.g.d. 

1911  ...120,000  R  73  8.7  

1912  ...124,000              10              7B                9.-5  13.0              

1913  ...127,000              15              85              10.7  16.5              

1914  ...130.000                9              S6              11.2  15.1  14.3              25 

1915  ...132.000                6              73                9.9  12.3 

19lr     ...145.000                6              S4              12.1  18.3  16  5              32* 

1917     ...152,000                6              Sti              13.0  17.5              

191S     ...160.000                5              ?8              14.2  20.4              

♦Actual. 

The  maximum  rates  of  demand  which  had  occurred  up  to 
1917  were  as  follows: 
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Ratio  to  ave. 

dail.v  for  yr. 

(12.13  Jl.g.d.). 

July   24-30,   1916— Maximum   weekly   rale  =  16.5   M.g.d i:i6% 

July  24.  1916— -Maximum  daily  rate  =  1S.3  M.tf.d 156% 

July  30,   1916— Maximum  hour-l.v  rate  =  31.9  M.g.d 263% 

July  24-27.  1916 — Maximum  for  four  con-secutive  days  =  16.71 

M.f;.d 138% 

A  study  of  the  hourly  fluctuation  in  demand  Indicated  that 
during  the  period  of  heaviest  consumption  recorded  (from 
July  1  to  July  31,  191G)  the  storage  capacity  necessary  to 
equalize  the  hourly  demand  was  approximately  3  million  gal- 
lons, the  maximum  and  minimum  requirements  during  this 
period  being  3.3  and  1.2  million  gallons,  the  average  through- 
out the  month  2  2  million  gallons,  or  approximately  15  per 
cent  of  the  actual  average  daily  consumption  of  14.7  million 
gallons  in  the  month  of  maximum  demand,  July,  and  24. S  per 
cent  of  the  mean  daily  consumption  for  the  entire  year.  To 
maintain  a  10-hour  flow  of  the  maximum  fire  demand  as  pre- 
scribed by  the  1916  stand.ird  of  the  National  Board  of  Fire 
Underwriters  required  an  additional  storage  capacity  of  ap- 
proximately 7  million  gallons.  The  sum  of  these  amounts, 
aggregating  1€  million  gallons,  was  therefore  adopted  as  the 
necessary  storage  capacity  for  the  new  reservoir. 

Contract  Awarded  for  Flat  Slab  Design. — After  preliminary 
studies,  designs  were  prepared  for  a  groined  arch  type  of 
structure,  as  on  the  whole  the  most  desirable  and  probably 
,  the  cheapest  type  for  this  service,  to  be  built  of  concrete  2C4.5 
ft.  long,  230.5  ft.  wide,  and  26.5  ft.  deep  in  internal  dimen- 
sions, and  with  a  23%  ft.  depth  to  the  flow  line. 

Although  the  work  was  widely  advertised  and  a  consider- 
able number  of  bids  were  looked  for,  but  three  bids  were  re- 
ceived— all  from  local  contractors — and  were  opened  on  July 
31.  1917.  These  bids  amounted  to  $164,592,  $188,805,  and 
$192,835,  exclusive  of  the  materials  to  be  furnished  by  the 
city,  which  were  estimated  to  aggregate  the  further  sum  of 
$33,500.  They  were  all  in  excess  of  the  engineer's  estimate 
of  $131,000,  exclusive  of  materials  to  be  frunished  by  the  city. 
When  it  appeared  that  these  local  contractors  were  not  fa- 
miliar with  groined  arch  construction,  whereas  they  were  ex- 
perienced in  the  building  of  flat-slab  roof  construction,  and 
were  therefore  ready  to  submit  more  advantageous  figures 
upon  a  structure  of  the  latter  type,  the  bids  were  all  rejected. 

New  specifications  were  prepared,  permitting  the  submis- 
sion of  bids  upon  the  engineers'  designs  and  upon  designs  of 
the  bidder,  subject  to  certain  requirements. 

The  general  dimensions  were  to  be  the  same  as  in  the  orig- 
inal design.  The  principal  latitude  allowed  the  bidder  was 
the  substitution  by  him  of  a  flat-slab  design  based  upon 
formulas  and  unit  stresses  given  in  the  specifications. 

On  Oct.  5,  1917,  bids  were  received  and  the  contract  was 
awarded  to  the  lowest  bidder,  the  Danis-Hunt  Construction 
Co.,  of  Dayton,  for  $134,832,  including  materials  to  be  fur- 
nished by  the  city.  The  design  bid  upon  met  the  specifica- 
tions but  it  involved  a  radical  modification  in  type  of  struc- 
ture from  that  originally  proposed. 

The  new  plans  provided  for  gravity  side  walls  varying  in 
height  with  the  slope  of  the  ground;  a  groined  arch  bottom 
sloping  up  on  its  periphery  .to  meet  the  most  economical  wall 
sections:  and  a  flat-slab  roof  of  the  two-way  system,  supported 
on  cylindrical  columns  26  in.  in  diameter  and  20  ft.  on  centers. 

The  writers  are  of  the  opinion  that  the  groined  arch  type  is 
to  be  preferred  to  the  flat-slab  type  for  such  reservoir  struc- 
tures, on  account  of  greater  strength  and  permanence,  but  the 
bids  received,  under  the  local  conditions  then  prevailing,  were 
more  than  enough  lower  to  offset  this  difference. 

Construction  Methods. — Excavation  was  begun  by  the  con- 
tractor on  Oct.  12.  1917,  with  Thew  steam  shovels  of  the  "O" 
type,  with  a  %  cu.  yd.  dipper,  stripping  the  surface  material 
and  depositing  it  in  storage  piles  adjacent  to  the  work,  by 
means  of  two-horse  hopper-bottom  wagons.  Two  steam 
shovels  were  used — one  substantially  throughout  the  job;  the 
other  from  Nov.  17  to  Dec.  6,  1917,  although  it  remained  on 
the  work  until  March  2,  1918.  A  Keystone  excavator  was  also 
used  during  the  periods  from  Nov.  12  to  Dec.  1,  1917,  and 
March  1  to  25,  1918.  The  latter  machine  was  used  largely 
for  trimming  up  the  rough  excavation  made  with  steam 
shovel,  prior  to  the  final  preparation  of  the  foundation  by 
hand.  Some  of  the  sand  and  gravel  was  handled  on  short 
haul  by  slip  scrapers. 

By  these  methods  25,000  cu.  yd.  of  material  were  handled, 
45  per  cent  of  it  being  delivered  to  the  screening  plant  located 
within  the  lines  of  the  reservoir,  for  use  in  concrete  aggre- 
gate;  30  per  cent  being  stored  and  subsequently  replaced  as 
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backfilling,  over  and  against  the  completed  reservoir;  and  25 
per  cent  being  placed  directly  in  the  embankment  surround- 
ing the  structure. 

The  surface  and  subsoil  material  consisted  of  a  clayey 
gravel,  varying  in  depth  from  1  to  3  ft.  Under  this  was  found 
a  clean,  sound,  and  rather  fine  gravel.  To  it  was  added  such 
coarser  material  as  could  be  obtained  at  reasonable  cost, 
from  a  nearby  pit  and  by  rail.  All  of  the  concrete  aggregates, 
except  about  1,800  cu.  yd.  of  this  coarser  material,  came  from 
the  site. 

After  the  excavation  had  been  made  by  steam  shovel  in  the 
northwesterly  corner  of  the  site,  the  subgrade  was  prepared 
by  hand  shovel.  The  8-in.  x  12-in.  concrete  beams  were  then 
laid.  Next,  alternate  floor  units  were  placed — the  pier  units 
of  the  inverted  groined  arch  type,  and  the  marginal  units  of 
barrel  arch  type,  extending  under  the  side  walls.  The  con- 
crete in  the  side  walls  was  then  placed  in  alternate  units,  one 
panel  (20  ft.)  in  length,  the  concrete  being  poured  monolithic 
from  the  base  of  the  wall  to  the  roof  slab.  The  alternate 
floor  units  previously  omitted  were  then  placed,  and  when  a 
sufficient  area  of  the  floor  had  set,  to  make  working  upon  it 
possible,  the  forms  for  the  columns  and  the  roof  were  placed. 
As  the  slope  of  the  floor  of  the  inverted  groined  arch  units 
was  substantial,  the  contractor  adopted  the  expedient  of  set- 
ting iron  bolts  about  2  in.  into  the  concrete  to  support  a 
wooden  sill,  upon  which  was  then  placed  the  studding  to  sup- 
port the  roof  forms. 

The  columns  w-ere  poured  monolithic  from  the  floor  to  the 
base  of  the  capital,  the  capita!  of  the  column  being  poured 
with  the  roof  slab.  The  roof  was  placed  in  sections  covering 
two  or  more  adjacent  lines  of  piers,  joints  being  broken  on 
the  mid-sections  between  the  pier  lines. 

The  effort  was  made  to  keep  the  concrete  moist  until  thor- 
oughly set.  The  difficulty  in  accomplishing  this  upon  the 
roof  slab,  and  the  development  of  undesirable  cracks  where 
the  concrete  dried  out  too  rapidly,  has  suggested  to  the  writ- 
ers that  it  would  have  been  desirable  to  place  a  ridge  of  mor- 
tar, 1  in.  or  thereabouts  in  depth,  around  the  margins  of  the 
completed  slabs,  in  finishing  the  roof,  to  form  shallow  basins 
in  which  water  might  be  kept  standing  until  the  roof  con- 
crete had  set  thoroughly. 

To  prevent  undue  leakage  through  contraction  cracks  at 
the  ends  of  the  side  wall  sections,  deep  tongues  and  grooves 
in  the  thick  section  of  the  wall,  and  12  in.  by  %  in.  by  9  ft. 
9  in.  steel  plates  through  the  mid-section  of  the  upper  thin- 
ner part  of  the  wall  were  provided. 

When  the  reservoir  was  first  tested  the  leakage  was  found 
to  be  at  the  rate  of  23  in.  vertically,  or  8G4,000  gal.  per  day. 
The  water  was  withdrawn  and  cracks  were  found  along  the 
center  lines  of  the  floor  invert  at  certain  places.  These 
cracks  were  cut  out  and  filled  with  mortar. 

The  reservoir  was  refilled  on  Aug.  15,  1918,  and  the  leak- 
age was  found  to  have  been  reduced  to  2  5/ie  in.  vertically, 
or  88,000  gal.  per  day.  Since  that  time  the  reservoir  has 
been  in  active  service  and  the  latest  observation  upon  leak- 
age, Nov.  20,  1918,  or  thereabouts,  indicated  a  loss  of  Wi  in. 
vertically,  or  48,000  gal.  in  24  hours. 

Costs. — The  wages  paid  by  the  contractor  increased  pro- 
gressively from  30  ct.  to  381/2  ct.  per  hour  for  unskilled  labor: 
from  50  ct.  to  G0%  ct.  per  hour  for  carpenters;  from  55  ct. 
to  C5  ct.  tor  engine  men;  and  from  COV^  ct.  to  70  ct.  for  fore- 
men.   Teams  were  paid  CO  ct.  per  hour. 

The  total  cost  to  the  contractor  is  estimated  at  the  sum  of 
$85,000  (excluding  profit  item  and  materials  furnished  to  con- 
tractor by  the  city) :  the  cost  to  the  city  at  the  sum  of  $153,- 
041  (including  $7,030  for  land,  $41,805  for  materials  and  $9.- 
341  tor  engineering  and  city  administration)  This  results 
in  the  following  unit  costs: 

Contractor's 
cost     ("excluding 

profit)    plus  Total  cost  to   City   of 
cost   to  city  of                     Dayton, 

materials  fur-  E.xclu<3ing  Including 

ni.shccl  by  it  to  land  and  land   and 

contr.nrtor.       engineering,  eng-ineerins 

$126,S0r;.00  $136,670.00  $153,041.00 


Gross  cost    

Cost    per    cubic    yard    of 

concrete  (S.746  cu.  yd.).  14.50 

Cost    per    million    gallons 

ot  net  water  capacity.  12,(180.00 

Cost    per    square    foot    of 

water     surface      (based 

upon    60.917    sq.    ft.    of 

water  of   23.5   ft.    aver- 

atre    depth)    2.0S 

Cost  per  acre  of  net  wa- 
ter   surface    (60.917    sq. 

ft.  or  1.4  acres)   90,600.00 


15.63 
13,667.00 


2.24 


17. .'■.O 
15,300.(10 


2.51 


97,700.00  109,300.00 


What   Meterage    Has    Done  for  a 
New  England  City 

By  installing  meters  the  city  of  Middletown,  Conn.,  has  re- 
duced its  water  consumption  from  133  gal.  per  capita  to  78 
gal.,  and  as  a  result  the  present  supply  probably  will  be  suf- 
ficient for  an  increase  in  population  from  10,000  to  25,000, 
which  figure,  it  is  estimated,  would  be  reached  about  1940. 
An  interesting  account  of  the  conditions  which  led  to  install- 
ing the  meters  and  the  results  obtained  from  meterage  are 
given  in  the  fifty-second  annual  report  of  the  Board  of  Water 
Commissioners,  from  which  the  matter  following  is  abstracted: 

In  the  winter  of  1914  Metcalf  &  Eddy,  Consulting  Engineers, 
made  an  investigation  of  Middletown's  water  supply  require- 
ments, particularly  with  reference  to  the  adequacy  of  the  pres- 
ent supply  and  to  present  and  future  needs  of  the  community, 
and  the  steps  which  should  be  taken  to  conserve  the  present 
supply  or  to  obtain  additional  sources  if  necessary. 

In  their  report  it  was  stated  that  the  combined  sources  of 
water  supply  should  be  capable  ot  providing  at  least  2,300,000 
gal.  per  day  in  dry  years.  Measurements  made  at  the  reser- 
voirs indicated  that  Middletown  was  consuming  water  at  the 
rate  of  2,000,000  gal.  per  day,  and  attention  was  called  to  the 
fact  that  the  reservoirs  had  been  very  nearly  exhausted  sev- 
eral times  in  recent  years,  and  that  the  daily  consumption  was 
approaching  dangerously  near  the  maximum  safe  capacity  of 
the  supply. 

It  was  the  opinon  of  the  engineers  that  Middletown  was  con- 
suming much  more  water  than  was  necessary  for  legitimate 
use.  A  careful  study  of  the  growth  of  the  population  supplied 
with  water  in  Middletown  revealed  the  fact  that  the  daily  con- 
sumption per  person  supplied  had  increased  from  90  gal.  in 
1891  to  110  gal.  in  1908  and  133  gal.  in  1914,  and  there  was 
every  reason  to  expect  that  if  additional  water  was  supplied 
the  consumption  would  increase  correspondingly,  making  it 
necessary  to  increase  Middletown's  water  supply  in  the  very 
near  future. 

Such  an  increase  in  consumption  could  only  be  attributed 
to  waste  and  leakage,  as  it  was  estimated  that  the  normal  con- 
sumption should  be  about  90  gal.  per  day  per  person.  Unless 
restrictive  measures  were  adopted  there  was  every  reason  to 
expect  that  preventable  waste  would  continue  to  increase,  an(J 
under  these  circumstances  it  would  be  folly  to  spend  money  to 
obtain  an  additional  supply  of  water  merely  to  allow  it  to  be 
wasted.  It  was  estimated  that  it  would  cost  from  $60,000  to 
$85,000  to  further  develop  the  Higby  supply,  and  it  was  felt 
that  the  small  additional  supply  secured  in  this  way  would  not 
justify  the  expenditure.  It  was  the  opinion  of  the  engineers 
that  the  use  of  meters  was  the  only  feasible  method  of  reduc- 
ing waste  of  water  and  establishing  an  equitable  basis  upon 
which  to  apportion  the  charges  for  water. 

Taking  into  consideration  this  opinion  of  experts  and  consid- 
ering also  the  main  points  in  the  case,  namely,  supply,  waste 
and  expense,  the  Board  of  Water  Commissioners  were  con- 
firmed in  their  honest  belief  that  for  the  best  interests  of  Mid 
dletown  water  meters  should  be  installed  without  delay.  They 
accordingly  took  active  steps  to  that  end  under  the  authority 
of  the  Common  Council,  and  immediately  brought  upon  them- 
selves the  severest  criticism.  They  persevered  in  the  work, 
however,  although  by  so  doing  they  incurred  much  odium  and 
were  roundly  abused.  But  experience  now  shows  that  their 
course  was  fully  justified.  There  has  been  an  enormous  re- 
duction in  the  consumption  and  the  almost  total  absence  of 
complaints  about  water  bills  during  the  November  collection 
indicates  that  the  people  are  satisfied  with  the  present  system 

Unfortunately  the  Venturi  meter  at  Higby  reservoir  was  not 
installed  until  the  work  of  setting  meters  had  been  commenced 
and  a  considerable  portion  of  the  city  had  been  metered  before 
an  accurate  knowledge  of  the  daily  water  consumption  was 
available.  The  daily  consumption  before  meters  were  in- 
stalled was  2,000,000  gal.  By  the  time  the  Venturi  meter  was 
put  in  operation  in  June,  1916,  the  daily  consumption  had  de- 
creased to  about  1.7  million  gallons.  The  figures  given  in  the 
table  below,  which  were  computed  from  the  readings  of  the 
Venturi  meter,  show  how  the  daily  consumption  has  decreased 
as  the  work  of  setting  meters  progressed. 
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AVERAGE  DAILY  COXSI'il  PTl!  IN  IX  .MILLIONS  OF  GALLONS, 

1916.  1917. 

January    1.449 

February    1.535 

March    1.492 

April     1.414 

Mav    1.357 

June   1.226 

July  1.614  1.143 

August    1.676  1.475 

September    1.619  1.240 

October    1.6SS  1.230 

November    1.602  1.195 

December     1.556  1.335 

As  stated  above,  the  flaily  consumption  in  1914  was  2,000,000 
gal.  Willi  an  estimated  population  of  15,000  persons  supplied 
with  water  the  daily  consumption  amounted  to  133  gal.  per 
person.  It  is  estimated  that  the  present  population  supplied 
is  16,000,  and  as  the  present  average  daily  consumption  is 
about  1.25  million  gallons,  the  consumption  per  person  is  about 
78  gal.  per  day.  At  this  rate  of  consumption  the  present 
sources  of  supply  would  be  sufficient  lor  a  population  of  over 
25,000,  and  from  a  study  of  statistics  of  other  cities  of  the 
same  size  and  character  of  Middletcwn  it  is  estimated  that  the 
population  supplied  with  water  will  not  reach  this  figure  until 
about  the  year  1940. 

It  was  not  the  purpose  of  the  meters  to  compel  consumers 
to  stint  themselves  in  the  use  of  water,  but  to  compel  the  care- 
less consumers  to  stop  avoidable  waste  and  leakage.  The  dis- 
covery and  stoppage  of  hundreds  of  leaks  by  the  consumers  in 
co-operation  with  the  Water  Department  has  shown  that  the 
metering  of  the  services  has  had  the  desired  effect.  The 
meter  rates  allow  for  an  ample  use  of  water  for  all  legitimate 
purposes  without  incurring  undue  expense.  It  is  the  opinion 
of  the  Water  Department  that  very  few  people  are  using  less 
water  than  formerly,  but  the  great  reduction  in  the  daily  con- 
sumption has  proved  without  a  doubt  that  a  large  portion  of 
the  water  was  formerly  deliberately  wasted  by  careless  use 
or  lack  of  attention  to  defective  plumbing. 

Statistics  of  the  November  collections  from  metered  services 
within  the  city  show  that  18  per  cent  of  the  consumers  were 
paying  more  than  on  the  flat  rate  basis,  80  per  cent  were  pay- 
ing less  and  2  per  cent  were  paying  the  same  as  before.  The 
yearly  receipts  amounted  to  $50,090.  This  Is  the  second  larg- 
est annual  collection  in  the  history  of  the  department,  and  in 
view  of  the  fact  that  such  a  large  percentage  of  consumers  are 
paying  less  for  water  than  formerly  the  enormous  saving  to 
the  general  public  is  at  once  apparent. 

About  25  per  cent  of  the  consumers  are  now  paying  the 
minimum  charge  of  $2.50  per  semi-annual  period,  while  on  the 
fiat  rate  basis  only  1%  per  cent  paid  the  minimum  charge. 
It  had  not  been  anticipated  that  the  number  who  would  pay 
the  minimum  charge  would  be  so  large,  but  it  is  thought  that 
a  few  of  these  consumers  misunderstood  the  purpose  of  the 
meter  system  and  perhaps  used  less  water  than  was  con- 
venient owing  to  a  tear  that  the  charge  would  be  unreasonably 
high.  These  consumers  used  a  very  small  amount  of  water, 
and  as  many  of  them  had  a  number  of  fixtures  on  their  prem- 
isee  which  were  really  used  very  little  but  for  which  they  for- 
merly paid  a  large  rental,  it  is  apparent  that  the  old  method 
of  apportioning  charges  for  water  was  quite  unfair.  It  is 
thought  that  as  the  purpose  of  the  meters  becomes  better  un- 
derstood the  number  of  consumers  paying  the  minimum  charge 
will  decrease  somewhat  with  a  consequent  increase  of  revenue 
to  the  city. 


Removal  of  Sand  from   Irrigation 
Canal  by  Sluicing 

Sluicing  operations  have  been  successfully  used  In  remov 
ing  sand  from  the  west  extension  main  canal  of  the  Umatilla 
Project  of  the  U.  S.  Reclamation  Service.  This  canal,  built 
during  the  years  1914  and  1915  and  operated  since  191C,  is 
20^4  miles  long,  concrete  lined  throughout,  and  has  a  de- 
signed capacity  of  365  second  feet  at  the  head,  212  second- 
feet  from  station  441  to  1094,  132  second-feet  from 
station  1094  to  1282,  and  77.5  second-feet  from  sta- 
tion 1282  to  the  end.  It  is  built  through  some  very 
sandy  areas,  and  the  high  winds  prevailing  in  the 
spring  have  blown  much  of  the  excavated  material  into  the 
canal.  The  spring  of  1918  was  very  windy  and  much  sand 
was  blown  into  the  canal.  The  first  7  miles  and  the  last  .' 
miles  of  the  canal  were  comparatively  free  from  sand  de- 
posits, but  the  intervening  12  miles  contained  an  amount  es 
timated  at  from  50,000  to  75,000  cu.  yd.    It  was  suggested  that 


Panama  Canal  Revenue  in  Excess  of  Expenses. — During  the 
fiscal  year  ending  June  30,  1919,  the  ordinary  expenses  for 
the  operation  and  maintenance  of  the  Panama  Canal,  includ- 
ing those  of  civil  government  and  sanitation,  amounted  to 
$6,112,194.  Overhead  charges  included  in  this  total  amounted 
to  $3,382,167.  Offsetting  the  total  expenses  for  operation  and 
maintenance  are  the  amounts  earned  for  tolls  on  vessels  pass- 
ing through  the  canal,  $6,156,118;  licenses  and  taxes,  court 
fees,  and  fines,  $136,870;  and  profits  op  business  operations, 
$61,027,  a  total  of  $6,354,010.  The  revenues  earned  in  excess 
of  current  expenses  were  accordingly  $241,822.  The  charges 
for  operation  and  maintenance,  however,  do  not  include,  with 
minor  exceptions,  any  allowance  for  depreciation  of  plant 
and  equipment,  nor  do  they  include  any  interest  charges  on 
the  capital  investment.  The  actual  cost  of  the  canal  projects 
estimated  for  in  1908  up  to  June  30,  1919.  is  figured  at  $365.- 
415.985,  which  may  be  considered  as  the  capital  investment 
on  that  date. 
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Sections   of   Umatilla    West   Extension   Canal. 

shiiceways  be  built  at  intervals  of  several  miles  and  an  effort 
made  to  remove  the  sand  by  the  aid  of  water.  This  it  was 
thought  would  be  more  economical  than  any  method  of  mov- 
ing it,  by  teams  or  machine  (as  had  been  done  in  1916  and 
1917)  out  on  the  banks  where  it  could  readily  be  blown  in 
again.  An  interesting  description  of  the  sluicing  operations 
is  given  by  Mr.  H.  M.  Schilling.  Project  Manager,  in  the 
September  Reclamation  Record,  from  which  the  matter  fol- 
lowing is  abstracted. 

By  the  middle  of  July  two  structures  had  been  completed, 
and  on  July  15  one  was  operated  for  26  hours.  The  Imme- 
diate result  was  the  movement  of  sand  for  a  distance  of  ^ 
mile.  After  that  the  sand  took  a  grade  of  about  4  ft.  to  1,000 
ft.  and,  with  30  second-feet  of  water,  which  was  all  the  water 
available,  no  further  action  was  effected.  Similar  move 
ment  resulted  at  the  other  sluiceway. 

During  August  two  additional  sluiceways  were  built  and 
operated  intermittently.  It  then  developed  that  the  serious 
problem  was  that  of  loosening  and  transporting  the  sand 
Various  methods  were  tried.  A  drag  attached  to  a  cable 
leading  to  a  team  on  either  bank  was  used,  but  it  made  no 
impression.  A  farm  plow  was  effective  but  was  so  heavy 
that  it  required  two  4-horse  teams  and  was  given  up  as  too 
expensive.  Two  iron  sheaves,  about  16  in.  in  diameter,  at- 
tached to  a  chain,  had  the  desired  loosening  effect,  and  could 
be  pulled  by  two  2-horse  teams,  but  the  problem  of  trans- 
portation still  remained.  The  sand  was  too  heavy  to  remain 
in  suspension  and  after  being  loosened,  it  would  settle  again 

Throughout  the  month  of  September  operations  were  con- 
tinued with  no  appreciable  results.  On  the  2Gth,  after  study 
ing  operations  above  No.  2,  where  the  sand  was  filled  with  a 
growth  of  moss  roots,  it  was  decided  to  construct  a  gate  or 
template  to  loosen  the  material.  The  first  experiment  was 
made  with  a  gate  4  by  6  ft.  in  dimensions  attached  to  a  4 
by  6-in.  timber  which  spanned  the  canal.  The  gate  was 
placed  inclining  upstream  and  the  water  pressure  held  its 
lower  edge  down  on  the  sand.  This  created  higher  velocities 
around  the  gate  and  dislodged  the  sand.  It  then  settled  grad- 
ually and  eventually  would  wash  completely  under.  It  was 
then  moved  about  20  or  25  ft.  upstream  and  pulled  over  the 
4  by  6  timber  by  means  of  a  rope  and  the  water  repeated  the 
operation.  Where  the  sand  deposits  were  not  excessively 
heavy   fair  progress  was  made   in   loosening   the   sand.     Ob- 
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servations  on  this  gate  suggested  making  a  larger  one  with 
several  holes  at  the  Ijottom.  It  was  an  improvement  and  led 
to  the  development  of  the  present  template,  which  consists 
of  a  wooden  diaphragm  auout  G  in.  smaller  than  the  section 
of  the  canal,  with  an  opening  2  ft,  wide,  running  vertically 
from  bottom  to  top.  This  permits  the  increased  water  ve- 
locities to  concentrate  through  the  middle  directly  on  the 
sand,  as  well  as  on  the  sides  and  bottom.  Instead  of  attempt- 
ing to  work  upstream  the  progress  was  reversed  and  as  the 
water  washed  the  sand  out  ahead  of  the  gate  the  template 
was  moved  downstream  a  few  feet.  The  water  pressure  as- 
sisted materially  in  moving  the  gate  so  that  one  man  could 
easily  operate  it  by  crossing  back  and  forth  on  the  4  by  6 
timber  and  regulating  the  movement.  In  this  way  the  prob- 
lem of  transporting  the  sand  with  a  comparatively  small  head 
of  water  was  solved. 

The  last  type  of  template  was  first  used  above  No.  3  sluice- 
way in  October  and  proved  a  success.  By  the  latter  part  of 
the  month  everything  was  made  ready  for  a  program  of 
sluicing.  The  flumes  at  No.  1  and  No.  o  were  extended  and 
lowered  so  as  to  do  away  with  the  big  drop  caused  by  the 
water  in  leaving  the  sluiceways.  Two  shifts  on  the  gates 
were  arranged  and  several  gates  were  in  operation  at  the 
same  time;  being  kept  about  4,000  ft.  apart.  The  larger  bars 
were  moved  in  sections,  about  700  to  1,000  ft.  proving  to  be 
the  most  economical  load.  In  this  manner  sand  w^as  trans- 
ported above  No.  1  sluiceway,  a  distance  of  14,300  ft.,  or 
nearly  3  miles.  Under  ordinary  conditions  a  gate  would 
progress  about  GOO  to  1.000  ft.  per  8-hour  shift,  depending  on 
the  density  of  the  sand  deposit.  Sometimes  several  trips 
were  necessary  to  get  the  sand  out  to  the  desired  depth 
After  the  major  portion  of  the  sand  had  been  gone  ove'' 
above  No.  1  sluiceway,  and  the  head  increased  to  about  TS 
second-feet,  the  water  was  divided  at  No.  1  and  about  half 
passed  on  to  No.  2.  This  enabled  operations  to  be  carrieti 
on  at  two  sluiceways  at  the  same  time. 

As  the  irrigation  season  closed  the  last  of  October,  sluicing 
operations  were  unhampered  during  the  winter  months  and 
steady  progress  was  maintained.  No.  5  sluiceway  had  been 
built  in  November,  1918,  but  was  not  put  in  operation  until 
March,  191S.  By  May  1,  1919,  38,981  cu.  yd.  of  sand  had  been 
sluiced  from  the  canal.  About  21,000  cu.  yd.  yet  remain,  but 
it  may  be  stated  that  the  canal  has  been  successfully  cleaned 
with  the  exception  of  about  11.000  cu.  yd.  of  sand  in  the  vi- 
cinity of  Juniper  Canyon.  It  was  the  intention  to  remove 
this  in  the  fall  of  1919  by  bunching  the  material  with  the 
templates  and  removing  with  teams  in  order  to  avoid  the 
long  transportation  to  sluiceway  No.  5. 

Records  of  team  costs  show  that  under  favorable  conditions 
the  upper  portion  of  the  sand  bars  could  be  removed  for  27 
ct.  per  cubic  yard.  Under  less  favorable  conditions  the  cost 
amounted  to  40  ct.  per  cubic  yard.  Teams  were  very  diffi- 
cult to  secure  and  the  fresno  work  could  not  be  done  suc- 
cessfully below  a  depth  of  .5  ft.  on  the  slope.  To  have  gone 
deeper  it  would  have  been  necessary  to  use  slips,  and  the 
cost  would  have  been  increased  greatly. 

Complete  cost  records  to  May  1,  1919,  on  the  sluicing 
method  of  sand  removal  show  that  the  field  cost  was  $0,158 
per  cubic  yard.  With  the  addition  of  $0,059  per  cubic  yard 
for  engineering  superintendence  and  all  overhead  charges, 
and  $0.04  per  cubic  yard  as  a  plant  charge  for  building  sluice- 
ways, the  total  unit  cost  is  $0,257. 

Considerable  work  has  been  done  in  replacing  embank- 
ment and  covering  it  with  brush  for  protection  against  winds. 
Sand  fences  of  brush  were  placed  at  right  angles  to  the  cen- 
ter line  of  the  canal  where  some  of  the  worst  blows  occurred. 
Certain  portions  of  the  banks  were  sown  to  rye  but  not  suffi- 
cient moisture  fell  to  start  it.  Weeds  and  grass  are  very 
scarce  as  the  dry,  loose  sand  is  not  conducive  to  vegetation. 
Conditions  are  improving,  however,  and  once  the  canal  has 
been  cleared  of  sand  deposits  it  is  expected  that  it  can  be 
kept  clean  by  the  protective  bank  work  and  by  running  heads 
of  water  to  the  limit  of  the  canal  capacity. 


Measuring  Park  Water  by  IVIeter  Wheelbarrow. — A  unique 
arrangement  for  metering  the  water  used  for  sprinkling  and 
other  purposes  is  employed  at  the  city  parks  of  San  Diego, 
Cal.  The  meter  i  is  fastened  on  a  wheelbarrow,  and  when  in 
use  is  connected  to  the  hydrant  or  faucet  by  a  short  piece 
of  hose. 


California    Regulations    for    Con- 
struction and  Operation  of 
Swimming  Pools 

The  Bureau  ol  aanitai-y  Engineering  of  the  State  Board  of 
Health  of  California  has  recently  adopted  regulations  govern- 
ing the  construction  and  operation  of  public  swimming  pools. 
The  rules  are  tor  the  express  guidance  of  designers,  owners, 
managers  and  operators  of  such  public  pools  in  the  state  of 
California.  Certain  suggestions  as  to  the  suitable  means  of 
obtaining  desired  results  are  given.  The  following  comprise 
the  essential  features: 

All  the  water  in  the  pool  and  applied  to  the  pool  shall  bo 
continuously  safe  hygienically.  As  a  tentative  standard  a 
total  bacterial  count  of  1,000  colonies  per  cubic  centimeter  on 
agar  incubated  at  37,50  C.  and  a  B.  Coli  count  of  1  per  cubic 
centimeter  is  set  for  the  pool  water  in  any  part  of  the  pool, 
examined  within  48  hours  after  sampling.  All  tests  are  to  be 
made  in  accordance  with  the  latest  methods  of  the  American 
Public  Health  Association. 

All  the  water  in  the  pool  shall  be  continuously  clean,  and 
clear  enough  that  bathers  may  be  distinctly  seen  on  the  bot- 
tom of  all  parts  of  the  pool.  It  shall  be  free  of  noticeable  sus- 
pended or  floating  objects  or  particles,  scum  or  sputum. 

The  pool  walls  shall  be  vertical,  and  walls,  floors  and  sur- 
rounding walks  shall  be  surfaced  with  white  tile,  cement 
(white  or  gray)  or  other  impervious  material,  with  as  smooth 
a  surface  as  each  use  permits,  for  easy  cleansing.  The  swim- 
ming pool  floors  shall  not  slope  more  than  1  ft.  in  20  ft.  where 
the  depth  of  water  is  less  than  G  ft.  Depth  opposite  diving 
stands  and  spring  boards  shall  be  at  least  8  ft.  C  in. 

The  entire  pool  shall  be  surrounded  by  a  raised  concrete 
curb  at  least  2  in.  high  by  12  in.  wide,  serving  as  a  clean  space 
on  which  bathers  may  sit  and  as  a  check  against  walk  drain- 
age flushing  into  the  pool.  Walks  may  slope  toward  or  away 
from  the  curb  to  a  grating-covered  drain  channel,  or  drain 
outlets  in  the  walk.  Walks  shall  be  at  least  4  ft.  wide  in  the 
clear.  They  shall  slope  at  least  %  in.  per  foot  toward  the 
drains.     All  corners  shall  be  rounded  for  ease  in  cleaning. 

An  arrangement  of  inlets  and  outlets  giving  the  maximum 
uniformity  of  displacement  of  "used"  by  "incoming"  water, 
and  the  maximum  avoidance  of  short  circuits  or  "dead"  areas 
shall  be  used.  Where  a  type  of  inlet  consisting  of  a  series  of 
inlets  scattered  along  one  side  of  the  pool  not  more  than  10 
ft.  apart,  and  outlet  similarly  scattered  on  the  opposite  side, 
are  not  used,  it  must  be  with  the  specific  approval  of  the  State 
Board  of  Health. 

.\  scum  gutter  on  all  four  sides  of  the  pool,  recessed  into 
the  side  wall  and  designed  to  prevent  bathers  from  having 
easy  access  with  fingers,  hands,  arms,  feet  or  bodies,  shall  be 
provided.  Drainage  facilities  from  such  gutters  shall  be  of 
such  size  and  spacing  that  all  overflows  and  splash  shall  be 
promptly  carried  away  into  a  sewer  and  not  returned  to  the 
pool  or  circulating  system.  Gutters  or  drains  along  the  top 
or  side  of  the  wall,  open  and  accessible  to  bathers,  will  not  be 
permitted. 

Gutter  drainage,  wash  water  from  filter  and  emptyings  from 
the  pool  shall  be  considered  as  sewage  water  and  shall  be  dis- 
posed of  accordingly. 

Sand  beaches,  earth  walks,  board  walks,  lawns  and  the  like, 
which  may  contribute  contamination  or  objectionable  fllth  to 
the  pool  or  its  premises,  shall  not  be  permitted. 

Spectators  and  persons  not  dressed  for  bathing  shall  not  be 
allowed  on  the  walks  used  by  bathers,  and  bathers  who  leave 
the  premises  and  return  with  suits  or  bodies  soiled  by  sand, 
earth  or  objectionable  contamination  shall  not  be  permitted  to 
re-enter  the  pool  while  in  this  condition. 

Plunge  rooms,  dressing  rooms,  shower  rooms,  toilet  rooms, 
lavatories,  hallways,  etc.,  shall  be  commodious,  well  lighted, 
well  ventilated  and  clean.  Floors  for  dressing  rooms,  hall- 
ways, toilet  rooms,  lavatories  and  showers  shall  be  of  tile, 
concrete  or  other  impervious  material,  sloping  at  least  %  in. 
per  foot  to  nearby  grating-covered  drain  channels  or  floor 
drains,  except  that  floors  for  dressing  rooms  and  hallways  may 
be  of  wood,  provided  they  be  treated  to  keep  them  impervioui 
and  clean. 

There  shall  be  at  least  one  shower  head,  provided  with  soap, 
for  each  30  dressing  rooms.  Shower  rooms  shall  be  easily 
located  from  every  dressing  room. 

There  shall  he  at  least  one  toilet  room  for  each  30  women's 
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or  children's  dressing  rooms  and  at  least  one  toilet  room  lor 
each  GO  men's  dressing  rooms.  There  shall  also  be  urinal 
spaces  to  accommodate  at  least  5  per  cent  of  the  capacity  of 
men's  dressing  room  Urinals  shall  be  of  a  type  which  will 
prevent  splash  of  urine  upon  the  floor  or  feet  of  bathers,  and 
floors  opposite  shall  be  free  of  any  evidence  of  foulness. 
Toilets  and  urinal  rooms  shall  be  located  for  ease  in  finding 
from  every  dressing  room  and  from  the  pool,  and  shall  be  dis- 
tinctly marked.  Outdoor  toilets  shall  be  screened  against  flies 
and  constructed  according  to  good  sanitary  practice. 

Where  sanitary  drinking  fountains  are  provided  they  shall 
be  of  an  approved  type. 

Equipment  shall  be  provided  for  the  rescuing  and  reviving 
of  drowning  persons,  including  life  buoys,  life  hooks  and  rope. 

At  least  one  attendant  or  lite  guard  shall  be  on  duty  at  pools 


Underground  Sewage  Pumping 
Plant 

A  circular  sewage  pumpint;  station  entirely  underground  i» 
t)eing  constructed  at  Walkerville,  Ont.,  to  take  care  of  the 
sewage  from  a  low-level  interceptor  and  lift  it  enough  to 
flow  by  gravity  through  a  treatment  plant.  A  description  of 
the  plant  appears  in  a  recent  issue  of  the  Canadian  Engineer 
and  the  principal  features  of  it  are  given  below. 

The  pumping  station  is  a  circular,  2-story,  reinforced  con- 
crete structure,  23  ft.  4  in.  in  diameter  and  20  ft.  5  in.  high, 
all  built  below  ground  with  the  exception  of  the  superstruc- 
ture which  houses  a  stairway  leading  to  the  floors  below. 
somewhat   on   the   style   of   a   subway   entrance.     The   upper 
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to  which  admission  is  charged  at  all  times  when  in  use,  who 
shall  be  familiar  with  the  rescuing  and  reviving  of  persons  ap- 
parently drowned. 

Bathing  suits  and  towels  shall  be  thoroughly  cleaned  and 
sterilized  after  each  use. 

The  general  appearance  of  all  the  premises  shall  be  one  of 
cleanliness,  airiness  and  sanitation.  All  surfaces  possible 
shall  be  painted  with  light  colored  paint. 

The  management  shall  keep  on  file  a  record  of  daily  attend- 
ance and  operations  as  prescribed  in  each  individual  instance, 
which  shall  be  submitted  to  the  Bureau  of  Sanitary  Engineer- 
ing on  demand. 

The  management  shall  keep  posted  conspicuously  in  its 
office  and  in  all  dressing  rooms  such  regulations  governing  the 
conduct  of  bathers  as  may  be  issued  from  time  to  time  by  the 
State  Board  of  Health,  and  shall  enforce  the  same  strictly. 

It  shall  also  keep  posted  conspicuously  near  its  office  or 
entrance  to  '  the  pool  a  report  of  the  latest  bacteriological 
analysis  of  the  water  in  the  pool,  as  furnished  by  the  Bureau 
of  Sanitary  Engineering.  False  and  misleading  claims  relat- 
ing to  any  sanitary  condition  or  feature  about  the  pool  or 
premises  shall  not  be  displayed. 


Sewerage  for  Jerusalem. — A  sewer  system  is  in  course  of 
construction  in  Jerusalem  which  will  provide  the  Jewish  quar- 
ter with  adequate  sanitary  facilities.  It  has  been  undertaken 
by  the  Zionist  Administrative  Commission,  and  most  of  the 
preliminary  surveys  were  made  by  Jewish  engineers  and  the 
actual  construction  is  being  carried  out  by  Jews.  The  dis- 
posal plant  is  to  be  so  located  that  Christian  and  Moslem  com- 
munities will  be  able  to  derive  full  benefit.  The  scheme  in- 
volves an  expenditure  of  about  $50,000. 


compartment  contains  the  electric  motors,  while  the  lower 
compartment  contains  the  vertical  pumps  and  is  entirely  en- 
circled by  an  annular  suction  well,  above  which  is  the  force 
main.  The  circular  design  tor  the  station  was  chosen,  after 
a  careful  study  of  all  the  factors,  because  it  gave  a  very 
efficient  and  compact  arrangement  for  the  pumping  units,  and 
allowed  a  very  considerable  saving  of  reintorcmg  steel  and 
concrete. 

The  pumping  equipment  will  consist  of  four  units,  two  of 
which  will  be  installed  at  present.  The  other  two  will  be 
added  when  required.  Each  unit  consists  of  a  20-HP.  ver- 
tical motor  and  a  2,000-gal.  vertical  centrifugal  sewage  pump. 
The  units  will  be  automatic  in  operation. 

The  lower  compartment,  containing  the  pumps,  is  encircled 
by  two  compartments,  from  one  of  which  the  pumps  draw 
their  suction,  discharging  into  the  other,  which  is  connected 
by  a  force  main  to  the  gravity  sewer  at  a  higher  level. 

The  upper  compartment,  or  motor  room,  will  eventually 
contain  four  vertical  motors,  four  float  switches,  the  switch- 
board, wash-stand,  lockers  for  supplies,  etc.,  and  a  venturi 
meter  register.  The  sewage  will  be  measured  by  a  venturi 
tube  situated  in  a  chamber  on  the  force  main  about  50  ft. 
from  the  pumping  station,  the  pressure  pipes  being  led  back 
to  the  register  in  the  motor  roorat " 

Electric  power  will  be  used,  and  to  provide  for  interrup- 
tions in  current  flow,  12-in.  check  valves  are  placed  between 
the  suction  and  discharge  chambers,  so  that  should  the  sew- 
age rise  to  a  sufficient  height  in  the  suction  well,  it  would 
flow  through  the  check  valves  and  on  into  the  force  main 
with  the  minimum  damage,  if  any,  by  flooding  the  Interceptor 
and  overflowing  into  the  river. 

A  system  of  ventilation  will  be  installed,  capable  of  supply- 
ing 500  en.  ft.  of  air  per  minute,  or  a  complete  change  of  air 
in  in  minutes. 
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The  pumping  station  is  being  constructed  by  the  R.  West- 
cott  Co.,  Ltd.,  contractors,  of  Windsor,  Ont.,  wlio  are  doing 
the  excavation  and  concrete  work  at  actual  cost  plus  15  per 
cent,  and  the  installation  of  pumping  units  and  other  equip- 
ment at  a  bid  price.  The  total  estimated  cost,  including  two 
pumping  units  and  engineering  and  contingencies,  is  $18,900. 

The  station  was  designed  by  Willard  R.  Rhoads.  The  firm 
of  Morris  Knowles,  Ltd.,  is  the  engineer  for  the  Essex  Bor- 
der Utilities  Commission. 


Experiments    to     Adapt    Cobwell 

Process  to  Handling  Sewage 

Sludge 

A  number  of  small  scale  and  several  large  scale  experiments 
have  been  undertaken  to  determine  if  the  Cobwell  process. 
heretofore  applied  particularly  to  handling  of  garbage,  dead 
animals,  slaughter  house  offal  and  other  wet  organic  waste 
materials,  could  be  adapted  to  the  disposal  of  sewage  sludge 
with  by-product  recovery.  The  results  of  these  experiments, 
according  to  a  paper  by  Raymond  Wells,  Consulting  Chemist. 
Homer,  N.  Y.,  presented  Nov.  12  at  the  twentyiflfth  convention 
of  the  American  Society  for  Municipal  Improvement,  seem  to 
warrant  some  hope  of  solution  of  the  problem.  The  matter 
following  is  abstracted  from  Mr.  Wells'  paper: 

It  is  unnecessary  to  go  into  any  detail  in  description  of  the 
Cobwell  process.  But  some  variations  are  required  in  apply- 
ing it  to  handling  of  sewage  sludge. 

In  this  method  of  dehydration  with  simultaneous  degreasing 
the  principle  employed  is  that  of  desiccation  in  a  hot  bath  of 
an  immiscible  solvent,  which  shall  serve  not  only  as  a  de- 
dydrating  medium  but  shall  also  during  the  period  of  drying 
continually  dissolve  the  grease  contained  in  the  material  to 
be  dried.  Such  a  solvent  preferably  employed  in  the  handling 
of  sewage  sludge  is  a  high-boiling  petroleum  naphtha,  distil- 
ling within  the  range  of  360-420^  F.,  which  corresponds  to  the 
first  60-70  per  cent  over  in  the  fractionation  of  "Standard 
Water-white  Kerosene."  This  material  serves  not  only  as  the 
most  economical  heating  medium,  but,  owing  to  the  high  tem- 
perature maintained  in  the  desiccating  mass,  serves  to  re- 
move or  dissolve  the  metallic  soaps  as  well  as  the  free  grease. 
Cold  or  merely  warm  solvents  of  a  less  oily  nature  have  little 
solvent  action  on  such  soaps,  but  high  boiling  oils,  particularly 
when  carrying  small  quantities  of  grease,  are  able  to  dissolve 
them  without  difficulty.  Upon  cooling  they  are  apt  to  be  de- 
posited as  jelly-like  masses  or  to  cause  the  gelatinization  of 
the  whole  solvent  solution,  and  for  that  reason  the  solution 
must  be  treated  before  entering  recovery  stills,  in  such  a 
manner  that  the  soaps  are  decomposed  and  a  solution  of  clean 
fatty  acids  results.     This  treatment  will  be  taken  up  in  order. 

The  following  is  a  brief  description  of  apparatus  and  method 
of  carrying  out  operation: 

The  principal  apparatus  consists  essentially  of  a  closed 
tank,  circular  in  shape  and  of  a  diameter  three  times  the 
height.  Jackets  are  provided  on  the  bottom  and  well  up  the 
sides,  so  that  as  much  available  heating  surface  is  obtained 
as  is  possible.  Through  the  bottom,  oblong  screened  openings 
are  provided  for  the  withdrawal  of  solvent  and  grease  and  for 
the  pumping  in  of  solvent  during  the  cooking  or  dessicating 
operation.  Within  the  tank  proper  is  a  central  shaft,  provided 
with  two  sweeps  set  very  close  to  the  bottom,  in  such  a 
manner  that  they  shall  slide  under  the  mass  to  be  treated, 
imparting  an  undulatory  motion,  without  cutting  through  the 
mass  itself.  For  this  reason  very  little  power  is  required. 
The  tanks  are  of  shallow  form  in  order  that  the  amount  of 
heating  surface  in  proportion  to  the  mass  to  be  treated  may 
be  as  great  as  possible.  Greater  height  and  capacity  could 
only  be  obtained  at  the  expense  of  operating  time  and  greater 
consumption  of  power.  The  top  of  the  tank  is  provided  with 
charging  manhole  and  outlet  pipe  for  vapors  to  condenser. 

After  the  tank  is  loaded  with  sludge,  the  charging  manhole 
is  securely  closed  by  the  swing  cover,  solvent  is  admitted 
through  the  bottom  screens,  sufficient  to  totally  immerse  the 
mass  of  sludge  and  steam  turned  on  jackets.  Combined 
vapors  of  solvent  and  water  vapor  pass  out  through  vapor 
line  to  surface  condensers  of  suitable  capacity,  and  in  these 
the  mixture  of  solvent  and  water  vapor  is  condensed  to  liquid, 
which  leaving  the  tail  pipe  of  the  condenser,  and  passes  to 
separating  tank,  where  by  virtue  of  the  lighter  gravity  of  the 
solvent,  separation  of  solvent  and  water  is  effected.  The 
solvent  flows  to  storage  for  reuse.     Owing  to  rapid  evapora- 
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tion.  the  solvent   level  is  lowered  in  the  tank   and   a   further 
quantity  is  pumped  in. 

Four  to  five  hours  are  required  for  the  evaporation  of  all  of 
the  water  and  at  this  time  through  the  sight  glasses  the  dried 
fiber,  etc..  can  be  observed  floating  on  the  top  of  the  solvent. 
At  this  point  the  agitator  is  stopped,  the  steam  turned  off  and 
the  drain  valves  opened  and  the  grease-laden  solvent  pumped 
out  through  a  solvent  out-pump  line.  Several  washes  w;th 
fresh  solvent  complete  the  degreasing  of  the  mass,  which  is 
then  heated,  agitated  and  with  the  help  of  live  steam,  freed 
from  the  absorbed  solvent,  left  in  mass  after  draining. 

The  solvent,  carrying  with  it  the  extracted  grease,  soaps, 
etc.,  must  receive  preliminary  treatment  before  passing  to 
the  solvent-recovery  and  grease-finishing  stills.  This  treat- 
ment is  carried  out  in  a  leadlined  tank  provided  with  agitator 
To  the  solvent  is  added  a  sufficient  quantity  of  sulphuric  or 
muriatic  acid  and  water  to  completely  decompose  the  metallic 
soaps  present.  The  acid  water  is  well  churned  up  with  the 
solvent,  allowed  to  settle  and  drained  off,  fresh  water  is  added 
and  mixed,  allowed  to  settle,  and  the  clear  grease  solvent 
solution  run  to  the  recovery  stills.  By  this  treatment,  foam- 
ing and  other  difficulties  are  avoided  in  the  distillation  and 
the  grease  recovered  does  not  form  the  difficulty  separated 
emulsions  it  is  disposed  to  do.  Such  grease  can  be  cleaned 
up  and  settled  free  from  mechanical  impurities  and  moisture 
without  undue  trouble. 

The  entire  cycle  of  operations  takes  place  in  a  closed  cir- 
cuit and  the  only  vent  for  non-condensible  gases  for  the  whole 
system  of  tanks  (or  reducers),  condensers,  separating  tanks, 
washers,  stills  and  storage  tanks,  is  on  the  final  solvent  sto- 
rage tank  or  tanks.  This  vent  in  turn  exhausts  through  an 
oil  scrubber  to  recover  traces  of  naphtha  carried  over  by  car- 
buretting.  During  no  period  of  the  operation  is  the  sludge 
exposed  to  the  air  or  manhandled  in  any  way,  until  it  is 
finally  discharged  from  the  side  door  of  the  tank  in  a  dried 
degreased  condition.  The  only  places  where  odors  or  nox- 
ious effluent  are  exposed  to  the  air  and  liable  to  cause  an  in- 
sanitary and  nuisance  condition,  is  first  at  the  gas  vents  on 
the  storage  tanks  and  at  the  effluent  overflow  on  the  separat- 
ing tank.  This  effluent  is  of  course  distilled  water  from  the 
sludge  and  carries  with  it  the  odor  of  the  sludge,  which  in 
the  case  of  fresh  sludge  and  that  preferably  handled,  is  very 
offensive.  The  quantity  of  this  water  is  of  course  equal  to 
that  contained  in  the  sludge  prior  to  dessication  and  the  con- 
densed steam  from  the  steaming  out  of  the  solvent  from  the 
drained  sludge,  prior  to  dumping  from  machine.  This  ap- 
proximates a  ton  of  effluent  for  every  ton  of  sludge  handled. 
The  only  way  found  by  the  writer  to  effect  deodorization  of 
this  effluent  and  of  rendering  it  harmless,  is  by  the  addition 
of  chlorinated  lime  or  chlorine  water.  The  greatest  amount 
necessary  for  deodorizing  very  foul  water  is  one  part  of  35 
per  cent  available  chlorine  bleaching  powder  to  .3,000  parts 
effluent.  The  non-condensible  gases  leaving  the  storage-tank 
vents,  must  be  scrubbed  with  chlorinated  lime  solution  before 
allowed  to  pass  to  atmosphere. 

With  these  precautions  it  is  safe  to  say  that  the  entire  op- 
eration of  dessication  and  degreasing,  or  the  whole  recovery 
operation,  can  be  carried  out  with  no  offense  to  public  welfare 
and   sanitation. 

In  handling  sewage  sludge  by  this  method,  no  difficulties 
have  arisen,  other  than  those  usually  met  with  in  handling 
wet  organic  materials  of  other  sorts,  and  since  in  sludge  the 
moisture  is  present  in  free  condition,  mechanically  combined, 
the  period  required  for  dessication  is  much  shorter  than  that 
met  with  in  the  treatment  of  garbage  and  animal  refuse,  in 
w^hich  the  majority  of  the  water  is  more  or  less  chemically 
combined.  For  this  reason  only  four  or  five  hours  are  re- 
quired in  drying  a  given'  amount  of  sludge,  compared  with  at 
least  twice  that  for  the  same  amount  of  garbage. 

Experiments  and  trial  runs  indicate  the  capacity  of  each 
tank  as  S  tons  in  24  hours  and  in  a  plant  handling  the  sludge 
from  a  town  of  200.000  inhabi'iants  (approximately  40  tons)  75 
per  cent  moisture  basis  daily,  the  cost  for  handling,  including 
overhead  and  fixed  charges,  will  approach  $6  to  $6.50  per  ton 
on  green  sludge.  This  cost  will  not  be  greatly  changed  in 
handling  sludge  containing  75  per  cent  or  50  per  cent  moisture, 
but  since  the  gross  tonnage  to  be  handled  would  be  greatly  re- 
duced, the  plant  investment  would  be  greatly  reduced  and  the 
by-product  returns  per  green  ton  much  greater.  If  by  any 
method  of  dewatering  on  beds  or  other  inexpensive  method. 
the  moisture  can  be  reduced  below  75  per  cent,  by  just  so 
much  will  the  success  of  a  recovery  plant  pass  from  just  self- 
maintenance  to  a  possible  profit. 
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Suggestions  for  Reducing  Waste  of 
Irrigation  Water 

In  the  early  days  of  irrigation  in  any  country,  the  chief  in- 
terest and  energy  are  exerted  in  developing  the  water  sup- 
ply. But  when  the  water  supplies  are  fully  developed,  farm- 
ers and  others  interested  in  agriculture  must  study  the  effi- 
ciency of  irrigation  in  order  that  the  waste  of  water  may  be 
reduced  and  the  supply  made  to  serve  as  large  an  acreage  as 
possible.  In  some  communities  the  various  losses  of  irriga- 
tion water  aggregate  as  high  as  80  per  cent  of  the  total  quan- 
tity diverted  from  the  stream.  Beginning  at  the  point  of  di- 
version the  supply  stream  suffers  continuous  losses.  The 
sequence  of  these  losses  is  as  follows:  Seepage  (and 
evaporation)  from  canals;  seepage  from  the  field  laterals, 
evaporation  upward  from  the  irrigated  fields;  seepage  dow-n- 
ward  from  the  fields  and  willful  or  careless  waste.  An  in- 
teresting discussion  of  these  losses,  together  with  suggestions 
for  their  reduction,  are  given  by  Mr.  G.  E.  P.  Smith,  Irrigation 
Engineer  of  the  Agricultural  Experiment  Station  at  the  Uni- 
versity of  Arizona,  in  a  bulletin  issued  recently  by  the  station. 
The  matter  following  is  abstracted  from  the  bulletin: 

Losses  from  Canals  and  Field  Laterals. — Measurements  of 
seepage  losses  on  scores  of  ditches  and  canals  in  the  Western 
states  have  been  compiled  and  published.  The  results  are 
startling.  Losses  of  over  10  per  cent  per  mile  are  not  infre- 
quent, and  it  is  concluded  that  "a  large  percentage  of  the 
water,  estimated  at  40  per  cent  of  the  amount  taken  in  at  the 
heads  of  the  main  canals,  is  lost  by  absorption  and  percola- 
tion along  the  routes."  The  records  of  the  U.  S.  Reclamation 
Service  in  the  Salt  River  Valley  state  that  during  the  past  six 
years  the  canal  losFes  between  the  Granite  Reef  and  Joint 
Head  diversion  dams  and  the  points  where  water  is  delivered 
to  the  water  users  have  been  from  40  to  45  per  cent  of  the 
total  amount  diverted.  While  the  losses  as  given  in  the  rec- 
ords may  be  overstated  somewhat,  it  is  certain  that  at  least 
one-third  of  the  water  diverted  is  lost  in  the  canals.  The  loss 
from  the  Avondale  Canal  is  40  per  cent  in  the  first  four  miles. 
Practically  all  of  the  loss  in  canals  is  by  seepage,  for  the 
loss  by  evaporation  is  small.  The  evaporation  from  a  free 
water  surface  during  the  summer  months  at  Tucson,  Ariz., 
averages  10  in.  per  month  in  depth.  On  that  basis  a  canal 
with  a  water  surface  10  ft.  wide  and  carrying  25  second-feet 
of  water  would  lose  just  one  acre-foot  per  month  per  mile  by 
evaporation  while  the  total  discharge  in  the  same  time  would 
be  1,500  acre-feet. 

An  excessive  seepage  loss  can  be  reduced  somewhat  by 
puddling  the  canal  with  clay.  This  method,  however,  is  not 
recommended  for  general  practice,  for  it  is  a  temporary  half- 
way measure,  and  the  puddling  must  be  repeatedly  injured  by 
ditch  cleaning.  Oil  lining  has  been  tried  to  some  extent  in 
California  and  is  said  to  reduce  the  seepage  about  50  per  cent, 
but  it  does  not  prevent  the  growth  of  weeds  and  ditch  clean- 
ing becomes  more  difficult.  The  best  method  is  to  line  the 
canal  with  concrete,  or,  in  the  case  of  small  ditches,  as  from 
pumping  plants,  to  convey  the  water  in  cement  pipe  lines. 
Concrete  linings  are  coming  into  use  widely,  and  they  will  be 
employed  more  extensively  as  projects  become  thickly  settled 
and  the  value  of  the  water  increases.  The  Tucson  Farms  Co. 
has  lined  2%  miles  of  its  canals  with  3-in.  reinforced  concrete. 
The  cost  of  this  lining  was  about  $18,000,  while  the  value  of 
the  water  saved  is  at  least  $40,000.  The  Agricultural  Prod- 
ucts Corporation  has  used  cement  pipe  lines  throughout  for 
its  distribution  system.  2G  miles  in  all.  The  Southwest  Cot- 
ton Co.  uses  both  canal  linings  and  cement  pipe  lines  and 
ultimately  will  carry  all  irrigation  water  in  concrete.  Con- 
crete linings  and  pipe  lines  have  additional  advantages;  ditch 
cleaning  is  nearly  or  quite  eliminated;  breaks,  especially 
those  caused  by  the  gopher  holes,  cannot  occur:  and  the  labo:- 
cost  of  irrigating  is  reduced. 

Evaporation  from  Irrigated  Fields. — The  direct  evaporation 
of  water  from  the  ground  surface  may  account  for  from  10  to 
40  per  cent  of  the  water  applied.  This  loss  is  much  larger  on 
heavy  loams  and  adobe  soil  than  on  sandy  soil.  It  is  greatest. 
of  course,  during  and  just  after  each  irrigation  and  decreases 
gradually  until  the  next  irrigation.  In  the  case  of  alfalfa  it  is 
comparatively  high  after  each  cutting  and  decreases  as  the 
plants  grow  again  and  shade  the  ground.  It  is  greater  on  an 
open  wind-swept  area  than  on  one  protected  by  windbreaks. 
Many  methods  for  reducing  the  evaporation  loss  are  avail- 
able to  the  farmer.     They  are: 


Deep  plowing.  A  shallow  seed  bed  underlain  by  packed 
soil  tends  to  cause  a  high  evaporation  loss.  From  7  to  9  in. 
of  soil  should  be  turned  over  by  the  plow. 

Cultivation.  In  the  case  of  crops  planted  in  rows,  such  as 
corn,  the  ground  between  the  rows  should  be  cultivated  as 
soon  as  possible  after  each  irrigation.  In  the  case  ol 
orchards,  the  ground  should  be  furrowed  just  before  irrigat- 
ing and  cultivated  just  afterward.  If  the  furrows  are  6  in. 
in  depth,  one  may  expect  to  save  GO  per  cent  or  more  of  the 
loss  which  would  occur  without  the  mulch.  Even  alfalfa 
needs  cultivation  at  least  twice  a  year,  and  particularly  after 
the  soil  has  been  packed  by  winter  pasturing. 

Increase  in  soil  fertility.  It  is  difficult  to  make  a  mulch 
when  humus  is  lacking.  A  fertile  soil  takes  water  readily 
and,  if  cultivated,  retains  it  with  comparatively  little  loss  by 
evaporation.  Straw  should  be  spread  on  the  ground  an<? 
plowed  in.  Weeds,  trash,  and  perhaps  a  green  manure  crop 
can  be  utilized  to  improve  the  fertility.  All  stable  manure 
should  be  spread  and  plow'ed  into  the  soil. 

More  thorough  and  less  frequent  irrigation.  This  practice, 
besides  saving  water,  tends  to  establish  deep  root  feeding, 
while  frequent  light  irrigations  encourage  shallow  roots.  For 
alfalfa  one  irrigation  per  cuttting  is  ample  except  for  sandy 
soils,  where  two  lighter  irrigations  are  preferable. 

Irrigation  at  the  right  time.  Irrigate  heavily  before  plant- 
ing, and  withhold  water  after  the  planting  for  a  considerable 
time.  In  the  case  of  alfalfa,  irrigate  about  a  week  before  cut- 
ting. This  will  supply  the  water  v,hen  it  is  most  demanded 
for  plant  growth,  and  after  cutting,  the  ground  being  still 
moist,  the  new  crop  will  spring  up  quickly  and  shade  the 
ground.  Wheat  should  be  planted  in  thoroughly  irrigated 
ground,  and,  with  the  aid  of  good  winter  rains,  no  irrigation 
is  needed  until  the  boot  or  flower  stage.  Cotton  should  be 
irrigated  sparingly  in  the  early  stages  of  growth. 

Irrigation  at  night.  Evaporation  is  much  restricted  in  the 
night  compared  with  the  day  time.  It  is  a  great  mistake  to 
shut  down  pumping  plants  each  evening. 

Elimination  of  weeds.  The  waste  of  water  to  raise  weeds 
should  be  included  with  evaporation  losses.  Weed  farming  is 
unprofitable. 

Windbreaks.  They  should  be  planted  along  the  ditch  banks 
and  the  road  sides.  Every  farmer  should  raise  his  own  fence 
posts  and  fire  wood.  Wind  movement  in  the  Salt  River  Val- 
ley is  greatly  reduced  by  the  long  rows  of  magnificent  cotton- 
woods  with  which  the  landscape  Is  checkered.  The  nearby 
fringes  of  fields  require  additional  fertilization,  but  the  net  re- 
sult of  the  windbreaks  is  beneficial. 

Seepage  Loss  from  Irrigated  Fields. — As  a  rule,  this  loss  is 
even  greater  than  the  preceding  one.  It  is  particularly  severe 
on  light  soils.  It  could  be  avoided  to  a  large  extent  if  no 
more  water  were  applied  at  each  irrigation  than  the  amount 
that  can  be  held  by  the  soil  within  reach  of  the  plant  roots. 

An  ideal  irrigation  consists  in 'applying  the  right  amount  of 
water,  evenly  distributed  over  the  field.     Throughout  the  cen- 
tral  and   southern   portion   of  Arizona   the  practice   for  field 
crops  is  to  lay  out  the  field  in  long  strips  or  "lands."     In  many 
observed  cases  the  water,  turned  in  at  one  end.  requires  from 
one  to  three  hours  to  traverse  a  land  to  its  lower  end.     As 
soon  as  the  water  reaches  the  lower  end  the  ditch  water  is 
turned  to  another  land.     For  one  or  two  hours,  then,  the  head 
end  of  a  land  gets  water,  part  of  which  soaks  downward  be- 
yond the  reach  of,  and  beyond  the  need  of.  the  plant  roots, 
while  at  the  far  end  the  land  receives  water  for  15  to  40  min- 
utes.    Surely,    this   is   not   an    ideal   irrigation.     In    1913    the 
author  made  several  tests  of  the  evenness  of  distribution  of 
the  water.     In  one  case,  on  heavy  loam,  it  was  found  that  the 
percentage  of  soil  moisture  at  the  head  of  a  land,  for  6  ft. 
depth,  was  increased  from  24.1  to  26.3  per  cent  by  a  4-in.  aver 
age  irrigation,  while  at  the  tail  end  the  soil  moisture  was  in- 
creased from  15.4  to  18.2  per  cent.     In  another  case  on  sandy 
loam  the  soil  moisture  at  the  head  end   was  increased  from 
14.3  to  21.1  per  cent  and' at  the  tail  end  from  8.3  to  12.2  per 
cent.     In  both  cases,  therefore,  the  head  end  had  more  soil 
moisture  before  irrigating  than  the  tail  end  had  after  irrigat- 
ing— a  preposterous  condition.     Inasmuch  as  the  alfalfa  near 
the  foot  of  each  land  was  making  excellent  growth  it  follows 
that   the  head   ends  of  the  land   were  getting  unnecessarily 
large,  wasteful  amounts  of  water.     On  one  of  the  fields  thus 
tested  the  average  depth  of  water  applied  in  1914  was  108.2  in. 
Unquestionably.  50   per  cent  of  the  water  thus  applied   sank 
to  the  water  table  and  was  wasted.     Many  similar  cases  have 
been  observed  in  alfalfa  irrigation  and  in  furrow  orchard  irri- 
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gation,  where  the  quantity  of  water  absorbed  at  the  head  ends  are  shallow  and  underdrained  by  gravel  need  frequent  applica- 

of  the  furrows  was  found  to  be  excessive  and  wasteful,   When  tions,  while  a  deep,  rich  loam,  with  its  large  capillary  storage 

these  conditions  exist,  the  remedy  is  less  water  more  rapidly  capacity,  will  require  much  fewer  applications.     Heavy  clay 

applied,  by  means  of  a  larger  head,  or  shorter  runs,  or  steeper  soils,  in  some  places,  require  frequent  irrigations  because  it  is 

slopes.  '  impossible  to  make  them  take  much  water  at  an  application. 

Although  in  general  the  head  ends  of  the  fields  are  given  either  because  of  their  physical  condition  or  because  they  are 

too  much  water,  yet  there  are  exceptions  to  this  rule.     Thus,  shallow  and  are  underlain  by  hardpan  that  Is  nearly  imper- 

on  clay  loam  and  heavy  adobe  soils,  if  the  lands  have  consid-  vious. 

erable  fall,  the  irrigating  water  runs  quickly  to  the  lower  ends  There  is  much  diversity  in  Arizona  in  methods  of  laying  out 

of  the  lands  without  soaking  into  the  ground  more  than  a  few  fields  and  irrigating.     Farmers  in  the  Yuma  Valley  prefer  to 

inches.     A  similar  effect  is  produced  by  very  silty  water,  such  grade  the  lands  level  from  end  to  end.     Elsewhere  in  southern 

as   that   of   the   Gila   and    Colorado   rivers;    a   silt-blanket    is  Arizona,  the  general  custom  is  to  run  water  down  the  slope 

formed  at  the  upper  end  of  the  lands  and  becomes  almost  im-  parallel  to  the  steeper  side  of  the  field,  the  lands  varying  from 

pervious.     In  such  cases  the  remedy  is  either  to  divide  the  30  to  100  ft.  in  width,  and  the  lengths  of  runs  depending  on 

head  of  water  over  more  lands,  or  to  use  a  flatter  gradient,  the   slope,   soil,    crop   and    the   available   head    of    water.     In 

and  silt-blankets  must  be  broken  up  and  mulched.  northeastern  Arizona  the  corrugation  method  is  used  without 

The  frequently  discussed  problems  of  what  slope  to  give  the  borders  and  the  water  is  run  down  tlie  steepest  slopes.     In 

lands  and  what  head  of  water  is  best  are  interrelated,  and  in-  Yavapai  county   the   Colorado   system  of  flooding   from   field 

volve  also  a  discussion  of  the  length  and  width  of  lands,  and  the  laterals  is  used  for  alfalfa  and  grain. 

character  of  the  soil.  Any  one  of  these  five  factors  can  be  taken  Most  Arizona  soils  take  water  readily.  Uniformity  of  dis- 
as  a  function  of  the  other  four  factors.  The  problem  is  com-  tribution  is  possible,  but  requires  thought  and  skill  on  the 
plex  and  should  be  solved  separately  tor  each  crop  and  for  part  of  the  irrigator.  The  use  of  the  proper  unit  head  in  each 
each  locality.  In  some  communities  the  lands  are  graded  land  or  in  each  furrow  will  prevent  waste  of  water  in  the  up- 
level  or  on  a  very  slight  gradient  at  an  additional  expense  of  per  or  lower  end  of  the  field  and  will  give  an  even  appearance 
$20  to  $40  per  acre.     This  outlay  is  of  doubtful  utility.     The  lo  the  field  of  grain  or  other  crop. 

lands   should   be  graded  down   the   natural   slope   or   approx-  Wilful  or  Careless  Waste. — This  loss  includes  allowing  ex- 

imately  so.     Surely  any  lands  with  slope  from  3  to  40  ft.  per  cess  water  from  the  lower  end  of  a  field  to  run  onto  unused 

mile  can  be  laid  out  and  irrigated  without  material  change  in  land  or,  as  sometimes  happens,  info  the  highways.     It  is  due 

the  general  direction  of  the  slope.     The  other  factors,  then,  sometimes  to  the  absence  of  a  good  tail  border,  sometimes  to 

can  be  determined  so  as  to  give  the  most  uniform  distribu-  gopher  holes,  sometimes  to  a  sleepy  or  forgetful  irrigator.   On 

tion  of  water.     Thus,  on  light  soil  with  a  grade  of  20  ft.  per  some  irrigation  projects  the  loss  has  been  proved  to  exceed 

mile,  where  a  large  head  of  water  is  available,  perhaps  the  10  per  cent  of  the  water  applied.     In  Arizona,  however,  and 

lands  can  be  laid  out  50  ft.  wide  and  880  ft.  long.     If  the  head  especially  in  the  Salt  River  Valley,  there  is  a  strong  public 

of  water  is  small,  as  from  a  No.  5  centrifugal  pump,  then  the  sentiment  against  wilful  or  careless  waste,  and  the  total  loss 

lands  should  be  not  over  30  ft.  wide  and  440  ft.  long.     If,  how-  of   this    character    is    comparatively    small.     The    method    of 

ever,  the  grade  is  only  10  ft.   per  mile,   the  lands,  perhaps,  measuring  the  water  to  each  user  and  charging  him  for  just 

should  be  6f>0  ft.  long  for  the  large  head  and  330  ft.  long  for  what  he  uses  has  made  the  water  user  more  diligent  in  dis- 

tho  small  head.     These  values  are  intended  to  be  suggestive;  tributing  the  water  over  his  own  fields  and  somewhat  loath  to 

on  shallow  soils  underlain  by  caliche  the  lands  can  be  longer;  turn  it  back  into  the  system  or  to  let  it  run  to  waste.     Would 

in  some  cases  lands  1,300  ft.  long  are  irrigated  successfully.  that  he  might  take  an  equal  interest  in  preventing  the  water 

For  heavy  loams  the  lands  can  be  considerably  longer  than  from   escaping  downward   beyond  his   control,   or  upward  by 

for  sandy  soil,  and  in  general  the  flatter  the  grade,  the  shorter  evaporation  from  a  crusted  soil, 
should  be  the  runs  and  the  larger  should  be  the  head  of  water.  In  the  grading  of  a  field  the  lower  40  or  .50  ft.  should  he- 

In  cases  where  the  distances  between  bead  ditches,  espe-  graded  level  in  the  direction  of  the  irrigation.  The  lands 
cially  cement  pipe  lines,  prove  to  be  too  great,  special  methods  should  terminate  in  one  common  land  running  at  right  angles 
of  irrigating  can  be  used.  One  method  is  to  open  an  inter-  across  the  field,  or  the  furrows  should  be  connected  so  that 
mediate  head  ditch  midway  between  the  permanent  ditches.  the  furrow  streams  will  be  equalized  at  their  lower  ends. 
The  intermediate  ditch  can  be  used  for  the  preliminary  irri-  Very  few  irrigators  are  able  to  gauge  the  irrigation  and  shut 
gation  and  possibly  for  the  first  irrigation  after  planting,  after  off  the  water  from  each  land  at  just  the  right  time;  invariably 
which  the  ground  will  become  settled  and  packed  and  the  some  lands  receive  too  much  and  frequently  the  water  over- 
ditch  can  be  leveled  off  and  planted  also.  In  the  case  of  fur-  flows  the  levee  at  the  lower  end  of  the  land.  A  common  cross- 
row  irrigation,  double  heads  can  be  run  in  alternate  furrows  wise  land  prevents  this  loss  and  usually  will  have  the  heaviest 
and  subdivided  about  two-thirds  of  the  way  down  the  field.  alfalfa. 
Later,  the  intervening  furrows  can  be  treated  the  same  way. 

and  thus  the  proportion  of  water  received  by  the  lower  end  is  Water  Ratcs  and  Meterage  in  Kansas'Cities 

increased.     Another   practice   is   to   turn   a   large   head   down  x,.     ^    .,  ...         .  ..  ^     ,  ,,„ 

„„„.    f „,     „»  fi     J        J      ,,       i,  4  ,        i,,     ,  Nmety-three  cities  of  Kansas  out  of  113  replying  to  a  ques- 

each  furrow  at  first,  and  when  the  water  reaches  the  lower  j., .        p  t-.   im  -it-     *  v,        i-  •  o  fi     t°  ^-.  .. 

«„,!  t„  ,„.!„„„  fi,  u  1  ♦  1  t  ■!,  *•  tionnaire  of  F.  M.  Veatch,  acting  engineer  of  the  Kansas  State 
end,  to  reduce  the  head  to  such  an  amount  as  will  continue  d„„,.  i  .■  ti  in,  ^a  l  i,  »i  »  j  o, 
just  to  reach  the  lower  end.  f"^"'  .f.'  "'^^''^  ^""^  ^°  ^f  '^^^^  °l  be  ter  metered.  Seven- 
Good  control  over  the  division  of  the  stream  of  water  into  '"f^  fr  "'"  '^i'V  T  I  ^"'  'm^  T  ""k  ^ 
f„„, „*„„„„,„  !.  *  .1  ,  c  iu  ,  1  •  "p'l  water  on  a  flat  rate  basis.  Other  information  on  meter- 
furrow  streams  or  into  separate  heads  for  the  lands  is  essen-  ,          u*   ■     j  ^^          ^i              ^-          ■       «  i, 

4j„,      „ ♦; •*    •  11    *       ,-   -1      »u        i  •   i      .L  'igP  obtained  from  the  questionnaire  follows: 

tial.     Sometimes   it   is   well   to   divide   the   stream    into   two,  .„ 

three,  or  more  parts  by  means  of  a  division  box.     Then  each  of  cities, 

part  can  be  more  readily  divided  into  furrctw-heads.     Spiles.  ^J'^'*^''*  o^^ned  by  consumers  39 

„    J         -  ,    J,  „  ,  ,  1^      ^.        ■      ,,       a      ,  -Mr-tc-rs  owned  by  city  or  water  company   48 

made  of  laths  or  of  narrow  boards,  are  effective  in  the  final  Meiers  owned  by  either  consumer  or  city  13 

distribution.     The  spiles  are  set  in  the  ditch  bank  at  the  nat-  ^l/tor:;  installed'  by  consumers  48 

ural  ground   surface.     Sometimes   the  water  is   let  into  fore-  Mef^rs  ^mmtuned^y  ?onLmer'^'°!"r.".':./  I 

bays  and  then  distributed  through  spiles.     Wooden  spiles  are  Meters  maintained  by  city  nr  water  company   65 

much  used  in  the  Northwest;  in  Arizona,  however,  spiles  The  following  Is  a  summary  of  the  information  obtained  re- 
should  he  of  some  other  material  than  wood,  which   cannot  garding  water  rates: 

long  withstand  the  alternate  wetting  and   drying  in  this  cli-  13.5  per  cent  of  the  113  cities  have  changed  rates  within  the- 

mate.    Galvanized    iron,    or    clay,    or    cement    tile    would    be  last  five  years. 

preferable.     The  division  of  water  from  cement  pipe  lines  can  5G.5  per  cent  have  been  using  present  rates  longer  than  five- 

be  made  with  ease  and  accuracy,  an  important  argument  for  years. 

their  use.  98  cities  pay  water  bills  monthly. 

Frequency  of  irrigation  is  a  related  subject.     The  smaller  15  cities  pay  water  bills  quarterly, 

the  application   at  each  irrigation,   the  more  often  the  field  43  cities  charge  hydrant  rental— 38  per  cent  of  total  num 

must   be  irrigated.     Investigations   along   this   line   have   not  ber.    Average  rental.  $31.40. 

been  conclusive  except  for  the  peculiar  set  of  conditions  un-  9  cities  levy  a  direct  tax  for  public  water  and  flre  protec- 

der  which  the  tests  were  made.     Many  a  test  has  been  termi-  tion. 

nated  by  the  untimely  death  of  the  young  plants  when  the  For  the  113  cities  that  replied,  102  have  municipal  plants;  in- 

irrigations  were  too  frequent.     Sandy  soils  or  other  soils  that  the  remainder  the  plants  are  privately  owned. 
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Effect  of  Drainage  Ditches  on 
Flood  Flows 

One  important  effect  of  the  construction  of  drainage 
ditches  and  levees  tc  reclaim  and  protect  overflow  lands  is  to 
increase  the  flood  flow  under  certain  conditions.  This  is  the 
conclusion  reached  for  conditions  in  the  upper  Kankakee 
River  Valley  in  Indiana  by  Mr.  Samuel  A.  Greeley  of  Pearse 
and  Greely,  Hydraulic  and  Sanitary  Engineers,  Chicago,  in  a 
report  made  recently  by  him  upon  the  adequacy  and  effect  of 
some  proposed  drainage  ditches  and  levees  in  that  region. 

The  proposed  ditches  comprise  what  is  known  as  the  Tues- 
Taerg  Project  and  consist  of  a  series  of  ditches  and  levees  on 
the  upper  Kankakee  River  and  the  Yellow  River  to  reclaim 
some  50  square  miles  of  overflow  lands  for  agricultural  pur- 
poses.    At~  present  a  portion  forming  a  lake  or  swamp  some 


MomenCe,  111.,  would  be  increased  from  about  5,400  c.f.s.  to 
appro.ximately  8,000  c.f.s.  The  peak  flood  at  the  English  lake 
.gaging  station  would  be  increased  from  3.3  c.f.s.  per  square 
mile  to  14.5  c.f.s.  per  square  mile. 

The  conclusions  reached  indicate  a  flood  flow  of  15  c.f.s. 
per  square  mile  or  a  total  of  19,700  c.f.s.  to  be  expected  once 
in  10  years  from  the  area  above  English  Lake  when  the  stor- 
agf^  it  now  provides  is  removed  by  the  proposed  improve- 
nient.s.  The  average  annual  flood  is  expected  to  increase 
from  about  3  or  4  c.f.s.  per  sq.  mi.  to  10  c.f.s.  per  sq.  mi. 


Overcoating  a  Steel  Stack  with  Concrete 

A  214-tt.  high  steel  stack  at  the  power  plant  of  the 
Cleveland  Electric  Illuminating  Co.,  which  had  begun  to  show 
the  effects  of  age,  was  coated  with  a  ring  of  reinforced  con- 
crete, as  a  ineasure  for  prolonging  its  usefulness.     The  meth- 
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30  square  miles,  known  as  English  Lake,  provides  consider- 
able storage  for  flood  flows,  and  with  this  removed  under 
the  proposed  project  the  result  would  be  to  alter  the  present 
flood  flows  of  the  river  in  a  very  marked  degree.  The  drainage 
areas  under  consideration  are  as  follows: 

Sq.  miles. 

Kankakee  River  aboTe  Momence.  Ill 2.340 

"Kankakee  River  above   English  Lake   Station    1,315 

Kankakee  River  above  Yellow  River   .^50 

Yellow    River 660 

A  study  of  former  flood  flows  and  the  accompanying  rain- 
tall  showed  that  the  spring  rainfall,  when  the  ground  is  sat- 
urated from  the  melting  snows,  is  approximately  equal  to 
the  run-off  plus  evaporation.  This  is  illustrated  by  1919  con- 
ditions when  the  rainfall  from  March  10  to  April  12  was  3.26 
in.  The  run-oft"  was  estimated  from  gaging  to  be  2.39  in.  and 
the  evaporation,  according  to  Meyer,  was  1  in.,  making  a  total 
•of  3.39  in.  The  effect  of  the  English  Lake  storage  is  shown 
■on  the  accompanying  diagram.  The  rainfall  and  run-off  dia- 
grams show  that  the  peak  flow  at  Momence  occurs  about  24 
hours  after  the  peak  rainfall  for  short  storms  and  48  hours 
after  the  commencement  of  storms,  continuing  two  or  more 
days,  and  indicates  a  period  of  about  two  days  for  the  run- 
off in  the  drainage  area  below  English  Lake  to  reach  Mo- 
mence. On  the  other  hand,  the  peak  of  the  flood  at  English 
Lake  does  not  appear  until  about  seven  days  after  the  com- 
mencement of  long  continued  storms.  There  are  two  dis- 
tinct flood  waves  at  Alomence,  one  from  the  lower  and  one 
from  the  upper  drainage  areas.  Referring  to  the  diagram 
the  total  discharge  at  Momence  is  represented  by  the  area 
ABEF,  the  flood  run-off  from  the  area  below  English  Lake 
Tjy  the  area  ABED,  while  that  from  the  English  Lake  storage 
is  represented  by  the  area  DEF.  Without  the  flow  from  Eng- 
lish Lake  the  run-off  diagram  at  Momence  would  probably 
be  represented  by  the  area  ABC.  The  total  discharge  from 
English  Lake  storage  is  equivalent  to  44  in.  depth  on  its  area 
of  30  square  miles  or  about  what  occurs  during  overflow. 

The  effect  of  the  removal  of  this  storage  is  illustrated  In 
the  second  part  of  the  diagram  which  shows  conditions  during 
■a  flood  in  May,  1919.     It  is  estimated  that  the  peak  flood  at 


ods  employed  in  this  work  were  described  by  Mr.  C.  W.  Gar- 
rison in  Successful  Methods.  The  slack  was  40  ft.  in  diameter 
at  the  base  and  19  ft.  at  the  top.  The  chute  and  tower  sys- 
tem was  employed  in  placing  the  concrete.  Concrete  was 
mixed  at  ground  level,  hoisted  in  small  tower  and  carried  by 
chutes  to  a  receiving  hopper  at  the  foot  of  the  high  tower. 
There  it  was  raised  to  the  desired  height  and  placed  in  the 
forms  by  means  of  an  elephant  trunk  chute. 

When  ready  to  pour  concrete  the  chute  was  swung  half-way 
around  the  stack  to  the  point  farthest  from  the  concrete 
tower.  As  the  forms  were  filled  one  or  two  of  the  3-ft.  chute 
sections  were  removed  so  that  the  mixture  could  be  placed 
exactly  where  it  was  wanted.  After  one-half  of  the  concrete 
ring  was  poured  the  same  operations  were  repeated  on  the 
other  side  of  the  stack. 

This  method  necessitated  the  construction  of  a  tower  256 
ft.  high — thought  to  be  the  highest  wooden  tower  ever  built 
The  height  of  the  top  of  the  tower  above  the  level  of  Lake 
Erie  was  311  ft. 

The  total  volume  of  concrete  used  was  about  140  cu.  yd.  At 
the  base  of  the  stack  the  inside  diameter  of  the  concrete  ring 
is  40  ft.  and  the  concrete  is  9  in.  thick.  At  16%  ft.  from  the 
base  the  concrete  is  7  in.  thick.  The  steel  stack  tapers  to  32- 
ft.  diameter  at  34%  ft.  from  the  base.  The  concrete  is  5  in. 
thick  from  this  point  to  the  top  of  the  stack.  At  the  top  the 
diameter  of  the  steel  stack  is  19%  ft.  The  concrete  is  heavily 
reinforced  with  %-in.  rods  and  wire  mesh.  Wood  forms  were 
used  on  the  first  34%  ft.  and  steel  forms  for  the  remainder 
of  the  height.  The  aggregates  were  heated  before  mixing  by 
steam  pipes  extending  through  the  material  piles  from  the 
power  house.  The  concrete  was  protected  while  setting  by 
a  heavy  tarpaulin  wrapped  around  the  stack. 

Work  was  begun  late  in  December,  1918,  and  the  job  was 
completed  by  May  1.  1919.  The  rate  of  progress  on  the  job 
depended  on  the  speed  with  which  the  forms  could  be  moved. 
The  largest  week's  work  was  the  pouring  of  six  7%-ft.  sec- 
tions 5  in.  thick.  From  9  to  12  men  were  employed,  including 
hoist  operators  and  the  mixing  crew.  The  stack  was  kept  in 
continuous  service  during  concreting. 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  HydrauHc  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Combustion  and  Flue  Gas  Analysis 

Twenly-five  to  fifty  million  tons  of  coal  a  year  can  be  saved 
bv  the  lmi)rt)ved  operation  of  industrial  power  plants  with- 
out changing  their  present  equipment,  and  without  decreas- 
ing their  manufacturing  output.  In  order  to  save  fuel  by  burn- 
ing it  correctly  it  is  not  enough  to  merely  bring  about  the 


2.  Having  determined  these  conditions,  you  must  employ 
continuously  methods  which  will  maintain  these  conditions  or 
which  will  show  you  promptly  that  you  are  not  maintaining 
them.  You  can  not  wait  till  the  end  of  the  day  to  determine 
how  much  steam  power  each  pound  of  coal  generated — it  will 
be  too  late  then  to  recover  coal  needlessly  lost.  You  must  use 
constantly  instruments  which  will  show  you  that  you  are 
maintaining,  hour  by  hour,  minute  by  minute,  conditions  in 
your  furnace  and  boiler  which  you  had  previously  proven  in- 
sured a  maximum  production  of  steam  per  pound  of  fuel  and 
a  maximum  saving  of  heat  developed. 

The  instruments  which  are  absolutely  indispensable  to  an 
efficient  furnace  control,  without  which  fuel  waste  is  inevita- 
ble, are  flue  gas  analysis  apparatus,  pyrometers,  and  draft 
gages.  The  first  instrument  detects  and  determines  excess 
air;  the  second  measures  the  heat  lost  in  excess  air;  and  the 
third  tends  to  prevent  excess  air. 

Why  the  Use  of  a  Pyrometer  Saves  Fuel. — In  making  every 
pound  of  coal  develop  all  of  its  heat  we  take  a  long  step  to- 
ward preventing  fuel  waste,  but  if  we  stop  here  we  will  never 
insure  maximum  combustion  efficiency. 

Unless  we  get  a  maximum  proportion  of  this  heat  into  the 
boiler  water,  we  inevitably  burn  more  fuel  than  is  absolutely 
necessary  to  generate  a  pound  of  steam.  The  larger  the  per- 
centage of  heat  absorbed  by  the  boilers  the  smaller  the  per- 
centage of  heat  lost  through  the  stack,  and  the  only  possible 
way  to  know  what  proportion  of  heat  is  going  to  form  steam 
is  to  have  a  continuous  record  of  the  temperature  and  amount 
of  the  flue  gats. 

The  pyrometer  is  the  means  of  securing  this  indispensable 
data  on  temperature. 

Maximum  heat  production  in  the  furnace,  combined  with 
maximum  heat  absorption  in  the  boiler  produce  maximum  fur- 
nace and  boiler  efficiency. 

General  Instruction  for  use  of  Combustion  Control  Appa- 
ratus.— The   gas-analysis   apparatus    most    frequently    used    is 


Fig.   1 — Gas  Analysis  Apparatus. 

proper  conditions  in  the  furnace.  These  conditions,  after  they 
are  once  started,  must  be  kept  going,  and  there  must  be  some 
means  of  knowing  positively  that  they  are  being  kept  up.  The 
following  extracts  from  a  bulletin  of  the  U.  S,  Food  Adminis- 
tration describes  the  instruments  that  will  furnish  the  means 
for  securing  this  necessary  information. 

There  is  absolutely  only  one  way  to  stop  wasting  Coal 
burned  in  steam  power  plants.  Part  first  of  this  one  and  only 
way  is  to  insure  that  every  particle  ot  the  carbon  of  the  coal 
comes  in  intimate  contact  with  enough  heated  air  to  supply 
2%  lb.  of  oxygen  to  each  pound  ot  carbon.  Part  second  of  this 
one  and  only  way  to  insure  fuel  economy  is  to  insure  that  the 
maximum  proportion  ot  the  heat  developed  produces  steam. 
To  do  both  of  these  things  is  absolutely  the  only  way  to  make 
each  pound  of  coal  generate  all  of  the  steam  it  can. 

To  even  attempt  to  do  either  without  the  use  of  the  con- 
trol instrument  to  be  referred  to  later  is  simply  to  waste  coal 
inevitably,  invariably,  and  unnecessarily. 

The  key  to  the  solution  as  regards  the  maximum  produc- 
tion of  heat  is  the  control  and  measurement  of  the  air  sup- 
plied to  the  furnace;  the  solution  of  the  problem  as  regards 
the  maximum  utilization  of  heat  is  found  in  the  control  and 
measurement  of  the  temperature  ot  the  flue  gases. 

Now,  as  to  the  practical  way  ot  insuring  the  maximum  pro- 
duction and  the  maximum  utilization  of  heat;  of  doing  what 
we  simply  must  do  to  avoid  a  needless  waste  ot  coal,  of  money, 
of  time:  again  there  is  one  indispensable  way  of  doing  this. 

1.  You  must  determine  by  actual  trial  what  conditions  in 
your  furnace,  burning  your  fuel,  produce  the  most  steam  per 
pound  of  coal. 


Fig.  2 — Stiowing   Correct   Location   of   Sampling   Tube. 

some  form  of  the  various  types  ot  "Orsat"  (see  Fig.  1).  The  di- 
rections for  its  use,  which  may  be  secured  from  the  dealer,  are 
so  explicit  that  skill  in  its  use  is  acquired  within  an  hour  or 
two. 

It  enables  one  to  determine  CO.,  O^  (oxygen,  a  measure  of 
the  air  supply!,  and  CO  in  15  to  30  minutes.     No  investment 
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in  power-plant  eiiuipment  will  pay  a  higher  rate  of  interest 
than  will  a  well-used  gas-analysis  apparatus. 

Of  gas  analysis  it  may  be  said  as  of  all  other  analyses  that 
it  is  a  worse  than  useless  process  unless  the  particular  por- 
tion of  material  analyzed  represents  the  average  composition 
of  the  larger  mass  from  which  the  sample  is  taken. 

"A"  in  Fig.  2  shows  the  correct  location  of  the  sampling 


Fig.   3 — Combination   of   Two    Draft   Gauges. 

tube  at  the  point  where  the  gases  leave  the  boiler,  as  near 
this  as  possible,  and  where  the  velocity  of  the  gas  stream  is 
a  maximum.     "B"  shows  an  uncorrect  location. 

The  sampling  tube  should  be  a  Vs.  to  %  in.  iron  tube  inserted 
into  the  center  of  the  gas  stream.  Under  no  circumstances 
should  a  perforated  pipe,  a  nest  of  pipes,  a  "spider,"  or  any 
similar  device  be  used. 

Pyrometers. — In   order   to   determine   the   preventable   heat 


plugged 


I'p/ugged  " 


indicating  or  recording  meter,  connected  by  insulated  cop- 
per wire  to  the  couple. 

To  determine  the  temperature  of  the  gas  the  couple  is  in- 
serted in  the  gas  stream  where  the  temperature  is  to  be  taken. 
An  electric  current  whose  magnitude  is  proportional  to  the 
temperature  is  generated  and  is  recorded  by  the  meter  in  de- 
grees, Fahrenheit  or  centigrade. 

Before  ordering  a  pyrometer  decide: 

1.  (a)  The  best  points  in  the  brick  setting  or  elsewhere  to 
insert  the  couple;  (b)  the  length  of  the  couple  to  reach  from 
that  point  to  the  center  of  the  gas  stream. 

2.  The  place  where  you  will  locate  the  meter. 

.■?.  The  length  of  the  "lead"  needed  to  connect  the  couple 
and  meter. 

4.     The  number  of  couples,  if  a  switch  is  to  be  provided. 

Having  determined  what  you  require,  communicate  with  va- 
rious manufacturers  and  state  your  requirements,  in  order  to 
secure  the  equipment  best  adapted  to  your  needs. 

Draft  Gages. — Draft  regulation  (see  Figs.  3  and  4)  is  one  of 
the  most  important  factors  in  maintaining  combustion  effi- 
ciency. 

A  great  deal  of  misunderstanding  e.xists  concerning  draft 
gages  and  much  misinformation  regarding  their  application 
and  use  is  current. 

There  is  some  draft  that  will  burn  a  particular  fuel   with 
the  best  efficiency  in  each  particular  plant,  but  you  can  no 
more  look  at  a  furnace  and  tell  the  draft  that  is  being  applied  ' 
to  it  than  you  can  look  at  a  boiler  and  tell  the  pressure  within 
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Fig.  5 — Approved  Method  of  Connecting  and  IVlounting  Draft  Gauge. 


loss  from  excess  air  it  is  necessary  to  know  not  only  the  vol- 
ume but  also  the  temperature  of  the  excess  volume. 

The  temperature  should  be  taken  at  the  same  point  as  the 
sample  of  gas  for  analysis;  that  is,  at  the  point  where  the 
gases  leave  the  heating  surfaces  of  the  boiler,  and  is  best  de- 
termined by  means  of  some  form  of  pyrometer,  either  of  the 

A 


Fig.  4 — Single   Draft   Gauge   with   Special   Connection. 


mercurial,  expansion,  or  electric  type.    The  latter  is  probably 
preferable  because  of  its  greater  convenience. 

The  essential  parts  are  a  "couple,"  which  consists  of  two 
wires,  usually  of  some  special  alloy,  welded  together,  and  an 
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it;  furthermore,  drafts  change  with  atmospheric  pressure, 
with  shifting  winds,  and  other  meteorological  conditions. 

As  a  rule  the  boiler  nearest  the  stack  gets  more  than  Its 
share  of  the  draft,  and  the  one  farthest  from  the  stack  gets 
less  thau  its  share,  depending  on  the  flue  connections.  Many 
serious  cases  of  draft  troubles  could  be  cured  and  fuel 
saved  by  adjusting  the  individual  dampers  to  equalize  tlje 
draft  among  the  boilers.  After  equalizing,  the  drafts  of 
all  may  be  changed  at  once  by  using  the  main  breechings 
damper. 

The  Best  Draft  to  Use. — You  should  use  the  draft  that  will 
meet  the  load  conditions  and  produce  the  best  percentage  of 
CO,  without  CO  and  without  fusing  the  ash.  There  is  prac- 
tically no  exception  to  this  rule. 

The  maximum  practical  furnace  temperature  depends 
largely  on  the  fusing  temperature  of  the  ash  of  the  coal  used; 
if  ash  slag  forms  under  the  normal  of  good  furnace  practice, 
the  obvious  remedy  is  to  change  Ihe  furnace,  the  fuel,  or 
both. 

The  best  draft  over  the  .fire  for  hand-fired  furnaces  burn- 
ing bituminous  coal  ranges  from  2.5  to  40  hundredths  of  an 
inch  of  water  (the  scales  of  most  draft  gages  are  calibrated 
in  terms  of  water  displacement),  but  it  may  be  materially 
more  or  less,  depending  on  the  grate  used,  the  size  and  ash 
contents  of  the  fuel,  etc.  Find  out  the  correct  draft  for  your 
plant  by  using  the  gas  analyzer. 

It  is  not  necessary,  except  for  purposes  of  special  study, 
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to  take  the  draft  at  any  point  except  the  furnace,  but  it  is 
essential  to  have  a  constant  indication  of  the  draft  there. 

The  gage  should  be  so  located  that  it  will  be  before  the 
eyes  of  the  fireman.  An  experienced  fireman  will  fire  by  the 
draft  rather  than  the  steam  gage. 

Figure  3  shows  a  combination  of  two  draft  gages;  Fig.  4 
a  single  one  with  special  connections.  Fig.  4  is  probably  the 
more  practical — it  will  not  confuse  the  fireman. 

If  desired,  the  draft  drop  through  the  boiler  may  be  read 
at  any  number  of  points  by  installing  the  necessary  pipe.s 
and  cocks.  A  study  of  the  diagram  with  attached  explana- 
tion will  make  the  manner  of  installing  and  the  method  of 
use  apparent. 

Point  at  Which  to  Install  Draft  Gage. — In  installing  the 
draft  gage  a  point  in  the  furnace  wall,  in  front,  should  be 
selected  as  far  above  the  grates  and  as  near  the  front  of 
the  furnace  as  possible.  Figure  .5  shows  an  approved  method 
of  connecting,  and  mounting  a  draft  gage  on  a  horizontal  re- 
turn tubular  boiler,  also  an  improved  method  of  installing  a 
gas  collector. 

Draft  gage  "A"  in  the  above  diagram  is  connected  to  show 
the  draft  over  the  fire.  Gage  "B"  is  connected  at  the  last 
pass  of  the  boiler  and  shows  the  draft  drop  or  loss  between 
the  last  pass  and  the  furnace. 

The  draft  gage  (Fig.  4)  is  normally  used  to  show  the  draft 
over  the  fire,  but  it  may  be  used  to  take  any  of  the  readings 
obtainable  in  the  combination.  Fig.  3.  "A''  (Fig.  4)  is  con- 
nected at  the  furnace  and  "B"  at  the  last  pass. 

(a)  To  read  draft  over  fire;  Open  valve  1,  close  valve  3. 
and  set  valve  2  to  atmosphere. 

(b)  To  read  draft  in  last  pass:  Open  valve  3,  close  valve 
1,  and  set  valve  2  to  atmosphere. 

(c)  To  read  draft  loss  between  last  pass  and  furnace: 
Open  valves  2  and  .1  and  close  valve  1. 

Interpretation  of  Draft  Gage  Readings. — To  interpret  the 
uagp  readings  there  are  a  few  principles  to  remember.  Tf 
the  liquid  moves  toward  the  zero  point  of  the  scale  at  the 
often  or  of  leaving  them  ajar,  of  leaky  boiler  settings,  of  holes 
are  forming  in  them.  If  the  liquid  moves  in  the  other  direc- 
tion, 1he  fires  are  thick  and  should  be  burned  down  or  per- 
haps raked  before  adding  more  coal. 

Locate  all  gages  where  the  fireman  can  watch  them  most 
readily  and  place  the  damper  control  so  that  he  can  observe 
the  draft  gage  while  setting  the  damper. 

The  plant  owner  should  see  that  the  uptake  damper  can 
be  adjusted  easily  from  the  front  of  the  boiler,  otherwise  the 
fireman  can  not  be  blamed  for  using  the  wrong  method.  He 
should  be  made  to  use  the  dampers  instead  of  the  ash  pit 
doors.     If  he  does  not,  the  doors  might  be  removed. 

Necessity  of  Instructions  to  Firemen,  Etc. — A  very  impor- 
tant measure  that  may  be  found  necessary  to  improve  the 
efficiency  of  a  power  plant  will  be  instructing  the  fireman 
as  to  the  effects  of  opening  the  furnace  doors  unnecessarily 
often  or  of  leaving  them  ajar,  of  leaky  boiler  settings,  of  holes 
or  cracks  in  the  fuel  bed,  of  too  much  or  too  little  draft,  etc. 
Encourage  the  firemen  to  ask  questions  and  instruct  them 
largely  through  your  answers  to  these. 

Explain  that  the  gas-analysis  apparatus  is  really  an  instru- 
ment for  determining  whether  or  not  an  excess  amount  of 
air  (which  means  more  work  for  him)  is  flowing  over  the 
boiler  heating  surface.  Let  him  watch  while  a  gas  sample 
js  being  drawn  and  then  analyzed. 

Assuming  that  the  sample  shows  4  per  cent  of  COj,  explain 
that  this  means  that  the  furnace  is  taking  at  the  rate  of  517 
cu.  ft  oi  air  where  it  should  be  taking  only  140;  that  this 
excess  means  more  coal  to  heat  up  this  unnecessary  air 
and  more  work  to  handle  this  and  the  needlessly  larger  quan- 
tities of  ashes  and  clinker;  all  leading  to  increased  fuel  and 
labor  costs. 

Let  us  assume  that  an  examination  of  the  fuel  bed  showed 
cracks,  thin  places,  and  holes,  and  that,  after  closing  these 
by  breaking  up  the  lumps  and  leveling  the  fuel,  a  second 
sample  showed  10  per  cent  of  CO,,  indicating  107  per  cent  of 
excess  air.  We  have  by  simply  cutting  out  four-fifths  of  the 
air  greatly  Increased  the  steam  pressure  without  firing  a 
pound  of  coal. 

Routine  Supervision.— The  best  results  can  not  be  secured 
through  combustion  analysis  unless  the  work  is  persistently 
followed  up  and  made  a  part  of  the  daily  routine.  To  bring 
the  combustion  efficiency  of  the  plant  up  to  a  high  standard 
is  one  thing  To  keep  it  so  is  another.  The  moment  that 
the  interest  of  the  men  above  the  firemen  slackens,  that  mo 


ment  the  firemen  will  slacken  in  their  attention  to  duty.  One 
hundred  per  cent  results  can  not  be  attained  with  anything 
short  of  a  full  11)0  per  cent  equipment.  Therefore,  if  you 
equip  one  boiler,  equip  all.  Many  make  the  mistake  of  equip- 
ping but  one  boiler,  and  the  result  will  be  that  the  firemen 
will  give  more  attention  to  that  boiler  than  to  any  other. 
They  may  so  slight  the  units  not  equipped  that  the  combined 
combustion  efficiency  of  the  plant  might  be  less  with  such 
partial  equipment  than  with  no  equipment  at  all. 


Educating  Power  Plant  Operators* 

By  W.  E.  EAST. 

Experience  leads  the  Toledo  Railways  &  Light  Co.  to  be- 
lieve that  the  best  way  to  educate  power-plant  operators  is 
to  make  arrangements  to  let  them  conduct  their  own  educa- 
tional work.  It  is  believed  best  to  have  meetings  at  the  plant 
when  the  men  are  off  duty  and  to  pay  the  men  for  the  time 
thus  occupied  if  necessary  to  secure  full  attendance.  The 
classes  should  be  run  on  a  club  basis.  It  has  been  learned 
that  if  a  group  of  men  from  the  "front  office"  try  to  initiate 
a  movement  for  the  benefit  of  the  plant  men  the  whole  plan 
will  be  viewed  with  suspicion.  So  educational  work  must 
proceed  from  the  inside  out.  not  from  the  outside  in.  The 
part  of  the  company's  officials  and  department  heads  in  this 
work  should  be  to  make  the  operators  feel  the  need  of  edu- 
cational activities  and  then  to  let  them  take  it  up  among 
themselves,  helping  them,  of  course,  if  they  desire  help,  but 
never  trying  to  force  assistance  upon  them. 

It  is  also  believed  that  such  abstract  studies  as  arith- 
metic, physics,  electricity  and  mechanical  drawing  have  no 
place  in  these  meetings.  Men  who  wish  to  take  such  sub- 
jects will  avail  themselves  of  other  opportunities  to  learn 
them.  The  real  province  of  the  power-plant  club  is  to  take 
up  problems  of  ordinary  operation.  Questions  arise  daily  as 
to  the  best  methods  of  operating  stokers,  boilers,  condensers, 
etc.  At  a  weekly  get-together  meeting  the  club  can  handle 
these  topics.  A  fireman,  for  example,  may  have  ideas  of  his 
own,  based  on  his  experience,  as  to  how  to  operate  his 
stokers.  The  boss  may  have  told  him  to  run  his  stokers  in 
a  way  that  seems  quite  wrong,  but  if  he  is  the  right  sort  of 
a  fireman  he  will  be  willing  to  learn  that  he  is  wrong  through 
discussion  in  the  weekly  meetings. 

Meetings  appear  to  be  most  successful  when  fhe  program 
includes  discussion  and  study  of  only  one  piece  of  apparatus. 
A  good  plan  is  to  have  someone  previously  appointed  to  give 
a  description  of  the  apparatus  illustrated  with  blueprints  and 
catalogs.  A  question  box  should  be  established  and  used. 
If  manufacturers'  rules  pertaining  to  operation  of  the  ap- 
paratus are  available,  they  should  be  read.  Then  the  meeting 
should  be  thrown  open  for  discussion  by  every  one  from  the 
ashman  to  the  boss.  Material  and  literature  from  manufac- 
turers should  be  preserved  to  form  a  reference  library  for 
the  club. 

Employes  of  the  Toledo  company  have  such  a  club.  It  is 
known  as  the  Water  Street  Boiler-Room  Club,  becuase  its 
membership  consists  of  practically  every  boiler-room  operator 
at  the  Water  street  generating  station.  A  boiler-room  fire- 
man was  Instrumental  in  organizing  it,  and  the  men  have 
supported  it  enthusiastically,  electing  him  president.  All 
suggestions  are  acted  on  by  the  club  before  the  reports  of 
those  suggestions  which  seem  worth  while  are  submitted  by 
the  club  president  to  the  superintendent  of  production.  The 
club,  in  general,  works  along  the  lines  discussed  above,  al- 
though it  also  engages  in  some  social  activities.  'While  the 
club  is  still  young,  successful  results  thus  far  indicate  that 
it  will  serve  to  promote  general  welfare  of  the  men  and  the 
company. 

Personal  training  is  also  being  given  to  the  firemen  in 
connection  with  combustion  tests  which  are  run  by  the  re- 
sults department.  These  tests  are  made  for  the  double  pur- 
pose of  checking  up  the  accuracy  of  the  boiler-flow  meters, 
draft-gage  settings,  etc.,  and  also  to  enable  the  firemen  to 
become  familiar  with  the  use  of  these  instruments.  The  man 
who  is  running  the  tests  and  the  fireman  get  together,  and 
the  tester  tells  the  fireman  that  he  wants  to  get  the  fire  as 
hot  as  possible.  He  then  shows  the  fireman  what  his  boilers 
are  doing,  provided  the  boilers  are  equipped  with  meters,  and 
they   set   out   to    improve   conditions,   if   possible.     Readings 


"Prom    a    nanpr    oresented    before    the    Station    Operating    Co.ri 
mittee  of  the  Ohio  Electric  Light  Association. 
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are  taken  of  draft,  boiler  output,  air  flow,  analysis  of  flue 
gases,  stack  temperature,  etc.,  and  the  fireman  is  informed 
of  all  these  readings  as  they  are  taken.  Then  as  conditions 
are  improved  the  results  are  pointed  out  to  the  fireman  and 
he  is  shown  how  his  boiler  meter  will  guide  him  in  his  every- 
day operation  of  the  fires  and  enable  him  to  obtain  the  best 
results  at  all  times.  As  an  incentive  to  the  fireman  to  make 
good  records,  methods  calculated  to  inspire  rivalry  are  pur- 
sued. 

At  the  Water  street  station  the  company  also  has  a  fire- 
man's instructor,  whose  duties  are  to  break  in  all  new  fire- 
men and  to  teach  them  to  make  full  use  of  all  the  boiler 
instruments.  This  man  also  supervises  all  the  fires  on  all 
special  tests  and  in  that  way  keeps  in  touch  with  all  the  test- 
ing work  which  is  carried  on  in  the  boiler  room. 

In  conclusion,  the  company  believes  that  much  good  can 
be  done  in  an  educational  way  along  three  lines:  General 
work,  which  takes  up  the  fundamental  subjects;  the  special 
classes,  which  include  the  operators'  clubs,  and. the  personal 
work,  which  is  intended  to  give  individual  instruction.  How- 
ever, it  is  believed  that  the  most  successful  endeavor  and  the 
one  most  profitable  to  the  company  is  the  operators'  club. 
From  experience  that  appears  to  be  the  best  place  to  start. 
After  this  club  is  in  full  operation  the  demand  for  more 
academic  classes  will  become  greater  and  the  personal  work 
will  become  easier  and  will  accomplish  more. 


Fallacy  of  Haphazard  Boiler  Room 
Records 

While  there  is  no  doubt  that  the  records  of  the  operation 
of  central  station  equipment  can  play  a  large  part  in  increas- 
ing the  efficiency  of  the  plant,  it  is  also  true  that  records  that 
are  not  accurately  kept  are  not  only  useless,  but  may  be  the 
cause  of  much  wasted  time  and  effort,  states  Mr.  C.  C.  Raitt 
in  Power.  There  is  no  meter  that  will  run  on  indefinitely 
and  give  accurate  results  without  periodic  checking,  and  this 
is  especially  true  of  the  flow  meters  available  at  the  present 
time.  Flow  meters  have  not  yet  reached  a  stage  where  they 
can  be  considered  sturdy. 

The  conditions  under  which  they  are  expected  to  operate 
are  anything  but  desirable  for  a  delicate  mechanism.  There 
is  invariably  a  quantity  of  fine  coal  dust  in  the  air  around  a 
boiler  room,  and  there  is  sure  to  be  considerable  vibration 
in  the  building.  Therefore,  if  there  is  to  be  an  accurate  rec- 
ord of  steam  flow,  someone  must  make  frequent  inspection 
of  the  meters  and  keep  them  clean  and  carefully  adjusted. 

In  many  cases  where  flow  meters  have  been  installed  and 
readings  used  for  various  calculations  month  after  month,  it 
has  been  found  later  that  the  meter  had  gotten  out  of  ad- 
justment and  the  readings  were  all  wrong.  No  doubt  there 
are  instances  where  it  Is  impossible  to  get  a  check  on  the 
flow  meters  and  know  whether  they  are  working  prop- 
erly. When  this  is  true,  it  is  doubtful  if  the  meters  are  a 
wise  investment.  How-ever,  in  most  cases,  the  capacity  of 
the  turbines  or  the  boilers  metered,  together  with  the  read- 
ings of  other  meters  working  in  conjunction,  should  give  a 
sufficient  check  on  the  readings  of  a  meter. 

At  this  point  it  would  be  well  to  explain  just  what  Is 
meant  by  checking  a  meter  by  the  capacity  of  the  equip- 
ment metered.  It  certainly  does  not  mean  that  an  estimate 
of  steam  flow,  based  on  the  capacity  of  the  equipment  me- 
tered, is  to  be  given  precedence  over  the  readings  of  the 
meter  and  used  whenever  meter  readings  do  not  look  satisfac- 
tory. But  it  does  mean  that  whenever  the  meter  readings  do 
not  agree  with  the  estimate,  it  is  time  to  hunt  the  trouble. 

It  should  be  hunted  first  in  the  meter,  and  if  the  meter  is 
proved  to  be  correct  the  reading  should  hold  and  the  trouble 
should  be  hunted  in  the  metered  equipment.  There  is  al- 
ways a  tendency  to  assume  that  the  operation  is  normal  and 
the  meter  wrong  because  it  is  so  easy  to  estimate  what  the 
reading  should  have  been  and  let  it  go  at  that.  But  when- 
ever this  is  done,  the  purpose  for  which  the  meters  were  In- 
stalled is  defeated.  A  meter  reading  should  be  considered 
right  until  it  is  proved  wrong. 

In  determining  the  pounds  of  coal  burned  in  the  plant  a 
number  of  difficulties  arise.  Where  the  coal  burned  is  not 
of  uniform  size,  it  is  difficult  to  obtain  the  weight  by  meas- 
uring volume.  Even  though  it  may  be  bought  in  uniform 
size  or  crushed  in  the  station  yard,  there  is  still  the  danger 
of  ice  causing  lumps  to  form  which  interfere  with  the  meas- 
urements.    It  ;s  best  to  weigh  all  the  coal  burned  if  possible. 


Here  again,  there  is  an  opportunity  for  errors  unless  the 
weights  are  automatically  recorded.  It  is  only  human  to 
make  mistakes  and  to  be  negligent  where  there  is  no  check 
on  a  man's  work.  Therefore,  to  trust  an  employe  to  put 
down  the  weights  without  any  way  of  knowing  whether  he  is 
doing  it  properly  or  not  is  to  invite  trouble. 

If  it  is  true  that  (he  automatic  mechanisms  we  use  need 
care  and  attention,  it  is  even  more  true  that  the  human  ele- 
ment in  our  records  must  be  watched.  And  so  it  is  not 
enough  to  provide  means  for  weighing  all  coal  burned,  but 
some  method— automatic  if  possible— should  be  used  to  make 
sure  that  all  coal  is  accurately  weighed. 


Examples   of  Economies  Effected  by  Soft 
ening  Water 

There  is  a  very  direct  relation  between  softening  water  for 
use  in  boilers  and  saving  fuel.  The  following  examples  of 
such  economies  are  abstracted  from  an  engineering  bulletin 
of  the  U.  S.  Fuel  Administration: 

A  marble  company  reports  a  saving  of  21  per  cent  of  fuel  by 
softening  its  boiler  water. 

A  crucible  steel  company,  by  substituting  soft  for  hard 
water,  effected  a  saving  of  3,C00  tons  of  coal  per  annum,  which 
based  on  current  prices  would  be  valued  at  about  $22,000. 

The  Chicago  &  Northwestern  Ry..  comparing  its  operating 
expenses  in  1902-3  before  and  after  softening  its  water  supply 
reported  a  saving  of  $75,000  per  annum.  This  saving  was  ef- 
fected at  a  period  when  coal  cost  probably  less  than  one-half 
the  prices  charged  in  1918. 

In  addition  to  these,  other  cases  have  been  reported  in 
which  the  profits  resulting  directly  from  the  substitution  of 
soft  for  hard  water  have  been  reported  as  varying  from  32 
per  cent  on  an  investment  of  $7,200  to  71  per  cent  on  an  in- 
vestment of  $7,000.  These  profits  resulted  largely  from  the 
elimination  or  reduction  of  operating  costs,  such  as  cleaning 
heaters,  piping,  and  economizers,  cost  of  cleaning  instru- 
ments, interest,  and  depreciation  on  spare  or  idle  boiler,  etc. 

Furthermore,  it  has  been  estimated  that  the  use  of  hard 
water  in  a  groat  number  of  the  locomotive  boilers  of  the  coun- 
try involves  the  consumption  of  15,000,000  tons  of  coal  more 
than  would  be  needed  were  soft  water  only  used. 

A  steel  company,  whose  annual  output  is  50,000  tons,  re- 
ports a  saving  of  2fl0  lb.  of  coal  per  ton  of  steel  resulting  from 
the  softening  of  its  boiler  water. 


10  Hints  for  Storage  of  Bituminous  Coal 

Tests  conducted  by  the  Bureau  of  Mines  lead  to  the  follow- 
ing conclusions  regarding  the  storage  of  any  bituminous  coal. 

(1)  Piles  not  to  be  over  12  ft.  deep,  and  no  part  of  the  in- 
terior to  be  over  10  ft.  from  the  surface. 

(2)  Store  only  screened  lump  coal — if  possible. 

(3)  Keep  out  dust  as  much  as  possible,  and  to  do  this  avoid 
handling. 

(4)  Have  lump  and  fine  evenly  distributed.  Do  not  let 
lumps  roll  to  the  bottom  and  form  air  passages. 

(5)  Rehandle  the  screenings  after  2  months,  if  possible. 

(6)  Store  away  from  any  sources  of  even  moderate  heat, 
and  well  away  from  the  main  buildings  of  the  plant;  never 
against  a  frame  building. 

(7)  Allow  6  weeks  seasoning  after  mining  before  putting 
into  storage  piles. 

(S)   Avoid  alternate  wetting  and  drying. 

(9)  .4void  admission  of  air  to  the  interior  of  the  pile 
through  interstices  around  timbers,  irregular  brick  work  or  a 
porous  bottom  such  as  coarse  cinders. 

(10)  If  wet  coal  is  received,  dump  in  small  piles  around  the 
edges,  where  air  can  get  to  it  freely  to  carry  away  moisture, 
and  where  other  coal  will  not  be  packed  on  top  of  it. 


Bonus  Plan  Increased  Boiler  Plant, Efficiency  35  Per  Cent. — 
In  a  discussion  at  the  191S  annual  meeting  of  the  American 
Society  of  Mechanical  Engineers,  Mr.  Edward  N.  Trump  stated 
that  his  company  had  raised  the  efficiency  in  boiler  plants 
from  50  per  cent  average  to  85  per  cent,  largely  by  giving  a 
bonus  to  the  firemen  so  that  it  was  to  their  interest  to  save 
coal.  He  said  that  at  least  10  per  cent  saving  could  be  made 
in  almost  any  plant  by  using  such  a  plan.  The  values  meas- 
ured were  carbonic  acid  in  the  flue  gases,  water  fed  to  boilers 
and  carbon  in  the  ashes.  P'^om  these  the  efficiency  can  be  de- 
termined and  a  suitable  reward  offered  for  improvement  and 
maintaining  the  improved  efficiency. 
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MANAGEMENT  AND    OFFICE    SYSTEM 

This  section  is  published  twice  a  month:  (1)  In  the  Waterworks  and 
Hydraulic  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  constructionjields. 


The  Army  Method  of  Testing 
Men's  Abilities 

On  February  24  of  this  year  Lt.-Col.  John  J.  Swan,  U.  S.  A., 
delivered  an  address  before  the  New  York  Section  of  the 
American  Society  of  Mechanical  Engineers  in  which  he  out- 
lined the  methods  used  in  testing  the  abilities  of  applicants 
for  skilled  positicns  in  the  army.  This  address  is  abstracted 
In  the  May  issue  of  the  journal  of  the  society.  "Mechanical 
Engineering,"  under  the  title,  "The  Right  Man  in  the  Right 
Place  in  the  Army";  and  as  some  of  the  methods  outlined 
are  of  a  character  which  should  prove  useful  to  many  civilian 
employers,  the  descriptions  are  given  below.  The  men's  own 
accounts  of  their  abilities  afforded  a  painfully  inaccurate 
statement  of  the  facts,  for— of  425,000  men  received  in  the 
draft  up  to  Dec.  15,  1917,  reduced  to  the  basis  of  10,000  white 
and  averaged  over  the  entire  country,  it  was  found  that 
there  were  only  50  bakers,  90  blacksmiths,  8  bridge  carpen- 
ters, 90  butchers,  190  cooks,  150  electricians,  S  farriers  and  a 
small  representation  of  the  other  trades  essential  to  the  op- 
eration of  the  Army.  These  figures  are  based  on  the  state- 
ments of  the  men  themselves  as  interviewed  by  the  Person- 
nel Offlcers,  but  when  the  men  claiming  these  trade  abilities 
were  examined  or  tested  by  the  system  employed  by  the 
Personnel  Department  it  was  found  that  only  6  per  cent  were 
experts,  while  24  per  cent  were  journeymen,  40  per  cent 
apprentices,  and  30  per  cent  without  any  experience  whatso- 
ever. 

System  for  Rating  Officers.— With  195,000  offlcers  in  the 
service  at  the  end  of  the  war,  it  is  evident  that  very  special 
means  must  have  been  used  to  secure  a  proper  personnel. 
Briefly,  the  system  is  based  on  giving  to  each  officer  a  rating 
which  is  made  by  his  immediate  superior  and  which  rating 
is  determined  quarterly  so  that  the  improvement  or  change 
in  the  officer's  work  or  ability  can  be  credited  at  frequent 
intervals. 

The  system  consists  of  each  rating  officer  preparing  for 
himself  a  scale  of  measurement  in  accordance  with  a  simple 
yet  effective  method  which  can  be  understood  by  all  and  is 
universally  applicable.  This  scale  considers  separately  the 
essential  qualities  of  the  officer,  such  as  physical  qualities, 
intelligence,  leadership,  personal  qualities  and  a  general 
value  to  the  service,  and  the  rating  officer  considers  such 
officer  whom  he  has  to  rate  in  the  light  of  these  qualifica- 
tions one  by  one  as  contrasted  with  the  officer  on  his  scale. 

In  preparing  his  scale  for  rating  any  group  of  officers  under 
his  command,  he  thinks  of  the  purely  physical  qualities  of 
all  officers  of  his  own  rank  with  whom  he  is  acquainted  and 
visualizes  the  physique,  bearing,  neatness,  voice,  and  endur- 
ance of  each,  irrespective  of  any  other  qualities.  Among  all 
those  he  has  in  mind,  some  one  will  stand  out  pre-eminently 
and  he  writes  down  the  name  of  this  particular  officer  as 
highest.  Another  one  will  rank  slightly  lower,  still  another 
about  average,  another  low.  and  finally  one  will  be  visualized 
as  being  lowest  in  the  quality  named. 

In  a  like  manner  he  then  selects  five  officers  on  the  basis 
of  their  intelligence,  another  five  for  their  leadership,  othore 
tor  their  personal  qualities,  and  finally  those  whom  he  be- 
lieves to  be  of  value  to  the  service. 

The  rating  officer  then  has  a  scale  under  five  general  head- 
ings with  five  names  under  each  heading  ranged  from  high- 
est to  the  lowest  with  purely  arbitrary  factors  of  value  oppo- 
site each  name  It  should  be  noticed  that  in  the  preparation 
of  this  scale  it  makes  no  difference  whether  a  general  or 
first  lieutenant  has  worked  it  out,  for  in  the  preparation  of 
the  scale  any  conscientious  officer  can  do  this  who  has  con- 
sidered essential  qualities  and  has  made  up  his  scale  ranging 


from  highest  to  lowest  of  men  of  his  own  rank  with  whom 
he  is  personally  familiar. 

Referring  to  a  chart  not  reproduced  herewith,  the  article 
says;  "This  chart  indicates  in  a  general  way  that,  barring  a 
few  exceptions  in  a  neutral  zone,  it  would  have  been  possible 
in  the  first  instance  to  select  candidates  by  some  form  of 
intelligence  test,  and  thereby  practically  double  the  capacity 
of  the  training  camps.  The  diagram  in  the  lower  half  of  the 
chart  indicates  in  like  manner  the  result  obtained  with  the 
1,45S  non-commissioned  officers,  and  in  this  the  same  argu- 
ment holds." 

No  Trade  Tests. — Owing  to  the  diversity  and  number  of 
trades  encountered,  a  very  thorough  study  was  required  in 
determining  whether  tests  could  be  applied  and  if  so  what 
character  of  tests  was  necessary.  As  a  result  three  forms 
of  Trade  Tests  were  developed,  sometimes  applied  singly  and 
again  two  or  all  three  used.  The  first  of  these  is  the  "oral 
trade  test,"  in  which  the  candidate  or  recruit  is  asked  a 
series  of  standardized  questions  which  have  been  prepared 
with  the  greatest  care  to  eliminate  ambiguity  and  localisms 
or  catch  features.  A  trained  interviewer  or  tester  asks  the 
questions  exactly  as  printed  and  in  accordance  with  simple 
but  very  definite  rules,  and  the  recruit  answers  to  the  best 
of  his  ability.  For  the  benefit  of  the  tester,  the  correct  an- 
swer, or  several  answers  if  more  than  one  is  possible,  are 
given  under  the  questions.  If  the  recruit  answers  correctly 
he  is  given  a  maximum  score.  If  his  answer  is  partially  cor- 
rect in  accordance  with  a  definite  schedule,  he  is  given  a 
partial  score.  After  all  of  the  questions  have  been  answered 
and  scored  by  the  tester,  the  total  is  tak(in  and  compared 
with  the  rating  scale,  which  scale  gives  the  terms  Xovice, 
Apprentice,  Journeyman,  and  Expert  within  certain  numeri- 
cal limits.  In  other  words,  in  the  case  of  the  tailor's  test, 
a  score  of  from  18  to  37,  inclusive,  would  give  the  recruit  a 
rating  of  Apprentice;  42  to  56,  inclusive,  Journeyman;  and 
59  and  above,  Expert. 

The  second  form  of  the  test  is  known  as  the  "picture  test." 
and  employs  pictures  of  certain  essential  tools  or  devices  of 
the  trade  with  which  a  man  who  lias  or  can  perform  in  the 
trade  must  be  familiar.  In  this  test  a  sheet  of  numbered  pic- 
tures is  given  to  the  recruit  and  the  tester  holds  a  corre- 
sponding question  sheet  with  questions  and  answers  corre- 
sponding to  the  numbered  pictures.  The  recruit  must  name 
the  various  tools  or  appliances  and  the  tester  scores  up  and 
gives  a  rating  as  in  the  former  case. 

Test  to  Determine  Candidate's  Abilities  as  Motor  Truck 
Operator. — The  third  and  last  test  consisted  of  an  actual 
demonstration  of  the  recruit's  abilities.  In  the  case  of  truck 
or  auto  drivers  a  course  was  laid  out  and  each  candidate  was 
required  to  perform  certain  definite  operations  in  a  definite 
sequence  and  under  identical  conditions.  If  in  doing  this 
work  he  fails  to  perform  all  of  the  operations  or  does  certain 
other  things  against  which  he  is  warned,  he  receives  less 
than  a  perfect  score.  As  in  the  former  cases,  totaling  the 
scores  gives  a  figure  which  enables  the  man  to  be  rated  as  a 
Novice,  Apprentice.  Journeyman,  or  Expert. 

In  operation,  the  system  is  as  follows:  A  recruit  having 
claimed  more  or  less  ability  as  a  truck  driver  when  being 
interviewed  in  the  first  instance,  is  given  an  oral  Trade  Test. 
and  provided  he  is  classed  by  the  interviewer  as  an  appren- 
tice, journeyman  or  expert  in  this,  he  is  ordered  to  present 
himself  at  the  performance-testing  station  at  a  definite  time. 
On  arrival  at  the  testing  station  or  truck  course  he  takes 
command  of  a  standard  truck  with  a  tester  or  scorer  on  the 
driver's  seat  with  him  to  give  instructions  and  score  him  for 
results. 

The  scorer  instructs  him  to  drive  up  to  Post  1.  which  is 
the  start  of  the  test.     He  is  then  told  to  drive  to  Post  2  and 
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on  to  Post  3  round  a  rurve.  The  scorer  then  tells  him  to 
back  up  to  Post  2.  This  little  preliminary  run  indicates 
whether  the  recruit  can  drive  a  car  at  all.  and  gives  evidence 
of  sufficient  ability  to  proceed  with  the  remainder  of  the 
test.  It  also  gives  the  man  a  familiarity  with  the  throttle  and 
gearing  and  "feel"  of  the  particular  machine  to  be  tested. 
The  scorer  then  instructs  him  to  drive  on  to  Post  4  and  turn 
to  the  left  and  enter  the  S  or  reverse-curve  section  outlined 
by  vertical  posts  or  stakes.  He  is  instructed  to  drive  through 
this  S  at  w^hatever  speed  he  regards  as  best  and  must  not 
stop  nor  drive  in  a  jerky,  irregular  manner,  and  he  must  not 
kneck  down  any  stakes.  In  emerging  from  the  reverse  curve 
to  the  large  square  he  is  required  to  drive  close  up  and  with 
his  hood  at  the  center  of  the  board  at  station  5.  The  scorer 
then  instructs  him  to  back  away  and  around  the  semi-circle 
section  to  the  second  square  and  continue  backing  until  the 
tailboard  is  close  up  to  and  in  the  center  of  the  board  6, 
which  is  supposed  to  represent  a  loading  platform.  He  is 
then  told  to  run  forward  close  to  Post  T,  where  he  stops  on 
the  grade,  and  then  start  and  run  up  to  the  top  of  the  grade, 
turning  around  with  no  more  than  one  backing  and  without 
stalling  engine  or  grinding  gears,  and  then  to  run  down  the 
incline  to  the  starting  point.  Careful  instructions  are  given 
and  all  candidates  are  treated  alike.  It  will  be  seen  that  the 
conditions  of  this  test  are  very  exacting,  and  it  has  been 
found  that  any  man  who  gets  a  score  of  Journeyman  or  Ex- 
pert in  the  test  can  subsequently  make  good  under  any  con- 
ditions of  service 

In  accordance  with  the  plans  92,5,"i0  truck  drivers,  36,000 
motorcycle  drivers  and  30,000  automobile  drivers  were  needed 
overseas.  These  tests  effected  an  enormous  saving  in  main- 
tenance and  repairs  because  valuable  transportation  equip- 
ment was  not  turned  over  to  inexperienced  or  incompetent 
men  to  be  wrecked  in  a  few  hours,  but  was  put  in  the  hands 
of  men  proved  to  be  skillful  both  in  operation  and  care  of 
their  equipment. 

The  motorcyclist's  test  and  the  auto  driver's  test  are  in 
principle  the  same  with  varying  details,  inasmuch  as  condi- 
tions of  practical  operation  vary  somewhat  from  the  truck 
driver's.  It  is  interesting  to  note  that  these  tests  are  at  least 
in  principle  the  rebirth  of  a  system  employed  by  the  P'rench 
in  the  very  early  days  when  automobiles  were  just  beginning 
to  appear  in  France,  which  was  really  the  pioneer  in  automo- 
bile use.  The  municipal  authorities  in  Paris,  and  later  in 
other  continental  cities,  and  still  later  in  a  few  instances  in 
the  United  States,  employ  practical  tests  of  this  sort  befoie 
issuing  licenses  to  drivers. 

Test  for  Carpenters. — Carpenters  were  in  great  demand 
and  to  obtain  these  men  the  following  test  was  etnpioyed: 
The  recruit  receives  a  blueprint  or  working  drawing  with 
dimensions  and  full  instructions  as  to  what  is  required  in 
the  finished  piece.  The  material  and  tools  are  standard 
throughout  and  wherever  the  tests  are  conducted.  The  work 
to  be  performed  consists  in  ripsawing  a  slab  from  one  side 
of  a  2-ft.  piece  of  2x4  rough  scantling,  in  chopping  with  a 
carpenter's  hatchet  on  one  edge,  planing  of  one  face  and 
edge  and  chiseling  a  smooth  dovetail  mortise  at  one  end  of 
the  piece,  all  in  accordance  with  the  dimensions  in  the  in- 
struction print.  The  particular  job  has  been  prepared  after 
extensive  study  with  an  idea  of  requiring  a  minimum  amount 
of  material  and  reasonable  time,  and  yet  to  permit  the  funda- 
mental operations  required  of  a  general  carpenter,  such  as 
ripsawing,  chopping,  planing,  chiseling,  squaring,  working  to 
dimensions  from  a  drawing  or  blue  print,  etc. 

Tests  were  also  devised  for  linemen,  patternmakers,  inside 
house  wiremen  and  blacksmiths,  and  since  these  trade  tests 
were  instituted  about  250,000  soldiers  have  been  tested. 

Conclusions, — These  tests  also  emphasize  the  fact  that  it  is 
not  possible  to  accept  a  man's  statement  of  his  trade  ability, 
for  while  the  majority  of  men  endeavor  to  tell  the  truth,  each 
man's  judgment  of  his  own  ability  is  nevertheless  not  com- 
parable with  any  definite  standard. 

Briefly,  the  steps  necessary  in  giving  trade  tests  are: 

1.  The  procurement  of  the  necessary  information. 

2.  The  preparation  of  questions  on  the  basis  of  this  infor- 
mation. 

3.  The  test  of  data  and  the  revision  of  such  questions  or 
tasks. 

4.  The  second  revision. 

5.  The  practical  tryout  to  insure  the  value  of  the  various 
questions  for  checking  trade  ability. 
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6.    A  further  analysis  and  check. 

T.     The  preparation  of  the  tests  in  final  form  for  practical 

use. 

8.  The  accumulation  of  further  information  bearing  on  re- 
sults of  the  tests  with  the  idea  of  improving  them  if  it  is 
thought  necessary. 


An     Unusual    Collection     System 

Co-ordinated    with   Selling 

Operations 

Under  the  title,  "We  Don't  Staiulardi/.e— and  It  Pays  Us," 
-Mr.  H.  Uehlinger,  assistant  treasurer,  Hilo  Varnish  Corpora- 
tion, writes  in  "System"  for  September  of  how  his  company 
is  using  as  careful  psychological  methods  in  making  its  col- 
lections as  it  uses  in  making  its  sales.  The  customer's  pref- 
erences as  to  time  and  manner  of  payment  are  sought,  and 
if  within  reason,  are  met.  Information  on  this  point,  as  well 
as  on  the  customer's  personality  otherwise,  is  obtained  large- 
ly from  the  salesmen;  and  collection  methods  are  determined 
accordingly,  with  due  regard,  of  course,  to  the  customer's 
rating  and  previous  record.  Monthly  statements  are  nol 
sent  except  on  special  request  of  the  customer. 

We  quote  from  Mr.  Uehlinger's  article  as  follows; 

I  believe  that  all  but  comparatively  few  judgments  can  be 
made  properly  from  the  ledger  sheet.  All  that  the  credit 
man  need  have  in  tnind  is:  deliveries  not  posted;  checks  not 
credited,  and  orders  in  process  that  have  not  been  billed. 
With  the  ledger  before  him,  the  writer  of  the  collection  letter 
knows  pretty  surely  the  proper  point  of  contact. 

To  make  sure  that  the  least  possible  time  will  elapse  be- 
tween the  transaction  and  its  posting  to  the  ledger,  we  have 
worked  out  a  very  satisfactory  method. 

We  have  divided  the  country  into  districts;  each  district  is 
controlled  by  a  sales  ledger.  Every  morning  all  the  entries, 
debit  and  credit,  applying  to  district  No.  1  are  posted  and 
passed  to  the  collection  office,  where  they  receive  immediate 
attention  with  reference  to  collections.  When  district  No.  2 
is  posted  by  the  accounting  department,  it  is  likewise  passed 
over.  In  the  meantime  the  collection  department  has  fin- 
ished with  the  ledger  of  district  No.  1  and  returns  it  to  the 
accounting  department.  When  an  accountant  is  posting  an 
overdue  account,  he  writes  the  details  of  the  payment  on  the 
last  sheet  in  the  overdue  folder  which  is  tiled  with  the  ledger 
account,  and  he  also  removes  the  folder  from  the  ledger  and 
passes  it  to  the  collection  office. 

Incidentally,  you  will  notice,  this  method  does  away  with 
the  necessity  for  keeping  an  expensive  set  of  duplicate  rec- 
ords on  our  customers. 

But  when  the  ledger  sheet  does  not  give  all  the  necessary 
information,  we  must  refer  to  the  letter  files.  By  our  plan. 
the  letter  files  are  in  the  ledger. 

Our  folders  are  the  same  size  as  the  ledger  sheet,  and 
therefore  fit  in  the  binder.  Thus  the  collection  manager  has 
instant  access  to  every  bit  of  information  on  every  account. 
From  the  information  that  the  folder  gives  him,  he  is  able  to 
visualize  the  debtor.  The  window  in  the  folder  saves  writing 
on  it.     We  therefore  use  each  folder  over  and  over  again. 

Records  of  all  telephone  calls  and  verbal  credit  agreements. 
as  w^ell  as  copies  of  letters,  go  into  this  folder;  thus  it  gives 
a  complete  history  of  the  account  from  maturity  to  collection. 
Different  colored  folders  designate  various  territories  and 
ledgers  for  ease  in  filing. 

To  show  that  accounts  are  overdue,  we  use  tab  signals 
along  the  top  of  the  ledger  sheet,  which  is  numbered  from  ] 
to  31.  The  first  tab  is  red,  the  second  white  and  the  third 
blue.  Red  indicates  August;  white,  September;  blue,  Octo- 
ber. And  on  September  1,  red  begins  to  mean  November.  In 
this  way  w'e  have  a  range- of  three  months. 

It  is  then  not  difficult  for  the  dicta'tor  to  get  a  letter  through 
quickly,  especially  since  in  our  office  we  use  personal  form 
letters  in  our  work.  Although  we  call  them  form  letters, 
these  letters  differ  considerably  from  the  usual  form  letter. 
They  have  been  produced  from  700  tested  letters  which  we 
sent  out  from  time  to  time.  They  are  grouped  in  book  form 
so  that  any  one  of  them  can  be  referred  to  instantly.  Each 
stenographer  has  a  copy  of  this  book. 

Now,  when  the  time  has  come  to  send  out  a  letter,  the  col- 
lection  manager  picks  the  letter  which   fits   exactly  and   in- 
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scribes  its  number  on  the  statement  of  the  account  to  be  col- 
lected. 

The  typist  then  writes  tne  letter,  filling  in  any  blanks  with 
facts  revealed  by  the  statement.  Needless  to  say,  this  de- 
mands that  the  typist  bring  to  her  work  more  than  a  mechan- 
ical ability — and  spirit.  The  original  of  the  letter  goes  to  the 
customer,  the  first  copy  to  the  salesman  who  covers  that  dis- 
trict, and  the  second  copy  to  the  file  in  the  ledger  binder. 

If  there  is  no  response  to  a  statement  or  a  letter,  the  ac- 
count automatically  comes  up  for  action  again  because  of  the 
marginal  tabs. 


Sectional  Maps   Filed    Compactly 
and   Displayed   Conveniently 

The  following  is  abstracted  from  an  article  by  E.  J. 
Buchaca  in  "System."  The  maps  in  the  instance  described 
were  used  for  exhibiting  information  as  to  salesmen's  routes, 
the  location  of  each  salesman,  railroad  rights  of  way,  tele- 
graph and  telephone  lines,  shipping  route,  and  so  on. 

'In  a  constantly  developing  territory,  the  maintenance  of 
the  maps  that  may  be  necessary  is  often  an  item  of  consider- 
able expense.  In  preparing  our  maps,  therefore,  we  were 
confronted  with  the  problem  of  making  them  show  as  much 
information  as  possible,  keeping  them  posted  to  indicate  the 
latest  conditions  and  doing  this  at  a  minimum  cost." 

After  reciting  some  of  the  difficulties  experienced  with 
liles  of  the  window  shade  roller  type,  and  objections  to  swing- 
racks  such  as  are  used  for  the  display  of  picture  post  cards, 
the  author  continues: 

When  we  got  down  to  the  details  we  found  that  only  a 
comparatively  small  part  of  any  territory  could  be  seen  at 
one  glance,  unless  the  leaves  were  very  large.  We  then  con- 
ceived the  idea  of  having  the  maps  mounted  on  fibre  wall 
board  of  a  convenient  size  and  arranged  to  slide  in  grooves 
or  tracks  along  the  wall.  In  order  that  any  one  of  the  mount- 
ed maps  might  be  placed  end  to  end  with  any  other,  we 
needed  a  track  for  each  map.  As  there  were  to  be  20  maps, 
each  measuring  36  by  47  ins.,  we  feared  that  the  tracks 
would  extend  too  far  from  the  wall.  But  we  had  them  made 
of  metal,  and  required  only  13  ins. 

At  the  end  of  the  track  we  built  a  housing  for  the  maps. 
This  was  constructed  of  sheet  metal,  with  a  door  at  the  far 
end  so  the  maps  could  be  slid  out  for  changes.  The  maps 
were  mounted  on  the  board  and  coated  first  with  shellac 
and  then  with  a  good  quality  of  varnish. 

To  prevent  warping,  we  had  a  sheet  of  paper  pasted  on  the 
back  of  each  mount,  and  this  too  was  covered  with  shellac 
and  varnish.  The  edges  were  bound  with  nickel-plated  steel. 
The  vertical  edge  which  was  at  the  open  end  of  the  housing 
when  the  map  was  under  cover,  was  made  wider  than  the 
others,  so  that  it  would  almost  touch  the  edges  of  the  neigh- 
boring maps  when  in  the  case  and  tend  to  make  the  housing 
dustproof.  On  this  edge  we  had  a  handle  placed  for  each 
map. 

In  order  to  be  able  to  use  ink  on  the  varnished  surface,  we 
found  it  necessary  to  rub  the  surface  down  a  bit  with  "rotten 
stone."  and  in  the  case  of  the  black  ink,  we  used  to  add  just 
a  little  glycerine  to  avoid  flaking. 

One  great  advantage  of  these  maps,  we  have  found,  is  that 
erasures  can  be  made  readily,  by  means  of  a  damp  cloth,  with- 
out injuring  the  surface.  They  may  be  cleaned  with  gasoline 
without  disturbing  the  inks,  whereas  with  the  maps  we  for- 
merly used  the  ink  would  get  under  the  surface  because  of 
the  cracks,  and  it  was  necessary  to  cut  into  the  map  to  make 
erasures.     Further,  we  had  no  way  of  cleaning  them. 

Another  advantage  lies  in  the  tact  that  the  maps  can  be 
taken  out  one  at  a  time  and  corrected  while  other  people  are 
using  the  rest  of  them.  We  have  also  found  that  much  neater 
drafting  work  can  he  done  on  these  maps.  As  a  result,  a 
greater  amount  of  information  can  be  placed  on  them,  mak- 
ing a  more  satisfactory  record  in  every  way.  It  is  of  interest 
to  note  that  the  whole  outfit — housing,  tracks,  maps,  mount- 
ing and  edges— costs  only  about  $200,  or  $10  per  map. 

Referring  to  a  set  of  charts  which  was  subject  to  frequent 
change  and  rather  hard  usage;  and  to  the  trouble,  expense 
and  danger  of  error  involved  in  keeping  both  a  working 
print  and  the  tracing  up  to  date,  the  following  is  offered: 
Using  the  tracings  themselves  as  the  records  has  proved 
very  satisfactory.     This  was  quite  a  departure  from  our  for- 


mer methods  and  the  natural  objection  came  up  that  the  trac- 
ings would  not  stand  wear  and  tear.  To  avoid  this  difficulty, 
we  had  some  heavy  paper,  with  the  edges  turned  over,  fas- 
tened to  the  stick,  and  then  the  tracings  were  placed  in  the 
frame  formed  in  this  way.  The  tracings  were  held  to  the 
paper  with  fasteners,  and  to  the  stick  with  small  screws  and 
washers. 

More  than  a  year's  use  has  proved  the  value  of  this  method. 
The  chart  tables  have  been  eliminated  along  with  the  charts. 
The  tracings  are  now  always  up  to  date  and  prints  can  be 
obtained  from  them  at  a  moment's  notice.  The  expense  of 
making  up  new  prints  and  mounting  them  periodically  has 
also  been  entirely  eliminated. 


The  Economic  Administration  of  a 
Supply  Department 

That  tremendous  wastes  may  be  insidiously  concealed  in 
the  purchase,  storage  and  distribution  of  supplies,  is  forcibly 
pointed  out  by  Henry  B.  Spencer,  Director,  Division  of  Pur- 
chases, U.  S.  Railway  Administration,  in  an  address  pre- 
sented at  the  September  meeting  of  the  New  York  Railway 
Club.  Mr.  .Spencer's  observation  is  that  the  purchasing  and 
the  handling  of  supplies  are  so  intimately  related  that  all 
matters  pertaining  thereto  should  be  concentrated  in  a  single 
department  under  the  direction  of  an  executive  officer.  On 
the  other  hand,  he  finds  that  finance  and  purchase,  which  at 
times  have  been  combined,  are  not  so  intimately  related  as 
might  be  supposed  and  should  be  separately  administered. 

Study  of  the  affairs  of  undertakings  very  much  smaller 
than  our  great  railroads  would  doubtless  reveal  many  cases 
of  similar  losses,  and  the  possibility  of  their  correction  by 
similar  means.  The  magnitude  of  the  sums  involved  in  the 
case   of  the   railroads   commands    attention. 

The  railroads  under  Federal  control  annually  purchase  ma- 
terial and  supplies  of  all  kinds  to  the  value  of  approximately 
$1,700,000,000.  Since  the  organization  of  the  Division  of  Pur- 
chases, it  has  expended  directly  $400,000,000  for  rolling  stock 
and  $9,000,000  for  rails,  and  has  quite  directly  supervised  the 
production  and  distribution  of  120,000,000  cross  ties  which 
have  cost  $90,000,000. 

The  Railroad  Administration  is  not  often  thought  of  by  the 
public  as  an  economizer,  but  from  Mr.  Spencer's  account,  it 
appears  to  be  saving  at  least  on  its  stores.    He  says: 

At  the  beginning  of  Federal  control  the  railroads  had  re- 
serve stocks  of  material  in  their  possession  aggregating  in 
value  $49.5,080.000.  The  difficulty  of  obtaining  deliveries  of 
material  within  any  reasonable  time  and  the  higher  prices 
paid  for  such  as  was  obtainable,  resulted  in  greatly  increas- 
ing the  value  of  these  stocks,  which  on  July  1  of  this  year 
had  reached  the  enormous  total  of  $042,192,000,  an  amount, 
by  the  way,  which  is  much  larger  than  necessary.  It  is  grati- 
fying to  be  able  to  report  that  through  the  co-operative  effort 
of  the  Federal  managers  and  their  respective  organizations 
these  large  balances  are  being  reduced.  (Since  January  1. 
$14,000,000  worth  has  been  transferred.) 

"It  became  apparent  that  the  best  results  were  being  ob- 
tained by  those  railroads  which  had  entrusted  this  work  to  a 
department  created  exclusively  for  that  purpose,  and  to  which 
was  given  the  sole  responsibility  for  the  proper  care  and  dis- 
tribution of  the  material  and  the  accounting  for  its  receipt 
and  disbursement." 

The  amount  of  material  in  stock  on  July  1,  1919,  repre- 
sented an  average  supply  sufficient  for  six  months'  operations, 
based  on  the  average  monthly  consumption  during  the  first 
six  months  of  the  year.  Those  railroads  which  have  main- 
tained for  some  years  well  organized  and  effective  stores  de- 
partments have  been  able  to  so  control  their  investment  in 
material  that  it  did  not  exceed  an  average  of  four  months' 
supply.  If  all  of  the  railroads  had  been  equally  well  man- 
ageed  in  this  respect  they  would  have  expended  approx- 
imately $215,000,000  less  for  their  material  than  they  actually 
did  expend  in  the  last  18  months. 

Relation  Between  Purchasing  and  Stores  Departments. — It 
further  became  apparent  that  the  relation  which  existed  be- 
tween the  work  of  the  purchasing  department  and  the  stores 
department  was  so  intimate  and  their  activities  so  vitally  in- 
terwoven, and  that  the  results  which  were  being  obtained  on 
railroads  which  had  recognized  the  aflftnity  of  these  depart- 
ments in  their  form  of  organization,  were  so  much  better  as  a 
rule  than  those  obtained  on  roads  where  this  relationship  was 
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not  recognized,  that  it  was  determined  to  combine  the  oper- 
ations of  the  stores  department  with  those  of  the  purchasing 
department,  under  the  jurisdiction  of  the  Division  of  Pur- 
chases,, and  joint  instructions  to  that  effect  were  issued  by 
the  directors  of  the  Division  of  Operations  and  the  Division 
of  Finance  and  Purchases  in  October,  1918.  the  general  tenor 
of  which  was  that  an  independent  stores  department  report- 
ing to  the  purchasing  agent  should  be  organized  on  each  rail- 
road under  federal  control. 

The  necessity  for  a  strong  organization  working  along  well 
systematized  and  effective  lines  to  properly  care  for  the  vast 
amount  of  materials  in  which  the  railroads  have  so  large  an 
investment,  may  be  illustrated  by  the  following  approximate 
figures,  comparing  the  amount  of  money  spent  for  material 
by  the  railroads  under  federal  control  with  their  operating 
revenues  and  e.xpenses: 

Approximate  average  daily  operating:  revenues   $12,600,000 

Approximate  average  daily  operating  expenses   11.300.000 

Approximate  average  daily  purchases    4.600.000 

(The?e  purchases  do  not  include  any  rolling  stock.) 

It  will  be  seen  that  out  of  every  dollar  earned  3GVi  ct.  is 
expended  for  material. 

A  Common  Economic  Fallacy. — One  of  the  fallacies  indulged 
in  by  the  average  railroad  operating  officer  seems  to  be  that 
he  does  not  regard  money  expended  for  material  as  being 
money  spent  until  it  appears  in  and  affects  his  operating  ex- 
penses. To  this  fallacy  I  attribute  much  of  the  apparent  lack 
of  interest  on  the  part  of  railroad  executives  to  bestow  the 
same  careful  attention  on  the  stocks  of  material  which  are 
accumulated  by  their  subordinates  that  they  give  to  the  other 
details  of  their  business.  As  soon  as  money  has  been  trans- 
formed into  material,  it  has  apparently  lost  all  value  until  it 
reappears  in  the  shape  of  an  operating  expense,  and  some  of 
us  have  not  yet  learned  that  it  requires  even  more  diligent 
attention  to  prevent  serious  losses  through  improper  care  in 
the  purchase,  distribution  and  accounting  for  material  than 
for  the  money  itself  which  it  represents. 

For  a  great  many  years  it  was  one  of  the  accepted  theories 
that  the  users  of  material  were  the  men  best  qualified  to 
determine  the  amount  which  it  was  desirable  to  provide  for 
future  use,  to  care  for  the  material  which  had  been  provided, 
and  to  account  for  its  ultimate  disposition. 

To  this  theory  is  due  the  unnecessarily  large  accumulation 
of  material  found  on  many  railroads.  It  is  still  being  acted 
upon  in  some  cases,  although  its  validity  has  been  disproved 
by  the  advance  which  has  been  made  during  the  past  15  or 
20  years  in  the  methods  of  handling  this  important  branch  of 
railroad  operation. 

It  has  been  effectively  demonstrated  that  this  work  can  be 
more  economically  and  efficiently  performed  by  an  organiza- 
tion devoting  its  entire  attention  exclusively  to  that  feature 
of  the  business  and  working  independently,  but  in  co-ordina- 
tion with  those  departments  whose  functions  include  the 
using  of  the  material.  The  sole  function  of  the  stores  depart- 
ment is  to  provide  materials  and  supplies  suitable  for  the 
service  for  which  they  are  required,  when  and  where  they  are 
needed  and  at  the  lowest  net  cost,  which  involves  the  work  ot 
properly  storing  and  protecting  the  property  until  it  is  used 
and  accounting  for  it  accurately. 

Ideal  Form  for  Service  of  Supply. — The  receipt  and  distribu- 
tion of  material  is  so  intimately  involved  with  its  procure- 
ment that  they  cannot  be  successfully  disassociated,  and  ex- 
perience points  directly  to  a  combination  of  the  purchasing 
and  stores  department  under  a  single  authority  as  the  ideal 
form  of  organization  foor  the  service  of  supply. 

It  should  be  immediately  apparent  that  the  officers  who  are 
entrusted  with  the  investment  of  35  per  cent  of  the  gross 
earnings  of  a  railroad  should  be  men  of  character,  ability  and 
experience.  Responsibility  of  this  magnitude  cannot  be  suc- 
cessfully placed  upon  shoulders  of  incompetent  or  inexperi- 
enced men  without  resulting  disastrously,  but  with  the  proper 
personnel  results  can  be  and  are  being  procured  which  seem 
almost  incredible  to  those  who  still  adhere  to  the  theories  and 
practices  of  the  past. 

Illustrating  the  possibilities  of  the  case.  I  quote  from  the 
performance  records  of  two  typical  railroads,  one  above  the 
average  with  an  efficient  organization  such  as  I  have  at- 
tempted to  describe  and  orfe  below  the  average  which  has  not 
as  yet  fully  developed  its  stores  department  along  the  lines 
indicated. 

Road  A  at  the  beginning  of  federal  control  had  $11,840,000 
invested  in  the  ordinary  run  of  material,  exclusive  of  ra41,  ties 


and  fuel.  This  represented  5.6  months'  supply,  based  on  the 
average  monthly  consumption  tor  the  first  six  months  of  this 
year,  and  was  abnormally  high  due  to  large  purchases  made 
at  the  low  prices  prevailing  prior  to  the  entry  of  this  country 
into  the  war. 

During  the  18  months  ending  June  30,  last,  this  railroad  has 
reduced  this  investment  17.5  per  cent,  or  $2,079,000,  and  is 
currently  using  21.5  per  cent  of  its  stock  every  month,  or  turn- 
ing it  over  more  than  two  and  one-half  times  per  year. 

Road  B,  a  smaller  road,  which  should  therefore  be  more 
easily  controlled  in  such  matters,  had  an  investment  in  simi- 
lar material  of  $0,955,999  at  the  beginning  of  federal  control, 
which  represented  5.1  months'  supply  on  the  same  basis.  Dur- 
ing the  same  18  months'  period  this  railroad  increased  its 
stock  $4,731,000,  or  C8  per  cent,  and  on  June  30,  1919.  had  an 
investment  of  $ll,6f^G,000,  of  which  it  is  currently  using  only 
11.5  per  cent  monthly  and  has  enough  money  tied  up  in  mate- 
rial to  last  it  for  approximately  nine  months. 

If  the  supply  department  of  the  latter  railroad  had  been  as 
effectively  organized  and  managed  as  the  former,  it  would 
have  expended  $3,951,000  less  for  material  than  it  actually 
spent  during  the  last  18  months,  or  $330,000  per  month.  It 
would  have  had  that  amount  free  for  other  uses  and  would 
also  have  avoided  the  expense  of  handling  and  caring  for  this 
large  amount  of  stock  as  well  as  the  inevitable  losses  incident 
to  depreciation  and  obsolescence  which  accompany  such  un- 
necessarily lare-e  accumulations  of  material. 

After  carefully  studying  the  practical  results  which  have 
been  obtained  by  the  various  railroads  under  federal  control, 
it  is  my  conclusion  that  the  best  means  of  enabling  executive 
officers  to  obtain  effective  supervision  and  control  of  these 
large  expenditures  is  to  concentrate  the  exclusive  manage- 
ment of  the  service  of  supply  in  the  hands  of  a  single  organ- 
ization created  for  that  particular  purpose  and  to  which 
should  be  entrusted  every  detail  of  the  work  of  procuring, 
storing,  distributing  and  accounting  for  all  supplies  of  every 
description  that  are  required  for  the  maintenance  and  oper- 
ation of  the  property.  Under  such  a  system  there  is  no  divi- 
sion of  authority,  and  there  can  be  no  shirking  of  responsi- 
bility. The  records  of  performance  present  a  complete  and 
comprehensive  view  of  the  entire  situation  with  respect  to  the 
total  investment  of  the  railroad  in  materials,  and  render  that 
investment  more  responsive  to  the  current  needs  of  operation 
and  easier  of  effective  control. 

It  is  not  possible  to  accomplish  this  where  the  authority  and 
responsibility  for  the  amount  of  the  expenditure  and  the  cus- 
tody of  the  material  is  divided  among  several  different  de- 
partments and  where  the  accounts  are  distributed  among  nu- 
merous independent  units,  which  renders  the  work  so  intri- 
cate that  the  combined  results  cannot  be  presented  in  a  man- 
ner that  permits  the  details  to  be  clearly  grasped  without 
laborious  research. 

There  is  a  natural  tendency  to  shun  the  expense  involved 
in  any  work  which  does  not  of  itself  produce  a  direct  and 
tangible  income,  but  from  the  figures  I  have  quoted  no  one 
can  doubt  that  Road  B  would  have  been  fully  justified  in  add- 
ing $100,000  or  even  $500,000  a  year  to  the  payroll  of  its  sup- 
ply department  if  by  so  doing  they  would  have  created  an  or- 
ganization which  would  have  functioned  as  effectively  as  the 
one  which  Road  A  has  built  up. 


Wooden  Water  Mains  at  Boston. — In  putting  in  high  pres- 
sure water  mains  recently  at  Boston,  Mass.,  workmen  dug  up 
about  50  ft.  of  wooden  water  mains  installed  in  1789  and  used 
continuously  until  1840  for  bringing  water  from  Jamaica  Pond 
in  Roxbury  to  this  city.  The  pipes  were  installed  by  a  cor- 
poration formed  at  the  instigation  of  Gov.  Samuel  Adams, 
with  authority  to  hold  $33,000  worth  of  real  estate  and  to  issue 
100  shares  of  stock.  In  all,  15  miles  of  these  water  mains  were 
laid,  serving  a  fairly  large  section  of  what  is  now  down-town 
Boston  and  was  then  the  whole  town.  At  the  height  of  pros- 
perity the  service  supplied  1.500  houses  with  water.  They 
were  replaced  in  1840  with  10-in.  iron  pipes.  The  wooden 
mains  are  approximately  16  in.  in  outside  diameter,  left  in 
their  natural  condition  on  the  outside,  except  for  removal  of 
the  bark,  with  4-in.  and  2-in.  bores  through  them.  Trans- 
versely there  are  %-in.  and  %-in.  openings  in  which  were  in- 
serted lead  pipe  used  in  conducting  the  water  to  the  houses. 
The  sections  of  pipe  were  cut  off  at  right  angles  and  lead 
couplings  used  to  connect  them.  The  wood  is  said  to  le  pitch 
pine.  The  outside  surface  is  rotted,  but  the  inner  wood  is 
stated  to  be  still  hard  and  apparently  as  good  as  ever. 
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Shandaken   Water  Supply  Tunnel 

Job  Will  Require  2,000  Men 

for  5  Years 

The  lessons  learned  from  the  army  cantonment  experiences 
in  housing  and  feeding  men  have  been  applied  to  the  con- 
struction camps  installed  by  the  Degnon  Contracting  Co.,  New 
Vork  City,  for  its  Shandaken  Tunnel  contract.  This  tunnel 
is  a  part  of  the  Schoharie  development  of  the  Catskill  water 
supply  of  New  York  City,  and  probably  is  the  largest  job  of 
f^  kind  now  under  construction  in  this  country.  The  tunnel 
will  be  18  miles  in  length,  and  with  the  exception  of  about  600 
ft.  at  the  portal,  will  be  through  bluestone  formation,  laying  in 
horizontal  strata  and  carrying  very  little  water.  The  tunnel 
has  eight  shafts,  and  one  portal,  located  as  shown  in  the  ac- 
companying map.  The  shafts  vary  in  depth  from  255  ft.  to 
540  ft.  All  the  shafts  except  the  intake  one  are  finished,  and 
work  on  the  latter  and  the  portal  cut  is  now  in  progress. 


Map   Showing    Location    of    Shandaken    Tunnel. 

Electric  power  for  the  work  is  obtained  from  the  Central 
Hudson  Gas  &  Electric  Co.  over  a  transmission  line  about  48 
miles  long.  The  power  is  furnished,  at  the  shafts,  at  33,000 
volts — 3-phase,  CO  cycles — and  stepped  down,  at  shaft  7,  for 
use  on  the  compressors  and  hoists,  to  2,200  volts.  At  the 
other  shafts  the  voltage  is  stepped  down  to  440  volts.  For 
use  on  the  pumps  and  smaller  motors,  the  current  is  again 
transformed  down  to  220  volts.  Transportation  in  the  tunnel 
will  be  by  means  of  electric  motors,  using  storage  batteries 
on  short  hauls  and  trolleys  on  long  hauls. 

A  very  efficient  ventilating  system  is  being  installed,  Con- 
nersville  blowers,  with  a  capacity  of  750  ft.  per  minute  at  10 
lb.  pressure,  being  provided  for  each  heading.  It  is  intended 
solely  to  use  the  blowers  for  getting  air  into  the  tunnel,  and 
not  to  rely  at  all  on  suction.  Standard  weight  6-in.  steel 
pipe  is  being  installed  to  conduct  the  air  to  the  heading. 

Leyner  drills  are  used  on  all  the  rock  work. 

Each  shaft  is  provided  with  two  cages,  operated  by  electric 
hoist,  for  the  hoisting  of  men  and  material.  These  cages  are 
provided  with  all  the  necessary  safety  appliances. 

The  living  accommodations  for  the  men  were  built  by  the 
contractors  and  are  very  complete.  They  include  separate 
barrack  houses  for  each  28  men,  with  an  air  allowance  of 
400  cu.  ft.  of  air  space  per  man.     Rooms,  with  single  beds. 


are  provided  for  each  two  men.  Each  house  has  a  recreation 
room. 

The  houses  are  all  single  story,  sheathed  outside  with  1-in. 
rough  boards,  building  paper  and  bevel  siding,  and  on  the  in- 
side with  wall  board,  making  a  very  warm  building.  The  par- 
titions also  are  made  of  wall  board. 

The  sanitation  of  the  camps  necessarily  is  very  complete, 
because  of  their  being  built  on  the  water  shed.  All  toilets 
are  of  the  chemical  type,  all  drainage  from  the  camps  and 
tunnels  being  treated  with  chlorine  gas,  before  being  allowed 
to  flow  into  the  natural  water  course. 

The  water  supply  tor  each  camp  is  obtained  from  springs 
or  wells. 

The  food  supply  in  general  is  furnished  by  the  contractors. 
The  system  followed  is  similar  to  that  used  by  the  army  at 
the  various  cantonments  in  this  country,  the  men  being  ted 
in  clean  mess  halls,  and  the  board  being  charged  for  at  cost, 
not  including  overhead  expenses,  so  that  each  man  is  enabled 
to  get  food  and  lodging  at  a  cost  not  exceeding  $7  a  week. 

The  total  number  of  men  employed  at  any  one  time  will  be 
about  2,000.  and  the  company  intends  to  have  a  large  per- 
centage of  this  number  at  work  before  next  spring. 

In  order  that  this  important  link  in  New  York  City's  water 
supply  system  may  be  completed  without  delay — the  date  of 
completion  being,  approximately,  December.  1924 — the  con- 
tractors have  estimated  they  will  require  the  services  of  about 
1,000  laborers,  and  1,000  other  able-bodied  men,  consisting 
principally  of  drill  runners  and  helpers,  hoist  runners  and 
compressor  engineers,  topmen,  muckers  and  handy  men,  elec- 
tricians, mechanics,  carpenters,  blacksmiths,  pumpmen,  rig- 
gCTS,  motormen,  brakemen,  and  helpers  in  general.  The  con- 
tractors are  prepared  to  pay  40  ct.  to  62%  ct.  per  hour  for 
labor. 

Some  of  these  men  can  go  to  work  immediately:  the  bal- 
ance will  be  required  between  now  and  next  spring,  by  which 
time  the  work  will  be  under  full  headway.  It  then  will  be  a 
steady  drive  for  the  next  five  years. 


Structural    Features  and   Erection 

Methods  for   258   Ft.    High 

Steel  Tower  and  Tank 

Somewhat  unusual  methods  were  employed  by  the  Chicago 
Bridge  and  Iron  Works  in  erecting  a  Johnson  type  differential 
surge  tank  at  C'olton.  N.  Y.,  for  the  Aluminum  Co.  of  America. 
The  structure  has  a  height  of  258  ft,  from  the  base  of  the 
tower  to  the  top  of  the  shell.  The  tank  itself  is  50  ft.  in  di- 
ameter and  the  cylindrical  part  of  the  shell  is  56  ft.  high. 
The  external  riser  connecting  the  bottom  of  the  tank  to  the 
pipe  line  is  12  ft.  in  diameter  and  180  ft.  high.  The  connec- 
tion of  the  external  riser  to  the  12-ft.  pipe  line  is  made  by 
means  of  a  structurally  reinforced  steel  tee  incased  in  con- 
crete. The  tank  is  supported  by  eight  posts,  divided  into 
four  sections  each,  the  length  of  each  section  being  over  50  ft. 

The  surge  feature  is  obtained  by  an  internal  riser  which 
extends  from  the  bottom  of  the  tank  to  within  3  ft.  of  the 
top,  a  distance  of  78  ft.  This  internal  riser  communicates 
with  the  tank  proper  by  means  of  suitable  differential  ports 
or  holes.  The  action  of  this  tank,  in  providing  proper  regu- 
lation of  the  water  required  by  the  three  1.100-HP.  vertical 
turbines  in  the  adjacent  power  house  under  various  condi- 
tions of  loading,  is  such  that  the  internal  riser  pipe  is  sub- 
jected alternately  to  internal  and  external  pressure  of  water; 
that  is  to  say,  at  certain  times  water  surges  up  within  the 
riser  pipe  to  its  top  and  spills  over  and  is  stored  in  the  main 
tank  when  the  water  level  in  the  main  tank  is  near  the  bot- 
tom of  the  tank.  At  other  times  the  water  in  the  riser  pipe 
drops  to  an  elevation  near  the  bottom  of  tank  and  the  tank 
itself  is  full  of  water.  The  internal  riser  is  designed  for 
these  extreme  conditions  of  loading  and  its  shell  is  rein- 
forced by  heavy  angles,  spaced  approximately  2  ft.  centers. 
Prom  this  surge  action  of  the  water  it  can  easily  be  seen 
that  the  shell  of  the  tank  at  times  is  subjected  to  an  internal 
vacuum  and  so  the  shell  plates  are  reinforced  with  10-in.. 
20-lb.  channels  to  resist  a  pressure  of  15  lb.  per  square  foot. 
There  are  also  air  traps  in  the  roof  to  aid  in  overcoming  this 
internal  vacuum. 

The  bottom  tower  post  is  designed  to  carry  a  load  of  1,- 
382,000  lb.  and  has  a  section  of  105.5  sq.  in.  This  section  is 
made  up  of,two  outside  flange  angles — 6  in.  x  6  in.  x  %  in., 
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.two  inside  flange  angles.  S  in.  x  6  in.  x  %  in.,  two  web  plates 
— 24  in.  X  13/16  in.,  and  one  cover  plate — 34  in.  x  "g  in.  The 
outside  of  the  post  is  laced  with  3%  in.  x  3%  in.  x  %  in.  angles. 

The  top  post  is  designed  to  carry  only  1.150,000  lb.  and 
has  a  section  of  87.5  sq.  in.  The  reduction  in  section  is  ob- 
tained by  using  thinner  angles  and  web  plates  in  the  top 
post  than  is  used  in  the  bottom  section. 

The  struts  are  the  box  type,  built  of  four  angles.  3%  in.  x 
3^!  in.  X  3/s  in.  and  are  approximately  21  in.  .sq.  The  diagonal 
tension  members  in  the  tower  are  made  up  of  two  rods  each, 
ranging  from  two  1%-in.  square  rods  in  the  bottom  panel  to 
two  IV^-in.  square  rods  in  the  top  panel.  The  maximum 
stress  in  the  rods  in  the  bottom  panel  is  82,400  lb. 

The  method  of  erection  of  this  tank  and  tower  was  un- 
usual enough  to  make  it  interesting.  The  external  riser  was 
first  erected  and  also  the  lower  half  of  the  internal  riser. 
This  portion  of  the  internal  riser  was  used  as  a  mast  with 
the  lower  end  of  the  boom  fastened  to  the  rouhd  about  angle 
at  the  top  of  the  external  riser  by  a  special  cast  steel  pivot 
casting,  making  a  universal  joint  that  allowed  the  boom  to 
swing  from  one  position  to  another.  The  fall  line  and  boom 
line  was  connected  to  blocks  at  the  top  of  the  internal  riser. 
These  lines  were  carried  down  inside  the  risers  to  the  hoist- 
ing engine  on  the  ground.  With  this  arrangement,  the  com- 
plete tower  was  erected  by  moving  the  boom  180°  around 
the  riser  only  twice.  It  is  interesting  to  note  that  the  top 
and  bottom  sections  of  the  tower  weighed  over  12  tons  each. 
A  special  bail  w-as  made  so  that  when  a  section  of  post  was 
lifted,  it  would  hank  at  the  same  level  as  the  tower.  This 
facilitated  the  landing  and  bolting  up  of  the  tower  at  the 
panel  points.  After  the  tower  was  raised  the  boom  was  used 
in  raising  the  tank  shell  and  bottom  plates  and  the  internal 
balcony  struts  which  came  at  the  spring  line.  With  the  boom 
in  the  position  shown  in  the  cut,  the  fall  line  was  over  2,700 
ft.  long. 

The  foregoing  matter  is  taken  from  The  Water  Tower,  a 
publication  of  the  Chicago  Bridge  &  Iron  Works. 


Bucharest-Danube  Canal  to  Be  Built 

Recent  events  have  impressed  upon  the  Roumanian  Gov- 
ernment the  necessity  for  a  Bucharest-Danube  Canal  and  a 
commission  has  been  appointed  to  push  the  project  with  all 
possible  speed.  The  new  enterprise  will  open  up  all  of  south- 
ern Roumania.  This  part  of  the  country  is  practically  with- 
out any  kind  of  transportation  facilities  and  in  noting  the 
many  difBculties  encountered  by  the  American  Red  Cross  and 
the  Relief  Administration  in  distributing  supplies,  the  Rou- 
manian Government  recognized  the  urgent  need  for  the  canal. 

The  construction  of  this  canal  was  discussed  before  the 
war,  but  in  the  strenuous  times  of  the  past  four  years  the 
project  was  crowded  out  by  more  vital  things.  Building  it  at 
this  time  will  not  only  solve  the  transportation  problem  but 
the  labor  one  as  well.  It  will  give  employment  to  hundreds 
of  men  who  at  present  are  suffering  from  enforced  idleness. 

Before  the  war,  a  commission  composed  of  delegates  from 
Roumania,  Austria-Hungary,  and  Russia  discussed  the  feasibil- 
ity of  deepening  the  River  Pruth,  but  the  idea  was  abandoned 
because  of  objections  raised  by  the  Russian  delegates.  It  was 
decided  that  light  tugs  and  barges  could  be  used  for  transpor- 
tation and  they  have  been  used  to  some  extent  by  the  Ameri- 
cans. 

When  the  distress  of  the  people  in  Southern  Roumania  was 
particularly  acute,  the  American  Red  Cross  workers  found 
serious  transportation  problems  confronting  them.  The  peo- 
ple were  in  desperate  need  of  supplies,  the  railroads  which 
hadn't  been  destroyed  were  swamped  with  troop  movements, 
refugees,  and  supplies,  while  the  camions  and  even  light  au- 
tomobiles were  constantly  stalled  in  the  muddy  roads  south 
of  Bucharest.  And  time  saved  meant  lives  saved.  The  Red 
Cross  was  forced  to  resort  to  the  longer  but  more  certain 
method  of  getting  its  supplies  into  the  typhus  and  smallpox 
infested  district  by  sending  them  on  boats  from  Galatz. 

By  order  of  General  Vicol,  head  of  the  Sanitary  Corps  of 
the  Roumanian  army,  the  entire  resources  of  the  Roumanian 
army  have  been  placed  at  the  disposal  of  the  Red  Cross  to 
assist  in  the  distribution  of  relief  supplies. 

No  less  than  20  military  hospitals,  released  when  tighting 
stopped,  have  been  made  centers  for  a  new  anti-typhus  work 
carried  on  by  the  army,  largely  with  Red  Cross  supplies. 
Some  of  these  hospitals,  once  filled  with  wounded  and  sick 
soldiers,  are  now  caring  tor  hundreds  of  civilian  patients. 


.Military  precision  is  used  in  handling  the  cases,  and  Ameri 
can  inspectors  report  that  their  supplies  are  being  use?!  with 
great  care  and  efficiency. 

"The  army  sanitary  corps  has  shown  itself  eager  to  adopt 
American  methods  and  in  applying  them  has  secured  remark- 
able results,"  said  Major  George  C.  Treadwell  of  the  Red 
Cross,  who  has  just  completed  an  inspection  of  all  relief  work 
of  this  type  in  Roumania. 

Relief  work  for  people  around  remote  posts  and  garrisons 
is  being  handled  directly  through  the  sanitary  corps.  This 
has  already  obviated  the  necessity  of  establishing  Red  Cross 
centers  in  many  of  these  out-of-the-way  places.  Army  field 
kitchen  units  are  carrying  relief  to  numbers  of  small  villages 
which  otherwise  could  not  be  readily  reached. 

With  the  completion  of  the  new  canal,  transportation  in 
Southern  Roumania  will  no  longer  be  a  question  of  weeks  and 
months. 


Meter  Box  Houses  Curb  Cock  and  Water 

Meter 

A  cast  iron  meter  box  furnishing  a  combination  liousing  for 
curb  cock  and  water  meter  has  been  placed  on  the  market  by 
the  H.  W.  (Mark  Co..  Mattoon.  111.  With  this  box  quick  and 
convenient    access    can    be    had    to    the    curb    cock    but    thf 


Southland   Clark   Meter   Box. 

meter  can  be  reached  only  by  the  use  of  the  key  required  to 
operate  the  lock  of  the  box  lid.  The  meter  box  construction 
is  such  that  it  can  be  readily  removed  from  the  concrete  walk 
or  pavement  without  in  any  manner  damaging  or  defacing 
the  concrete.  This  is  specially  advantageous  as  leaks  located 
back  under  the  walk  or  pavement  may  be  repaired  through  the 
removal  of  box  (by  lifting  straight  up  after  unlocking  lidi  and 
when  removed  tunneling  may  be  done  on  either  side  for  a 
number  of  feet  as  may  be  required  to  reach  and  repair  leak. 


Results  of  River  Flow  Regulation  Work  of 
Quebec  Streams  Commission 

Interesting  details  of  the  results  derived  from  the  storage 
dams  constructed  by  the  Quebec  Streams  Commission  for  the 
regulation  of  the  flow  of  the  St.  Maurice  and  St.  FVancis 
Rivers,  in  the  Province  of  Quebec,  are  given  in  the  recently 
issued  7th  report  of  the  Commission  covering  the  year  1918. 
According  to  the  report  the  results  anticipated  have  been 
fully  realized,  both  as  to  profits  expected  and  as  to  the  amount 
of  water  available. 

The  regulation  of  the  St.  Maurice  River  is  accomplished  by 
a  dam  at  La  Loutre,  completed  in  December,  1917,  which 
creates  a  reservoir  having  a  capacity  of  160  billion  cubic  feet 
The  total  expenditure  has  been  $2,500,000,  of  which  $1,000,- 
OOO  is  to  be  paid  back  to  the  Government  in  30  years  by  the 
benefiting  companies.  Semi-annual  installments  to  cover  the 
interest  and  sinking  funds  will  be  paid  by  these  companies. 
On  the  $2.o00,000  capital  invested  the  Government  receive? 
an  annual  revenue  of  $191,000.  This  amount  will  be  consid- 
erably increased  when  additional  water  powers  on  the  river 
are  developed.  Two  water  powers  on  the  river  have  been 
developed;  Shawinigan  Falls,  head  150  ft.,  and  Grand  River 
Falls,  head  75  ft.  I.a  Tuque  Falls,  head  88  ft.,  is  partially 
developed. 
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Under  natural  conditions,  the  flow  of  the  St.  Maurice  River 
at  Shawinigan  reaches  a  maximum  of  170,000  second  feet  at 
the  time  of  the  spring  floods,  and  decreases  to  the  minimum 
of  6,000  second  feet  during  the  summer  and  the  winter 
months.  Under  regulated  conditions  the  commission  guaran- 
tees to  the  plant  owners  a  supply  of  water  sufficient  to  main- 
tain a  minimum  flow  at  Shawinigan  not  less  than  12,000  sec- 
ond feet.  The  possibility  of  the  water  powers  at  low  water 
periods  has  therefore  been  doubled  by  regulation. 

Assuming  an  efiiciency  of  80  per  cent  of  the  theoretical 
power,  the  increase  at  low  water  periods  at  Shawinigan  is 
equivalent  to  82,000  HP.  This  increase,  however,  takes  place 
for  a  certain  number  of  days  only  and  it  becomes  nil  when 
the  natural  flow  reaches  12,fl00  second  feet.  This  temporary 
power,  when  uniformly  distributed  over  the  whole  year,  is 
equivalent  to  32,250  HP.-year.  At  Grand'-Mfere,  the  benefits 
are  half  those  recorded  at  Shawinigan. 

It  is  estimated  that  the  additional  power  which  will  result 
will  be  140,000  HP.-year,  when  all  the  water-powers  on  the 
river  are  utilized.  The  construction  of  the  reservoir  has  in- 
creased the  possibility  of  the  water-powers  by  400,000  HP. 

St.  Francois  River  regulation  works  consist  of  a  dam  at 
the  outlet  of  Lake  St.  Francois.  This  was  completed  in  Nov. 
1917,  and  the  storage  commenced  on  April  1,  1918. 

From  the  latter  date  the  water  in  the  reservoir  was  con- 
trolled with  the  gates  in  the  dam.  An  average  discharge  of 
800  second  feet  was  let  out  to  suit  the  requirements  of  the 
hydro-electric  and   manufacturing  plants  located  below. 


The  New  Sewage  Treatment  Plant  at 
Montezuma,  la. 

The  town  of  Montezuma,  la.,  on  July  27,  1918,  began  con- 
struction of  a  sewage  treatment  plant  consisting  of  a  sedi- 
mentation tank  of  the  Irahoff  type,  a  siphon  chamber,  two  in- 
termittent sand  filters  and  a  sludge  bed.  The  operation  of 
the  plant  marks  the  end  of  a  long  continued  nuisance  in  a 
small  creek  where  the  town  has  heretofore  been  discharging 
its  sewage.  Mr.  J.  H.  Dunlap,  associate  professor  of  hy- 
draulics and  sanitary  engineering.  College  of  Applied  Science, 
State  I'niversity  of  Iowa,  has  given  an  interesting  account 
of  the  design,  and  construction  of  this  plant  in  a  recent  is- 
sue of  The  Transit,  from  which  the  following  notes  have  been 
taken. 

The  ImholT  tank  as  designed  has  a  settling  period  of  2.42 
hours  based  on  a  flow  of  100  gal.  per  capita  from  a  popula- 
tion of  1.200  or  1.45  hours  for  a  population  of  2,- 
000.  The  gas  vent  area  Is  23. C  per  cent  of  the  whole 
superficial  area  of  the  tank.  The  sludge  storage  capacity  up 
to  witkin  3  in.  of  the  deflecting  beam  is  about  1.07  cu.  ft.  per 
capita  on  a  basis  of  2,000  population,  and  up  to  the  slots 
about  1.88  eu.  ft.  per  capita.  The  sewage  from  the  town  is 
fresh,  domestic  sewage  readily  settleable.  Due  to  the  usual 
failure  to  remove  sludge  from  the  digestion  chamber  and  to 
keep  the  gas  vent  areas  free,  ample  dimensions  in  this  re- 
spect were  provided.  The  general  dimensions  of  the  tank 
are  20  ft.  diameter,  24  ft.  depth  to  the  base  of  the  inverted 
cone  with  5  ft.  to  the  apex.  Two  8-in.  slots  with  8-in.  over- 
laps are  provided.  The  sludge  pipe  Is  8  in.  cast  iron  with  a 
hydraulic  head  of  5  ft.  on  the  tank  outlet.  The  tank  has  a 
hollow  tile  superstructure,  plastered,  and  provided  with  a  door 
and  windows. 

The  siphon  chamber  is  of  reinforced  concrete  32.5  ft.  x  26 
ft-'x  7  ft.  Inside  dimensions.  The  siphon  discharges  at  a 
depth  of  3  ft.  enough  sewage  to  cover  one  filter  bed  3  in.  Two 
10-in.  alternating  siphons  are  used  at  present  with  provisions 
for  a  third. 

Two  sand  filter  beds  each  having  an  area  of  60  ft.  x  150  ft. 
are  provided.     On  a  basis  of  200,000  gal.  per  acre   per  day, 
one  bed  will  care  for  about  400  people. 
The  sludge  bed  is  30  ft.  x  40  ft.  in  size. 

The  contract  cost  of  the  plant  was  $16,100  and  the  follow- 
ing are  some  of  the  unit  costs  exclusive  of  overhead  and 
t/ofit,  and  superintendence.  They  are  based  on  labor  at  $4 
per  day  of  10  hours  until  late  fall  and  after  that  an  8-hour 
day,  teams  at  $7  per  day  of  10  hours,  with  an  8-hour  day  later. 
The  length  of  haul  was  1.3  miles. 

Karth    work:  Per  cu.  vd. 

Filter  beds,  1.060  cu.   yd $0.47 

Siphon    chamber,    187    cu.    yd 7S 

ImhofE  tank,  40S  cu.  yd 82 

Imhoff  tank,  408  eu.  yd 2.70 


FiltiT   sand,    1.421    cu.    yd 2.7S 

FiltHi-  gravel,   226  cu.   yd 3.&9 

Concrete  1;2:4,  with  cement  $2.28  per  bbl.: 

Imhoff  tanks    "■"» 

Siphon  chamber  is.b( 

Water  Works  Improvements  to  Cost  $24,- 
750,000  Recommended  for  Baltimore 

Increased  water  sujiply  lor  Baltimore,  Md.,  requiring  an  im- 
mediate expenditure  of  $S,331,0€0  and  an  ultimate  expenditure 
of  $24,752,000  is  recommended  by  Walter  E.  Lee,  Industrial 
Engineer,  in  a  report  submitted  recently  to  the  mayor  and 
board  of  estimates.  The  works  recommended  for  immediate 
construction  are  as  follows: 

A  dam  120  ft.  high  with  a  crest  elevation  of  520  ft.  on  the 
Upper  Gunpowder  Falls  below  Prettyboy  Branch,  impounding 
23,000,000,000  gal.  of  water,  all  available  by  simply  opening 
the  outlet  gates  and  allowing  the  water  to  flow  down  the  river 
to  Loch  Raven;  the  cost  of  this  is  estimated  at  $2,031,000. 
The  construction  of  an  additional  mechanical  filtration  plant 
of  128,000,000  gal.  per  day  capacity  on  the  west  side  of  Hillen 
Road,  at  a  total  cost  of  $2,700,000.  The  construction  of  aa 
additional  12-ft  tunnel  7.5  miles  long  through  solid  rock  from 
Loch  Raven  to  Montebello  Filters,  to  reduce  friction  losses- 
between  these  points,  at  a  total  cost  of  $3,000,000. 

The  Improvements  to  be  undertaken  at  a  later  date  are: 

Exten.'^ion  of  gTavity  feeders  to  low  service  territory $5,000,000 

New   pumping   station    for   increased    supply   for   city   and 

new   annex    .,2 'XSn 

Equalizing  reservoirs  principally  for  new  annex 2,bl.J,0OU 

Lining  of  existing  tunnel  from  Loch  Raven 5''^'2aX 

Raisint;  existing  Lx)ch  Raven  dam  to  eliminate  pumping. .  2,641,700 
Construction  of  Deer  Creek  dam  and  tunnel  to  Loch  Raven  5,293,500 

The  improvements  it  is  estimated  would  provide  a  supply 
sufficient  for  a  daily  consumption  of  200  million  gallons. 


Personals 

J.  E.  Lucas  has  been  appointed  city  manager  of  Toaku:n,  Tex. 

Russell  Hosington  has  been  appointed  city  engineer  of  Adrian, 
Mich.  ,  „ 

Sidney  L.  Shonts  has  been  appointed  city  engineer  of  Wallace, 
Idaho. 

Homer  Anderson  has  been  appointed  city  civil  engmeer  of  Al- 
liaiice.    O. 

Lieut.  Robert  Q.  Brown  has  been  appointed  actmg  instructor 
of  civil  ensineering  at   the  University  of  Washington. 

Samuel    P.    Flood    has   been   appointed    technical   assistant    to   the 
state  reclamation  engineer  of  Texas  with  office  at  Austin. 

W.  D.  Salter,  formerly  city  engineer  of  Boulder,  Colo.,  and 
later  actii.g  city   manager,   has  been  appointed   city  manager. 

E.  M.  Fry,  formerly  deputy  warden  of  the  Oklahoma  State 
Penitentiary,  has  been  appointed  city  manager  of  McAlester, 
Okla. 

D.  F.  McCurrach,  chief  engineer  of  the  Public  Service  Commis- 
sion of  Wa.'ihinsjton,  has  resigned  to  accept  employment  with  the 
North  Coast  Power  Co.   at  Portland. 

Capt.  Paul  Molltor,  who  recently  returned  from  overseas  ser- 
vice, has  resumed  his  duties  as  superintendent  of  the  Madison- 
Chatham,    N.    J.,    sewage    disposal    plant. 

C.  W.  Kenlston,  until  recently  with  the  nitrate  division  of  the 
War  Department,  has  been  appointed  as  engineer  of  industrial 
sanitation    of    the    Industrial    Commission   of   Wisconsin. 

E.  D.  Barstovjf  of  the  engineering  force  in  the  .\kron.  O..  ser- 
vice department.  Bureau  of  Sewers,  and  formerly  city  engineer  at 
Cuvahoga  P'alls,   O..   has  been  appointed  county  sanitary  engineer. 

"h.  E.  Towie  has  resigned  as  vice-president  and  secretary  of 
the  American  Water  Works  &  Electric  Co.  to  become  a  member 
of  the  firm  of  W.  G.  Souders  &  Co.,  Chicago.  C.  S.  Ashdown  was 
elected  to  succeed  Mr.  Towle  as  vice-president,  and  W.  K.  Dun- 
bar was  appointed  secretary. 

J.  B.  Marcellus,  formerly  drainage  and  irrigation  engineer  m 
th^  extension  department  of  the  Kansas  State  Agricultural  Col- 
lege, has  accepted  a  position  as  associate  professor  of  civil  engi- 
neering at  the  University  of  Colorado.  He  will  devote  two-thirds 
01  hi.3  time  to  the  university  and  one-third  to  his  consulting 
work. 


Industrial  Notes 


The  Franklin  Institute,  acting  through  its  committee  on  sci- 
ence and  the  arts,  has  awarded  its  Edward  Longstreth  medal  of 
merit  to  John  Walter  Ledoux  of  Swarthmore,  Pa.,  for  the  Simplex 
Venturi  meter  manufactured  by  the  Simplex  Valve  &  Meter  Co. 
of  Philadelphia.  „     , 

The  Wallace  &  Tieman  Co.,  Inc.,  349  Broadway,  New  ^  ork, 
Citv,  sole  manufacturers  of  "W.  &  T."  chlorinating  apparatus, 
have  recently  made  a  change  in  their  Pacific  Coast  representative. 
Their  interests  at  that  point  will  hereafter  be  taken  care  of  by 
Alexander  Bell  with  offices  at  709  Mechanics  Institute  building, 
San   Francisco.  Cal. 

R.  C.  Svkes,  general  manager  of  sales,  has  resigned  his  posi- 
tion with  the  Troy  'Wagon  Works  Co.,  effective  Oct.  15,  to  enter 
a  personal  business  in  which  he  is  one  of  the  controlling  partners. 
Mr.  Syke  has  been  succeeded  by  Ike  S.  Byrum,  who  has  been 
with  this  company  for  the  past  eight  years  as  salesman,  special 
representative,  and  more  recently  as  assistant  to  Mr.  Sykes  in  the 
sales  work. 

The  Service  Motor  Truck  Co.,  Wabash.  Ind.,  has  started  con- 
struction on  further  additions  to  its  factory.  The  new  unit  will 
be  75x775  ft.  in  size.  The  other  units  of  the  factories  are  the- 
same  size  and  thi.s  building',  together  with  the  new  administration 
building  which  has  just  been  completed,  the  factory's  garage  and' 
cafeteria,  will  give  the  company  a  total  floor  space  of  about 
eight  acres.     ' 
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(d)  Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 

ic)    Irriga'ion    and    Drainage 
tti)    Power    and    Pumping 


(a)  ^^'ate^works 

(b)  Sewers  and   Sani- 

tation 

(e)    Management  and  Office 
System 
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Dredging  (d)    P.aliwayf?.    Steam    and 

(b)  Ri\ers   and  Canals  Electric 

ifi    .Man.if:fmfnt    and    Office 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)    Harbor    Structures 

(b)  Bridges  fdi    .Miscellaneous    Structures 

(e)    Properties    of    .Materials 
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"Scared  of  Everthing" 

Under  this  title  the  Chicago  Tribune  denounces  the  timidity 
of  the  house  of  representatives  committee  on  military  affairs. 
The  committee  is  about  to  submit  a  bill  tor  an  army  but  with 
no  provision  for  universal  military  service.    The  Tribune  says: 

Gen.  Pershing,  and  every  man  whose  word  on  military  matters 
is  worth  the  utterance,  has  told  Congress  that  universal  service 
will  be  thR  defense  and  the  method  of  development  for  the  nation. 
Congress  knows  that.  The  congressmen  are  convinced.  They  are 
merely  afraid. 

They  know  that  universal  service  will  prevent  wars  or  carry 
them  through  successfully.  They  know  that  it  will  strengrthen 
and  help  the  nation.  They  know  that  it  will  not  be  a  burden. 
They  know  that  its  peace  benefits  alone  would  be  sufficient  justi- 
fication for  the  adoption  of  the  policy. 

It  is  not  a  matter  of  doubt.  It  is  a  matter  of  conviction.  But 
it  also  is  a  matter  of  fear.  These  congressmen  prefer  that  at 
some  time  later  young  men  take  chances  with  their  lives  rather 
than    themselves   now   take   chances   with   their  jobs. 

This  is  one  of  the  greatest  defects  of  a  representative  sys- 
tem     of      government, 

this  fear  of  the  wrath 

of    the    voters    it    any- 
thing is  done  that  does 

not  meet  with  their  ap- 
proval.     Unfortunately 

this  sort  of  fear  is  not 
confined   to   legislators. 

It  is  seen  even  in  our 

courts,    at    times,    and 

still  more  frequently  in 

our  public  service  com- 
missions.    The     desire 

to    be    popular    is    the 

root  of  many  an  unjust 

decision.     Indeed,  it  is 

not  overstating  matters 

to   say   that   cowardice 

of  the  Interstate  Com- 
merce    Commission   is 

responsible  for  the  bad 

financial     condition    of 


most  American  railways.  Street  railways  also  are  in 
a  serious  financial  condition  and  the  reason  is  the 
same — cowardice  of  public  service  commissions  and  city 
councilmen.  The  majority  of  rate  making  officials  have  been 
afraid  to  raise  rates  sufficiently  to  yield  an  attractive  return 
on  the  investments  in  railways  and  other  public  utilities,  for 
fear  of  public  outcry.  This  conclusion  is  easily  deducible 
from  the  acts  of  rate  making  officials,  but  anyone  who  cares 
to  investigate  the  matter  will  not  find  it  difficult  to  secure  an 
admission  of  this  fact  from  many  a  public  service  commis- 
sioner. The  editor  has  had  several  commissioners  in  dif- 
ferent states  admit  that  the  fear  of  losing  their  jobs  had 
been  the  underlying  reason  why  commissioners  had  not  acted 
in  accordance  with  the  evidence.  In  the  early  days  of  de- 
mocracy, a  slogan  was:  "The  voice  of  the  people  is  the  voice 
of  God."  This  form  of  flattery  is  as  seductive  as  it  is  un- 
true.    The  voice  of  the  people  on   ethical  matters  is  nearly. 

though  not  always  the 
voice  of  God;  but  the 
voice  of  the  people  on 
economics  is  usually, 
though  not  always,  the 
voice  of  ignorance. 

Because  most  men 
are  just  at  heart,  we 
believe  that  were  a 
popular  vote  taken 
that  a  substantial  ma- 
jority would  admit  that 
they  are  not  qualified 
to  pass  upon  economic 
measures  that  are  at 
all  intricate,  such,  for 
example,  as  deciding 
upon  fair  freight  and 
passenger  rates.  More- 
over, we  believe  that 
a  majority  of  men 
would    admit    that    no 


28  Pages =40  pages 

The  28  pages  of  articles  in  F,ngineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  saiiie  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 
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man  should  be  allowed  to  vote  on  a  contested  matter  in  which 
it  is  to  his  personal  interest  to  side  with  one  of  the  contest- 
ants. Now.  if  these  two  principles  were  decided  by  a  majority 
vote,  as  we  believe  they  would  be,  it  would  follow  inevitably 
that  the  public  would  approve  the  appointment  of  rate  making 
commissioners  and  judges  by  civil  service  boards,  the  appoint- 
ments being  for  a  long  term  of  years,  the  appointees  not  to 
be  eligible  for  any  other  public  office  for,  say,  five  years  after 
leaving  their  judicial  positions.  Thus  would  be  secured  the 
impartial  attitude  requisite  for  fair  decisions;  and  under 
proper  civil  service  tests  there  would  also  be  secured  the 
technical  experience  and  knowledge  that  such  commissioners 
and  judges  need,  yet  at  present  usually  lack. 

We  have  used  rate-making  officials  merely  as  an  illustra- 
tion. What  is  true  of  one  class  of  economic  problems  that 
affect  the  general  welfare  is  true  of  every  class.  Tariffs  and 
other  taxes  should  not  be  decided  by  politicians  holding  office 
through  election,  for  taxation  problems  not  only  involve 
highly  complex  economic  data,  but  require  for  their  fair  solu- 
tion a  judicial  attitude.  Neither  technical  knowledge  nor 
judicial  attitude  is  found  in  the  average  legislator,  nor  will 
it  ever  be  found  there  in  high  degree  so  long  as  legislators 
are  elected  by  pcpular  vote.  When  Mr.  Taft  was  president 
he  urged  the  employment  nf  a  permanent  non-partisan  tariff 
commission,  not  only  because  he  saw  clearly  the  inability  of 
the  average  congressman  to  decide  tariff  questions  properly, 
but  because  he  saw  that  log-rolling  compromises  are  inevit- 
able where  there  is  a  clashing  of  divergent  interests  of  dif- 
ferent sections  of  the  country. 

As  the  Chicago  Tribune  truly  says,  congressmen  are 
"scared  of  everything,''  to  which  may  be  added  that  most 
daily  papers  are  almost  as  timorous  as  congressmen,  and  for 
the  same  reason.  It  is  not  regarded  by  American  editors  as 
being  popular  to  tell  American  voters  that  they  should  have 
no  direct  voice  in  deciding  certain  economic  matters.  We  be- 
lieve, however,  that  the  average  voter  already  knows  that  he 
is  incompetent  to  decide  most  economic  questions,  and  that 
he  can  easily  he  shown  that  it  is  in  his  interest  to  have  com- 
petent, impartial  men  make  the  decisions.  In  short,  there  is 
no  sound  reason  why  editors  of  daily  newspapers  should  not 
oppose  "initiative  and  referendum  laws"  that  make  the  pub- 
lic vote  upon  measures  that  they  are  too  busy  to  investigate 
properly  and  upon  which  they  are  not  sufficiently  expert  to 
render  a  correct  decision  even  if  they  had  time  for  investi- 
gation. 

The  other  day  the  voters  of  Chicago  voted  on  more  than 
half  a  dozen  important  economic  measures — or  rather  they 
had  the  chance  to  vote,  but  fewer  than  one-third  of  the  regis- 
tered voters,  cast  a  ballot.  Newspapers  treat  such  negli- 
gence as  if  it  were  reprehensible,  but  is  it?  Which  is  really 
reprehensible,  voting  on  a  question  of  which  you  are  neces- 
sarily ignorant,  or  refusing  to  vote  under  such  conditions? 
When  a  scientific  man  is  asked  to  express  an  opinion  on  a 
scientific  matter  outside  his  specialty,  he  usually  declines  to 
do  so;  yet  who  has  ever  regarded  such  silence  as  anything 
else  than  a  proof  of  true  wisdom  and  a  laudable  act?  Give 
the  silent  two-thirds  of  the  voters  in  Chicago  credit  for  having 
common  sense,  and  there  is  neither  mystery  in  their  silence 
nor  cause  for  editorial  tirades  against  it.  Among  the  meas- 
ures that  the  voters  were  asked  to  decide  upon  were  several 
large  bond  issues,  the  merit  of  not  one  of  which  the  average 
voter  could  determine  as  would  a  civil  engineer,  for  example. 
Then  there  was  a  question  relative  to  "municipal  ownership," 
one  of  the  most  debated  of  questions,  yet  wholly  a  question 
of  economics  and  one  that  is  still  debated  merely  because  the 
average  debater  has  not  studied  the  statistical  results  of 
municipal  ownership.  Still  two-thirds  of  one-third  of  the 
voters  of  Chicago,  or  about  20  per  cent  of  all  the  voters  de- 
cided in  favor  of  "municipal  ownership."  without  having  any 
real  knowledge  of  the  subject  at  all!  Who  are  the  repre- 
hensible ones,  then,  in  this  election?  Those  who  are  ignorant 
and  admit  it  by  refusing  to  vote?  Or  those,  who  are  equally 
ignorant,  yet  anxious  to  express  an  opinion? 

We  are  of  those  that  have  faith  in  the  common  sense  of 
American  voters,  and  onr  faith  is  sufficient  to  warrant  the 
expectation  that  they  will  not  resent  being  told  that  they 
have  no  right  to  vote  on  many  an  economic  matter;  no  more 
right  than  they  would  have  to  vote  on  the  methods  of  con- 
ducting a  battle  or  even  a  skirmish. 
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"Rules  Are  Made   to   Be   Broken'* 

•Rules  are  made  to  be  broken.  '  This  was  what  the  presi- 
dent of  a  great  manufacturing  company  told  one  of  his  de- 
partment heads  who  failed  to  do  a  desirable  thing  because 
there  was  a  rule  that  stood  in  his  way.  Of  course,  in  such  a 
case,  the  rule  should  not  be  broken  without  securing  the  au- 
thority to  do  so,  but  this  department  head  had  not  even  asked 
for  authority  to  break  a  rule  that  he  knew  to  be  objectionable 
in  certain  cases. 

Every  executive  lays  down  certain  rules  of  conduct,  but  it 
is  only  a  good  executive  that  is  quick  to  revise,  modify  or 
event  annul  a  rule  that  hampers  economic  performance.  By 
this  test,  how  many  of  us  can  invariably  qualify  as  being  good 
executives?  Probably  no  one,  for  who  of  us  can  always  es- 
cape the  bondage  of  habit? 

Most  offices  in  large  cities  have  a  rule  to  the  effect  that  "no 
soliciting  of  employes  by  agents  or  salesmen  is  permitted 
during  office  hours."  The  rule  is  undeniably  good,  provided 
it  is  breakable  upon  certain  occasions.  It  was  this  rule  that 
caused  a  considerable  amount  of  trouble  during  the  war  when 
Liberty  bond  salesmen  were  denied  access  to  office  employes 
on  the  ground  that  it  was  against  the  rules  of  the  office  to 
permit  solicitation  of  any  kind  for  any  purpose.  Here,  how- 
ever, the  feeling  of  patriotism  was  so  strong  that  the  "rule" 
was  eventually  broken  in  the  vast  majority  of  instances;  and 
when  permission  could  not  be  secured  to  break  it.  the  sus- 
picion arose  that  the  head  of  the  firm  was  pro-German. 

After  this  long  preamble,  may  we  be  pardoned  for  suggest- 
ing that  when  the  head  of  an  engineering  office  refuses  to' 
permit  the  solicitation  of  subscriptions  for  any  engineering 
periodical,  he  is  either  thoughtless  or  he  is  pro-Ignorance? 
The  subscription  solicitors  of  Engineering  and  Contracting 
occasionally  encounter  this  sort  of  engineering  executive — a 
man  ruled  by  rules,  often  of  his  own  making.  When  asked 
his  reason  for  not  permitting  his  employes  to  be  interviewed, 
his  reply  usually  is:  "It  is  against  the  rules.  If  we  permit 
you  to  solicit,  how  can  we,  in  justice,  refuse  others?  Be- 
sides, our  men  are  very  busy.  Consider  the  lost  time,  taken 
rn  the  aggregate,  resulting  from  even  one  solicitation  of  all 
our  men.  Moreover,  why  don't  you  see  them  at  their  homes?" 
It  seems  to  us  that  each  and  every  one  of  these  objections 
lacks  economic  merit.  We  say  economic  merit,  for,  after  all, 
this  is  an  economic  matter.  If  it  can  be  shown  that  the  time 
lost  by  the  employes  during  subscription  solicitations  is  more 
than  offset  by  their  increased  efficiency  as  a  result  of  their 
reading  engineering  periodicals,  it  follows  that  the  general 
rule  against  solicitation  has  a  justifiable  exception.  And 
what  engineer  doubts  that  technical  efficiency  is  so  markedly 
increased  by  technical  reading  that  the  immediate  time  lost 
in  listening  to  subscription  solictations  is  as  nothing  com- 
pared with  the  ultimate  gains? 

The  fundamental  trouble  is  that  executives  who  insist  upon 
the  enforcement  of  a  general  rule  against  the  soliciting  of 
office  employes,  have  lost  sight  of  the  fact  that  the  original 
leason  for  making  the  rule  w-as  purely  an  economic  reason — 
the  securing  of  high  efficiency  of  employes.  When  it  can  be 
shown  that  the  rule  results  in  a  lower  efficiency  than  would 
be  secured  if  it  were  broken,  then  it  should  unquestionably  be 
broken;  and  it  would  be  broken  were  it  the  habit  of  the  ex- 
ecutive always  to  look  behind  the  rule  to  the  reason  that  orig- 
inally led  to  its  adoption.  But  this  is  precisely  what  a  medi- 
ocre executive  seldom  does,  and  what  a  superior  executive 
occasionally  fails  to  do. 

As  for  the  suggestion  that  office  employes  be  solicited  at 
their  homes,  of  course  it  would  seldom  be  made  by  an  execu- 
tive acquainted  with  the  high  cost  of  individual  solicitation 
where  the  individuals  are  widely  scattered.  This  again  is 
an  economic  matter,  and  it  is  one  that  the  engineering  execu- 
tive can  readily  appreciate  once  it  is  pointed  out. 

Occasionally  enginering  colleges  refuse  to  break  their  gen- 
eral rule  against  the  solicitation  of  students,  and  for  the  same 
reasons  that  are  given  above.  Here  the  case  is  even  more 
clear  cut,  for  the  students  are  attending  college  not  only  to 
learn  but  to  form  reading  habits  that  will  lead  them  to  con- 
tinue to  learn  after  graduation.  Sometimes  the  educator  re- 
plies: "I  grant  that,  but  I  myself  urge  the  students  to  sub- 
scribe for  at  least  one  engineering  periodical.  Moreover,  you 
can  appoint  one  of  the  students  as  your  subscription  agent." 
If  the  educator  were  himself  an  experienced  salesman,  he 
would  never  suggest  the  substitution  of  an  amateur  for  a 
professional   salesman.     He  would  know   that  for  every  sub- 
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scription  that  he  or  one  of  his  students  might  sell,  a  profes- 
sional subscription  solicitor  would  sell  five  to  ten.  But  he 
does  not  know  this — until  he  is  told,  and  then  he  is  apt  to 
doubt  it.  Good  professional  salesmen  not  only  have  the  in- 
born talent  of  the  successful  propagandist  or  promoter,  but 
they  are  practical  psychologists.  Let  no  engineer  make  the 
mistake  of  thinking  that  merely  because  he  knows  a  great 
deal  about  a  given  thing,  therefore  he  can  sell  that  thing  suc- 
cessfully. Good  salesmen  are  "born  and  then  made,"  just  as 
are  the  members  of  any  other  profession.  There  are  many 
books,  and  at  least  four  excellent  magazines  on  the  science 
and  art  of  salesmanship.  How  many  articles  and  books  on 
salesmanship  have  you  read?  If  few  or  none,  then  do  not 
suggest  amateur  salesmanship  when  professional  salesman- 
ship is  available,  for  it  is  an  economic  mistake  to  do  so. 

In  no  carping  spirit  is  this  article  written,  for  we  realize 
that  "to  err  is  human"  and  that  none  of  us  escapes  making 
many  a  mistake. 


"The   Problem   Is  Not  One    That 

Engineering   Training   Fits  an 

Engineer  to  Understand" 

Every  little  while  some  ■  political  economist  or  lawyer  as- 
serts that  a  certain  economic  problem  is  too  deep  for  the 
comprehension  of  engineers,  and,  inferentially,  not  too  deep 
for  the  one  who  criticises  them.  Thus  in  a  32-page  pamphlet  on 
"Theoretical  Depreciation,"  we  are  told  by  its  author,  George 
N.  Webster,  of  60  Wall  St.,  New  York  City,  that: 

There  ar?  inany  engineers  of  honest  intention  who  pretend, 
or  oven  think,  they  have  knowlertge  of  this  subject,  who  while 
competent  in  the  ordinary  branches  of  construction  eng'ineering" 
are  utterly  lacking  in  a  real  and  fundamental  understanding  of 
this   dane'erous   fallacy    of    "theoretical    depreciation." 

The  problem  is.  in  fact,  not  one  of  engineering  nor  is  it  one 
that  engineering  training  fits  an  engineer  to  properly  under- 
stand. The  same  may  be  said  of  the  accountant  and  his  train- 
inf?.  The  subject  is  one  primarily  of  applied  economics  and  must 
be  studied  from  the  standpoint  of  the  mutual  economic  interests 
of  the   consumer  and  the   Investor. 

Mr.  Webster  undertakes  to  prove  that  all  accrued  depre- 
ciation is  "theoretical."  and  with  him  it  is  evident  that  what 
is  "theoretical"  is  purely  imaginary,  hence  unworthy  of  con- 
sideration in  establishing  a  rate  making  "value."  That  this 
reasoning  is  false  may  be  easily  shown  by  establishing  the 
fact  that  a  true  "theory"  is  always  in  accord  with  the  facts. 
That  public  utility  and  railway  property  depreciates  can  not 
be  denied,  nor  can  it  be  denied  that  some  theory  is  always 
needed  to  explain  the  nature  and  extent  of  the  accrued  de- 
preciation. 

It  is  true  that  rates  of  charge  for  service  should  be  in- 
dependent of  the  accrued  depreciation  of  the  plant  that  ren- 
ders the  service;  but  Mr.  Webster  seeks  to  establish  this 
truth  by  reasoning  that  is  utterly  fallacious.  And,  in  order 
to  do  so,  he  regards  it  as  imperative  first  to  deny  to  engi- 
neers the  right  to  express  an  expert  opinion  on  the  subject. 
Then  in  order  to  sustain  his  position  he  brands  his  opponents 
among  engineers  as  "professional  depredators,"  "confiscators 
of  property"  and  "assassins  of  value."  The  editor  is  not 
among  these  "assassins."  and  feels  no  personal  resentment 
at  this  intemperate  language,  but  he  does  resent  the  state- 
ment that  depreciation  involves  any  problems  that  are  be- 
yond the  pale  of  engineering  judgment. 

An  engineer  is  one  whose  profession  it  is  to  apply  science 
in  solving  problems  in  economic  service  or  production.  Not 
only  do  engineers  assert  this  to  be  their  function,  but  they 
prove  it  by  their  acts  and  their  writings.  In  the  bibliography 
on  appraisals  and  rate  making  issued  by  the  American  Society 
of  Civil  Engineers,  about  1,000  references  to  articles  and 
books  are  given,  the  vast  majority  of  which  were  written  by 
engineers.  More  than  half  of  these  articles  contain  discus- 
sions of  depreciation,  and  in  them  will  be  found  the  essence 
of  all  that  Mr.  Webster  has  urged  against  "theoretical  de- 
preciation," in  addition  to  a  vast  deal  that  he  has  seemingly 
never  heard  or  dreamed  of  hearing. 

Only  a  few  years  ago  (see  Engineering  and  Contracting, 
Mar.  31,  1915)  John  R.  Commons,  professor  of  "economics" 
of  the  University  of  Wisconsin,  testified  before  a  congres- 
sional committee  to  the  effect  that  "engineers'  ideas  on  value 
are  muddled."  He  undertook  to  show  that  engineers  have 
such  narrow  conceptions  of  values  and  social  relations  that 
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they  are  unfit  to  render  the  final  decision  as  to  what  a  "rate 
making  value"  should  be.  At  that  time  we  showed  that  Prof. 
Commons  was  the  one  whose  ideas  of  "values"  were  con- 
fused, for  when  he  was  talking  of  "rate  making  value"  he 
really  meant  "investment"  or  "original  cost."  We  also 
pointed  out  that  this  entire  question  had  been  thrashed  out 
in  the  engineering  press  several  years  before  Prof.  Commons 
had  entered  his  self-made  arena  of  controversy.  We  men- 
tioned in  particular  an  article  on  this  subject  published  in 
Engineering  ond  Contracting,  Dec.  11,  1912.  That  article  is 
now  7  years  old  and  will  bear  reprinting,  so  we  give  It 
on  another  page,  under  the  title  of  "Two  Conflicting  Theories 
of     Valuation." 

There  are  certain  people  who,  after  long  residence  in  a 
realm  of  pure  speculation,  come  not  only  to  regard  practi- 
tioners with  a  certain  lofty  condescention,  but  imagine  that 
a  practitioner  knows  little  or  nothing  beside  the  use  of  his 
tools  and  his  data.  It  so  happens,  however,  that  scientific 
practitioners  are  not  only  skilled  in  their  practice  but  well  in- 
formed in  the  theory  upon  which  that  practice  is  based.  Such, 
preeminently,  is  the  engineer.  To  him  a  theory  is  more  than 
a  speculation;  it  is  an  explanation  that  really  explains.  For 
example,  the  theory  of  gravitation  explains  quantitatively 
certain  interactions  of  masses;  the  theory  of  elasticity  ex- 
plains quantitatively  certain  stresses  and  strains.  Working 
daily  with  such  theories,  the  engineer  necessarily  becomes 
habituated  to  seek  for  theories — this  is  for  cause-effect  ex- 
planations— to  guide  him  in  everything  he  undertakes  to  do. 
Is  he  given  ihe  task  of  appraising  a  property  for  rate-mak- 
ing purposes?  Then  he  studies  all  the  printed  theories  not 
only  of  valuation  and  rate  making,  but  of  political  economy, 
in  so  far  as  they  bear  upon  his  problem.  And.  if  he  has 
originality,  he  seeks  to  perfect  any  theory  that  is  crude,  or 
to  produce  a  new  theory  where  the  existing  one  is  false.  He 
works  with  theories,  and  he  can  not  afford  to  work  with  those 
that  are  incomplete  or  false;  whereas,  the  average  teacher 
of  political  economy  merely  teaches  theories  that  he  has 
read,  usually  in  a  somewhat  narrow  field.  Unable  to  strike 
a  trial  balance  in  a  ledger,  most  political  economists  fancy 
themselves  competent  to  lecture  practicing  engineers  on  their 
ignorance  of  economics! 

We  do  not  contend  that  political  economists  can  teach 
engineers  nothing.  What  we  do  contend  is  that  engineers 
are  practicing  economics,  based  on  theories,  and  that  their 
practice  leads  them  to  a  more  profound  understanding  of 
economic  theories  than  normally  is  to  be  found  among  politi- 
cal economists  who  never  practice  what  they  preach.  We 
go  further,  and  assert  that  it  will  be  engineers  and  not  politi- 
cal economists  who  will  eventually  solve  the  problems  of 
economic  government.  Already  we  see  the  shadow  of  that 
coming  event,  in  the  fact  that  most  of  the  managers  of  cities 
under  "city  manager  government"  are  engineers. 
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jhway    Departments    Urged 

Award  Contracts  During 

the  Winter 

A  good  many  railroad  contractors  have  been  entering  the 
road  contracting  field,  partly  because  of  the  scarcity  of  rail- 
road construction  jobs  and  partly  because  road  contracts  are 
larger,  on  the  average,  than  they  have  been  in  the  past.  The 
Bates  &  Rogers  Construction  Co.,  of  Chicago,  recently  se- 
cured an  $826,000  state  road  contract  in  Ohio.  A  few  years 
ago  a  road  contract  of  one-tenth  that  size  would  have  been 
regarded  as  being  "large." 

Large  contracts  usually  justify  the  purchase  of  large  con- 
struction plants,  provided  the  plants  can  be  kept  busy  a  large 
part  of  the  year  for  several  years  in  succession.  This  pro- 
viso is  very  important.  _  Hitherto  the  general  practice  of 
splitting  road  construction  into  relatively  small  jobs  has  not 
only  prevented  the  purchase  of  large  construction  plants  but 
has  attracted  a  swarm  of  small  contractors,  most  of  whom 
were  relatively  inexperienced  business  men.  The  result  has 
been  "a  new  crop  of  inexperienced  contractors"  every  year 
in  the  highway  field,  for  no  sooner  had  last  year's  "crop"  ac- 
quired some  knowledge  than  the  new  "crop"  crowded  them 
aside  by  bidding  below  cost. 

To  attract  large  contracting  companies,  every  effort  should 
be  made  to  award  highway  contracts  in  the  winter.  Thomas 
H.  MacDonald,  Chief  of  the  Bureau  of  Public  Roads,  has  just 
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written  a  letter  to  all  state  highway  departments  urging  them 
"to  place  under  contract  during  December  and  January  as 
great  a  mileage  of  roads  as  possible.  In  that  letter,  which 
will  be  printed  in  full  in  our  issue  of  Dec.  3.  Mr.  MacDonald 
points  out  the  desirability  of  storing  road  materials  in  stock 
piles,  during  the  winter  and  spring  months,  for,  by  so  doing, 
not  only  will  quarry  and  pit  plants  be  kept  busy  a  greater  per- 
centage of  the  year,  but  enough  open  top  freight  cars  will  be 
available  for  hauling  the  materials.  To  this  excellent  advice 
we  wish  to  add  the  advice  to  make  each  contract  as  large  as 
practicable. 


Book   Reviews 

Topographic  Stadia  Surveying — A  Manual  with  Reduction  Tables 
and  a  New  Type  of  Reduction  Diagrram.— By  C.  E.  Grunsky. 
Eng  D.  New  York:  D.  Van  Nostrand  Co.  Leather;  41/4x7  ins.; 
pp.  95;  illustrated.     $2.00. 

Reviewed  by   H.    .T.    ARMSTRONG, 

Associate   Professor  of  Railway   Engineering.   Armour   Institute   of 

Technolog;y. 

In  this  compact  little  volume  the  author  has  covered  very 
thoroughly  this  branch  of  surveying  and  has  drawn  upon  his 
extended  experience  in  recommending  various  departures 
from  what  the  ordinary  text-books  on  surveying  have  prac- 
tically standardized. 

The  particular  type  of  stadia  rod  illustrated  adds  one  more 
to  the  great  number  already  proposed  or  in  use,  and  the 
author  very  good  naturedly  remarks  that  "no  one  will  be  sur- 
prised or  misled"  at  the  statement  that  he  has  found  this 
one  to  be  the  best  tor  general  use. 

An  interesting  description  of  the  Porro  telescope,  unheard 
of  by  the  majority  of  surveyors,  occupies  several  pages,  and 
it  is  shown  that  notwithstanding  the  desirability  of  a  tele- 
scope which  would  eliminate  the  "f  +  c,"  the  invention  of 
Mr.  Porro  in  1823  has  not  been  made  use  of  on  account  of  va- 
rious mechanical  difficulties. 

The  liberal  use  of  the  magnetic  needle  is  recommended,  as 
is  also  a  method  of  procedure  whereby  the  height  of  instru- 
ment above  the  station  plug  is  eliminated  from  the  notes. 

The  ordinary  stadia  reduction  tables  are  given  and  also 
Anderson's  tables,  in  use  by  the  U.  S.  Geological  Survey.  A 
specially  constructed  diagram  about  14x18  in.  is  tucked  in 
a  cover  pocket. 

Technic  of  Surveying  Instruments  and  Methods. — By  W.  L.  Webb. 
C.  E.,  and  J.  C.  L.  Fish.  C.  E.  New  York:  John  Wiley  &  Sons. 
Flexible   cover;   4x7   Ins.;   pp.    'Ml;   illustrated.     $2.00. 

Reviewed   by  H.    J.    ARMSTRONG. 

Associate    Professor  of   Railwa\'    Eng^ineering".    Armour  Institute   of 

Technology. 

These  well-known  authors  have  collaborated  to  produce  a 
book  which  deserves  a  place  in  the  library  of  any  civil  engi- 
neering student  or  teacher  of  surveying,  not  because  it  re- 
places any  general  text  on  surveying  but,  according  to  the 
preface,  because  it  is  intended  to  supplement  the  general 
directions  of  a  general  text  by  detailed  directions  for  specific 
operations  in  field  and  office.  "The  aim  has  been  to  make 
detailed  directions  so  complete  that  the  student  can  go 
through  the  routine  of  the  exercises  without  verbal  instruc- 
tions; so  that  the  instructor  may  be  free  to  watch  carefully 
the  performance  of  each  student,  and  give  advice,  etc.  " 
While  intended  primarily  as  an  instruction  guide  for  student 
field  work  in  surveying,  it  is  believed  that  this  little  book 
may  be  of  service  to  the  practicing  surveyor  in  enabling  him 
to  pick  up  quickly  standard  methods  of  approaching  unfa- 
miliar surveying  problems. 


Inter-Professional  Conference  at  Detroit. — With  the  purpose 
of  bringing  together  the  professional  men  of  the  country  in 
order  to  plan  more  effective  relations  and  act  together  on  mat- 
ters pertaining  to  the  public  good,  an  Inter-professional  Con- 
ference is  being  called  to  meet  in  Detroit,  Nov.  28  and  29.  The 
conference  was  suggested  by  the  Post-War  Committee  of  the 
American  Institute  of  Architects,  which  was  established  to 
study  the  new  obligations  thrust  upon  the  architectural  pro- 
fession by  the  war.  The  subjects  which  might  well  come  be- 
fore such  an  inter-professional  organization  have  been  classi- 
fied under  three  heads:  (a)  The  functions  and  inter-relations 
of  professional  organizations,  (b)  Relations  of  professions  to 
the  public,  (c)  Educational  obligations  of  the  professions. 
The  office  of  the  organizing  committee  of  the  Inter-profes- 
sional Conference  is  at  56  W.  45th  St.,  New  York.  The  meet- 
ing in  Detroit  will  be  held  at  the  Hotel  Statler. 


Two  Conflicting  Theories  of  "Valu- 
ation" of  Railways  and  Utilities 

By  HALBERT  P.  GILLETTE,  Editor. 

.\fter  floundering  several  years  in  a  morass  of  conflicting 
court  and  commission  decisions  relative  to  "rate  making 
values,"  I  decided  to  try  to  bring  some  order  out  of  the  ex- 
isting confusion.  Back  of  the  conflicting  decisions  might 
there  not  be  two  or  more  tacit  "theories"  that  actuated  the 
courts  and  commissions?  No  court  or  commission  had,  up 
to  that  time  (1912),  laid  down  any  definite  theory  of  "valu- 
ation." The  Supreme  Court  had  not  (nor  has  it  yet)  re- 
versed its  decision  in  the  Smyth  vs.  Ames  case,  in  which  it 
held  that  to  arrive  at  a  rate-making  value,  consideration 
should  be  given  to:  (1)  The  original  cost  of  the  property, 
(2)  the  market  value  of  the  stocks  and  bonds,  (3)  the  cost 
of  reproduction,  (4)  the  depreciated  value,  and  (5)  the  gross 
and  net  revenues.  In  addition,  the  court  had  said,  there 
might  be  other  elements  of  "value"  to  be  weighed  in  arriv- 
ing at  the  "rate-making  value."  To  an  engineer  this  enumera- 
tion of  "elements  of  value"  was  not  satisfactory.  By  what 
process  of  mental  necromancy  could  an  "original  cost"  be 
combined  with  the  "market  value"  of  securities,  to  give  a 
"rate  making  value"?  I  could  not  see,  so  I  decided  to  make 
a  search  for  the  unstated  principles  that  led  to  conflicting 
court    decisions. 

To  begin  with,  I  tabulated  all  the  leading  court  and  com- 
mission decisions  on  disputed  points  relating  to  "value." 
Then  1  read  the  reasons  given  for  each  decision.  By  this 
systematic  search,  I  was  soon  able  to  see  that  a  great  mifny 
decisions  rested  upon  the  tacit  assumption  that  a  public 
utility  is  an  "agent"  entitled  to  be  recouped  for  his  expendi- 
tures in  behalf  of  his  "principal,"  the  public.  So  I  formulated 
the  theory  definitely,  and  I  coined  the  t^m  "agency  theory" 
to  cover  it.  On  the  other  hand,  there  were  many  decisions 
that  were  evidently  based  on  the  assumption  that  public 
utilities  were  not  "agents."  at  least  in  a  broad  sense  of  the 
term,  but,  like  other  companies  and  individuals  engaged  in 
business,  were  subject  to  the  law  of  supply  and  demand. 
In  this  case  their  rates  of  charge  for  products  or  services 
were  regulated  by  competition,  existant  or  potential.  Hence 
the  "value"  of  their  property  was  "market  value."  So  I 
termed  decisions  that  accorded  with  this  conception  as  be- 
ing rendered  under  the  "competitive  theory." 

In  Engineering  and  Contracting,  Dec.  11,  1912,  I  published 
my  first  article  on  this  subject  under  the  title,  "Two  Con- 
flicting Theories  of  Valuation  of  Public  Service  Companies." 
Although  that  was  seven  years  ago,  and  in  spite  of  extensive 
published  quotations  from  that  article,  not  a  few  engineers 
are  still  reasoning  illogically  about  "rate-making  values"  be- 
cause they  do  not  realize  that  there  are  two  distinct  theories 
that  govern  every  rate-making  decision,  even  where  no 
theory  is  definitely  announced  by  the  judges.  The  courts 
themselves  are  still  floundering  because  of  the  same  lack 
of  perception.  Accordingly  it  seems  wise  to  publish  ag;ain 
the  entire  article  as  it  appeared  in  Engineering  and  Con- 
tracting, Dec.  11,  1912,  but  with  the  following  addenda. 

Prior  to  the  war,  although  prices  and  wages  had  been 
rising,  there  had  not  been  a  rise  sufficiently  spectacular  to 
make  it  clear  that  an  investor  in  public  utility  property 
might  suffer  a  great  loss  were  his  interest  calculated  on  the 
money  invested.  In  justice,  a  true  agent  should  not  be  com- 
pelled to  accept  any  loss  not  due  to  his  own  acts.  But  if, 
following  his  investment,  the  general  level  of  prices  and 
wages  rises,  say.  100  per  cent,  it  is  obvious  that  an  investor 
in  public  utility  property  will  virtually  suffer  a  loss  of  50  per 
cent  of  his  investment  if  he  receives  only  a  "fair  return 
rate"  (say,  6  to  8  per  cent)  on  his  original  investment:  for 
the  purchasing  power  of  his  interest  money  will  be  just 
half  what  it  was  at  the  time  of  making  his  investment. 

If  it  is  contended  that  all  investors  run  similar  risks  from 
depreciated  currency,  it  should  be  remembered  that,  on  the 
contrary,  other  classes  of  investors  are  not  restricted  to  a 
limited  "fair  return  rate."  Farmers,  for  example,  raise  the 
price  of  their  products  and  correspondingly  increase  the 
value  of  their  farms  when  the  currency  becomes  inflated. 
Owners  of  buildings  and  plants  of  all  kinds  do  the  same,  until 
ultimately  they  secure  returns  that  yield  them  normal  profit 
rate  on  the  cost  of  reproduction  of  their  property  new — not 
on  Its  actual  cost, 

I    believe,   therefore,   that   justice   demands,   and    economic 
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forces  will  ultimately  secure,  for  investors  in  railways  and 
public  utilities  at  least  a  "fair  return"  on  their  original  in- 
vestment multiplied  by  a  price-change  factor.  This  price 
change  factor  will  be  the  ratio  between  the  average  "price 
index"  as  of  the  time  the  investment  was  made  and  the 
"price  index"  as  of  the  time  of  the  fixing  of  rates.  This  re- 
sult would  be  approximated  in  most  cases,  but  by  not  al- 
ways using  present  construction  prices  and  wages  as  ap- 
plied to  work  done   under  the  original  conditions. 

With  the  foregoing  evolution  of  the  agency  conception  in 
mind,  the  following  statements  (first  printed  in  1912)  still 
express  my  opinions  on  railway  and  public  utility  "valua- 
tions"  for   rate   making   purposes: 

TWO     CONFLICTING      THEORIES      OF      VALUATION      OF 
PUBLIC    SERVICE    COMPANIES. 

Much  of  the  diversity  of  opinion  as  to  the  "value"  of  pub- 
lic utility  property  is  explained  when  it  is  recognized  that 
there  are  usually  two  diametrically  opposed  theories  under- 
lying the  appraisals  made  by  those  who  differ.  Even  skilled 
appraisers  are  themselves  frequently  unaware  of  the  fact  that 
there  are  two  theories,  as  as  evidenced  by  the  frequency  with 
which  they  mingle  the  two  theories  in  one  appraisal. 

A  science  cannot  reach  a  high  state  of  development  until 
theories  are  evolved.  Hence  the  science  of  valuation  must 
needs  remain  rather  embryonic  until  correct  theories  are 
available  for  application  to  appraisal  problems. 

No  one  who  has  given  much  thought  to  appraisals  can  fail 
to  have  reached  the  conclusion  that  the  object  of  the  ap- 
praisal must  be  known  before  the  problem  can  be  correctly 
solved.  If  the  object  is  rate  regulation,  we  have  still  to  con- 
sider the  fundamental  theories  of  rate  regulation  before  we 
can  safely  attack  all  the  appraisal  problems.  There  can  be 
only  three  theories  of  rate  regulation,  which  the  writer  pre- 
fers to  designate  by  the  following  terms: 

(1)  Competitive  Theory. 

(2)  The  Agency  Theory. 

(3)  The  Combined  Agency  and  Competitive  Theory. 
The  Competitive  Theory. — Under  this   theory   the   rates   of 

a  public  service  company  are  assumed  to  be  regulated  by  the 
law  of  supply  and  demand  acting  under  competitive  con'di- 
tions.  This  does  not  imply  that  there  shall  be  actual  com- 
petition. The  competition  may  simply  be  potential,  as  when 
a  shipper  of  freight  by  rail  may  be  free  to  ship  by  water,  or 
as  when  a  user  of  electricity  for  light  may  be  free  to  use 
gas  or  kerosene.  Competition  is  still  potential,  and  often 
of  enormous  force,  even  where  there  is  no  substitute  for  a 
given  service  in  a  given  locality,  for  the  user  may  move  to 
another  locality  where  lower  rates  prevail.  There  is  also 
the  potential  competition  of  other  companies  who  may  come 
into  an  existing  field  where  rates  are  high.  Finally  there 
is  often  severe  competition  for  the  markets  of  the  country, 
as  when  the  lumber  of  Oregon  and  Washington  competes 
with  the  pine  of  the  South,  thus  affecting  freight  rates  of 
railways  serving  those  districts. 

In  the  competition  of  different  things  and  of  different  mar- 
kets— potential  as  well  as  actual — we  have  had  a  powerful 
and  automatic  regulator  of  rates.  The  potency  of  such  com- 
petition has  been  far  greater  than  is  commonly  believed. 
But  this  is  not  a  subject  pertinent  to  the  present  discussion. 
It  suffices  to  call  attention  to  the  fact  that  the  competitive 
theory  of  rate  regulation  has  been,  until  very  recent  years,'  the 
predominating  theory  in  America  And  its  past  influence 
upon  our  minds  has  been  so  great  that  only  by  an  effort  can 
we  free  ourselves  from  its  coerciveness  when  we  approach 
problems  of  rate-making  based  upon  a  theory  that  is  wholly 
different. 

The  Agency  Theory. — According  to  this  theory  of  rate  reg- 
ulation, every  public  service  company  Is  an  agent  of  the  pub- 
lic, delegated  to  perform  certain  services  and  to  collect  pay- 
ment therefor.     Webster  defines  an  agent  thus: 

"One  who  acts  for,  or  in  the  place  of,  another,  by  author- 
ity from  him;  one  intrusted  with  the  business  of  another." 

Because  a  public  service  company  is  regarded  as  an  agent, 
it  4;iiay  exercise  the  power  of  eminent  domain,  it  may  be  re- 
quired to  make  a  periodic  accounting  of  its  stewardship,  it 
may  be  required  to  limit  its  rates  of  charge  for  service,  it 
may  be  protected  against  competition,  it  may  be  required  to 
act  in  harmony  with  other  public  agents.  It  is  always  sub- 
ject to  control  and  to  protection. 

The  Combined  Agency  and  Competitive  Theory. — According 
to  this  theory,  an  attempt  is  made  to  regulate  rates  in  part 
by  competition  and   in  part  by  direct  control.     This -is   the 


present  theory— a  mongrel  growth  that  marks  the  evolution 
from  the  comiietitive  theory  to  the  agency  theory. 

Valuations  Based  on  the  Different  Theories  of  Rate  Regu- 
lation.— Kvery  appraiser  must  adopt  one  of  the  throe  the- 
ories of  rate  regulation,  whether  he  does  so  consciously  or 
unconsciously.  If  he  adopts  the  competitive  theory  of  rate 
regulation,  then  a  public  service  property  is  worth  only 
what  it  will  earn.  In  brief,  its  total  value  is  its  capitalized 
present  net  earnings  plus  or  minus  the  present 
worth  of  any  increment  or  loss  in  future  annual  net 
earnings.  This  is  commonly  called  the  "commercial  value" 
of  a  property;  and  there  are  those  who  stoutly  contend 
there  is  no  other  value.  If  we  grant  their  tacit  premise  that 
competition  is  the  only  rate  regulation,  we  must  grant  their 
conclusion  that  a  property  is  worth  what  it  will  earn.  But 
the  moment  we  deny  their  premise,  their  conclusion  is  de- 
stoyed. 

If  the  appraiser  adopts  the  "agency  theory,"  the  value 
that  he  seeks  is  the  investment  value,  or  more  briefly,  the 
investment  or  actual  cost.  An  agent  is  certainly  entitled  to 
be  recouped  for  all  investments  made  in  behalf  of  his  prin- 
cipal. And  it  is  equally  certain  that  he  is  not  entitled  to 
receive  payment  for  "values"  not  represented  by  actual  out- 
lay of  capital  on  his  part.  Thus.  If  an  agent  buys  copper 
at  15  ct.  per  pound  and  if  it  subsequently  rises  to  20  ct.  the 
principal  and  not  the  agent  should  be  the  gainer  by  the  in- 
crement in  value. 

In  brief,  then,  the  "agency  theory"  commits  an  appraiser 
to  the  policy  of  ascertaining  the  actual  investment  made  by 
the  agent,  which  investment  is  the  "value"  for  rate-making 
purposes.  In  such  cases  an  appraiser  follows  what  may  be 
called  the  historical  method  of  estimating  the  cost  of  repro- 
duction of  the  property.  He  seeks  to  ascertain  exactly 
what  the  public  service  company  did  to  construct  the  given 
plant,  and  he  estimates  what  it  would  reasonably  have  ex- 
pended to  create  the  plant  and  to  develop  its  existing  busi- 
ness. He  checks  his  estimate  against  the  available  account- 
ing records,  or  vice  versa. 

The  appraiser  who  follows  the  agency  theory  is  concerned 
with  the  past.  His  criteria  are  weighted  average  prices  of 
preceding  years  and   the  accumulated  deficits  in  fair  return. 

On  the  other  hand,  the  appraiser  who  follows  the  competi- 
tive theory  is  concerned  only  with  the  present  and  the  fu- 
ture. His  criteria  of  value  are  present  prices  and  present 
net  earnings  modified  by  the  prospects  of  future  change. 

Having  briefly  stated  the  radical  difference  in  these  two 
theories,  let  us  tabulate  some  of  the  more  important  ap- 
praisal corollaries  that  flow  from  each  theory: 

Agency  Theory.  Competitive  Theory. 

I. .- I'lLce-meal  prices  allowed  for       1.    Only      wholesale      prices     al- 

piece-meal    construction.  lowed   for  extensive  work. 


Weighted  average  prices  of 
iiast   years   allowed. 

All  work  actually  done  liy  the 
company   is  appraised:   e.   g. : 

(a)  Clearing  rights  of  way  as 
they  existed  at  the  time  of 
construction. 

(b)  Taking  up  and  relaying 
pavement  in  streets  where  it 
was  actually  done. 

Ic)  No  allowance  for  in- 
creased value  of  a  "seasoned 
roadbed"  where  nature  has 
effected  the  solidification, 
(d)  Pioneer  surveys  and 
other  expenses  necessarily  in- 
curred in  pioneer  days  al- 
lowed. 

Development  cost  calculated 
by  ascertaining  the  actual 
residual  dedcits  in  fair  re- 
turn. 

No  allowance  for  in<.'rement 
in  values  for  land  purchased 
for  rights  of  way. 
No  allowance  for  invest- 
ments in  property  now  in  use, 
or  for  losses  in  economic 
value. 


Present  prices,  or  those  that 
may  be  expectefi  in  the  im- 
mediate future,  are  used. 

Only  that  work  that  would 
need  to  be  done  today  to  pro- 
duce an  equivalent  plant  is 
appraised,  e.  g. : 

(a)  Clearing  rights  of  way 
.as  they  exist  now. 

(b)  Taking  up  and  relayijig 
pavements  necessary  to  dup- 
licate the  plant   today. 

(c)  Allowance  for  "seajjon- 
ing"  regardless  of  its  cause 
or  actual  cost. 

(d)  No  allowance  for  pioneer 
costs  now  that  pioneer  con- 
ditions no  longer  exist. 

Franchise  value  calculated 
by  capitalizing  the  annual 
iret  profits  that  may  reason- 
ably be  expected. 
.\llowance  for  all  increments 
in  land  values. 

No  allowance  for  invest- 
ments in  property  not  now 
in  use.  nor  for  losses  in 
economic   value. 


We  might  enumerate  many  other  appraisal  divergencies 
that  occur  in  consequence  of  the  two  divergent  theories  of 
rate  regulation,  but  the  foregoing  will  suffice  to  make  clear 
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not  only  the  fundamental  difference  of  the  two  theories  but 
also  the  rarity  with  which  either  theory  is  completely  fol- 
lowed by  appraisers,  by  commissions  or  by  courts. 

The  writer  maintains  that,  before  we  can  ever  emerge 
from  the  present  jungle  of  contradictions  in  public  utility 
appraisals,  we  must  not  only  recognize  the  existence  of  these 
two  theories,  but  we  must  decide  exactly  to  what  extent  the 
one  or  the  other  theory  shall  be  adopted.  Possibly  for  the 
present  we  must  continue  to  use  a  combination  of  the  two 
theories,  in  order  to  tide  over  the  present  transitional  period 
of  rate  regulation;  but  ultimately  we  must  adopt  the  agency 
theory  in  its  entirety,  for  we  cannot  continue  to  subject  pub- 
he  service  companies  to  strict  control  without  giving  them 
perfect  protection  from  competition  of  all  sorts.  The  rise  or 
fall  of  prices  paid  for  materials  or  labor  is  itself  the  effect 
of  competition  of  one  sort  or  another,  and  such  a  change' 
in  prices  is  beyond  the  control  of  the  agents  of  the  public — 
i.  e.,  the  public  service  companies.  How  preposterous,  under 
the  "agency  theory,"  it  is  to  appraise  a  public  utility  during 
an  era  of  low  prices,  such  as  we  have  just  experienced,  and 
to  apply  those  low  prices  to  materials  that  were  actually 
purchased  during  normal  years. 

Yet  tills  result  is  precisely  what  is  prescribed  by  the  pub- 
lic service  laws  of  certain  states  and  even  by  a  decision  of 
the  supreme  court.  Equally  preposterous,  under  the  "agency 
theory,"  is  to  apply  wholesale  prices  to  a  plant  that  was 
necessarily  built  piecemeal.  Nor  is  it  one  whit  less  objec- 
tionable to  go  to  the  other  extreme  and  pay  a  public  service 
company  for  the  taking  up  and  laying  of  a  pavement  that 
did  not  exist  when  the  company  built  its  plant.  All  these 
are  preposterous  appraisal  acts,  if  the  "agency  theory"  is 
adopted  as  sound. 

Subconsiously  certain  appraisers  and  certain  important 
commissions  have  been  working  toward  the  "agency  theory" 
of  appraisals,  for  if  we  study  their  findings  we  see  that  the 
findings  correspond  with  nearly  all  the  conditions  above 
tabulated  under  the  Agency  Theory.  In  fact  the  Wisconsin 
Railroad  Commission  may  be  fairly  said  to  have  come  to 
almost  complete  adoption  of  the  "agency  theory"  of  appraisal. 
It  did  not  reach  this  position  at  one  stroke,  nor  has  it  ap- 
parently realized  fully  whither  its  decisions  were  trending. 
In  the  early  appraisals  of  the  steam  railways  of  Wisconsin 
we  find,  for  example,  no  development  costs  or  "going  value" 
allowed.  The  "agency  theory"  had  not  carried  the  commis- 
sion that  far  at  that  time.  The  writer  mentions  this  fact  in 
no  spirit  of  criticism,  for  in  his  appraisal  of  the  railways  of 
the  state  of  Washington  the  writer  was  by  no  means  consist- 
ent with  the  agency  theory,  although  the  writer  was  care- 
ful to  secure  and  present  to  the  Railroad  Commission  the 
actual  costs  of  construction  and  equipment,  so  that  in  trfis 
way,  the  Commission  really  had  before  them  an  apprai'sal 
based  on  the  agency  theory,  as  well  as  the  cost  of  reproduc- 
tion. 

It  would  seem  that  some  appraisers  have  fancied  that  a 
value  for  rats-making  is  a  sort  of  composite  picture  of  "act- 
ual cost,"  "cost  of  reproduction,"  "present  value"  and  "mar- 
ket value  of  stocks  and  bonds."  The  writer  is  at  a  loss  to 
find  any  logical  relation  between  these  four  things.  They 
certainly  are  not  factors  whose  combination  can  be  made 
to  yield  a  correct  answer  to  the  appraisal  problem.  The 
"actual  cost"  is,  in  fact,  an  appraised  value  arrived  at  ac- 
cording to  the  "agency  theory";  whereas  the  "market  value 
of  stocks  and  bonds"  is  an  appraised  value  arrived  at  ac- 
cording to  the  "competitive  theory."  Hence  we  have  two 
distinctly  antagonistic  "values,"  and  not  two  that  may  be 
blended  to  produce  a  value  for  rate-making  purposes. 

There  Can  Be  but  One  Value  for  Rate-Making  Purposes 
and  It  Must  Be  Based  Upon  Some  Well  Defined  Theory. — This 
is  the  conclusion  toward  which  the  science  of  rate  regulation 
has  been  slowly  trending.  It  seems  to  the  writer  inevitable 
that  the  agency  theory  will  eventually  be  'adopted  in  its  en- 
tirety for  the  appraisal  of  public  service  property  created  in 
the  future.  In  other  words,  the  actual  cost  of  the  property, 
including  the  accumulated  deficits  in  fair  return,  will  be  the 
"rate-making  value."  Even  increments  in  land  value  will  be 
regarded  as  profits;  that  is,  as  part  of  the  fair  return.  This 
is  for  future  expenditures  when  public  service  company  ex- 
penditures will  be  carefully  scrutinized;  that  is,  when  the 
principal  (the  public)  will  carefully  watch  its  agent  (the 
public  service  company). 

But  what  of  the  past?  Upon  what  theory  shall  we  base 
our  appraisals  of  public  service  company  property  that  has 
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been  built  during  an  era  of  competition?  Shall  we  apply 
the  newly  adopted  "agency  theory"  to  property  that  was 
built  and  operated  upon  a  "competitive  theory"  basis?  These 
are  difficult  questions  to  answer,  quite  as  difficult,  in  their 
way,  as  was  the  slavery  question.  When  a  newly  evolved 
code  of  morals  made  it  reprehensible  to  own  slaves,  there 
were  many  who  advocated  freeing  the  slaves  without  giv- 
ing compensation  to  their  owners.  It  would  have  been  more 
just  had  the  general  public  been  taxed  to  purchase  freedom 
for  the  slaves,  and  it  would  also  have  been  more  economic 
than  the  war  that  made  them  free.  Similarly,  if  it  now  seems 
unfair  to  have  permitted  public  service  companies  to  have 
capitalized  their  profits,  we  should  realize  that  this  is  a  new 
point  of  view — so  new  that  we  will  see  no  injustice  in  per- 
mitting private  companies  to  do  the  very  same  thing  ad 
libitum.  May  it  not.  therefore,  be  both  just  and,  in  the  end, 
a  matter  of  public  economy  to  appraise  the  franchise  values 
of  existing  public  service  companies  by  capitalizing  their  net 
profits?  The  early  decisions  of  courts  all  leaned  in  that  di- 
rection, and  a  very  recent  decision  of  an  important  public 
service  commission  is  distinctly  in  favor  of  capitalizing  riet 
earnings   to  ascertain  total  values  of  public  utilities. 

Certain  it  is  that  the  capitalized  net  earnings  of  one  class 
of  public  service  property  have  been  almost  universally  rec- 
ognized as  being  a  "fair  value,"  namely  the  capitalized  earn- 
ings from  land  and  land  entities  (like  water)  owned  by  pub- 
lic service  companies.  All  land  values  are  based  on  capi- 
talized land  rentals,  and  appraisers  are  a  unit  in  conceding 
that  public  service  companies  are  entitled  to  the  "unearned 
increment"  on  their  land.  Why,  then,  should  they  deny  the 
companies  the  right  to  possess  the  earned  increment  on  their 
business?  In  other  words,  why  should  land  rentals  be  cap- 
italized (which  is  essentially  what  is  cJone  in  appraising  land 
at  its  present  value)  while  other  profits  are  excluded  from 
capitalization?  The  only  logical  answer  to  this  question  is 
that  the  "competitive  theory"  still  holds  as  to  land,  whereas 
the  "agency  theory"  has  partly  displaced  the  "competitive 
theory"  as  to  the  other  property  of  public  service  companies. 
This  is  tantamount  to  the  adoption  of  a  mongrel  theory  that 
is  a  mixture  of  the  two  theories  and  for  which  there  is  really 
no  logical  defense  except  that  it  is  expedient  to  compromise. 

In  view  of  the  relative  novelty  of  the  "agency  theory,"  in- 
sofar at  least  as  its  actual  application  to  public  service  com- 
panies is  concerned,  is  it  not  more  logical  and  fairer  to  ap- 
ply the  "competitive  theory"  in  its  entirety  to  public  service 
company  property  that  has  been  created  prior  to  the  general 
adoption  of  the  "agency  theory"?  In  other  words,  should 
not  the  present  "commercial  value"  of  the  property  of  public 
service  companies,  including  all  capitalized  profits,  be  re- 
garded as  belonging  rightfully  to  the  owners  of  the  com- 
panies? In  brief,  should  not  the  "competitive  theory"  be  ap- 
plied in  appraisals  of  existing  public  utility  property? 

On  the  other  hand,  should  not  the  "agency  theory"  be  ap- 
plied in  its  entirety  to  all  future  relations  between  the  public 
and  the  public  service  companies?  An  appraiser  of  public 
utility  property  hereafter  created  would  then  seek  merely 
the  actual  investment  in  the  plant  plus  deficits  in  fair  return 
— the  development  cost. 

Such  a  procedure  would  involve  no  incongrous  mingling  of 
two  theories  of  valuation,  and.  in  the  writer's  opinion,  it 
would  be  the  just  thing  to  do. 

Those  who  have  written  and  talked  on  the  subject  of  ap- 
praisals have  often  started  their  discourse  with  a  definition 
of  the  term  "value."  But  they  seem  rarely  to  have  perceived 
that  the  definition  of  "value"  rests  upon  one  of  two  theories, 
which  theories  should  themselves  be  defined.  "Market  value" 
rests  on  one  theory;  "investment  value"  rests  on  another 
theory.  The  first  is  predicated  upon  competitive  conditions, 
the  second  upon  agency  conditons.  It  has  seemed  to  the 
writer  that  these  two  theories  should  be  the  very  first  things 
to  consider  before  any  definitions  of  "value"  are  adopted, 
and  before  an  appraisal  for  rate-making  is  even  begun. 


French  Rebuilding  Railways. — Rapid  progress  has  been 
made  in  repair  and  reconstruction  of  railways  in  northern 
France,  destroyed  by  the  Germans  during  the  retreat  or  in 
the  course  of  war.  Of  the  20.000  miles  of  track  found  de- 
stroyed at  the  time  of  the  armistice  practically  all  had  been 
rebuilt  by  Nov.  1  and  service  re-established.  The  work  in- 
cluded the  rebuilding  of  1.180  bridges  and  the  reconstruction 
in  whole  or  in  part  of  more  than  350  railroad  stations. 
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Time   Tests    in   Relaying    1 05-lb. 

Rail 

In  connection  with  the  relaying  of  104  pieces  of  105-lb., 
33-ft.  new  rail  in  the  yards  of  the  Michigan  Central  R.  R.  at 
Jackson,  Mich.,  on  March  2,  1917,  several  tests  were  made 
of  different  operations  to  determine  the  average  amount  of 
time  used  and  lost  during  a  day's  work  on  this  kind  of  con- 
struction. On  the  day  this  work  was  done  the  weather  was 
clear  and  cold  with  a  temperature  of  +  12°  F. 
The  force  engaged  was  as  follows: 

Total 
daily  cost. 

1  foreman    drillinir    at    $87.511 $3.40» 

1  assistant   foreman   at   $75 2.90* 

1  timekeeper  at  $75 '. 2.90*' 

2  cooks   at   $2 4.00 

40  laborers  at  $2 80.00 

1  water   boy   at   $2 2.00 

2  men    drilling   at    $2.50 5.00 

1  man  wiring-  at  $2.25 2.25 

Total  daily  cost $102.45 

*On  the  basis  of  26  working  days  per  month.  It  should  be 
borne  in  mind,  however,  that  the  men  on  a  monthly  scale  receive 
pay  regardless  of  whether  or  not  the  rest  of  the  gang  is  working. 

The  men  drilling  ana  wiring  were  engaged  in  bonding. 
With  the  exception  of  this  bonding  crew  and  the  timekeeper, 
the  entire  labor  force  were  Turks. 

The  material  used  in  the  work  was  as  follows: 

104  pieces  of  105-lb.,  S.'J-ft.  new  rail. 

10:1  pieces  of  105-lb..   3S-in.  angle   splices. 

4  kegs  of   track  spikes. 

624  bolts  with    nuts. 

212  pieces  of  52-in.   copper  plated  bonding  wires. 

424  pieces   copper  plated   bonding   lugs.  • 

1  pair  105-lb.    continuous   insulated  joint. 

2.5S0  wooden  tie  plugs. 

The  labor  force  left  the  bunk  houses  at  6  a.  m.,  on  hand 
cars  for  Jackson  Yards.  3  miles  distant.  They  arrived  at  the 
yards  at  6:20  a.  m.  Unloading  hand  cars  and  preparing  for 
work  took  from  6:20  a.  m.  to  7:00  a.  m.  From  the  latter 
hour  to  12:30  they  were  engaged  in  laying  rail.  The  din- 
ner hour  was  from  12:30  to  1:30  and  from  1:30  to  5:00  the 
gang  worked  relaying  rail.  They  left  the  yards  for  the  buiik 
houses  at  5  p.  m.,  arriving  there  at  6  p.  m.  The  above  time 
includes  delays  from  various  causes  but  does  not  include 
the  time  taken  for  cutting  bolts  and  taking  apart  old  rail. 

Waiting  for  material  to  be  distributed  along  the  track  and 
for  a  train  to  pass  so  track  could  be  broken  made  22  laborers 
idle  from  7  a.  m.  to  7:30  a.  m..  and  36  laborers  from  7:30  a. 
m.  to  7:50  a.  m.  Breaking  and  closing  track  for  continuous 
traffic  amounted  to  3  hours  for  the  various  trains.  While  this 
operation  does  not  make  the  men  idle,  it  delays  the  progress 
of  the  work.  The  men  are  kept  busy  spiking  and  fastening 
the  rail  which  had  not  been  completely  finished  as  the  work 
proceeded.  An  accident  to  one  of  the  men  caused  the  gang 
to  be  idle  for  10  minutes. 

The  time  tests  of  the  various  operations  gave  the  following 
results : 

Driving  Spikes. — It  took  one  man  15  minutes  to  drive  20 
spikes.  With  a  unit  of  one  spike  for  the  same  man  the  fol- 
lowing time  was  used  for  each  spike  drive:  1  minute;  45 
seconds;  30  seconds;  30  seconds;  25  seconds;  30  seconds;  15 
seconds;  30  seconds. 

Bonding. — One  man  drilling  four  holes  in  each  105-lb.  rail 
with  drilling  machine: 

Start  T^inish.  To  next  I'oint  at 

9:5000  9:54:15  9:54:50 

9-5n-05  10:00:45  10:01:25 

10:01-25  10:05:50  10:06-25 

10:06:30  10:10:50  10:11:30 

10:11:55  10:15:50 

With  one  man  wiring  and  two  men  bonding  wires  to  each 
joint  the  following  records  were  obtained: 

Time   from   start   to   finish.  Time   to   move   to  next  joint. 

1    min..    00    sec.  10  sec. 

1    min..    15    sec.  13  sec. 

1    min..    IS    sec.  15  sec. 

1    min..    20    sec.  10  sec. 

1    min..    50   sec.  20  sec. 

1    min..    20    sec.  ">  ^^ec. 

1    min.,    19    sec.  1-  sec. 

In  addition  to  this  15  minutes  were  used  to  bend  125  bond- 
ing wires  at  one  end  and  distribute  them  over  2,000  ft.  of 
track. 

Pulling  Spikes. — One  test  showed  that  18  laborers  pulled 
700  spikes,  in  a  distance  of  1.155  ft.,  in  30  minutes.  At  a 
unit  of  one  33-ft.  rail  length,  20  ties  to  the  rail,  spikes  pulled 
on  both  sides  of  one  rail  only,  it  took  7  laborers  12  minutes 


to  pull  the  40»spikes.  At  a  unit  of  one  man  for  20  spikes 
(one  side  of  33-ft.  rail)  the  two  records  varied  greatly  as  will 
be  seen  from  the  following  table: 

Time. 

1st    man .' 14  min. 

2nd    man 3  min. 

3rd    man 3  min..  30  sec. 

4th    man 6  min..  25  sec. 

5th    man 5  min..  «0  sec. 

6th    man 3  min.,  50  sec. 

Lifting  Old  Rail  and  Throwing  Off  Ties.— Four  laborers 
handled  254  ft.  in  14  minutes,  and  3  laborers  handled  990  ft. 
in  43  minutes.  These  entire  lengths  were  in  one  piece,  and 
on  one  side  of  the  tracks  the  rail  was  lifted  over  the  outside 
line  of  spikes,  as  these  were  left  in  to  set  and  line  new  rail. 

Plugging  Old  Spike  Holes  and  Adzing  Ties.— In  this  work 
7  laborers  covered  264  ft.  in  25  minutes;  and  9  laborers  cov- 
ered 990  ft.  in  50  minutes.  This  includes  sweeping  and  re- 
moving dirt  from  the  ties. 

Placing  New  Rail. — Ten  laborers  placed  30  lengths  of  105- 
lb.  3:3-ft.  new  rail  in  56  minutes,  despite  the  fact  they  were 
held  up  15  minutes  waiting  for  the  adzing  gang  to  clear  ties. 
Placinci  Splices. — In  this  work  two  bolts  were  first  fastened 
in  the  splice  after  the  rail  had  been  placed  for  passing  trains. 
The  remaining  bolts  were  fastened  later  during  spare  time 
of  men.  The  time  for  placing  two  bolts  and  spOce  was  as 
follows: 

Time  from  .start  to  finish.  Time  moving  to  next  joint. 

3  min.  30  sec. 

3  min..  30  sec.  30  sec. 

3  min.  1  nim. 

11  min.  for  insulated  joint.  1  min. 

We  are  indebted  to  A.  M.  Van  Auken,  Assistant  Engineer, 
Monon  Route,  for  the  above  data. 


Clay  in  Hydraulic   Fill  Acts  as  Lub- 
ricant   Upon   Dredge   Pipe 

Most  of  the  material  which  will  go  into  the  dam  embank- 
ment of  the  Miami  Conservancy  District  at  Germantown.  O., 
will  be  obtained  in  the  main  borrow-pit,  occupying  the  width 
of  the  valley  bottom  just  above  the  dam  site,  the  excavation 
being  done  by  a  large  dragline  excavator.  The  quantity  thus 
delivered  up  to  date  has  not  been  equal  to  the  full  capacity 
of  the  dredge  pump,  and  it  was  therefore  considered  advisa- 
ble to  supplement  the  work  of  the  excavator  by  sluicing  ma- 
terial down  from  the  adjacent  hillside  through  a  sluiceway, 
the  material  being  excavated  in  this  case  by  a  hydraulic  mon- 
itor. It  was  known  that  the  hillside  contained  more  clay 
than  the  valley  bottom,  which  would  provide  thus  an  addi- 
tional quantity  of  fine  material  for  the  earth  core  of  the 
dam.  Also,  at  times  when  the  dragline  stopped  work  for  any 
reason,  the  hillside  borrow  pit  would  be  still  feeding  mate- 
rial to  the  dredge  pump.  Some  interesting  results  w-ere 
obtained  from  this  plan,  which  are  outlined  as  follows  in  the 
October  Miami   Conservancy   Bulletin. 

It  was  found  that  the  large  percentage  of  clay  in  the  hill- 
side material,  as  compared  with  the  valley  bottom  borrow  pit, 
caused  it  to  act  upon  the  dredge  pipe  as  lubricant,  dimin- 
ishing the  pipe  friction  to  such  an  extent  that  in  spite  of 
the  additional  material  put  through  by  the  dredge  pump,  the 
total  head  remained  the  same.  There  was  no  increase  in 
the  gage  reading  on  either  the  pressure  or  the  vacuum  side. 
The  readings  are  taken  regularly  every  hour,  and  the  rec- 
ords covering  several  days,  both  preceding  and  following  the 
change,  seem  to  give  assurance  that  the  conditions  indicated 
are  stable.  The  material  from  the  valley  bottom  borrow  pit 
amounts  to  about  1.500  cu.  yd.  per  day  of  two  10-hour  shifts. 
The  hillside  borrow  pit  supplies  an  additional  500  cu.  yd. 
The  main  borrow  pit  material  comes  to  the  pump  during 
about  13  hours  out  of  the  20.  The  hillside  material  is  sup- 
plied almost  continuously  during  the  double  shift.  The  motor 
(alternating  electric),  while  pumping  the  latter  material,  is 
run  on  the  oil  switch  alone.  Also  the  pipe  was  being  length- 
ened for  several  days  following  the  change.  The  facts,  put 
together,  would  indicate  (since  the  unchanged  gage  readings 
show  no  increase  in  work  on  the  part  of  the  pump)  that  per- 
haps %  of  the  additional  500  cu.  yd.  per  day— or  about  25  per 
cent  of  the  total— is  being  put  into  the  dam.  as  far  as  the 
dredge  pump  is  concerned,  for  nothing.  Taking  all  expenses 
into  account  due  to  the  installation  and  operation  of  the  hill- 
side sluicing  plant,  it  is  estimated  that  the  hillside  material 
is  deposited  in  the  dam  at  a  cost  of  about  10  to  12  ct.  per 
cubic  yard. 
(119) 
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Passenger  Train  Resistance 

An  important  contribution  to  the  subject  of  train  resist- 
ance has  been  made  by  Bulletin  110  of  the  Engineering  Ex- 
periment Station  of  the  University  of  Illinois,  written  by 
Edward  C.  Schmidt  and  Harold  H.  Dunn,  professor  and  re- 
search associate,  respectively,  in  Railway  Engineering.  As 
is  well  known  by  railway  engineers,  nearly  all  the  experi- 
ments on  train  resistance  thus  far  have  been  on  freight 
trains  on  account,  very  naturally,  of  their  relatively  greater 
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importance.  But  with  the  increasing  speed,  length  and  weight 
of  passenger  trains  it  now  has  been  found  desirable  to  ex- 
periment with  this  class  of  traffic. 

The  experiments  were  made  on  the  Illinois  Central  R.  R. 
between  Champaign  and  Centralia.  In  1908  some  experiments 
were  begun  on  light  local  traffic  and  were  resumed  in  1916 
on  heavy  equipment  in  through  passenger  service. 

The  tests  were  undertaken  to  measure  the  resistance  of 
passenger  trains  at  all  speeds  up  to  70  miles  per  hour  and 
for  average  car  weights  varying  throughout  the  entire  cur- 
rent range  in  weight.  The  chief  characteristics  of  the  28 
trains  tested  were  as  follows: 

Mini-     Maxi- 
mum,    mum. 
Total  weight    (excluding  locomotive   and   tender)    ton.s     1S.S         727 

Number  of  cars  in  the  train 4  12 

Average  gross  weight  per  car.  tors 33.6       71.1 

Nine  of  these  trains  were  in  "local"  service,  the  others  in 
"through"  service.  Of  the  240  cars  composing  these  28  trains, 
178  had  6-wheel  trucks,  and  62  had  4-wheel  trucks. 

The  experiments  were  made  upon  well  constructed  and 
well  maintained  main  line  track,  nearly  all  of  which  is  laid 
with  either  S5-Ib.  or  90-lb.  rail.  Except  through  station 
grounds  where  screenings  or  cinders  are  used  for  ballast, 
the  track  is  ballasted  with  broken  stone. 

The  tests  were  made  in  fair  and  moderate  or  warm  weather 
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during  which  the  maximum  wind  velocity  encountered  at  any 
time  was,  with  one  exception,  25  miles  per  hour.  The  results 
are  probably  safely  applicable  to  passenger  trains  running 
under  like  conditions  of  track  and  weather.  They  should 
not,  however,  be  applied  without  modification  to  trains  run- 
ning   under    widely   different   conditions. 

The  net  weights  of  all  cars  were  obtained  from  the  records 


of  the  Illinois  Central  R.  R.  and  the  Pullman  Co.  To  deter- 
mine the  car  loads  passengers  were  counted  and  allowed 
for  at  140  lb.  each;  the  weights  of  baggage  and  mail  were 
estimated  by  personal  inspection  and  count  of  the  contents 
of  each  car;  the  weight  of  express  was  determined  by  ref- 
erence to  the  bills,  supplemented  by  inspection  and  estimate. 
The  error  entailed  by  these  methods  certainly  does  not  exceed 
15  per  cent  of  the  weight  of  the  load,  and  since  among  afl 
the  trains  the  maximum  load  amounted  to  only  6.6  per  cent 
of  the  gross  train  weight,  the  maximum  error  in  gross  train 
weight  itself  caused  by  inaccuracies  in  the  processes  de- 
scribed is  less  than  1  per  cent. 

The  dynamometer  car  used  in  these  experiments  is  one 
owned  jointly  by  the  University  of  Illinois  and  the  Illinois 
Central  R.  R.  The  recording  apparatus  within  the  cfcr  pro- 
duces continuous  graphical  records  of  the  gross  resistance 
of  the  train,  speed,  time,  brake  cylinder  pressure,  wind  di- 
rection, wind  velocity,  and  location  of  mile  posts  and  other 
reference  points. 

When  supplemented  by  an  accurate  profile  and  train  data, 
these  records  permit  the  calculation  of  train  resistance  at 
any  point  or  section  on  the  road. 

The  results  arrived  at  are  shown  in  various  tables  and 
diagrams,  the  most  important  of  the  latter  being  herewith 
reproduced. 


Swiss   Plan   of    Letting 
Contracts 


Public    Work 


In  Switzerland  the  average  of  the  bids  on  a  public  work 
contract  Is  the  determining  factor  in  selecting  the  successful 
bidder.  The  plan  is  described  by  Mr.  O.  P.  Cherdron.  presi- 
dent, Lynch-Cannon  Engineering  Co..  Salt  Lake  City,  Utah,  in 
a  recent  Members  News  Letter  of  the  Associated  General 
Contractors. 

Contractors  of  standing  and  proved  reliability  are  invited  to 
compete  for  public  work,  and  before  a  contractor  is  invited, 
he  has  to  have  an  established  reputation  for  fairness  in  his 
dealings  and  competency  in  his  profession.  No  bidders  will 
be  admitted  except  upon  invitation  by  the  public  board. 

After  such  a  public  board  has  received  the  bids,  it  will  not 
let  the  work  to  the  lowest  bidder  nor  to  the  hi'^hest  bMder, 
but  it  will  let  it  to  the  bidder  who  is  closest  to  the  average 
bid  received.  For  instance,  on  a  project  involving  the  ex- 
penditure of  $200,000  there  are  received  by  the  public  board  in 
Switzerland  five  bids,  ranging  as  follows: 


D 

K 


$    i96,orin 

2:S'.ooi) 

212.500 

197,36S 

217,950 

Total   sum   of  all   bids $1,041,818 

Average  bid    208,363 

In  this  case  bidder  "C"  would  get  the  business.  If  a  con- 
tractor should  try  to  throw  the  average  bid  up  or  down  by 
juggling,  his  bid  would  be  rejected  and,  if  he  cannot  prove 
that  he  made  an  honest  mistake  he  would  forfeit  his  right  to 
bid  on  future  public  work  for  a  certain  period  of  time.  For 
instance,  should  bidder  "A"  bid  $120,000  instead  of  $196,000 
and  should  bidder  "B"  bid  $310,000  instead  of  $218,000  those 
two  bids  W'OuId  be  rejected  by  the  board,  and  those  two  bid- 
ders would  n.-)t  be  allowed  to  bid  for  a  certain  length  of  time 
on  any  work.  Their  bids  would  not  be  considered  in  the  gen- 
eral average  on  this  particular  set  of  bids. 


Cinder  Filling  Prevents  Settlement  of  Embankment. — In 
constructing  double  track  between  Union  City  and  Ansonia, 
O.,  for  the  Big  Four-  R.  R.,  considerable  difficulty  was  en- 
countered with  sink  holes.  At  several  places  the  bottoms 
of  depressions  traversed  by  the  railroad  were  underlaid 
with  a  stratum  of  peaty  loam.  In  these  locations  this  was  so 
thick  that  the  newly  laid  embankments  squeezed  it  out  at 
each  side,  resulting  in  settlements.  This  difficulty  was 
finally  overcome  by  discontinuing  the  use  of  a  heavy  clay 
filling  in  favor  of  cinders,  which,  being  much  lighter  and 
not  being  subject  to  the  flowing  which  took  place  in  the  clay, 
did  not  disturb  the  equilibrium  of  the  subsurface  materials 
to  any  great  extent. 

Aeroplanes  and  Works  for  Chinese  Government. — The  Vick- 
ers  Co..  London.  England,  has  contracted  to  supply  aero- 
planes, hangars,  and  aeroplane  works  to  the  Chinese  Gov- 
ernment, for  which  they  are  floating  a  £9,000,000  ($43,798,500) 
loan  at  S  per  cent. 
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Measurement   of    Pressures   in 

Core  of  Hydraulic 

Fill  Dam 

Kxperience  has  shown  that  the  feature  most  needing  to  bt 
watched  in  a  hydraulic  fill  dam  is  the  core,  deposited  by 
the  water  of  the  pool  along  the  middle  of  the  structure.  Be- 
ing somewhat  plastic  in  the  earlier  stages  of  consolidation, 
it  might,  unless  precautions  were  taken,  give  trouble  through 
its  tendency  to  thrust  the  dam  shoulder  aside  and 
flatten  out.  This  tendency  is  increased  if  the  core 
is  built  very  thick  and  the  shoulders  proportionately 
thin.  The  period  requiring  most  watchfulness  is  naturally 
during  and  immediately  following  construction,  when  the 
core  is  most  plastic,  after  deposition  from  the  water  of  the 
pool.     What  needs  to  be  known  is  the  intensity  of  the  earth 


steam  |)ressure  in  a  boiler  registers  on  a  steam  gage,  except 
that  the  connecting  pipe  in  the  first  case  is  longer.  The 
pressure  cell,  buried  in  the  dam,  is  virtually  a  diaphragm- 
balance,  equilibrium  of  wliich  is  Indicated  by  the  breaking 
of  an  electrical  contact  carried  by  the  center  of  the 
diaphragm,  adjusted  to  happen  just  when  the  air  pressure 
from  the  pump  equals  the  earth  pressure.  An  electric  indica- 
tor at  the  too  of  the  dam,  connected  with  the  contact  point 
through  the  pipe  wires,  shows  when  the  balance  has  been 
established.  The  air  gage  is  read  at  this  instant.  By  in- 
creasing the  length  of  the  pipes,  as  the  dam  is  built  up.  such 
a  cell  may  be  made  to  give  the  pressures  at  any  depth  de- 
sired. 

To  make  such  a  study  complete,  the  pressures  at  all 
depths  in  the  core  need  to  be  known.  To  secure  these,  cells 
are  buried  at  regular  intervals  as  the  dam  rises,  and  readings 
taken  on  all  the  cells.    Thus  a  complete  record  will  be  made. 


X 


Hydraulic   Fill    Dam    in   the    Making.     Pool   at   Germantown    Dam,    Showing   Pressure   Cell  Towers. 

The  view  is  southward,  across  the  damsite,  nearly  along  the  center  line  The  cleared  hillslope  in  the  distance  is  the  south  end 
of  the  damsite.  The  pool  next  it  occupies  the  former  bed  of  Twin  Creek,  now  diverted  through  conduits  (which  were  too  near  the 
camera  to  be  included  in  the  picture).  The  dike  between  the  two  pools  occupies  the  former  north  bank  of  the  creek.  It  was  thrown 
up  to  retain  the  waters  of  the  nearer  pool  while  the  bed  of  the  creek  was  being  cleaned  of  objectionable  materials  not  desired  to 
incorporate  in  the  dain.  The  wooden  towers  are  built  to  carry  the  "pressure  cells"  used  to  measure  the  earth  pressure  in  the  core  of 
the  dam.  This  core  is  of  fine  consolidated  silt  and  clay,  pumped  with  the  water  and  the  rest  of  the  earth  from  the  "borrow  pitp" 
into  the  pool.  The  gravel  and  coarse  materials  are  deposited  on  the  sloping  beaches  (at  the  sides  In  the  foreground).  The  silt  and 
clay  run  into   the  pool  with  the   water  and  settle   slowly  to  the  bottom. 


pressure  in  the  core  interior,  which  measures  in  turn  the 
side  thrust,  the  tendency  to  flatten.  Few  measurements  of 
this  pressure  have  hitherto  been  made,  and  consequently 
the  tests  now  being  conducted  on  the  dams  of  the  Miami  Con- 
servancy District,  will  be  watched  with  much  interest.  The 
methods  employed  by  the  District  in  making  these  measure- 
ments are  described  in  the  October  Miami  Conservancy  Bul- 
letin, to  which  we  are  indebted  for  the  matter  in  our  article. 
The  central  feature  of  the  measuring  apparatus  is  the 
"pressure  cell,"  buried  in  the  earth  of  the  core  at  the  point 
where  the  determination  of  pressure  is  desired.  The  indi- 
cating devices  are  at  the  top  of  the  dam.  over  the  cell,  and 
connected  with  it  by  small  gas  pipes  which  transmit  the  pres- 
sure, and  by  electric  wires  inside  the  pipes.  The  cell  is  a 
flat,  hollow  disc,  one  side  of  which  is  formed  by  a  metallic 
diaphragm  which  receives  the  earth  pressure.  This  pressure 
is  balanced  by  air  pressure  pumped  into  the  cell  in- 
terior by  a  pump  at  the  top  through  the  pipes,  the  air 
pressure  being  measured  by  an  ordinarv  gage.  The  earth 
pressure   thus  registers  as   directly  on  the  air  gage  as   the 


giving  the  conditions  as  to  pressure  at  all  depths  in  the  dam, 
and  covering  the  entire  period  of  construction,  and  also  fol- 
lowing construction.  With  this  information  at  hand,  as  the 
work  progresses,  any  corrections  in  the  design  or  the  con- 
struction methods  can  be  made  which  may  be  advisable. 

At  the  Germantown  dam.  the  cells  are  suspended  from 
wooden  towers  which  are  built  up  as  the  dam  rises  in  height. 

Three  of  these  towers  are  shown  in  the  illustration,  their 
relation  to  the  center  line  of  the  dam  being  indicated  by  the 
center  line  trench  in  the  hillslope  beyond  them.  Three  sets 
of  cells  are  being  used  here  to  investigate  the  relation  of  pres- 
sures at  the  center  and  near  the  edges  of  the  core.  Similar 
cells  will  he  placed  in  the  core  at  all  the  other  dams. 


Canvas  Tube  Facilitates  Water  Distribution  in  Sluicing 
Operations. — A  more  flexible  distribution  of  sluicing  water 
in  hydraulic  fill  operations  in  connection  with  the  Miami 
River  flood  protection  works  is  obtained  by  attaching  a  can- 
vas nozzle  tube  to  be  fixed  pipe  line. 
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Safety  Factors  in  the  Use  of  Ex- 
plosives in  Quarrying 

Due  to  a  better  knowledge  of  the  characteristics  of  explosives, 
and  a  more  complete  understanding  of  the  proper  methods 
for  their  handling,  the  number  of  accidents  arising  from 
their  use  is  constantly  decreasing.  Accidents  do  not  "just 
happen";  behind  every  accident  there  must  be  a  chain  of 
circumstances  which  lead,  step  by  step,  up  to  the  final  re- 
sult, and  the  more  complete  our  information  is  in  regard  to 
the  influences  of  all  the  factors  entering  into  any  given  opera- 
tion or  procedure,  the  simpler  it  will  be  finally  to  bring  that 
operation  or  procedure  to  a  basis  in  which  the  chance  of  ac- 
cidents will  be  reduced  to  a  minimum.  An  interesting  dis- 
cussion of  these  factors  was  given  by  Dr.  Walter  O.  Snelling, 
Director  of  Research,  Trojan  Powder  Co..  in  a  paper  pre- 
sented last  month  at  the  8th  annual  Safety  Congress  of  the 
National  Safety  Council.     An  abstract  of  the  paper  follows. 

Precautions  in  Unloading  Explosives  from  Cars. — The  first 
point  at  which  the  quarry  superintendent  is  likely  to  be  con- 
cerned with  the  handling  of  high  explosives,  is  in  unloading 
the  car  which  brings  the  material  from  the  manufacturer's 
plant  or  magazine.  The  manner  in  which  the  cases  are 
packed  in  the  car  is  prescribed  by  the  rules  of  the  Interstate 
Commerce  Commission,  the  method  having  been  carefully 
worked  out  with  the  thought  in  mind  of  reducing  transporta- 
tion risks  to  a  minimum,  and  insuring  the  consignment  of 
explosives  reaching  its  destination  in  good  condition. 

It  is  quite  imcommon  to  have  a  car  of  explosives  arrive  in 
damaged  condition,  but  where  the  contents  are  found  to  be 
damaged,  and  cases  are  broken  or  otherwise  in  improper 
condition  the  matter  should  be  reported  to  the  transporta- 
tion company,  and  the  condition  of  the  damaged  cases  should 
be  carefully  determined.  If  there  is  evidence  that  the  roof  of 
a  car  has  leaked  it  is  always  advisable  to  examine  the  con- 
dition of  the  cases  of  explosives  under  the  leak  quite  care- 
fully. Nitrostarch  explosives  when  very  wet  become  insensi- 
tive and  difficult  to  explode,  while  nitroglycerin  explosives 
under  the  same  conditions  tend  to  "leak"  nitroglycerin,  and 
this  free  nitroglycerin  is  of  course  far  more  dangerous  than 
is  the  nitroglycerin  in  absorbed  condition  in  the  original 
explosive.  Cases  of  explosives  which  show  exudation  of 
nitroglycerin  s'hould  be  handled  with  the  most  extreme  care, 
and  every  precaution  should  be  used  to  avoid  any  friction, 
or  any  jam  or  blow  that  might  be  sufficient  to  cause  an' initial 
explosion  which  would  undoubtedly  communicate  at  once  to 
the  entire  lot  of  explosives. 

In  unloading  a  car  of  explosives,  just  as  in  handling  the 
cases  of  explosives  in  all  subsequent  operations,  care  should 
be  taken  to  avoid  unnecessary  rough  handling.  It  is  true 
that  cases  are  on  record  where  boxes  of  dynamite  have  fallen 
in  quarries  for  a  vertical  distance  of  100  ft.  or  more  with- 
out explosion,  and  it  is  also  true  that  railroad  accidents  have 
occurred  in  which  cars  loaded  with  explosives  have  been  lit- 
erally torn  to  pieces  without  explosion  resulting.  It  is  just 
such  facts  as  these  that  make  it  so  difficult  for  the  average  user 
of  explosives  to  hold  a  proper  mental  conception  of  the  degree 
of  care  which  should  be  used  in  handling  explosives  and  to  draw 
a  clear  distinction  between  that  over  cautiousness  which  leads 
to  a  general  fear  of  explosives  on  the  one  hand,  and  such 
careless  handling  on  the  other  hand  as  amounts  to  true  fool- 
hardiness: 

A  case  of  high  explosives  need  not  be  handled  with  quite 
the  same  care  that  would  be  given  to  a  crate  of  eggs,  nor 
can  it  be  handled  with  quite  the  same  roughness  that  would 
be  used  with  a  block  of  stone.  Betw'een  the  two  extremes 
lies  that  safe  ground  which  leads  to  the  handling  of  a  case 
of  explosives  with  that  degree  of  care  w^hich  its  nature  war- 
rants, and  yet  with  the  absolute  assurance  that  when  handled 
in  this  careful  way  the  case  of  explosives  is  practically  as 
safe  to  handle  as  any  other  box  of  like  weight  would  be. 

It  Is  needless  to  say  that  the  throwing  of  cases  of  explo- 
sives from  a  car  to  a  man  on  the  ground  is  to  be  condemned, 
as  is  also  the  too  rapid  passing  of  cases  of  explosives  through 
a  chute.  I  have  often  seen  explosives  loaded  through  a 
chute  of  considerable  length,  and  once  during  the  unloading 
of  an  explosive  from  a  boat  I  saw  a  case  of  explosives  broken 
open  by  striking  another  case  of  explosives  which  had  be- 
come stuck  at  the  bottom  of  the  chute.  I  do  not  doubt  that 
this  sort  of  handling  could  be  repeated  many  times  without 
explosion,  but  nevertheless  I  feel  confident  that  the  operation 
involves  some  risk  and  is  therefore  to  be  condemned.     The 
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handling  of  the  cases,  a  few  at  a  time  by  means  of  a  smalt 
truck  is  decidedly  preferable  to  the  use  of  a  chute  unless  it 
is  quite  a  short  one,  and  the  passing  of  a  case  of  explosives 
from  one  man  to  another  is  a  great  deal  better  than  the 
throwing  of  'he  case,  with  the  possibility  of  the  man  fail- 
ing to  make  a  good  catch  and  dropping  the  case. 

Magazines  for  Storage  of  Explosives. — A  good  deal  might 
be  said  as  to  magazines  for  the  storage  of  explosives.  It  is 
most  desirable  that  a  magazine  should  be  water-tight  and 
well  ventilated,  and  in  addition  should  be  located  sufficiently 
far  from  surrounding  buildings  to  offer  proper  safety.  As 
t  the  actual  type  of  construction  for  a  magazine  opinions 
differ  widely.  The  Bureau  of  Mines  advocates  magazines 
made  of  cement-mortar,  and  Technical  Paper  18  gives  a 
rather  full  desci'iption  with  bill  of  materials  tor  a  magazine 
with  a  capacity  of  20,000  to  30,000  lb.  of  explosive.  At  the 
time  the  Technical  Paper  18  was  published  the  cost  of  a 
magazine  of  this  kind  was  $400.  but  the  price  would  of  course 
be  materially  higher  at  the  present  time.  The  walls  of  the 
Bureau  of  Mines  magazine  are  6  in.  thick,  and  the  root  and 
door,  both  of  which  are  also  of  cement-mortar,  are  3  in. 
thick. 

The  principal  advantages  of  cement  mortar  of  the  com- 
position suggested  by  the  Bureau  of  Mines  is  that  the  ma- 
terial is  substantially  bullet  proof,  and  yet  crumbles  so  read- 
ily under  a  blow  such  as  would  be  produced  by  an  explosion 
as  to  greatly  reduce  the  danger  from  large  flying  pieces  of 
material. 

Where  it  is  desirable  to  carry  a  large  stock  of  high  explo- 
sives at  a  quarry,  it  is  preferable  to  provide  a  main  maga- 
zine located  at  a  safe  distance  from  the  quarry,  and  an  aux- 
iliary magazine  close  to  the  quarry  for  the  day's  supply  of 
explosives.  The  magazine  for  high  explosives  should  always 
be  located  a  proper  distance  from  the  detonator  magazine  or 
storehouse,  and  it  is  very  important  always  to  bear  in  mind 
that  detonators  and  high  explosives  should  never  be  stored 
together.  In  spite  of  the  fact  that  the  storing  of  detonators 
with  high  explosives  has  been  most  strongly  condemned  by 
government  and  state  bureaus,  and  by  practically  all  inves- 
tigators who  have  studied  the  matter,  one  occasionally  sees 
ralher  clear  violations  of  this  simple  rule  of  safety. 

The  selection  of  a  magazine  site,  particularly  for  the  main 
magazine,  is  a  matter  to  which  some  thought  can  profitably 
be  given.  It  is  well  recognized  that  an  outcropping  rock 
ledge  forms  a  less  desirable  location  for  a  magazine  than  al- 
luvial earth  or  sand,  since  in  the  event  of  an  explosion  the 
earth  waves  are  transmitted  to  a  considerably  greater  ex- 
tent through  rock,  and  destructive  effects  are  thus  more  ex- 
tended than  when  a  magazine  is  on  a  compressible  and  less 
rigid  foundation. 

Thawing  Explosives. — Where  nitroglycerin  explosives  are 
being  used  during  cold  weather  it  is  necessary. to  provide  a 
thaw  house  in  order  to  insure  the  explosives  reaching  the 
work  in  proper  condition.  It  is  interesting  to  note  that  frozen 
explosives  appear  less  sensitive  to  a  detonator,  and  more 
sensitive  to  ordinary  shocks  or  blows  than  the  explosive  in 
its  normal  condition.  This  subject  has  been  under  investi- 
gation for  a  number  of  years,  and  a  large  amount  of  infor- 
mation as  to  the  cause  of  this  peculiar  phenomenon  has  been 
accumulated.  At  the  present  time  the  belief  seems  to  be 
that  although  frozen  nitroglycerin  is  relatively  much  less 
sensitive  than  liquid  nitroglycerin,  yet  frozen  explosives,  in 
part  because  of  their  rigid  condition  and  in  part  because  of 
the  presence  within  them  of  crystals  of  nitroglycerin,  are  in 
unfavorable  condition  to  resist  friction  and  forces  which  tend 
to  distort  the  form  of  the  cartridges. 

The  thawing  of  frozen  explosives  should  always  be  carried 
out  at  a  relatively  low  temperature,  and  any  effort  to  quicken 
the  thawing  action  is  to  be  c  mdemned.  When  only  small 
amounts  of  explosives  have  to  Ne  thawed,  a  double  jacketed 
vessel  may  be  used,  in  which  I'.ie  heating  agent  is  water  at 
a  temperature  of  about  50°  C.  (122°  F.)  The  temperature 
should  never  exceed  55°  C.  (130    F.) 

While  explosives  are  being  thawed  their  sensitiveness 
seems  to  be  increased  somewhat,  and  accordingly  both  dur- 
ing the  thawing  operation  and  while  the  explosive  is  still 
warm  after  thawing,  exceptional  care  in  handling  should  be 
exercised. 

Where  a  considerable  amount  of  explosive  has  to  be 
thawed,  it  is  best  to  make  provision  for  thawing  at  one  time 
the  entire  amount  of  explosive  used  in  a  day,  and  for  this 
purpose   a   special   thawing   house   is   npcessary.     The   thaw- 
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lug  house  should  be  located  at  a  safe  distance  from  all  quarry 
buildings,  and  should  be  provided  with  some  means  of  indi- 
rect heating.  Technical  Paper  18  of  the  Bureau  of  Mines 
describes  a  type  of  thaw  house  which  is  recommended  by 
the  Bureau;  and  in  which  exhaust  steam  or  hot  water  is  uti- 
lized as  a  means  of  supplying  heat,  the  heating  coils  beiny 
placed  in  a  small  shed  adjacent  to  the  thaw  house  proper. 

"Make-shift"  methods  of  thawing  have  led  to  frequent  ac- 
cidents, and  it  should  aways  be  borne  in  mind  that  the  thaw- 
ing of  frozen  explosives  is  an  operation  which  should  be  given 
careful  thought.  Where  the  electric  current  is  available  it 
has  been  the  custom  in  some  quarries  to  place  resistance 
coils  or  resistance  bars  in  a  magazine  for  the  purpose  of 
maintaining  a  temperature  above  that  at  which  the  explo- 
sives freeze,  but  accidents  have  been  directly  traced  to  this 
arrangement,  and  indirect  heating,  with  the  heating  element 
placed  in  an  auxiliary  fireproof  box  connected  with  the  thaw 
house  by  a  flue  or  by  some  other  like  means,  is  much  to  be 
preferred. 

In  thawing  explosives  the  use  of  a  high  temperature  for  a 
short  time  is  much  less  desirable  than  a  considerably  lower 
temperature  for  a  longer  period.  Although  temperatures  as 
high  as  50°  C.  (122°  F.)  are  sometimes  used  a  temperature 
of  40°  C.  (104°  F.)  is  much  to  be  preferred.  The  long-con- 
tinued exposure  of  explosives  in  a  thaw  house  should  be 
avoided,  and  the  Bureau  of  Mines  has  called  attention  to  the 
fact  that  some  explosives,  such  as  gelatin  dynamites,  have 
been  known  to  decompose  and  explode  after  only  a  few  days 
when  continuously  heated. 

Primary  and  Secondary  Blasting. — With  proper  explosives 
from  3%  to  4%  tons  of  rock  can  usually  be  obtained  per 
pound  of  explosive  used,  but  this  also  is  a  factor  which  is  de- 
pendent upon  many  conditions  in  the  quarry,  so  that  a  direct 
comparison  between  blasting  in  one  district  and  in  another 
district  is  often  impossible,  and  sometimes  leads  to  conclu- 
sions which  are  unfair  to  really  good  practice  in  a  district 
in  which  unfavorable  conditions  such  as  clay  parting  seams 
exist.  1  have  known  of  districts  in  which  the  "lay"  of  the 
rock  and  its  toughness  have  caused  2%  tons  per  pound  of 
powder  to  represent  really  excellent  blasting,  and  I  have  also 
seen  districts  in  which  4  tons  of  rock  per  pound  of  powder 
was  being  produced  by  blasting  methods  which  by  improve- 
ment could  easily  have  been  raised  to  at  least  4%  tons  per 
pound  of  powder  and  possibly  some  little  higher. 

It  should  he  remembered  that  the  cost  of  the  powder  in  the 
blast  is  far  from  being  the  sole  factor  to  be  considered  in 
blasting  costs.  Many  a  quarry  superintendent  has  found  to 
his  cost  that  a  primary  blast  in  which  too  little  powder  was 
used  may  lead  to  an  increase  in  the  cost  of  shovel  work  and 
of  secondary  blasting  entirely  out  of  line  with  the  small  dif 
ference  between  the  cost  of  the  powder  originally  used,  and 
that  which  would  have  been  required  for  a  well-balanced 
shot. 

It  is  the  cost  of  the  rock  at  the  crusher  which  the  quarry 
superintendent  should  regard  as  his  standard  of  comparison, 
rather  than  the  cost  per  ton  of  the  rock  immediately  after 
a  shot.  Frequently  it  will  be  found  that  adding  1  or  2  ct. 
per  ton  to  the  cost  of  the  primary  blasting  will  result  in  a 
reduction  of  3  to  4  cts.  in  the  cost  of  secondary  blasting  and 
steam  shovel  operation  and  the  wisest  economy  is  that  which 
looks  beyond  the  first  cost,  and  gives  careful  consideration  to 
the  ultimate  cost. 

Secondary  blasting  is  at  best  to  be  regarded  as  a  neces- 
sary evil.  Modern  practice  tends  to  reduce  secondary  blast- 
ing to  a  minimum  by  the  following  methods: 

a.  Improvements  in  primary  blasting,  for  the  purpose  of 
reducing  to  a  minimum  the  amount  of  rock  which  must  be 
block-holed  or  bulldozed. 

b.  Increase  in  the  size  of  shovels  and  cars,  and  increase  in 
the  opening  of  the  crusher  to  take  rock  in  larger  sized  pieces. 

These  two  methods  of  procedure  should  in  fact  go  hand  in 
hand,  and  as  manufacturers  are  today  building  crushing  ma- 
chinery of  greater  strength  and  with  increased  size  of  inlet, 
and  increased  skill  on  the  part  of  the  superintendents  and 
foremen  is  leading  to  constant  improvements  in  blasting 
methods,  we  can  confidently  look  forward  to  a  steady  im- 
provement in  regard  to  secondary  blasting  operations. 

Cordeau  and  Electric  Detonator  Methods  of  Firing  Blasts. — 
Two  methods  of  simultaneously  tiring  a  number  of  shots  in 
quarrying  are  available,  one  method  being  by  the  use  of 
electric  detonators,  and  the  other  by  the  use  of  detonating 
fuse  or  cordeau. 

( 


Cordeau,  frequently  known  as  "Cordeau  detonant,  or  Cor- 
deau Bickford."  is  lead  tubing  filled  with  T.  N.  T.  Experi- 
ments have  shown  that  such  cordeau  explodes  at  the  rate  of 
approximately  5,300  meters  per  second,  and  accordingly  where 
a  number  of  holes  are  connected  together  by  means  of  lines 
of  cordeau  the  holes  become  in  effect  one  single  hole. 

Electric  detonators  are  copper  capsules  which  contain  a  det- 
onating charge  of  fulminate  of  mercury  or  equivalent  ma- 
terial, and  a  small  loop  or  "bridge"  of  very  fine  wire,  which 
can  be  heated  red  hot  by  the  passage  of  a  very  small  elec- 
tric current.  As  the  i-ate  at  which  an  electric  current  travels 
is  stated  to  be  300,000  kilometers  per  second  (186,000  miles 
per  second),  it  is  evident  that  where  a  number  o.f  electric 
detonators  are  connected  to  a  single  source  of  electric  cur- 
rent, their  detonation  is  absolutely  simultaneous  tor  all  prac- 
tical purposes. 

Both  cordeau  and  electric  detonators  have  their  advantages 
and  disadvantages  for  the  simultaneous  firing  of  large  blasts. 
Where  a  number  of  widely  separate  charges  are  to  be  simul- 
taneously fired  electric  detonators  have  some  advantage  over 
the  use  of  cordeau.  while  on  the  other  hand  cordeau  has  some 
advantage  in  wet  holes,  and  particularly  in  holes  where  the 
explosive  charge  is  interrupted  by  lengths  of  stemming  for 
the  purpose  of  "raising"  the  average  height  of  the  charge. 

One  of  the  advantages  possessed  by  cordeau  is  that  as  the 
line  of  cordeau  extends  the  entire  length  of  each  hole,  the 
entire  column  of  explosive  is  brought  into  detonation  at  a 
speed  which  is  determined  by  the  rate  of  detonation  of  the 
cordeau  itself.  If.  for  example,  a  hole  of  100  ft.  deep  were 
to  be  filled  with  an  explosive  having  a  rate  of  detonation  of 
3,000  meters  per  second,  and  the  explosion  of  its  charge  to 
be  brought  about  by  an  electric  detonator  placed  in  the  bot- 
tom of  the  hole,  the  detonating  wave  would  pass  through 
the  column  of  explosive  at  this  rate  of  3.000  meters  per  sec- 
ond. If  instead  of  this  arrangement  a  line  of  cordeau  ex- 
tended from  the  top  to  the  bottom  of  the  hole  it  is  evident 
that  this  would  communicate  detonation  to  all  parts  of  the  ex- 
plosive in  contact  with  the  cordeau  at  the  rate  of  detonation 
of  the  cordeau  itself,  instead  of  at  the  normal  rate  of  detona- 
tion of  the  explosive.  The  explosive  would  still  probably  deto- 
nate at  its  normal  rate,  but  the  cordeau  would  increase  the  rate 
at  which  the  column  of  explosive  would  detonate  through  its 
length.  Opinions  differ  as  to  the  advantages  which  are  gained 
from  this  simultaneous  detonation  of  the  entire  length  of  a 
column  of  relatively  slow  explosive.  For  certain  special  pur- 
poses there  can  be  little  doubt  that  it  helps  bring  about  a 
desired  "timing"  of  the  explosion  of  several  different  types 
of  explosive  used  in  a  single  blast,  and  possessing  different 
normal  rates  of  detonation.  The  use  of  cordeau  as  a 
convenient  and  safe  means  of  simultaneously  firing  a  num- 
ber of  holes  is  increasing,  and  many  quarries  have  replaced 
the  use  of  electric  detonators  by  this  method  of  firing  holes. 

When  electric  detonators  are  used  in  blasting  in  well-drill 
holes,  the  best  practice  is  thought  to  be  the  use  of  at  least 
two  detonators  in  each  hole.  The  detonators  should  be  so 
spaced  that  the  uppermost  detonator  is  about  equally  far 
from  the  top  of  the  column  of  the  powder  and  from  the  cen- 
ter of  the  charge,  and  the  lower-most  detonator  is  similarly 
equally  far  from  the  bottom  of  the  charge  and  from  the  mid- 
dle of  the  charge.  By  this  arrangement  the  detonator  occu- 
pies the  center  of  the  column  of  explosive  of  which  it  is'  to 
bring  about  rhe  detonation.  In.  a  well-drill  hole  having  60  tt. 
of  powder  the  lower  detonator  would  be  15  ft.  from  the  bot- 
tom of  the  hole,  and  the  upper  detonator  would  be  15  ft.  from 
the  top  of  the  column  of  explosive,  the  two  detonators  be- 
ing 30  ft.  apart.  Whenever  electric  detonators  are  used,  care 
should  be  taken  that  several  feet  of  powder  are  above  the 
detonator,  before  tamping  the  powder,  since  the  fulminate 
contained  in  detonating  caps  is  much  more  sensitive  than 
any  high  explosive  used  for  blasting  purposes,  and  the  strik- 
ing of  a  detonator  by  the  tamping  bar,  and  particularly  the 
grinding  of  a  detonator  between  "the  tamping  bar  and  the 
side  of  a  hole,  would  be  practically  certain  to  lead  to  an  ac- 
cident. 

In  lowering  detonators  into  the  hole  the  best  practice  is 
to  attach  the  detonator  properly  to  a  cartridge  of  explosive 
so  that  the  cartridge  will  hang  perfectly  plumb  when  sus- 
pended from  the  wire.  The  cartridge  is  then  lowered  by 
means  of  the  wires  to  its  proper  position  in  the  hole.  If  suf- 
ficient care  is  not  taken  to  have  the  cartridge  of  explosive 
hang  plumb  from  the  wire  it  is  very  apt  to  strike  against  the 
side  of  the  hole  while  being  lowered,  and  to  cause  a  "jam." 
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On  account  of  the  detonator  being  in  the  cartridge,  a  cart- 
ridge so  caught  should  of  course  be  dislodged  with  consid- 
erable caution,  and  it  is  better  to  take  a  little  more  care  in  ar- 
ranging this  priming  cartridge,  so  as  to  avoid  the  difflculty 
and   danger  of  attempting   to   dislodge   it  when  caught. 

When  cordeau  is  used  in  the  hole,  it  is  also  best  to  use  a 
cartridge  as  a  "weight"  to  carry  the  cordeau  to  the  bottom 
of  the  hole.  The  advantage  of  having  a  cartridge  on  the 
end  of  the  line  of  cordeau.  in  addition  to  keeping  the  cordeau 
straight,  is  that  it  enables  the  blasting  foreman  to  tell  by 
the  "feel"  as  soon  as  the  line  of  cordeau  has  reached  the 
bottom  of  the  hole. 

No  advantage  is  gained  by  having  more  than  one  line  of 
cordeau  in  a  hole,  and  accordingly  this  is  never  done.  If 
there  is  reason  to  believe  that  a  line  of  cordeau  has  been 
broken  off  in  the  hole  it  is  sometimes  good  practice  to  lower 
another  line  of  cordeau  into  the  hole  to  the  depth  at  which 
the  break  of  the  first  line  is  known  to  have  occurred. 

In  using  cordeau,  it  is  well  to  remember  that  in  spite  of 
the  remarkable  rate  at  which  the  explosive  wave  passes 
through  the  material,  it  does  not  have  the  ability  to  jump  a 
gap.  Even  so  small  a  space  as  two  or  three  millimeters  (one- 
eight  of  an  inch)  acts  as  an  efficient  barrier  against  the 
the  transmission  of  the  detonating  wave,  and  for  successful 
results  it  is  imperative  that  there  should  be  no  break  what- 
ever in  the  continuity  of  the  line  of  cordeau. 

In  primary  blasting  the  use  of  well-drill  holes  has  now 
largely  supplanted  earlier  methods  of  bench  work,  and  al- 
though I  will  discuss  safety  precautions  mainly  from  the 
standpoint  of  well-drill  methods,  the  same  principles  will 
generally  hold  good  wherever  open  cut  blasting  work  is  be- 
ing done. 

Precautions  in  Loading  Blast  Holes. — In  the  loading  of  holes 
particular  watchfulness  should  be  given  to  insure  the  com- 
plete absence  of  sparks  or  hot  cinders  from  the  steam  shovel. 
from  locomotives,  or  from  the  steam  well-driller.  Those  who 
have  watched  a  steam  shovel  at  work  at  night  will  probably 
have  a  better  appreciation  of  the  menace  that  sparks  repre- 
sent, than  those  who  have  only  seen  the  work  going  on  by 
daylight,  and  it  should  be  remembered  that  it  is  not  only 
those  sparks  which  are  visibly  red  which  are  capable  of  ig- 
niting explosives,  but  that  hot  cinders  which  appear  quite 
black  may  be  at  a  sufficiently  high  temperature  to  bring  about 
an  ignition.  I  am  inclined  to  believe  that  rather  more  acci- 
dents during  loading  are  caused  by  hot  cinders  than  are 
usually  attributed  to  that  cause,  and  the  only  safe  practice 
is  to  keep  all  sources  of  sparks  away  from  the  vicinity  of  the 
holes  during  the  time  that  loading  is  going  on.  Some  quar- 
ries have  small  tents  which  are  placed  over  the  holes  while 
they  are  being  loaded,  and  while  this  is  better  than  no  pro- 
tection whatever,  yet  it  is  not  as  satisfactory  as  the  com- 
plete removal  of  sources  of  sparks  during  the  time  of  load- 
ing. 

Of  course  lighted  pipes,  cigarettes  or  cigars  should  be  rig- 
idly excluded  from  the  vicinity  of  loading  operations.  It  is 
even  best  that  men  engaged  in  loading  should  have  no 
matches  in  their  possession,  since  a  hole  in  a  man's  pocket 
or  some  other  accidental  condition  hard  to  anticipate  may 
lead  to  a  match  dropping  dow^n  in  the  hole,  or  falling  on  the 
rock  near  the  hole  where  it  may  be  stepped  on  by  the  men 
loading  the  hole.  Even  gasoline  engines  are  to  be  considered 
as  a  potential  source  of  sparks.  It  is  true  that  a  gasoline 
engine  only  occasionally  throws  out  sparks,  but  the  carbon 
which  accumulates  on  the  piston  head  and  at  the  end  of  the 
cylinder  is  ejected  from  time  to  time  in  glowing  condition, 
and  this,  together  with  an  occasional  backfire  makes  a  gaso- 
line engine  a  possible  source  of  accident  if  too  near  a  hole 
during  loading. 

In  loading  the  hole  with  explosive,  it  has  been  proposed 
from  time  to  lime  to  use  holders  or  clamps  of  various  sorts,  in 
order  to  avoid  dropping  the  explosive  to  the  depth  of  the 
hole.  These  are  not  commonly  used,  however,  and  experi- 
ence seems  to  show  that  the  hazard  in  dropping  a  cartridge 
of  explosive  through  a  hole  100  or  even  150  ft.  deep,  is  very 
small  indeed.  The  first  cartridge  would  naturally  seem  to 
be  the  one  most  likely  to  explode  it  detonation  from  the 
shock  of  dropping  were  really  a  considerable  factor,  since 
the  later  cartridge  drops  on  the  cushion  formed  by  the  cart- 
ridge already  in  the  hole. 

The  experienced  blaster  is  able  to  learn  a  good  deal  about 
the  condition  of  the  hole  from  the  sound  made  by  the  first 
cartridge  as  it  drops   down  and   the  sound  of  the  cartridge 


striking  the   bottom   of  the   hole,   or   striking   the   surface   of 
the   water  if  the  hole  is  wet,  is  used   to  determine  the  fact 
that  the  cartridge  has  gone  completely  to  the  bottom.     It  is 
excellent   practice   to   "follow-up"  the  hole   by   measurements 
after  each  case  of  powder  has  been  loaded,  a  case  of  powder 
ordinarily  giving  a  "rise"  of  about  4  ft.     There  is  always  the 
chance  of  cartridges  "hanging"  on  the  side  of  the  holes,  and 
thus  leaving  an  air  gap  between  the  powder  beneath  which 
has   been   loaded   properly   and   the   point   at  which   the   first 
cartdridge  thus   becomes   crossed   in  the  Jiole.     If  the  "rise" 
in  the  hole   is  carefully  followed   by  frequent  measurements 
such  a  "block"  in  the  hole  will  be  promptly  noticed,  and  the 
condition    can    be    readily    corrected,    but    it    a    considerable 
amount   of  powder   is   loaded  over   the   crossed  cartridge   be- 
fore it  is  discovered  that  a  "choke"  exists,  the  matter  is  nat- 
urally more  difficult  to  correct.     An  experienced  loader  can 
usually   tell    from    the    sound   made   by   each   cartridge   as   it 
drops  that  it  has  landed  properly  on   the  powder  already   in 
the  hole,  but  occasionally  a  cartridge  will  hang  on  the  sides 
of  the  hole  even  with  good  loading  practice.     A  single  cart- 
ridge can  be  dislodged  safely  by  the  careful  use  of  a  tamp- 
ing stick,  but  if  the  "hanging"  of  the  cartridge  has  not  been 
noticed,   and   more   powder  has   been   loaded   on   top   of   this 
cartridge,  so  as  to   leave  a   column   of  2   or  3  ft.   of   powder 
above    the    choke,    the    dislodging    of    the    material    becomes 
more  difficult.     Efforts  to  dislodge  such  a  choke  by  the  vig- 
orous  use  of  the  tamping  bar  are  decidedly  dangerous,  and 
this  procedure  should  never  be  followed.     The  best  practice 
is  of  course  to  prevent  any  column  of  powder  from  building 
up  on  a  "choke,"  by  using  the  measuring  line  sufficiently  fre- 
quently to  keep  in  close  touch  with  the  level  of  the  powder 
in    the   hole,   and    by   paying   proper   attention    to   the    sound 
made  by  the  dropping  cartridges  as  they  land  on  the  powder 
beneath.     If  a  "choKe"  should  occur,  however,  and  more  than 
a  foot  or  so  of  powder  should  be  built  up  over  the  crossed 
cartridge,  the  safest  procedure  is  usually  believed  to  be  the 
cautiolis  driving  of  sharpened  stick  about  2  in.  in  diameter 
through  the  "choke,"  followed  by  the  flushing  out  of  the  pow- 
der above  the  "choke"  by  means  of  water.     Unless  a  quite  ex- 
cessive   amount   of    water   is   used,    this   procedure   will    not 
cause  the  loss  of  the   hole,   as   the  powder  will  detonate   in 
spite  of  a  rather  considerable  amount  of  water  which  may 
be  present  after  this  treatment. 

The  size  of  the  cartridges  used  in  loading  the  hole  is  not 
a  matter  of  indifference.  For  the  standard  5%-in.  well-drill 
hole  the  4%-in.  by  10-in.  cartridges  are  commonly  used,  unless 
the  hole  is  quite  rough  and  ragged,  in  which  case  4-in.  by 
8-in.  or  4-in.  by  10-in.  cartridges  are  used.  Using  cartridges 
which  are  too  small  is  a  disadvantage,  because  the  proper 
density  in  the  hole  is  then  more  difficult  to  attain,  while 
using  too  large  cartridges  is  a  disacfvantage,  because  the 
chance  of  such  cartridges  catching  on  the  side  of  the  hole  is 
materially  increased.  As  a  matter  of  fact  the  chance  of  a 
cartridge  choking  a  hole  is  increased  by  the  use  of  cartridges 
which  are  either  too  small  or  too  large,  and  for  well-drill 
holes  the  cartridge  should  preferably  be  1  in.  smaller  than  , 
the  diameter  of  the  hole. 

In  measuring  the  hole  a  special  tape  gives  the  best  re- 
sults, although  in  many  quarries  the  tamping  stick  rope  Is 
used  instead.  Whatever  may  be  the  method  adopted  to  keep 
track  of  the  height  of  the  powder  in  the  hole,  the  point  which 
should  be  brought  out  is  the  desirability  of  the  measurements 
being  made  so  frequently  as  to  enable  the  loader  always  to 
know  the  hei.iht  of  the  powder  in  his  hole. 

Tamping  E.xplosives, — The  extent  to  which  powder  should 
be  tamped  during  loading  really  depends  upon  the  type  of 
explosive  which  is  being  loaded,  and  therefore  should  more 
I>roperly  be  considered  in  connection  with  a  discussion  of 
the  selection  of  power  tor  various  types  of  blasting.  Tamp- 
ing of  the  explosive  during  loading  is  quite  desirable  in  the 
case  of  the  more  plastic  nitroglycerin  explosives,  but  in- 
creasing use  is  being  made  in  cement  rock  quarrying  of  ex- 
plosives, which  require  little  tamping,  and  indeed  in  many 
quarries  the  explosive  is  not  tamped  during  the  loading,  the 
tamping  bar  being  only  used  at  the  end  of  the  loading  opera- 
tion in  compacting  the  stemming  in  the  hole. 

If  explosives  are  to  be  tamped,  however,  it  is  most  impor- 
tant that  too  much  force  should  not  be  used.  A  rather  consid- 
erable number  of  accidents  have  been  due  to  improper  use 
of  the  tamping  bar,  and  to  the  use  of  unsuitable  materials 
as  tamping  bars.  It  should  be  evident  from  what  has  al- 
ready been  said   that  the  presence  of  any  iron  surfaces  on 
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the  tamping  bar  is  a  potential  source  ot  danger,  and  that 
the  use  of  too  heavy  a  tamping  bar  also  involves  a  rather 
heavy  risk.  I  have  sometimes  been  told  that  a  heavy  tamp- 
ing bar  has  advantages  when  it  is  properly  used,  and  there 
may  be  some  truth  in  this,  but  the  fact  remains  that  when 
improperly  used  such  a  bar  becomes  a  source  of  danger,  and 
the  chance  of  the  bar  being  improperly  used  is  always  pres- 
ent. I  have  been  told  ot  one  case  in  which  a  type  of  tamp- 
ing bar  which  has  been  used  for  some  years  with  perfect 
safety  by  a  powder  foreman  was  used  in  his  absence  by  a 
lei's  experienced  man.  and  in  the  course  of  the  loading  op- 
eration a  choke  developed  and  an  effort  was  made  to  drive  it 
out  with  the  tamping  bar.  and  an  accident  resulted.  A  lighter 
tamping  bar  would  have  been  safer  In  this  case,  just  be- 
cause of  the  possibility  of  the  misuse  of  a  heavier  bar  by  an 
inexperienced  or  careless  man. 

I  have  seen  some  rather  surprising  tamping  bars  at  various 
times,  ranging  all  the  way  from  solid  iron  bars  to  iron  tipped 
wooden  rods.  Once,  in  investigating  a  "mysterious"  accident 
which  had  occurred  on  a  piece  of  railroad  work  on  which  a 
nitroglycerin  explosive  of  low  nitroglycerin  content  was  be- 
in.;;  used.  I  found  that  although  suitable  wooden  tamping  bars 
were  supplied  to  the  powder  men  by  the  contractor,  a  pow- 
der foreman  had  shoes  made  of  lengths  of  iron  pipe  fastened 
to  the  end  of  each  of  the  bars  "to  keep  them  from  fraying 
out  so  quick."  and  naturally  the  inevitable  happened,  and 
several  men  lost  their  lives  in  the  resulting  explosion. 

Even  wooden  tamping  bars  can  be  unsafe  if  too  heavy  or  if 
carelessly  handled.  It  is  not  infrequent  for  sharp  pieces  of 
rock  to  become  imbedded  in  the  bottom  or  sides  of  a  wooden 
tamping  bar.  and  no  one  needs  to  be  told  that  such  a  tamp- 
ing bar  will  strike  a  spark  under  favorable  conditions  by 
rubbing  against  the  side  of  a  rough  hole.  The  tamping  bar 
should  not  be  too  large,  in  order  to  avoid  excessive  friction 
against  the  side  of  a  hole,  this  precaution  being  particularly 
important  in   connection   with   piston   drill   holes. 

A  suitable  layer  of  powder  should  always  overlie  each  prim- 
ing cartridge  containing  a  detonator.  Detonators  are  always 
to  be  treated  with  great  respect,  and  having  2  or  3  ft.  of  pow'- 
der  above  the  detonator  before  alowiug  any  tamping  to  be 
done  is  an  excellent  rule. 

The  energy  that  might  otherwise  be  spent  in  tamping  the 
powder  can  be  utilized  to  advantage  at  the  top  of  the  hole  in 
thoroughly  tamping  down  the  stemming  which  is  applied  over 
the  powder.  The  first  2  or  3  ft.  ot  stemming  should  not  be 
tamped,  but  after  this  the  stemming  can  be  tamped  down 
quite  hard,  and  indeed,  if  care  is  taken  not  to  damage  the 
line  of  cordeau  or  the  electric  feed  wires,  it  may  almost  be 
said  that  the  harder  the  tamping  of  the  stemming  material. 
the  more  efficient  the  shot  will  be.  Experiments  have  dem- 
onstrated this  point  rather  thoroughly,  and  a  shot  which  is 
well  confined  does  perceptibly  more  work  per  pound  of  pow- 
der used  than  can  be  obtained  from  a  shot  in  which  poorer 
confinement  has  been  provided. 

It  is  usually  unnecessary  for  workmen  to  stand  on  the  rock 
lying  in  front  of  the  line  of  holes  after  the  loading  begins. 
and  this  is  a  safety  precaution  which  may  accordingly  be 
given  consideration.  Should  a  premature  explosion  occur 
from  any  cause  during  the  loading  operation,  the  chance  of 
men  being  injured  is  naturally  less  if  the  workmen  are  on 
the  far  side  of  the  line  of  holes,  isteead  of  between  them  and 
the  quarry  face. 

Precautions  for  Making  Final  Connections  to  Blast. — It  is 
of  course  evident  that  the  final  connecting  up  ot  the  electric 
detonator  wires,  or  the  cordeau  connections,  should  not  be 
made  until  shortly  before  the  blast  is  ready  to  be  fired. 
When  electric  detonators  are  used,  the  method  of  wiring  or 
connecting  up  a  shot  is  a  matter  to  which  thought  should  be 
given.  Where  only  a  few  shots  are  to  be  fired  the  detonators 
are  often  arranged  in  series,  and  fired  by  a  blasting  machine 
ot  the  usual  type,  but  in  quarries  where  a  good  deal  of  blast- 
ing is  being  done,  and  where  quite  a  number  of  holes  are  to 
be  fired  at  one  time,  the  parallel  method  of  wiring  is  often 
preferred,  the  electric  current  being  furnished  from  the  power 
circuit.  The  connections  should  always  be  in  parallel  when 
current  from  a  live  wire  is  used  in  firing  the  blast. 

As  electric  detonators  are  sensitive  to  relatively  small 
circuits,  and  may  be  fired  by  "stray"  currents  the  existence 
ot  which  may  not  have  previously  been  known,  the  wiring 
should  always  be  in  the  hands  of  competent  and  trustworthy 
men,  and  the  holes  should  not  be  connected  up  until  the  shot 
is   practically   ready   to   be    fired.     Several   cases   are   known 
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where  electric  detonators  have  exploded  apparently  without 
cause,  and  investigation  has  shown  that  the  wires  were 
abraded  at  certain  points,  so  that  direct  contact  was  estab- 
lished with  moist  earth  or  with  some  conducting  metal.  In 
coal  mining  several  accidents  have  occurred  through  stray 
currents  from  a  passing  electric  locomotive  finding  passage 
through  an  abraded  wire  to  a  charge  which  was  not  yet  ready 
to  be  fired,  and  at  least  one  accident  in  a  cement  quarry  has 
been  found  to  be  due  to  a  quite  similar  cause.  These  acci- 
dents only  emphasize  the  point  already  brought  out,  that  the 
lead  wires  connecting  up  the  separate  holes  should  only  be 
attached  when  the  tamping  of  the  holes  has  been  completed, 
and  when  the  blast  is  ready  to  be  fired.  In  addition,  the  lead 
wires  should  always  be  kept  in  good  condition,  and  should  be 
taped  if  any  abraded  spots  are  found. 

One  of  the  points  which  is  to  be  avoided  in  the  connecting 
up  of  a  blast  is  too  great  haste  in  making  the  electrical  con- 
nections. Wires  loosely  twisted  together  do  not  form  a  good 
electrical  connection,  and  more  than  one  quarry  superintend- 
ent has  no  doubt  criticized  his  powder  foreman  and  his  blast- 
ing men  for  a  poor  blast  that  has  in  fact  been  due  to  the  fail- 
ure of  some  of  the  holes  to  be  fired  by  the  electric  current, 
the  detonation  of  these  holes  coming  through  the  shock  from 
adjacent  holes,  and  too  late  to  enable  the  explosive  to  do  its 
proper  share  of  work  in  the  blast. 

The  lead  wires  should  not  be  brought  near  the  exploder 
wires  while  loading  is  going  on.  and  all  the  connections  of  the 
blast  should  be  completed  before  connecting  to  the  lead 
wires.  The  custom  of  having  shots  connected  up  to  the  lead 
wires  and  firing  battery  before  work  around  the  holes  has 
been  completed  is  strongly  condemned,  and  there  is  always 
the  possibility  that  some  one  will  unintentionally  fire  the 
blast  under  these  conditions,  in  the  effort  to  "test  out"  the 
battery  or  the  connections  without  realizing  that  electric 
detonators  are  in  the  circuit.  Probably  the  safest  method 
that  I  have  seen  for  preventing  accidents  from  the  uninten- 
tional applying  of  current  before  the  blast  is  ready  is  the 
placing  in  the  circuit  of  a  special  block,  which  leaves  the  cir- 
cuit open  unless  a  special  form  of  key  is  placed  in  it.  The 
key  is  retained  by  the  man  responsible  for  the  blast  until  the 
time  that  the  current  is  to  be  applied,  and  is  then  inserted. 
Where  firing  is  done  from  a  power  circuit  a  modification  of 
the  same  principle  may  be  applied,  or  the  switch  connecting 
the  lead  wires  may  be  locked  in  position  some  suitable  way. 
The  one  point  which  I  consider  quite  important  is  that  one 
man  should  be  responsible  for  the  circuit,  and  that  this  man 
alone  should  have  the  key  controlling  the  switch  or  the  safety 
block. 

In  firing  with  cordeau  the  electrical  circuit  should  be  made 
before  the  exploder  is  placed  in  the  special  union  which  con- 
nects the  detonator  with  the  main  strand  of  cordeau.  The 
manufacturers  of  cordeau  provide  special  attachments  which 
may  be  used  either  with  electric  detonators  or  with  deto- 
nating caps,  and  in  addition  special  tools  are  provided  for 
suiting  cordeau  in  the  making  of  connections  and  joints. 

Block  Holing  and  Mud  Capping. — The  rules  for  safety  and 
efficiency  in  the  handling  of  explosives  in  connection  with 
secondary  blasting  operations  are  of  course  not  dissimilar 
from  those  rules  which  should  be  followed  in  primary  blast- 
ing operations.  In  block-holing  1  lb.  of  explosive  will  do  fully 
the  execution  that  10  lb.  of  the  same  explosive  will  even  in  a 
well  placed  "dobie."  or  mud  cap  shot,  while  a  poorly 
placed  mud  cap  shot  is  notoriously  wasteful  of  ex- 
plosive. It  is  frequently  economical  to  use  the  larger 
quantity  of  explosive  required  by  the  mud  cap  shot, 
because  of  the  cost  of  the  drilling  of  the  holes  in  the 
block-holing  method.  A  few  years  ago  the  situation  was 
much  more  difficult  than  it  is  at  present,  but  recent  improve- 
ments in  light  air  hammers  have  materially  cut  down  the 
cost  of  secondary  drilling,  so  that  the  alert  quarry  superin- 
tendent w-ill  bear  constantly  in  mind  the  advantages  for  and 
against  the  block-holing  method.  'Where  mud  capping  is 
done,  it  is  well  to  remember  that  earth  and  clay  are  much 
cheaper  than  explosive,  an^  that  a  somewhat  larger  pile  of 
dirt  will  be  equivalent  to  a  noticeable  amount  of  explosive  in 
the  charge  that  is  necessary  to  break  the  rock. 

Proper  protection  for  workmen  in  the  quarry  from  frag- 
ments thrown  by  the  blast  should  of  course  be  provided.  The 
usual  cylindrical  safety  shanties  of  boiler  plate  provide  rather 
satisfactory  protection  if  located  at  a  suitable  distance,  and 
if  the  doors  or  openings  are  turned  away  from  the  direction 
of  the  blast. 
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Factors  in   Design  of  Sluices   and 
Pipe  Lines  for  Hydraulicing* 

By   F.   A.   GOODALE. 

Factors  Which  Determine  Size  and  Grade  of  Sluice. — Many 
conditions  influence  tlie  size  and  grade  of  the  sluices  and 
tunnels,  such  as  character  of  the  gold,  whether  fine  or  coarse; 
and  the  kind  of  gravel.  Top  or  fine  gravel  will  run  much 
faster  than  medium,  or  cemented,  with  the  same  grade  of 
sluice.  If  the  gold  is  uniformly  fine  it  will  travel  all  the  way 
through  a  flume  and  be  lost  in  the  tailing,  if  run  on  the  same 
grade  as  a  sluice  used  for  a  gravel  bank  whose  gold  content 
is  coarse. 

I  use  the  following  empirical  formula  for  estimating  what 
a  flume  will  carry  and  the  grade  to  use: 

For  very  free  or  top  gravel. 

1.  The  number  of  cubic  yards  of  gravel  moved  per  hour 
through  a  flume  ^  60/24  times  the  number  of  miner's  inches 


Fig.    1 — Curve    Showing   Amount   of   Water   and    Horsepower    Deliv. 
ered    Under  Pressure   Through   Various  Sized    Nozzles. 

of  water  divided  by  40,  times  the  grade  of  the  sluice  in  per 
cent. 

2.  For  medium  gravel:  The  number  of  cubic  yards  per 
hour  :=  40/24  times  the  number  of  miner's  inches  of  water 
divided  by  40,  times  the  grade  of  the  sluice  In  per  cent. 

3.  For  cement  gravel:  The  number  of  cubic  yards  per 
hour  =  20/24  times  the  number  of  miner's  inches  of  water 
divided  by  40.  times  the  grade  of  the  sluice  in  per  cent. 

Example:     Two  monitors  using  2,000  in.  of  water  are  work- 
ing on  top  dirt  which  is  very  free  gravel,  and  the  sluice  is  on 
a   3   per  cent  grade.    How  much   gravel   will   be  moved   per 
hour?     How  much  for  cement  gravel? 
Amount  of  gravel  moved  per  hour  = 
60       2000 

—  X X  3  =  375  cu.  yd. 

24         40 

Amount  per  hour  for  medium  gravel: 
40       2000 

—  X X3  =  250cu.  yd. 

24         40 

Amount  per  hour  for  cement  = 
20       2000 

—  X X  3  =  125  cu.  yd. 

24         40 

Knowing  the  grade,  the  amount  of  water  to  be  used,  and 
the  character  of  the  gravel,  the  size  of  the  sluice  box  can 
be  calculated  to  handle  the  required  amount  of  material.  For 
minimum  first  cost  and  wetted  perimeter,  the  sluice  width 
should  be  about  twice  the  dfepth  of  the  stream.  About  35 
per  cent  should  be  added  to  the  depth,  because  a  sluice  should 
not  run  more  than  %  full,  and  35  per  cent  to  the  width  to 
accommodate  the  water  and  material.  Fine  gravel  requires 
a  wider  flume  with  more  grade  than  coarse  gravel  and  gold, 
and  should  be  shallow.  Each  mine  is  a  problem  in  itself  and 
must  be  carefully  studied,  for  there  are  many  influences 
brought  to  bear  by  differences  in  character  of  gravel  and 
topography.  I  have  noticed  that  pipemen  coming  from  other 
mines  in  the  same  locality  have  a  difficult  time  to  run  the 
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maximum  amount  of  gravel  with  the  minimum  amount  of 
trouble,  until  they  "learn  the  layout."  Some  of  them  are  good 
on  "grass  roots  dirt"  but  are  "up  against  it"  when  it  comes 
to  handling  cemented  gravel. 

The  top  gravel  will  nearly  always  cut  easily  with  most 
any  kind  of  a  stream,  while  the  medium  gravel,  or  that 
usually  above  the  cement,  requires  water  under  the  high 
pressure  line,  which  at  the  You  Bet  Mine  is  300  ft.  The  bot- 
tom or  cement  gravel  is  mostly  bank  blasted,  to  shatter  the 
gravel  and  free  the  gold  as  much  as  possible. 

Graphical  Representation  of  Formulae  Used  in  Designing 
Hydraulic  Pipe  Lines. — 1  have  plotted  some  curves  for  rap- 
idly estimating  the  amount  of  water  delivered  through  differ- 
ent sized  nozzles  under  various  heads,  and  the  approximate 
horsepower  developed.  Also  a  curve  for  figuring  the  proper 
size  pipe  to  overcome  friction,  having  the  grade  and  quan- 
tity of  water  available  for  hydraulicking. 

The  following  examples  will  illustrate  their  use: 
Between  the  pressure  box  and  nozzles  of  a  pipe  line  22  in. 
in  diameter,  the  distance  is  1,450  ft.  and  the  difference  in 
elevation  300  ft.  The  pipe  is  to  carry  1,200  California  miner's 
inches  (30  cu.  ft.  per  sec.)  which  is  to  be  discharged  through 
one  giant.  What  size  nozzle  is  necessary  and  what  is  the  ap- 
proximate horsepower  developed? 

From  Fig.  2,  the  head  necessary  to  overcome  friction  per 
1.000  ft.  of  pipe  is  22.0  ft.,  and  for  1,450  ft.  of  pipe  is  1.45  X 
22.0  =  31.90  ft.  Then  the  total  head,  300  ft.  —  31.90  ft.  = 
268.10  ft.,  which  is  the  available  head. 

Then  from  Fig.  1,  30  cu.  ft.  per  sec.  under  268  ft.  head  gives 
a  6%-in.  nozzle,  but  a  7-in.  diameter  nozzle  would  be  selected. 
By   interpolation  approximately  870   HP.   would   be  developed. 
Theoretical  solution: 
Cox's  formula  for  friction  head — 
1         4v-  +  5v  —  2 

(H)  =—  X 

d  1200 

where  1  =  length  of  pipe  in  feet. 

V  =  velocity  of  water  In  feet  per  second 
d  =  diameter  of  pipe  in  inches  ^  22 
q  =  cubic  feet  per  second  :^30 
a  ^  area  in  square  feet  =  2.64 

q          30 
v  =  — = =  11.38  ft.  per  sec. 
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Then  H: 


X 


22 


4(11.38)= -f  (5X  11.38) 


1200 


:31.7  ft. 


Total    head   300   ft.  — friction   head   31.7  =  268.3   ft.  =  head 


Fig.   2 — Curve   Showing   Various  Size   Pipe   Head    Lost   Due  to   Fric- 
tion.    Velocity    in    Feet    Per    Second    and    Discharge 
in    Cubic    Feet    Per    Second. 

available,    v  =  93  V  2gh  =  spouting  velocity  of  nozzle  =  .93  X 
V  64.4  X  268.3.=  122  ft.  per  second.     q  =  a  X  v  and 
q         30  ^d= 

a  =  — = =  .246   sq.   ft.  =  A  =  .246    d  =  .56    or 

V       122  4 

6.73  in.     Therefore  a  7-in.  nozzle  would  be  selected. 
62.5  X  30 
H.  P.  = X  268.3  X  .93  =  850. 
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This  is  less  than  approximated  by  diagram. 
The  length  of  an  inverted  siphon  is  1.200  ft.    What  should 
be  the  difference  in  elevation  between  the  intake  and  outlet 
for  a  pipe  30  in.  in  diameter  to  deliver  1,200  in.  of  water? 

By  diagram,  friction  head  =  5  ft.  per  1,000  ft.  of  pipe;  and 
for  1,200  ft.  of  pipe  it  is  1.2  X  5  =  6  ft.,  which  is  the  head 
necessary  to  deliver  the  required  water.  Theoretically,  by 
Cox's  formula: 

4v=  +  5v  —  2         1 

h  = +  — 

1200  d 

q 
v  =  —  Area  of  30-in.  pipe  =  4.909  sq.  ft. 


30 


•  =  6.1 


4.909 

4  X  (6.1)-'  X  (546.1)  —2 
h  = X 


1200 


1200 


:5.9  ft. 


Bolt   Inserts  for   Rail   Fastenings   in 
Roundhouse 

Bolt  inserts  embedded  in  the  concrete  were  used  for  fa.s- 
tening  the  rails  to  the  walls  of  track  pits  in  the  new  round- 
house of  the  Toledo  &  Ohio  Central  R.  R.  at  Columbus,  O. 
Instead  of  embedding  timber  blocks  in  the  walls  to  which  the 
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Plan  and  End  Elevation  of  Imtrt 
Details    of    Bolt    Insert   and    Manner   of    Application. 

rails  could  be  spiked  in  the  ordinary  manner  or  embedding 
bolts  head  down,  direct  in  the  concrete,  metal  inserts  were 
used  as  shown  in  the  drawing.  These  inserts  are  essentially 
metal  boxes  containing  a  receptacle  for  a  bolt  head  with  a 
suitable  slot  for  inserting  the  bolt  and  with  wings  extending 
into  the  concrete  for  the  necessary  anchorage.  The  inserts 
are  made  by  the  Truscon  Steel  Co..  Youngstown.  O.,  and  were 
placed  in  pairs  as  indicated  in  the  drawing,  the  pairs  being 
spaced  4  ft.  center  to  center  along  the  pit  walls. 


Data  on  Greasing  Electric  Railway  Track  Curves. — Interest- 
ing information  on  this  subject  is  given  in  the  October  Aera. 
Mr.  H.  L.  Mock,  Superintendent  Track  and  Line,  International 
Ry.  Co.,  Buffalo,  N.  Y.,  stated  that  his  company  cleaned  and 
greased  curves  daily.  This  work  was  done  by  14  men  who 
took  care  of  an  average  of  30  miles  of  track  each.  The  men 
were  paid  42%  ct.  per  hour  and  worked  10  hours  per  day 
and  7  days  a  week.  Mr.  H.  W.  Sanborn,  Chief  Engineer, 
Rhode  Island  Co.,  Providence.  R.  I.,  stated  that  on  his  road 
27  men  took  care  of  391  miles  of  track.  In  this  instance  the 
same  men  clean  and  oil  switches  as  well  as  clean  and  grease 
curves.  They  average  between  30  and  40  switches  and  30 
and  40  curves  per  man.  Some  of  the  curves  are  only 
greased  and  others  are  cleaned  and  greased.  The  men  are 
paid  49.6  ct.  per  hour,  work  a  9-hour  day,  and  7  days  per 
week. 


Progress  on  the    National    Topo- 
graphic Map,  and  Estimated 
Cost  of  Completion 

At  the  recent  conference  in  Washington  of  the  various  map- 
making  agencies  of  the  national  Government,  the  two  princi- 
pal agencies,  the  U.  S.  Coast  and  Geodetic  Survey  and  the 
U,  S.  Geological  Survey,  each  submitted  a  statement  of  the 
work  done  to  date,  and  an  estimate  of  the  cost  of  completion. 
This  estimate  is  based  on  a  12-year  program  for  the  Geodetic 
Survey  and  a  13-year  program  for  the  Geological  Survey.  As 
is  well  known,  the  present  rate  of  progress  for  either,  of  these 
two  surveys  would  mean  many  years'  delay  before  the  entire 
country  is  covered,  but  owing  to  the  increasing  demand  for 
general  utility  maps,  the  conference  in  its  report  to  the  Presi- 
dent has  recommended  the  early  completion  of  the  work. 
The  statement  and  estimate  of  each  survey  are  as  follows: 

Basic  and  Primary  Control  Surveys  of  Coast  and  Geodetic 
Survey. — There  now  exist  in  the  United  States  16.000  miles 
of  primary  triangulation  and  primary  traverse  and  41.000 
miles  of  primary  leveling.  This  amount  of  work  completes 
about  half  of  what  may  be  called  the  basic  primary  control 
of  the  country.  By  "basic  control"  is  meant  that  minimum 
amount  of  primary  triangulation  and  traverse  and  primary 
leveling  which  should  be  done  as  rapidly  as  is  possible  in 
order  that  a  control  point  for  geographic  position  and  eleva- 
tion may  be  available  within  50  miles  of  any  place  in  the 
United  States. 

To  complete  the  remainder  of  the  basic  control  will  require 
about  17.000  miles  of  arcs  of  primary  triangulation  and  lines 
of  primary  traverse  which  will  cost  approximately  $1,275,000. 
There  will  be  required  about  30,000  miles  of  primary  leveling 
to  complete  the  basic  leveling  of  the  country,  that  is,  the  net- 
work which  will  carry  elevations  over  the  country  to  such  an 
extent  that  no  place  will  be  beyond  50  miles  of  a  primary  lev- 
eling bench  mark.  This  leveling  will  cost  appropximately 
$450,000. 

When  the  triangulation  and  traverse  have  been  carried  to 
the  extent  indicated  above,  it  will  be  necessary  to  have  spur 
lines  of  primary  triangulation  and  traverse  carried  into  the 
intermediate  areas  for  the  purpose  of  furnishing  geographic 
positions  on  the  final  datum  to  the  topographic  engineers 
making  the  standard  maps  of  the  country.  This  additional 
triangulation  and  traverse  which  will  be  primary  in  char- 
acter will  cost  approximately  $2,940,000. 

Additional  primary  leveling  will  be  required  in  the  inter- 
mediate areas  of  the  bssic  network  of  primary  levels  of  the 
country  in  order  that  accurate  elevations  on  the  standard 
datum  may  be  carried  to  the  areas  in  which  a  standard  topo- 
graphic map  is  being  made.  It  is  estimated  that  the  cost  of 
this  leveling  in  the  intermediate  areas  will  be  $1,040,000. 

The  total  amount  of  money  which  will  be  needed  to  furnish 
all  of  the  primary  horizontal  and  vertical  control  of  the  coun- 
try, as  is  indicated  above,  is  $5,705,000. 

The  amount  of  money  mentioned  in  the  preceding  para- 
graph should  be  made  available  to  the  Coast  and  Geodetic 
Survey  within  a  period  of  12  years,  beginning  with  the  fiscal 
year  1921.  in  order  that  the  primary  control  may  be  extended 
over  the  area  of  the  country  ahead  of  the  topographic  work 
planned  by  the  U.  S.  Geological  Survey  which  will  be  com- 
pleted by  that  bureau  within  the  next  13  years.  The  first 
year's  appropriation  should  be  about  $300,000.  and  this  amount 
should  be  increased  to  a  maximum  yearly  appropriation  of 
$700,000  for  the  fifth  year.  For  three  years  this  maximum 
should  be  appropriated  and  then  the  annual  appropriation 
should  be  gradually  decreased  to  $300,000  for  the  12th  year. 

This  primary  control  is  not  only  needed  by  the  United  States 
Geological  Survey,  in  making  the  standard  topographic  maps, 
but  it  should  be  carried  on  for  the  use  of  the  various  other 
Government  engineering  bureaus.  Besides,  this  work  will 
be  of  inestimable  value  to  the  states,  cities,  counties  and 
townships  in  tstablishing  forever  the  geographic  positions  of 
their  boundary  monuments,  thus  avoiding  the  very  expensive 
litigation  that  is  caused  by  inaccurate  location  of  boundaries 
In  addition,  the  control  would  furnish  the  framework  on 
which  the  railroads  and  highway  systems  of  the  country  could 
be  based  and  this,  in  itself  would  be  of  immense  value  to  the 
nation. 

After  this  primary  control  has  been  completed  to  the  ex- 
tent indicated  above,  there  would  be  very  little  work,  at  an 
insignificant  cost  in  future  years  in  connection  with  primary 
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control.  This  cost  would  simply  be  for  the  purpose  of  re- 
establishing stations  that  had  been  lost  through  the  works 
of  man  or  the  forces  of  nature.  It  is  possible,  however,  that 
the  Coast  and  Geodetic  Survey  might,  from  time  to  time,  be 
called  on  to  establish  secondary  control  in  local  areas  for 
the  use  of  other  surveying  and  map  making  organizations 
of  the  Government.  This  would  of  course  be  in  connection 
with  revisions  of  the  standard  topographic  map  of  the  coun- 
try as  it  develops  and  as  changes  in  roads  and  cultural  fea- 
tures occur,  and  in  connection  with  special  maps  for  some 
particular  purposes. 

The  amount  of  money  mentioned  above,  namely.  $5,705,000, 
is  for  the  field  expenses  connected  with  the  establishment 
of  primary  control  of  the  country.  There  will  be  needed  for 
the  pay  of  expert  geodetic  computers  about  $600,000  and  this 
should  be  appropriated  to  the  Coast  and  Geodetic  Survey  at 
the  rate  of  about  $50,000  per  annum.  Any  unexpended  bal- 
ance of  this  money,  as  well  as  of  the  field  expenses,  should 
he  made  available  until  expended.  It  is  necessarily  true  that, 
both  in  the  lield  and  in  the  office,  the  amount  that  can  be 
efficiently  spent  will  vary  slightly  from  year  to  year,  but  the 
totals  are  very  close  to  the  estimates  made.  The  amount  tor 
the  computers  is  in  addition  to  the  regular  staff  of  geodetic 
computers  of  this  survey.  Even  that  force,  the  regular  staff 
of  computers  should  be  increased,  in  order  that  they  might 
finally  adjust  the  vast  amount  of  work  that  was  turned  in 
by  the  hydrographic  parties  of  the  Coast  and  Geodetic  Survey. 

The  total  appropriation  for  field  and  office  necessary  in  con- 
nection with  the  rapid  completion  of  the  primary  control  of 
the  United  States,  for  use  by  topographic  engineers  in  com- 
pleting the  standard  topograpfiic  map  of  the  country  is  $6.- 
305,000. 

Topographical  Work  of  U.  S.  Geological  Survey. — On  .July 
1,  1919,  the  Geological  Survey  had  completed  42.6  per  cent 
of  the  topographic  map  of  the  continental  United  States,  ex- 
clusive of  Alaska.  Approximately  one-fifth  of  this  area  is  in 
need  of  resurvey,  leaving  but  35  per  cent  of  the  entire  coun- 
try covered  by  satisfactory  topographic  maps.  At  the  pres- 
ent rate  of  progress,  under  the  limited  appropriations  made 
by  Congress,  it  will  be  many  years  before  topographic  maps 
aan  be  made  available  for  all  sections  of  the  country.  If, 
nowever,  a  general  policy  is  adopted  providing  for  enlarging 
the  scope  of  the  work  and  pushing  it  forward  to  completion 
as  rapidly  as  possible  and  for  the  expenditure  of  the  funds 
lierein  estimated  in  gradually  increasing  annual  appropria- 
tions, the  present  organization  and  technical  personnel  of 
the  Geological  Survey  can  be  gradually  built  up  so  as  ft) 
handle  efficiently  the  project  for  completion  in  13  years. 

Under  such  a  project  the  estimated  cost  of  completion 
■would  be: 


Percentage      Esti- 
State.  of  area      mated  to 

mapped,  complete 


Alabama    37 

Arizona    62 

Arkansas    40 

California    78 

Colorado    49 

Connecticut    100 

Delaware   100 

Dist.  of  Columbia  100 

Florida   7 

Georgia    41 

Idaho     33 

Illinois    29 

Indiana     10 

Iowa    21 

Kansas    78 

Kentucky    45 

Louisiana    17 

Maine    31 

Mar.vland     100 

Massachusetts    . .  lOO 

Michigan    16 

Minnesota    9 

Mississippi    4 

Mi.ssouri    53 

Montana    40 

Nebraska   35 

Nevada     46 

New    Hampshire.  44 

New   Jersey 100 


$i,i5S',ono 

1.076,000 
751,000 
810,000 
580,000 


1.898,000 
1,066,000 
729,000 
811.000 
699,000 
886,000 
131,000 
776.000 
1,413,000 
S2S.000 


1,660,000 

1,896,000 

1,373,000 

1.407.000 

1,388,000 

419,000 

228,000 

156,000 


Percentage      Esti- 
State.  of  area      mated  to 

mapped,  complete. 


New    Mexico 34 

^^ew  York   91 

Korth    Carolina    .  36 

North    Dakota    ..  14 

Ohio     100 

Oklahoma    57 

Oregon    26 

Pennsvlvania    ....  56 

Rhode  Island   100 

South   Carolina    ..  3S 

.South  Dakota   ...  25 

Tennessee     50 

Texas    28 

Ptah    S2 

Vermont    47 

Virginia     S3 

Washington    44 

West  Virginia ....  100 

Wisconsin     23 

Wyoming     31 


852.000 

113.000 

1.244,000 

648,000 


370,000 
S99.0OO 
630.000 

508.000 

618,000 

1.087,000 

1.560,000 

1,041,000 

160,000 

728.000 

587.000 

154.000 

1.380,000 

772.000 


Total  r.   S 42,6  $35,490,000 

Revision,       large-scale, 
maps,    etc 5,000.000 


Total     estimated     for 
completion    $40,490,000 


Under  such  a  project  the  work  should  be  expanded  from 
year  to  year  and  would  require  annual  appropriations,  includ- 
ing co-operative   appropriations   by   states,   as   follows: 

Fiscal 
year.  Amount. 


Fiscal 

year.  Amount. 

1919-20    $      700,000 

1920-2!     1,000.000 

1921-22    1.500.000 

1922-23    2.000.000 

1923-24    2.500,000 

1924-25    3.000.000 

1925-26 3,500,000 

1926-27    4,000,000 


1927-28  4,500.000 

1928-29  4.500,000 

1929-30  4.500,000 

1930-31  4,500.000 

1931-32  4. 290.000 


$40,490,000 


Rail  Failure    Statistics    for    1918 

Bulletin  No.  218  of  the  American  Railway  Engineering  As- 
sociation contains  a  report  by  Mr.  M.  H.  H.  Wickhorst,  Engi- 
neer of  Tests  for  the  Rail  Committee,  on  the  rail  failures  for 
the  year  ending  Oct.  31,  1918. 

The  information  was  collected  in  response  to  a  circular 
sent  out  by  the  American  Railway  Association  to  the  railroads 
of  the  United  States  and  Canada.  The  chief  points  of  interest 
shown  by  the  report  are  as  follows: 

The  information  furnished  by  each  railroad  showed  the 
number  of  tons  of  each  year's  rolling  from  each  mill,  the 
equivalent  number  of  track  miles,  and  the  total  number  of 
failures  that  occurred  in  each  year's  rolling  from  the  date  laid 
until  Oct.  31,  1918. 

The  failures  were  divided  into  four  classes,  namely,  head, 
web,  base  and  "broken."  They  were  reported  by  the  railroads 
on  American   Railway  Engineering  Association  form  408,  as 
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revised  in  1915.  (See  Manual  for  1915,  page  104).  The  re- 
ports cover  rollings  for  1913  and  succeeding  years,  and  the 
ages  of  the  rollings  would  average  in  track  about  the  years 
shown  below: 

11113 

1014 

1915 


4  years]  191 6 2  years 

4  years]  191 7 1  year 

3  years!  1318 several    months 


The  tonnages  represented  by  the  statistics  in  this  report 
are  shown  below: 


Y?ar  rolled. 

1913 , 

1914 

1915 

1916 

1917 

1918 


Bessemer. 
155.417 
59.91S 
12.141 
42,399 
24,223 
12,967 


Open-hearth. 
1,550,938 
1,060,763 
1,034,531 
1.191,628 
1,077,832 
470.768 


Total. 
1.706,355 
1,120,681 
1.046,672 
1,234,027 
1,102,055 

483.735 


Total. 
11,883.57 
7.752.27 
7,072.23 
8,347.44 
7,384.26 
3.262.43 


The  equivalent  track  miles  are  as  follows: 

Year  rolled,  Bessemer.  Open-hearth. 

1S13 1,126.47                10,757.10 

1914 429.31                  7.322.96 

1915 90.89                   6,98134 

1S16 329,83                  8,017.61 

1917 176.97                  7,207.29 

1918 94.01                    3.168.42 

Comparative  performance  of  open-hearth  and  Bessemer 
rails  are  shown  as  follows:  Figuring  the  failures  per  100 
track  miles  of  open-hearth  rails  as  100  for  each  of  the  years 
1913,  1914,  1915  and  1916,  the  relative  failures  of  Bessemer 
rails,  together  with  the- failures  per  100  track  miles  are  shown 
below: 

Failures    per 

Year  Years'  100   track    miles.  Comp.aiative  failures 

rolled.  service.  O.  H.          Bessemer.         O.  H.  Bessemer 

1913  5  90.3       107.7  lOO  119 

1914  4  47.4       111.1  100  234 

1915  3  33.8        62,7  100  186 

1916  2  27.9        41.6  100  149 

The  average  failures  per  100  track  miles  of  the  rollings  for 
the  several  years,  including  both  Bessemer  and  open-hearth 
rails,  is  shown  in  the  table  reprinted  from  Bulletin  218.  as 
also  a  general  diagram. 


Year 

rolled. 

1908.. 

1909,., 

1910.. 

1911,. 


AVERAGE    FAILPRES    PER    100    TRACK    MILES, 

, Years*  service 

0  1  2  3  4 
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184.0 
104.4 


224.1 
152,7 
133.3 
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198.5 
176.3 
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28.9 

32.1 

2.(1 

12..-> 

25.8 

1.2 

8.2 

19.8 

0.7 

S.9 

19.0 

l.ti 

U.S.- 

29.2 

5.S 

21.6 

l.fi 

49.3 
44.8 
32.9 
34.2 


78.9 
t>9.5 
SO. 9 


107.1 
91.9 


1912 

1913 

1914 

1915 

1916 

1917 

1918 

The  diagram,  on   which   is  shown   a  "Dream"   curve,  is  ef 

interest  because  this  curve  was  first  platted  several  years  ago 

when  it  was  hoped  that  it  would  represent  future  records,  as 

indeed  it  seems  to  be  doing. 


Recent  Tests  on  the  Holding  Power 
of  Railroad  Spikes 

In  a  recent  bulletin  of  the  Department  of  Civil  Engineering 
of  Columbia  University  in  the  city  of  New  York,  some  tests  on 
railroad  spikes  are  described  whicli  are  well  worth  the  atten- 
tion of  railway  engineers,  in  that  tests  on  spikes  in  wide  use 
were  tested  along  with  a  new  form  of  spike  which  is  claimed 
has  some  advantages  over  both  the  cut  spike  and  the  screw 
spike.     These   tests  are  all   the   more  interesting  because  of 


lever  type,  one  end  of  which  was  placed  directly  in  contact 
with  the  head  of  the  spike.  Very  large  errors  resulting  from 
the  play  in  the  bearings  of  the  holder,  deformation  of  the 
holder  proper,  slippage  of  the  holder  in  the  wedges,  and  with- 
drawal of  the  wedges  from  the  lower  cross-head  as  they 
lighten  on  the  shank  of  the  holder,  which  are  introduced 
when  the  withdrawal  is  measured  by  the  movement  of  the 
lower  cross-head  of  the  testing  machine,  as  has  been  done  in 
many  previous  experiments,  were  thereby  eliminated.  This 
method  does  not.  however,  eliminate  errors  due  to  the  com- 
pression of  the  wood  on  the  cast  iron  bearing  blocks  and  the 
twisting  of  the  tie.  especially  one  having  a  rough  or  warped 
bearing  surface  in  contact  witli  the  bearing  blocks,  as  the 
load  on  the  spike  increases. 

The  behavior  of  the  various  spikes  was  investigated  for 
re  ustance  to  direct  pull  and  also  resistance  to  direct  pul!  as 
affected  by  redriving.  Two  typical  diagrams  are  shown  as 
Figs.  2  and  ?..  It  was  in  accordance  with  suggestions  made 
by  engineers  of  several  of  the  eastern  railroads  that  redrive 
and  pulling  tests  were  made  to  determine  the  effect  of  the 
successive  redriving  of  a  spike  after  having  been  withdrawn 


# 


Standard  Cut  Spike.  Pennsylvania  R  R.  Lines  West  Sessler  Grip  Spike  Delaware.  Lackawanna  &  Western  R.R.  Screw  Spike 

Fig.    1  —  Details    and    Dimensions    of    Spikes    Tested. 


the  fact  that  a  short  time  ago  engineers  of  the  Pennsylvania 
System  made  a  report  on  the  screw  spike  in  use  on  their  rail- 
way which  was  unfavorable  on  the  whole,  which  was  some- 
what of  a  surprise  to  many  in  view  of  the  high  favor  in  which 
the  screw  spike  has  been  held  on  some  important  railway 
lines. 

The  tests  were  made  in  the  testing  laboratory  of  Columbia 
University  by  Albin  H.  Beyer  and  Wm.  J.  Krefeld,  Associate 
and  Instructor,  respectively,  in  Civil  Engineering. 

The  spikes  were  furnished  by  the  various  railroads,  as  were 
also  the  ties,  which  included  chestnut,  yellow  pine,  white  oak. 
and  Douglas  fir,  the  yellow  pine  being  creosoted,  the  others 
untreated.     Details  of  the  various  spikes  are  shown  in  Pig.  1. 

Methods  of  Making  the  Tests.— The  tie.  with  the  spikes  to 
be  tested  facing  downward,  rested  upon  two  steel  blocks  upon 
the  upper  head  of  a  100,000-lb.  Riehle  testing  machine.  The 
spike  was  gripped  by  means  of  a  special  holder  forged  in  the 
form  of  a  closed  yoke  and  provided  with  a  slot  of  width  just 
sufficient  to  engage  the  shank  of  the  spike  below  the  head. 
The  same  holder  was  used  for  the  screw  and  Sessler  Grip 
spikes  as  they  had  the  same  sized  shank  under  the  head. 
The  holder  used  for  the  cut  spike  was  similar  except  for  the 
slot,  which  was  slightly  narrower.  The  load,  therefore,  was 
applied  to  the  spike  head  at  tw^o  points  directly  opposite  each 
other,  thus  tending  to  insure  an  axial  pull.  The  lower  ends, 
or  shank,  of  these  holders  were  held  by  the  pin  of  a  shackle 
which  was  in  turn  held  by  a  yoke  gripped  by  the  wedges  in 
the  lower  head  of  the  testing  machine. 

The  actual  withdrawal  of  the  spike  was  measured  to  the 
1-1,000  part  of  an  inch  by  means  of  a  deflectometer  of  the 
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0.25  in.  It  is  believed  that  such  tests  will  give  some  informa- 
tion as  to  the  influence  upon  the  holding  power  of  the  spike 
when  redriven  after  having  been  lifted  in  service.  Six  such 
tests  were  made  for  each  type  of  spike  in  each  of  the  four 
kinds  of  ties. 

Each  spike  was  withdrawn  %  in.,  redriven  or  rescrewed, 
withdrawn  again  for  \i  in.,  again  redriven  and  withdrawn, 
making  three  withdrawals  in  all.  In  these  tests  the  same 
spikes  and  the  same  sizes  of  preformed  holes  were  used  as  in 
the  direct  pulling  tests. 

Eighteen  spikes  were  tested  in  each  tie,  as  follows; 

3  Pennsylvania  cut  spikes  driven  5Vi  in.  without  bored  hole; 

o  Pennsylvania     cut  spikes  driven  0^2  in.  into  %-in.  hole; 

3  D.  L.  &  W.  screw  spikes  screwed  6  in.  into  %-in.  hole; 

3  D.  L.  &  W.  screw  spikes  driven  into  %-in.  hole  to  within 
2  in.  of  the  head  and  screwed  to  within   %-in.  of  the  head; 

3  Sessler  Grip  spikes  driven  ?>%  in.  without  bored  hole; 

3  Sessler  Grip  spikes  driven  .5%  in.  into  7 /16-in.  bored  hole. 

The  method  of  testing  was  similar  to  that  already  described 
under  the  direct  pulling  tests,  except  that  the  spikes  were 
withdrawn  only  Vi  in.  The  cut  spike  and  the  Sessler  Grip 
spike  were  then  redriven.  and  the  screw  spike  i'escrewed,  the 
full  amount  of  the  withdrawal  in  all  cases.  The  spikes  were 
then  repulled  %  in.,  redriven  or  rescrewed,  respectively,  and 
again  repulled. 

Results  of  Tests. — The  results  appear  to  indicate  that  both 
the  cut  and  the  Sessler  Grip  spike  develop  a  slightly  higher 
initial  resistance  to  withdrawal  when  driven  without  a  pre- 
bored  hole  than  when  driven  into  %-in.  and  7/16-in.  holes,  re- 
spectively.    This   increases   in   initial  holding  power   secured 
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when  a  spike  of  this  type  is  driven  without  preforming  the 
hole  is  of  doubtful  value;  for  the  efficiency  and  ultimate  life 
of  a  spike  in  a  tie  depends  not  so  much  upon  the  ultimate 
initial  resistance  to  withdrawal  as  it  does  upon  the  range  of 
elastic  behavior  of  the  wood  fibres,  provided  the  friction  be- 
tween the  wood  fibres  and  the  surface  of  the  spike  is  suf- 
ficient. 

A  cut  spike  driven  into  a  tie  without  first  preforming  the 
hole  crushes  and  bunches  the  fibres  over  a  wide  area  due 
largely  to  the  splitting  and  wedging  action  being  confined  to 


place  Is  due  solely  to  the  elastic  distortion  of  the  wood  fibres. 
When  the  load  is  released  the  elasticity  of  the  wood  fibres 
causes  the  spike  to  regain  its  original  position.  The  elastic 
withdrawal  limit  of  a  spike  fastening  is  reached  either  when 
the  wood  fibres  in  contact  with  the  surface  of  the  spike  are 
strained  beyond  their  elastic  limit,  or  the  bond  or  adhesion 
between  the  fibres  of  wood  and  the  surface  of  tlie  spike  is 
insufficient  to  prevent  relative  motion  between  the  two.  Both 
in  the  cut  and  Sessler  Grip  spike  failures  appear  to  take  place 
simultaneously  in  the  two  ways  just  described.     In  the  screw 


Pennsylvania  Cut  Spilcc — Driven  5K  Indies.  No  Hole 

D.  L.  S:  W.  Screw  Spike — Driven  4Ji'  Inches  and  Screwed  i  ' ..  Inches  into  '  i-incli  Hole 

Sessler  ('.rip  Spike — Driven  5>2  Inches.  No  Hole 
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Fig.  2 — Curves  Showing   Results  of   Repulling  Tests  from   Untreated     Douglas   Fir  Tie. 


one  plane.  With  the  Sessler  Grip  spike,  this  splitting  action 
appears  to  be  less,  due,  partly  to  the  shape  of  the  point  tend- 
ing to  produce  a  combined  cutting  and  splitting  action,  but 
much  more  to  the  rotation  of  the  spike  on  driving,  averaging 
63°  when  driven  without  a  hole  and  68°  when  driven  into  a 
hole.  Due  to  this  rotation  of  the  spike  the  splitting  and 
wedging  is  not  confined  to  any  one  plane  and  the  accumula- 
tive effect  upon  the  wood  fibres  appears  to  be  thereby  re- 
duced. 

The  effect  upon  the  wood  fibres  of  driving  instead  of  screw- 
ing a  screw  spike  is  obvious. 

The  crushing  and  bunching  of  the  wood  fibres  can  be  mate- 


spike,  on  the  other  hand,  failure  is  more  gradual,  but  in- 
cipient failures  takes  place  at  very  low  loads,  probably  due 
to  the  crushing  of  the  fibres  against  the  thread  of  the  screw. 
At  tjie  same  time,  the  frictional  resistance  between  the  shank 
of  the  spike  and  the  wood  fibres  increases  somewhat  due  to 
their  displacement  and  the  resultant  failure  is  a  very  gradual 
one. 

Within  the  elastic  withdrawal  limit  the  resistance  to  direct 
pull  develped  by  a  spike  is  directly  proportional  to  the  dis- 
placement of  the  spike  in  the  wood.  Also  within  the  elastic 
withdrawal  range  the  permanent  set  is  practically  negligible. 

When  the  load  upon  a  spike  exceeds  its  elastic  withdrawal 


Pennsylvania  Cut  Spike — Driven  il4  Inches,  No  Hole 

D.  L.  &  W.  Screw  Spike — Driven  6  inches  into  J^-inch  Hole 

Sessler  Grip  Spike — Driven  5^-inches,  No  Hole 
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Fig.   3 — Curves    Sliowing    Results   of    Direct    Pull    Tests   from 


Untreated    Chestnut    Tie. 


rially  reduced  both  with  the  cut  spike  and  the  Sessler  Grip 
spike  by  preforming  the  hole. 

Elasticity  of  a  Spike  Fastening. — When  a  spike  is  driven 
into  a  tie  the  fibres  of  the  wood  are  forced  downward  and 
passed  simultaneously  outward.  When  such  a  spike  fasten- 
ing is  subjected  to  a  direct  pull,  within  its  elastic  range,  the 
friction  between  the  wood  fibres  and  the  surface  of  the  spike 
tends  to  hold  it  in  place  and   whatever  yielding   does  take 


limit  sliding  friction  comes  more  and  more  into  play  and  the 
permanent  sets  become  appreciable. 

To  determine  the  true  elastic  behavior  of  the  three  types 
of  spikes  a  limited  number  of  tests  were  made  in  which  the 
withdrawal  of  the  spike  was  measured  directly  to  the  nearest 
1-10,000  part  of  an  inch.  In  this  investigation  a  creosoted 
yellow  pine  tie  was  used  and  two  spikes  of  each  type  were 
tested  using  prebored  holes. 
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Based  upon  the  results  of  these  tests  the  relative  average 
elastic  limits,  taking  the  cut  spike  at  100%,  is: 
Cut  spike  100% 

Screw  spike  90%   elastic  limit  in  bearing 

178%    final  yield   point 
Sessler  Grip  Spike         129%, 

To  obtain  additional  data  as  to  the  elastic  behavior  of  a 
spike  in  a  tie,  one  spike  of  each  type  inserted  in  a  creosoted 
yellow  pine  tie  was  subjected  to  thirty  applications  of  loads 
varying  between  the  limits  of  500  and  3,000  lb.  and  the  with- 
drawal and  set  for  each  load  recorded.  In  each  case  the 
spike  was  subjected  to  an  initial  load  of  3.000  lb.  and  the 
reading  of  the  Ames  dial  when  the  load  was  reduced  to  500  lb. 
was  taken  as  zero  set.  The  upper  limit  of  3,000  lb.  was  se- 
lected because  this  represented  approximately  the  elastic 
withdrawal  limit  of  a  cut  spike  in  such  a  tie. 

The  results  showed  that  under  thirty  applications  of  3,000 
lb.  the  final  set  amounted  to  .0005  in.  for  the  screw  spike. 
.0011  in.  for  the  Sessler  Grip  spike,  and  .0015  in.  for  the  cut 
spike.  The  screw  spike  showed  slightly  lower  elastic  with- 
drawals and  permanent  sets  than  either  the  cut  or  Sessler 
Grip  spike. 

General  Conclusions. — The  general  conclusions  are  set 
forth  in  the  bulletin  as  follows: 

The  tests,  although  of  limited  extent,  show  conclusively 
that  the  rail  fastenings  tested  act  as  elastic  structures  within 
certain  limits,  depending  upon  the  character  of  the  wood  and 
type  of  spike. 

In  the  softer  woods  the  elastic  limit  of  the  fastening  is 
reached  at  very  small  withdrawals  ranging  from  0.004  to 
0.006  in.  In  an  oak  tie  these  limits  appear  to  be  somewhat 
higher. 

Within  the  elastic  range  of  the  fastening  the  resistance  de- 
veloped by  the  fastening  is  directly  proportional  to  the 
amount  of  withdrawal. 

Small  permanent  withdrawals  or  sets  have  been  recorded 
within  the  elastic  range  of  the  rail  fastening  but  these  are  no 
greater  than  would  be  reasonably  expected  in  a  material  such 
as  wood. 

A  rail  fastening  to  approach  permanency  must  at  no  time 
be  stressed  beyond  its  elastic  holding  power,  making  due  al- 
lowances for  the  fatigue  and  physical  deterioration  of  the 
wood  fibres  during  the  life  of  the  fastening. 

In  view  of  the  importance  of  these  facts  to  the  railway  pro- 
fession a  more  complete  investigation  should  be  made  to 
definitely  establish  the  elastic  behavior  of  various  types  of 
spikes,  both  without  and  with  preformed  holes  of  various 
sizes  driven  into  ties  of  various  stages  of  deterioration. 


Cost  of  Making  2  In.   Lift  on   Main  Line 

Track 

This  work  was  done  on  April  9.  1917.  on  the  Michigan  Cen- 
tral R.  R.  The  weather  was  clear  and  the  temperature  was 
about  50°  F.  A  total  length  of  1.221  ft.  of  3°  curved  track 
was  lifted.  In  addition  62  ties  were  placed  in  track.  The 
force  was  as  follows: 

1  foreman     $90.00   per   month 

1  assisitant   foreman    77.50   per   month 

1  cook    2.10  per  day 

1  timekeeper    75.00  per  month 

22  laborers     2.10  pe"-  day 

1  water  bov    2.10  per  day 

2  f1a,!jmen    2.10  per  day 

Of  the  above  force  the  timekeeper,  cook,  water  boy  and 
the  two  flagmen  are  classed  as  "dead"  labor. 

The  men  left  the  bunk  cars  at  6:30  a.  m.,  and  began  work 
at  7.  They  lifted  track  from  7  to  11:30,  took  half  hour  for 
lunch,  and  were  engaged  again  from  12  to  4:30  p.  m.  in  lift- 
ing track.  They  left  the  work  at  4:30  and  arrived  at  bunk 
cars  at  5  p.  m.  It  will  thus  be  noted  that  the  working  time 
was  9  hours.  However,  there  was  a  total  delay  of  40  min- 
utes due  to  passing  trains,  which  makes  the  actual  work- 
ing time  8  hours  and  20  minutes. 

The  equipment  used  consisted  of  track  tools  and  three 
liand  cars. 

The  cost  of  the  work  was  as  follows: 

Perlin.  ft. 

Superintendency    $0.0038 

Active  labor  .0314 

Dead  labor   0074 

Delays  to  entire  gang 0077 

Total,  cost  of  2-in.  lift  and  replacing  .05  of  a  tie $0.0503 

We  are  indebted  to  Mr.  A.  M.  Van  Auken  for  the  above  data. 


Modern   Requirements   in  a  Rail- 
road  Blacksmith  Shop 

in  a  paper  road  before  the  convention  of  the  International 
Railway  Master  Blacksmiths'  Association,  Mr.  Geo.  Fraser, 
smithshop  foreman  for  the  Atchison,  Topeka  &.  Santa  Fe  Ry., 
Kan.,  of  Topeka,  Kans.,  has  outlined  the  present  day  require- 
ments in  a  blacksmith  shop.  The  following  is  abstracted 
from  his  paper: 

From  the  standpoint  of  shop  production,  the  blacksmith 
shop  is  looked  upon  a  feeder  for  other  shops  of  prime  im- 
portance. Sometimes  this  is  overlooked  in  preparing  the 
original  plans  and  the  blacksmith  foreman  is  not  consulted, 
so  when  the  shop  is  completed  he  is-  invited  into  it  and  it  is 
up  to  him  from  then  on  to  make  the  best  of  it. 

The  blacksmith  shop  at  the  principal  shop  plants  of  the 
large  railway  systems  turn  out  the  forgings  entering  into  the 
construction  of  new  cars,  the  bulk  of  the  car  forgings  re- 
quired in  keeping  up  the  repairs  of  botli  freight  and  passen- 
ger car  equipment  on  the  line,  as  well  as  the  forgings  for 
locomotive  repairs.  As  there  is  a  difference  in  the  nature 
of  the  work  for  the  two  departments,  each  should  occupy  a 
section  common  to  itself  and  the  machines,  forges  and  equip- 
ment should  be  arranged  accordingly.  Naturally  the  equip- 
ment for  each  department  is  to  be  locat*ed  in  that  portion  of 
the  blacksmith  shop  nearest  to  the  principal  shop  which  it 
serves.  A  ground  plan  in  the  shape  of  an  "L"  is  a  conve- 
nient arrangement  for  the  blacksmith  shop,  accessible  to 
bolh  the  locomotive  and  car  departments.  The  many  condi- 
tions affecting  the  demands  upon  the  blacksmith  shop  and 
the  differences  in  the  dimensions  of  the  shops  on  the  various 
railway  systems  render  it  impractical  to  attempt  to  give 
a  definite  proportion  based  upon  any  given  unit. 

The  introduction  of  cast  steel  in  many  details  for  which 
forgings  were  formerly  used  almost  entirely  has  affected  the 
necessary  size  of  the  blacksmith  shop,  so  far  as  the  locomotive 
department  is  concerned,  and  the  increased  scope  of  forging 
machines,  assisted  by  extended  use  of  formers  and  dies  for 
rapidly  duplicating  standard  parts  of  cars,  has  increased  the 
possible  output  of  car  forgings  without  enlarging  the  area 
required  by  the  shop  building. 

A  general  practice  in  smith  shop  construction  has  been  to 
span  the  entire  floor  without  providing  intermediate  sup- 
ports for  the  roof  trusses  and  in  a  number  of  cases  this  6is- 
tance  is  as  great  as  100  ft.  The  trusses  are  usually  sup- 
ported by  the  side  walls  which  carry  the  weight  of  the  roof 
structure  and  roof.  While  the  distance  from  the  floor  to  roof 
trusses  at  some  of  the  older  shops  is  about  20  ft.,  the  height 
of  the  more  modem  shop  has  been  increased  to  30  ft. 

Almost  without  exception,  the  floor  of  the  blacksmith  shop 
is  of  earth.  This  is  frequently  covered  with  coating  of  cin- 
ders well  tamped  and  by  all  means  should  be  6  in.  higher 
than  the  level   of  the  outside  surroundings. 

The  ventilation  necessary  in  a  blacksmith  shop  and  the 
amount  of  natural  light  needed  require  a  high  free  space  not 
only  to  allow  the  smoke  and  gas  to  rise  away  from  the  floors 
and  forges,  but  to  permit  the  diffusion  of  light  from  long  win- 
dows. It  is  a  very  noticeable  fact  that  the  cleanest,  bright- 
est, most  air.v  blacksmith  shops  are  those  with  high  walls. 
The  roof  of  the  blacksmith  shop  is  usually  surmounted  by  a 
wide  monitor  extending  nearly  the  entire  length  of  the  roof. 
This  is  provided  for  the  sake  of  ventilation  rather  than  to 
distribute  light.  The  windows  in  the  walls  are  depended 
iipon  principally  for  natural  light  and  it  is  generally  consid- 
ered that  the  window  area  should  equal  at  least  60  per  cent 
of  the  wall  area.  In  order  to  offer  the  least  obstruction  to 
the  free  circulation  of  air  throughout  the  shop  in  warm 
weather  and  in  warm  climates  the  windows  should  be  hung 
on  pivots  to  provide  a  greater  opening  than  raising  and  low- 
ering of  sashes. 

In  addition,  the  shops  should  be  provided  with  rolling  doors 
and  the  lay  of  the  shop  should  be  east  and  west  with  an  open 
space  clear  fiom  the  other  buildings  on  the  south  side  so 
that  all  alike  will  share  the  south  breeze  in  hot  weather.  An 
arrangement  frequently  followed  in  the  construction  of  the 
monitor  is  to  alternate  the  windows  along  the  sides  with 
space  having  wooden  slats  built  in  on  an  angle  thus  permit- 
ting the  free  circulation  of  air  while  excluding  rain  and  snow. 

The  removal  of  smoke  and  gases  from  the  forges  is  pro- 
vided for  by  different  methods.  Experience  in  some  shops 
where  great  care  was  used  in  their  design  to  provide  for  efB- 
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cient  ventilation  is  said  to  have  nroved  that  smoke  hoods 
in  high  shops  are  unnecessary  and  that  the  interior  of  the 
building  is  clear  and  free  from  smoke  and  gas  at  a*l  times. 

Hand  torges  are  usually  arranged  in  a  row  along  the  wall, 
placed  conveniently  according  to  the  class  of  work  which 
they  serve  The  distance  between  centers  of  forges  varies 
from  16  to  20  ft,,  and  5  ft.  from  the  wall.  Forges  are  ar- 
ranged at  uniform  height,  about  24  in.,  and  should  be  of  uni- 
form  shape   and   size. 

Careful  provision  for  tool  racks  is  a  necessary  detail  not 
to  be  overlooked,  for  care  and  maintenance  of  tools  and  equip- 
ment is  the  duty  of  the  energetic  foreman.  Tool  racks  are 
generally  arranged  along  the  wall  of  the  shop  and  in  the  cen- 
ter of  the  shop.  For  hammer  tools,  etc.,  a  revolving  cone 
shape  tool  rack  may  be  provided. 

Oil  is  the  most  common  fuel  used  in  blacksmith  shop  fur- 
naces. In  latter  years  it  has  rapidly  displaced  coal  and  coke 
not  only  proving  more  satisfactory  and  economical  as  fuel, 
but  it  improves  the  appearance  of  the  shop  by  removing  the 
necessity  of  the  unsightly  coal  and  coke  boxes  about  the  shop. 
It  has  been  demonstrated  by  practice  that  with  oil  as  fuel 
it  is  possible  to  obtain  a  larger  output,  better  grade  of  worfe. 
greater  intensity  of  heat  as  well  as  more  even  heat.  The 
elimination  of  the  necessity  of  attending  fires,  the  shorten- 
ing of  time  required  to  bring  the  furnace  to  the  desired  work- 
ing temperature  and  the  general  improvement  of  the  condi- 
tions under  which  furnace  men  work  are  other  important 
advantages.  It  is  a  noticeable  fact"  that  in  a  majority  of  the 
new  shops,  particular  attention  has  been  paid  to  the  furnace 
equipment,  the  design  of  the  various  furnaces  for  the  va- 
rious machines  and  their  location  in  relation  to  the  machines 
and  to  the  movement  of  the  material. 

The  location  of  large  scraps  furnaces  should  be  on  the  out- 
side of  the  shop  with  the  working  side  of  the  furnace  flush 
with  the  inside  of  the  mail  wall.  To  avoid  any  possible 
shortage  of  steam,  boilers  should  be  installed  over  all  large 
scrap  and  forging  furnaces.  By  this  plan  no  fuel  expense  is 
charged  to  produce  steam  as  the  flaming  gases  from  the  fur- 
naces do  the  work. 

In  arranging  the  fires  and  furnaces,  they  should  be  so 
placed  that  the  men  are  not  too  near  a  furnace  or  fire  when 
working  on  the  metal.  Efficiency  engineers  will  figure  on 
the  number  of  steps  that  can  be  saved  in  handling  work  from 
fire  or  furnace  to  hammer,  or  anvil,  overlooking  entirely  the 
comfort  of  the  men  whose  vitality  is  sapped  out  by  having 
the  fires  too  close  to  the  anvil  or  hammer.  The  arrangement 
of  furnaces,  anvils,  hammers  and  machines  should  be  left 
to  the  judgment  of  a  practical  man,  one  who  is  acquainted 
with  shop  practice  and  who  has  had  experience  in  charge  of 
smith  shops. 

Modern  machines  without  proper  die  equipment  are  of  little 
value.  The  main  blacksmith  shop  should  be  provided  with 
its  own  tool  room  where  the  die  work  could  be  carried  along 
independent  of  the  locomotive  department,  thus  avoiding 
delays.  Little  attention  is  given  by  other  departments  in 
assisting  foreman  blacksmith  along  these  lines.  The  follow- 
ing equipment  is  sufficient  for  the  average  shop:  One  each, 
planer,  jumper,  lathe,  drill  press  and  face  plate.  We  have 
this  equipment  in  our  tool  room  at  Topeka  and  it  greatly 
facilitates  the  work  of  getting  out  dies,  etc. 

In  connection  with  furnace  equipment  and  open  fires,  par- 
ticular attention  should  he  paid  to  the  layout  of  blast  piping. 
Efficient  blast  is  a  very  important  consideration  to  the  black- 
smith shop  as  it  practically  governs  the  heating  capacity  not 
only  of  furnaces  but  of  the  open  fires.  The  blast  line  should 
be  overhead  and  safety  valves  should  be  provided  in  the 
up  and  down  lines  leading  to  the  forges  to  take  care  of  any 
gas  that  may  possibly  enter  the  line  The  main  blast  line 
should  be  reduced  in  area  in  proportion  to  the  distance  cov- 
ered so  as  to  maintain  a  good  pressure  at  the  end  of  the  line. 
When  compressed  air  is  used  in  addition  to  a  blast  to 
atomize  fuel  oil,  an  8-ounce  blast  is  sufficient.  When  fan 
blast  alone  is  used  nothing  short  of  10  ounces  will  give  sat- 
isfactory results. 

The  exhaust  pipes  on  steam  hammers  should  pass  down- 
ward through  independent  pipes  so  as  to  carry  the  exhaust 
beyond  the  shop  into  a  catch  basin. 

The  modern  shop  may  liave  all  the  facilities  it  is  possible 
to  provide  and  still  may  not  be  productive  of  results.  The 
foreman  in  charge  must  have  the  good  will  and  hearty  co- 
operation  of  each   and   every   man   under  him   to   reach   the 


The    Preparation   of   Data  for 
Street  Railway  Rate  Cases 

Mr.  t'larence  R.  Bitting  of  the  firm  of  Day  &  Zimmerman, 
Consulting  Engineers,  Philadelphia,  in  a  paper  presented  at 
a  meeting  of  the  Accountants'  Association,  has  given  the 
results  of  his  experience  in  preparing  and  arranging  data 
for  presentation  before  commissions  in  connection  with  rate 
cases  relating  especially  to  traction  companies.  Some  of 
his  remarks,  reprinted  in  the  "Electric  Railway  Journal,"  we 
quote  as   follows: 

The  preparation  of  accounting  and  statistical  data  for  rate 
cases  and  their  presentation  to  public  service  commissions 
and  the  public  are  of  unusual  importance  at  this  time,  for 
practically  all  public  utilities  are  so  burdened  by  mounting 
costs  of  materials  and  labor  that  they  must  either  receive 
higher  rates  or  forego  dividends  to  which  the  stockholders 
are  entitled  on  their  investment.  The  former  is  the  fair  al- 
ternative. 

"A  Public  Utility  Has  No  'Fat  Years.'" — In  a  number  of  re- 
cent rate  cases  it  has  been  contended  that  a  public  utility  should 
take  the  "lean"  years  along  with  the  "fat"  years,  and  that 
the  stockholders  should  stand  part  of  the  increased  cost  of 
operation,  but  a  public  utility  has  no  "fat"  years  because  as 
soon  as  it  is  earning  more  than  a  fair  return  someone  brings 
action  before  the  regulating  commission  to  have  the  rates 
reduced.  Obviously  when  rates  are  insufficient  relief  should 
be  accorded  to  the  utilities. 

A  company  which  is  capitalized  .50  per  cent  bonds  and  50 
per  cent  stock,  all  of  which  represents  tangible  property, 
would  on  a  7  per  cent  return  earn  2V3  times  its  interest  re- 
quirements, assuming  6  per  cent  interest  on  bonds.  This 
would,  of  course,  make  a  very  salable  security  from  a  bank- 
ing standpoint,  but  unfortunately  very  few  companies  are 
able,  due  to  financial  conditions,  to  finance  their  construc- 
tion through  the  sale  of  stock.  Of  2.34  companies  tabulated 
by  the  writer,  only  57  have  preferred  stock.  It  will,  there- 
fore, be  seen  that  practically  80  per  cent  of  the  companies 
are  restricted  to  the  sale  of  bonds  for  their  financial  require- 
ments. A  series  of  calculations  which  the  writer  has  pre- 
pared establishes  conclusively  that  a  company  receiving  a 
return  of  8  per  cent  can  with  safety  finance  capital  expendi- 
tures through  the  sale  of  bonds,  preferred  stock  and  com- 
mon stock;  at  all  times  paying  a  dividend  of  at  least  6  per 
cent  on  the  common  stock  and  still  retaining  a  portion  of  its 
earnings  in  surplus  to  meet  unforseen  accidents,  obsolescence 
and  the  superseding  of  property  through  improvements  in 
the  art. 

Numbering  and  Tabulation  of  Data. — To  begin  with,  a  plan 
of  numbering  and  indexing  data  and  exhibits  should  be 
adopted.  A  plan  which  has  been  operated  very  successfully 
is  based  on  the  following  main  divisions: 


tl.  Non-ojierating:  income. 

12.  Fixed   charges, 

13.  Surplus. 

14.  Balance  sheets. 

15.  Increases    in    wages   and    ma- 

terials. 

16.  Comparisons  with  other  com- 

panies. 

17.  Traffic  and  service  statistics. 

18.  Estimates. 

19.  Investment  and  valuation 

data. 


maximum  of  efficiency. 


1.  Income  statements  by  years. 

2.  Income  statements  by 

months. 

::.  .Miscellaneous     income     state- 
ments. 

4.  Ways  and  structures. 

.'>.  Equipment. 

K.  Power. 

7.  r'onductingr  transportation. 

s.  General   and   miscellaneous. 

;i.  Taxes. 
10.  nepreciation. 

Each  main  account  or  classification  should  be  prepared  on 
a  separate  sheet  or  sheets  of  the  size  prescribed  by  the  com- 
mission before  which  the  case  will  he  heard.  In  this  con- 
nection it  might  be  well  to  state  that  where  an  exhibit  of 
larger  size  must  be  presented  it  should  be  prepared  on  a  size 
that  is  a  multiple  of  the  regulation  size  so  that  it  can  be 
readily  folded  to  such  regulation  size. 

An  idea  may  be  formed  of  the  subdivisions  of  the  various 
main  divisions  by  quoting  from  sections  of  index  to  exhibits 
filed  in  a  recent  rate  case. 

INCOME    ST.\TE11ENTS    BY    YE.'VRS. 
1         — Chart  of  earnings  by  years. 
lA      — Summary  of  statement  by  years. 
lA    1 — Detail  of  revenue. 

lA    2— Detail  of  maintenance— ways  and   structures. 
lA    3 — Detail  of  maintenance— equipment. 
lA    4 — Detail  of  power. 

lA    5 — Detail  of  conducting   transportation. 
lA    fi— Detail  of  traffic. 

lA    7 — Detail  of  general  and  miscellaneous. 
lA    S — Detail  of  taxes. 
lA    9— Detail  of  fixed    charges. 

lA  10 Detail  of  non-operating  income. 

1..V  11 — Detail  of  surplus  charg'es. 
15         — Principal   wage   increases. 
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l''A      — Chart  showing   periods  affnted  by  rect-nl   wape  increases. 

l:iA  1— Chan  showing-  hourly  wage  for  platform  employees. 
15B      — Statement  ."showins;  cost  of  materials,  wavs  ami  structures. 

15B  4— Chart  showing  range  of  prices  for  rail   (per  ton). 

For  the  use  of  a  witness,  it  is  well  to  have  a  cross-indexed 
copy  of  the  exhibits  for  ready  refernce.  For  instance,  under 
"4"  should  be  filed  all  of  the  various  exhibits  dealing  in  any 
way  with  maintenance  of  ways  and  structures. 

A  very  satisfactory  method  of  binding  consists  of  the  use 
of  press  boards  between  each  of  the  main  divisions  of  the 
exhibits  and  any  principal  or  special  exhibits,  all  to  be 
marked  with  thumb  tabs  and  bound  with  metal  binding  posts. 

The  preparation  of  accounting  data  showing  the  capitaliza- 
tion and  capital  expenditures  of  the  company  is  difficult. 
Practically  all  of  our  traction  systems  are  the  result  of  a 
series  of  reorganizations,  purchases,  consolidations  and  mer- 
gers and  in  many  cases  the  books  of  the  original  companies 
have  long  since  been  lost  or  destroyed  through  accident. 

Securities  issued  for  promotion  services  and  discounts  on 
bonds  issued  at  the  time  of  organization  should  be  shown 
as  separate  items,  also  the  cost  of  superseded  property,  if 
available,  should  be  shown.  While  some  opponents  of  in- 
creased fares  hold  the  view  that  possibly  excessive  prices 
were  paid  for  the  underlying  companies,  a  careful  reading  of 
newspaper  files  tor  a  few  years  preceding  the  date  of  the 
consolidation  will,  in  most  cases,  show  a  growing  demand 
on  the  part  of  the  public  for  the  elimination  of  the  disagree- 
able features  of  competitive  operation  of  the  street  railway 
system.  The  only  method  of  eliminating  these  disagreeable 
features  was  the  consolidation  of  the  various  lines  then  op- 
erating, and  no  man  was  compelled  to  sell  his  property  for 
less  than  his  price.  The  public  demanded  consolidation  and 
should  pay  the  cost  of  same. 

The  estimated  average  depreciation  for  the  time  the  prop- 
erty was  operated  by  the  present  company  should  also  be 
shown  as  a  deduction.  This  statement  should  check  in  round 
figures  with  the  present  cost  to  reproduce  the  property  and 
would  be  an  additional  item  of  proof  in  establishing  the  fair 
present  value  of  the  property  devoted  to  public  service. 


Equi 


Surveying   Diamond   Drill  Holes 

Methods  of  surveying  diamond-drill  holes  are  often  unsatis- 
factory because  of  the  limited  size  of  the  hole  and  by 
reason  of  the  time  consumed,  and  the  results  of  the  surveys 
leave  a  feeling  of  uncertainty  in  their  wake.  In  a  discussion 
of  the  paper.  "Wedging  Diamond-drill  Holes,"  Mr.  Hugh  M. 
Roberts  points  out  in  the  November  Bulletin  of  the  American 
Institute  of  Mining  Engineers  the  desirability  of  devising  a 
method  of  survey  that  would  be  entirely  independent  of  the 
drill  hole  itself.     He  states: 

The  grinding  of  a  diamond  bit  may  be  heard  distinctly  for 
long  distances  through  solid  rock,  even  through  100  ft.  of 
glacial  drift.  Listening  instruments  of  great  accuracy  have 
been  developed  in  connection  with  underground  warfare  in 
Europe.  One  instrument  known  as  the  American  geophone. 
a  simplified  seismograph,  has  been  developed  by  the  U.  S. 
Army  Engineers,  and  has  lately  been  applied  by  the  U.  S. 
Bureau  of  Mines  to  purposes  of  mine  rescue.  Officers  who 
have  served  m  Canadian  tunneling  regiments  state  that  the 
position  of  German  headings  could  be  determined  by  means 
of  listening  instruments,  from  the  sounds  of  tools  at  work, 
with  accuracy  through  chalk  at  distances  of  1.000  ft.  or  more, 
not  only  as  to  position  in  azimuth  but  as  to  elevation.  In  a 
solid  rock,  like  the  norite  of  the  Sudbury  district,  sound 
waves  are  transmitted  distinctly.  By  applying  the  geophone 
to  the  survey  of  diamond-drill  holes,  it  may  be  possible  to 
fix  the  position  of  the  bit  while  at  work  at  various  points  in 
the  hole,  say  every  100  ft.  in  depth,  and  thus  determine 
quickly  and  with  a  fair  degree  of  precision  the  path  of  the 
drill  hole  in  three  dimensions.  The  method  would  be  par- 
ticularly applicable  to  the  survey  of  angle  holes.  These  in- 
struments are  as  yet  in  the  hands  of  the  Corps  of  Engineers 
and  the  Bureau  of  Mines.  The  Bureau  of  Mines  has  indicated 
a  willingness  to  make  tests  on  the  application  of  the  geo- 
phone to  the  survey  of  diamond  drill  holes.  The  results  will 
be  watched  with  great  interest. 


Reforms   Needed    to    Make    Gov- 
ernment  Contracts   More 
litable  to  Con- 
tractors* 

When  the  need  was  for  cities  of  soldiers  where  nothing  but 
brush  had  existed  before,  the  Government  turned  to  the  con- 
Iractors  of  the  country,  and  the  cantonments  were  ready  on 
time.  Working  under  cost  plus  contracts,  the  builders  made 
a  record  for  speed  that  could  have  been  equaled  in  no  other 
way.  Yet  at  this  late  day  some  of  the  claims  for  this  work 
are  still  unsettled,  and  are  involved  in  needless  arid  seem- 
ingly endless  controversies.  This  aftermath  calls  attention 
to  the  need  of  reform  in  certain  features  of  the  Government 
policy  governing  construction  and  serves  to  emphasize  some 
of  the  lessons  of  experience  gained  through  long  contact  with 
cost  plus  work.  The  many  advantages  of  this  method  of 
carrying  on  construction  should  not  now  be  lost  in  the  con- 
fusion caused  by  the  appearance  of  occasional  abuses. 

During  the  years  that  the  Aherthaw  Construction  Co.  has 
made  use  of  the  cost  plus  method  of  carrying  on  construction 
projects,  a  type  of  contract  form  has  been  developed  in  which 
as  briefly  and  as  clearly  as  possible  we  state  what  we  are  to 
do.  how  we  are  to  be  paid,  and  outline  in  some  detail  a  few 
of  the  important  features  of  the  agreement,  ending  with  an 
arbitration  clause,  which,  as  a  matter  of  fact,  is  never  used. 
On  private  work,  where  we  are  satisfied  of  the  sincerity  of 
the  owner's  desire  to  be  fair,  our  cancellation  clause  is  very 
liberal  and  satisfaction  becomes  the  measure  of  the  value  of 
our  work.  But  on  construction  for  the  Government,  the  need 
for  adequate  safeguards  has  been  brought  to  mind  again  by 
the  considerable  volume  of  work  done  by  this  company  dur- 
ing the  war. 

Payments  on  Government  Contracts  Unsatisfactory. — For 
1,'^  years  previous  to  the  war  we  did  no  Government  work, 
principally  because  it  was  unsatisfactory  regarding  the  ques- 
tion of  payments.  I  feel  very  strongly  that  a  radical  change 
should  be  made  on  the  question  of  payments,  putting  a  pen- 
alty upon  the  Government  for  non-performance  of  its  part 
of  the  contract.  The  Government  and  other  public  bodies  put 
all  kinds  of  safeguards  against  the  contractor,  protecting 
themselves  against  bad  materials  or  workmanship,  delays, 
and  other  contingencies,  but  leave  the  payment  clause  very 
weak  with  no  penalties  for  non-performance  on  their  part. 
Our  experience  has  been  that  they  seldom  pay  as  agreed. 
This  is  the  life  blood  of  the  contractor  and  I  believe  that 
there  should  be  sufficiently  strong  penalties  imposed  upon 
the  Government  for  the  non-performance  of  its  contract  to 
pay.  such  as  increasing  the  payment  and  putting  a  penalty 
upon  the  particular  officer  or  agent  who  fails  to  do  his  duty 
promptly,  so  as  to  guarantee  that  payments  will  come  through 
exactly  as  contracted  for.  This  is  absolutely  essential  in  or- 
der that  the  contractor  can  arrange  his  finances  properly  and 
not  be  embarrassed  in  the  middle  of  his  work,  causing  the  work 
to  go  slowly,  or  in  any  other  way  embarrassing  him  so  as  to 
handicap  the  performance  of  his  contract  punctually. 

Congress  Lacks  Knowledge  on  Cost  Plus  Work. -The  cost- 
plus  prejudice  of  Congress  is  largely  due  to  lack  of  knowl- 
edge of  contracts.  If  a  sufficient  campaign  of  education  was 
instituted,  not  by  contractors  alone,  but  by  engineers  and 
architects  as  well,  and  they  in  turn  arouse  the  interest  of  the 
general  public.  Congress  could  be  made  to  see  the  wisdom  of 
leaving  the  matter  largely  optional  with  the  Construction 
Division  of  the  various  bureaus  who  now  handle  the  work, 
which  we  hope  later  will  be  consolidated  into  a  Department 
of  Public  Works. 

It  is  the  theory  of  the  Government  to  give  everybody  a 
square  deal.  In  construction  work  this  idea  should  be  car- 
ried out  by  allowing  the  contractor  a  profit  on  his  work,  but 
not  an  extravagant  one.  Neither  should  injustice  be  done  by 
causing  him  loss.  One  of  these  alternatives  is  very  apt  to 
follow  on  a  lump  sum  contract.  It  is  easy  to  set  up  an  organ- 
ization for  auditing  every  expenditure  whatsoever  and  every 
liability  incurred  in  behalf  of  a  certain  piece  of  work,  as  was 
done  during  the  war  in  a  most  thorough  and  efl^.cient  manner. 
Thus,  there  is  no  chance  for  the  contractor,  material  men  or 


The  First  Steam  Shovel. — The  steam  shovel,  according  to 
The  Engineer,  originated  in  England,  the  first  one  being 
made  by  Ruston,  Proctor  &  Co. 


'From  the  November  Bulletin  of  the  Associated  General  Con- 
tractors of  America.  A  statement  submitted  to  the  Committee  on 
Contracts  b>-  L,.  C.  ^Vason.  President  of  the  Aberthaw  Construction 
Co..  Boston,  llass. 
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others  to  get  more  than  a  fair  price  for  their  work,  but  there 
is  a  chance  for  them  to  come  out  with  a  small  profit  and  the 
Government  gets  full  value  for  the  money  expendeii.  I  can- 
not see  how  this  type  of  work  could  be  handled  so  as  to  give 
a  contractor  an  abnormal  profit  as  easily  as  on  lump  sum 
work,  where  the  extras  can  be  made  of  an  extravagant  na- 
ture. With  straight  cost  plus  work,  extr^fs  are  put  on  the 
same  basis  as  the  regular  work  and  nothing  is  concealed. 

Must  Arrange  for  Interpretation  of  Contracts. — Another 
essential  reform  in  the  Government's  construction  policy  has 
to  do  with  delegating  authority  for  the  interpretation  of  con- 
tracts. In  negotiating  contracts  with  private  owners  we  al- 
ways want  to  look  straight  into  the  eye  of  the  man  who  is 
the  final  authority  on  the  meaning  of  a  contract  and  the  in- 
terpretation of  its  clauses.  Therefore,  as  far  as  possible  all 
our  contracts  are  negotiated  directly  with  the  chief  executive 
of  the  corporation  for  whom  we  work. 

This  same  idea  is  vital  in  Government  contracts.  Of  course, 
we  cannot  always  look  straight  into  the  eye  of  the  last  official 
who  has  a  say  upon  the  interpretation  of  the  contract.  The 
association  is  now  in  controversy  with  the  Comptroller  of  the 
Treasury  on  this  very  subject.  What  we  want  to  negotiate 
for  and  insist  upon  in  any  revision  of  a  Government  contract 
is  that  all  Government  heads  or  authorities  who  have  any  say 
upon  the  interpretation  of  a  contract  shall  hereafter  have 
that  say  at  the  time  the  contract  is  signed  or  before.  Then 
the  carrying  out  of  that  contract  should  be  solely  in  the  hands 
of  the  particular  department  or  bureau  for  w'hom  the  work  is 
being  done,  and  the  chief  of  that  department  or  bureau  should 
be  the  final  authority  to  interpret  the  meaning  of  any  par- 
ticular phrase  or  paragraph. 

Certainly  it  is  decidedly  unbusinesslike  and  unfair  for  the 
Government,  long  after  a  contract  is  completed,  to  let  some 
particular  individual  who  has  not  been  a  party  to  it,  but  who 
is  yet  an  interested  third  party,  interpret  the  contract  as  he 
sees  fit  when  the  real  contracting  parties  have  nothing  to  say 
in  regard  to  his  rulings,  but  must  submit  to  them.  This 
usually  puts  a  great  hardship  upon  the  contractor  and  could 
be  avoided  if  Ihe  ruling  of  this  interested  third  party  was  had 
at  the  time  or  in  advance  of  the  signing,  so  that  the  contrac- 
tor could  execute  his  work  with  full  knowledge  of  all  condi- 
tions that  were  to  be  ultimately  put  upon  him. 

If  this  feature  can  be  embodied  in  a  contract,  together  with 
the  others  previously  discussed,  I  am  sure  that  Government 
work  would  be  more  desirable  and  sought  for  by  contractors. 
This  company  for  one  would  be  willing  to  take  such  con- 
tracts, where  now  Government  work  is  avoided  where  pos- 
sible. 

Make  Payments  Sure. — In  contracting  with  private  owners, 
or  in  working  up  a  standard  form  of  contract  for  general  use, 
it  is  not  quite  so  vital  as  with  the  Government  to  insist  upon 
penalties  in  case  of  non-payment  by  the  owner;  nevertheless 
it  would  be  a  very  wise  safeguard  to  include  this  clause.  In 
fact,  in  any  standard  contract  which  may  be  evolved,  I  think 
that  our  association  should  stand  very  firm  for  prompt  pay- 
ments and  if  prompt  payments  are  not  made  that  the  owner 
should  be  pe-ialized  by  an  interest  charge  of  something  like 
1  per  cent  a  ;nonth.  Also,  some  penalty  should  be  inflicted 
upon  the  delinquent  parties,  i.  e.,  the  engineers  or  architects 
who  fail  to  pass  vouchers  promptly.  If  this  point  can  be 
(Carried  through  we  need  not  worry  much  about  the  safeguards 
which  the  owner  puts  in  for  his  own  benefit,  as  we  have  been 
submitting  to  those  for  years  and  they  can't  be  any  worse 
now  than  they  used  to  be. 

The  usual  type  of  uniform  contract  drawn  up  to  be  used 
between  architects  and  builders  is  somewhat  a  one-sided  af- 
fair, in  my  opinion,  as  it  is  based  on  the  assumption  that 
architects  are  invariably  honest  and  upright  in  their  dealings, 
it  has  been  our  experience  that  architects  do  not  average  any 
better  than  the  rest  of  humanity  and  that  some  of  them  are 
not  fit  to  be  trusted  with  such  unlimited  power  as  the  contract 
may  confer  upon  hem. 

In  these  contracts  their  power  should  either  be  somewhat 
reduced  or  else  safeguarded  so  that  if  they  are  found  to  be 
unjust  or  dishonest,  as  some  of  them  unfortunately  are  their 
contractors  can  get  relief  by  appeal  to  higher  authorities 
who  will  either  settle  the  matter  or  take  it  out  of  the  hands 
of  the  unjust  architect  and  put  it  into  the  hands  of  others. 

Liberal  Cancellation  Clause.— Many  minor  variations  have 
been  used  in  the  cost  plus  contracts  under  which  the  Aber- 
thaw  Construction  Co.  has  worked.  Perhaps  the  greatest 
v-ariation  comes  in  the  clause  as  to  how  we  shall  be  paid      In 


this  there  have  been  many  different  provisions,  such  as  the 
sliding  scale  rf  compensation,  according  to  tne  opinion  of  the 
owner  after  the  work  is  completea  as  to  wneiuer  we  nave 
given  the  service  we  contracted  for  or  not,  or  the  contingent 
profit  or  loss,  such  as  half  of  the  saving  or  uaii  of  tue  over- 
run on  the  estimates  oi  cost  made  in  advance. 

cJeveral  variations  in  the  cancellation  clause  aiso  have  been 
made.  If  we  know  the  owner  thoroughly  we  maKe  tnis  quite 
liberal,  which  serves  as  a  guarantee  oi  good  faith  on  oui  part 
and  saves  the  necessity  of  giving  a  bona.  An  owner  warns  a 
building  erected  and  it  has  to  ne  erected  by  someuody.  We 
wish  to  erect  the  job  and  our  only  reason  for  so  doing  is  the 
compensation  to  Le  paid  us  at  its  completion.  If  we  give  the 
owner  satislaction  we  get  paia;  if  we  do  not  he  is  at  liberty 
to  dismiss  us  with  no  complications  arising  on  his  part  at 
any  time.  This  puts  us  on  our  mettle  to  do  our  very  best  to 
serve  the  owner  to  his  complete  satisfaction.  He,  on  the 
other  hand,  is  thoroughly  piotected  against  having  made  a 
mistake  in  selecting  us,  because  he  can  easily  dismiss  us  i( 
we  do  not  do  our  auty.     Iheretore,  a  bond  is  unnecessary. 

Another  idea  which  is  worth  while  to  use  and  helps  in 
financing  is  chat  on  a  percentage  contract  we  will  discount 
all  bills.  If  the  owner  furnishes  the  money  he  gets  the  dis- 
count, but  if  we  have  to  furnish  the  money  we  retain  this  sav- 
ing. This  induces  the  owner  to  pay  promptly  in  order  to  se- 
cure the  discount. 

In  conclusion,  we  have  found  the  cost  plus  contract  very 
satisfactory  on  private  work,  and  those  for  whom  we  have 
done  work  have  also  been  well  pleased  with  it.  There  are 
certain  reforms  that  are  needed  to  make  contracts,  whether 
on  the  cost  plus  or  lump  sum  basis,  equitable  to  contractors 
and  this  is  especially  true  of  Government  work,  which  is  now 
avoided  by  many. 


15  Hints   for    Care   of    Hoists 

Hoists  are  built  to  stand  hard  work  and  hard  usage;  but, 
like  all  other  machines,  they  need  some  attention  if  they  are 
to  do  the  best  work  of  which  they  are  capable,  states  Success- 
ful Methods.  Run  them  to  the  limit  of  their  capacity;  they 
are  built  to  stand  it,  but  take  decent  care  of  them. 

Boiler  Hints.— (1)  Firing  up  too  rapidly  when  the  boiler  is 
fuil  of  cold  water  will  result  in  leaky  tubes  and  seams. 

(2)  Flues  should  be  cleaned  once  a  week  or  the  boiler  will 
not  steam  properly. 

(3)  Blow-off  a  gauge  and  a  half  of  water  once  a  day  at  60 
lb.   pressure. 

(4)  Clean  boiler  thoroughly  once  in  two  weeks. 

v5)  Bad  water  can  be  partly  counteracted  by  the  addition 
of  a  pint  of  kerosene  when  filling.  If  no  kerosene  can  be  pro- 
cured, a  few  potatoes  will  help  keep  the  scale  off  the  tubes. 

(6)  Up-and-down  brace  rods  must  not  be  tightened  up  when 
boiler  is  cold,  or  expansion  on  heating  will  break  the  rods. 

(7)  To  prevent  steaming  close  stack  and  ash-pit  dampers 
and  bank  fire  with  green  coals;  in  this  way  steam  will  hold 
for  hours  at  a  time.  Don't  open  the  fire  box  door  to  prevent 
steaming;  the  cold  draught  will  cause  leaky  flues. 

(5)  Gauge-cocks  should  be  tried  for  water  befoie  steaming 
up.     See  also  that  there  is  water  in  the  glass. 

(9)  Engine  Hints.— Cylinder  cocks  must  be  opened  before 
starting  engine  after  it  has  been  standing  for  some  time; 
failure  to  do  this  will  result  in  a  loose  piston  or  the  knocking 
out  of  a  cylinder  head.  After  the  engine  is  warmed  up,  close 
the  cocks. 

(10)  Oil  the  bearings  and  cylinders  regularly;  oil  is  cheaper 
than  grief,  and  you  are  bound  to  have  one  or  the  other. 

(11)  Tighten  bolts  and  nuts  as  soon  as  they  begin  to  work 
loose.  Do  it  with  the  wrench  provided,  not  with  a  hammer  or 
cold   chisel. 

(12)  Open  drain-cocks  and  drain  lubricator  before  leaving 
engine  at  night;  otherwise,  in  cold  weather,  your  engine  will 
be  frozen  solid  when  you  come  back  in  the  morning. 

(13)  Do  not  alter  the  valve-gear  on  a  new  engine.  Before 
leaving  the  shops  it  is  set  by  a  valve-expevt  to  give  the  great- 
est possible  efficiency  and  no  adjustment  of  anv  kind  is  neces- 
sar.v. 

(14)  Drum  Hints.— Tighten  spring-bridle  nuts  to  %-in. 
from  gear  when  friction  is  set;  this  will  allow  the  drum  to  re- 
volve freely  on  the  shaft  when  friction  is  released.  If  this  is 
not  done,  the  spring  bridle  will  cut  into  the  drum. 

(15)  Grease-cups  on  drums  are  large  enough  to  supply  grease 
for  a  10-hour  run  if  screwed  down  occasionalFy.  Be  sure  to 
fill  them  every  day. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (I)  In  the  Waterworks  and 
Hydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Dangerous   Optimism  in  Business 

The  pessimism  which  expects  failure  is  reasonably  sure  to 
have  its  expectations  realized;  but  an  optimism  which  makes 
one  blind  to  unpleasant  facts,  or  a  lack  of  moral  courage 
which  refuses  to  recognize  them,  are  commoner  faults  among 
business  men,  are  the  most  frequent  causes  of  financial 
disaster  according  to  Mr.  Theodore  H.  Price  in  an  article 
entitled  "Why  Some  Men  Fail  in  Business"  published  in  a 
past  number  of  the  American  Magazine.  Engineers,  in  com- 
mon with  most  classes  of  professional  men,  are  usually 
thoroughly  careless  of  their  own  financial  affairs,  however 
scrupulous  they  may  be  in  regard  to  the  concerns  of  their 
clients  or  employers.  Contractors,  while  less  at  fault,  do 
not  generally  use  the  same  business  care  that  is  exercised 
in  well  conducted  commercial  enterprises;  and  whether  one 
be  engineer,  contractor  or  business  man  in  other  lines,  he 
may  well  profit  from  a  consideration  of  the  causes  of  failure 
treated  in  Mr.  Price's  article.  The  author  is  known  as  a  re- 
organizer  of  businesses,  and  the  editor  of  "Commerce  and 
Finance."    He  says: 

"In  my  observation,  a  very  large  proportion  of  mercan- 
tile failures — meaning  failures  of  businesses  which  have  to 
do  with  the  manufacture  and  distribution  of  goods — are  due 
to  what  a  professional  accountant  once  described  to  me  as 
'hopeful  inventories.' 

"It  had  been  this  accountant's  business  to  compile  the 
schedules  of  bankrupts:  and  in  that  shrewd  phrase,  'hopeful 
inventories,'  he  put  his  finger  on  one  of  the  chief  causes 
which  had  led  to  their  bankruptcy. 

"By  it  he  meant  that  these  bankrupt  merchants,  when 
they  made  their  annual  inventory,  had  a  habit  of  invoicing 
their  stocks  at  prices  above  what  was  then  the  market 
value  of  the  goods.  They  invoiced  at  figures  which  repre- 
sented the  cost,  plus  the  profit  which  the  merchant  originally 
hoped  to  obtain;  not  at  what  was  the  salable  value  of  the 
goods  at  the  time  the  inventory  was  made. 

"This  habit  is  not  confined  to  men  who  actually  reach  the 
bankruptcy  courts.  It  is  alto.gether  too  common  among  busi- 
ness firms  in  general. 

"Another  frequent  cause  of  failure  is  bad  bookkeeping.  I 
do  not  mean  mathematically  incorrect  bookkeeping,  but 
bookkeeping  that  is  wrong  in  principle. 

"In  some  of  the  European  countries  a  very  expressive 
phrase  is  used  in  this  connection.  When  a  man  fails,  the 
merchants  in  those  countries  say  it  was  because  'he  didn't 
keep  his  books.'  meaning  that  he  did  not  estimate  correctly 
his  overhead  charges — which  include  many  costs  that  are,  in 
a  sense,  intangible — and  that  he  also  failed  to  distribute 
these  costs  correctly  among  the  various  departments  of  his 
business. 

This  distribution,  or  allocation  of  costs,  is  very  important. 
In  many  establishments  one  department  which  is  extremely 
profitable  absorbs  the  losses  in  others  which  are  unprofitable. 

"From  the  standpoint  of  the  business  accountant  or  statis- 
tician, these  two  factors — 'hopeful  inventories'  and  'bad  book- 
keeping'— are  responsible  for  most  of  the  mercantile  failures 
which  are  not  the  result  of  what  I  may  frankly  call  crim- 
inal methods. 

"Among  what  I  call  immoral,  or  unmoral,  practices  which 
often  lead  to  business  failure,  speculation  takes  the  first 
place,  because  all  business  is  to  a  greater  or  a  less  degree 
speculative. 

"But  a  distinction  must  be  drawn  between  legitimate  and 
illegitimate  business  speculation — and  it  is  a  very  fine  one. 
The  conscience  of  the  business  man  himself  must  be  his  chief 
reliance  in  determining  what  speculations  are  legitimate  for 
him,  and  what  ones  are  improper  and  an  injustice  to  his 
creditors. 


"For  instance,  the  dry-goods  merchant,  who  must'  buy  his 
autumnal  stock  of  goods  in  the  spring,  is  by  the  very  nature 
of  his  business  compelled  to  'speculate'  upon  the  demand  he 
is  likely  to  meet  when  the  autumn  season  shall  have  arrived. 

"It  is  impossible  for  him  to  know  positively  whether  the 
crops  which  promise  well  in  the  spring  will  come  to  the 
hoped-for  fruition.  He  is,  however,  justified  in  calculating  at 
least  upon  an  average  yield.  But  if,  in  a  moment  of  un- 
guarded optimism,  he  should  base  his  purchase  upon  the  ex- 
pectation of  abnormally  large  crops,  and  then  should  find  in 
October  that  the  people  in  his  section  were  impoverished  by 
a  crop  failure,  the  probability  is  that  he  would  have  to  face 
a  considerable  loss  upon  at  least  the  seasonal  portion  of  his 
stock. 

"There  is  another  form  of  speculation,  however,  concern- 
ing the  impropriety  of  which  there  is  a  question.  The  man 
who  speculates  in  his  own  business,  with  which  he  is 
thoroughly  acquainted,  and  of  whose  risks  he  is  entirely 
aware,  is  perhaps  justified.  In  fact,  as  I  have  explained,  he 
is  obliged  to  base  his  advance  purchases  on  his  opinion  of 
what  the  future  holds. 

"But  the  man  who  goes  outside  of  his  own  business  to 
speculate — the  hardware  dealer  who  speculates  in  cotton,  the 
proprietor  of  a  shoe  store  who  speculates  in  grain,  the  dry- 
goods  dealer  who  speculates  in  stocks — loses  his  credit  just 
as  soon  as  his  speculative  proclivities  become  known  to  the 
bankers  who  extend  him  the  financial  accommodation  upon 
which  he  depends  to  supplement  his  own  capital. 

"Of  course  the  temptation  to  engage  in  what  may  be 
called  outside  speculation  is  at  times  very  great.  Every 
few  years  there  spreads  over  this  country — and  over  all 
countries  for  that  matter — a  speculative  mania,  whose  con- 
tagion it  is  very  hard  to  resist.  The  conservative  merchant, 
especially  as  he  grows  older  and  finds  himself  a  little  less 
disposed  to  work  hard  in  order  to  keep  his  regular  business 
up  to  the  standard  of  his  youthful  efficiency,  is  very  prone  to 
allow  himself  to  hope  that  he  can  increase  the  income  he  is 
so  sorely  in  need  of  to  meet  the  growing  demands  of  his 
family  by  the  deal  in  stocks,  or  the  'flyer'  in  grain,  which  the 
local  broker  so  confidently  recommends  him   to  undertake." 

Mr.  Price  does  not  overlook  domestic  extravagance  as  a 
cause  of  failure:  but  he  departs  from  the  hackneyed  joke 
upon  the  wife's  unreasonableness  and  places  the  blame  more 
frequently  upon  the  father's  unwillingness  to  disappoint  his 
children  in  their  desires,  and  to  admit  his  own  seeming  in- 
competence or  mediocrity  in  not  having  the  necessary  funds. 

Passing  to  more  strictly  business  affairs,  he  says: 

"When  it  comes  to  a  consideration  of  the  causes  of  failure 
that  are  within  the  business  itself,  and  due  to  what  we 
might  call  its  misconduct,  I  should  probably  name  as  the 
first  inability,  or  unwillingness,  of  a  business  man  to  divest 
himself  of  details  and  to  trust  to  the  judgment  of  others 
as  his  business  grows  larger. 

"It  is  said  that  the  late  E.  H.  Harriman  once  entered  the 
office  of  one  of  his  managers  and  found  the  man  sitting  at  a 
desk  piled  high  with  papers.  He  was  hard  at  work,  going 
over  vouchers  and  other  minor  documents. 

"  "If  I  ever  come  here  again,'  said  Harriman,  'and  find  you 
with  your  desk  buried  in' papers,  nutting  in  your  time  on  de- 
tails like  these,  I'll  discharge  you!  I  can  get  a  man  for 
twelve  hundred  dollars  a  year  to  do  work  of  that  class.' 

"One  of  the  best  definitions  of  a  good  executive  that  I 
have  ever  heard  is:  'A  man  who  decides  quickly — and  is 
right  51  per  cent  of  the  time.'  Like  all  generalizations,  this 
definition  has  the  weakness  of  its  simplicity,  but  it  states 
an  important  truth. 

"In  this  complex  life  of  ours  it  is  useless  to  try  to  look 
too  far  ahead.  And  the  man  who  is  not  only  willing  to  de- 
cide quickly,  but  who  also  has  the  ability  and  moral  courage 
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to   change   his   mind  and   reverse   liimself,   possesses    two   of 
the  most  important  attributes  of  the  business  leader. 

"The  statisticians  and  professional  credit  men.  who  have 
to  do  with  the  study  of  what  might  be  called  business  path- 
ology, are.  I  think,  rather  too  much  disposed  to  try  to  chart 
the  catises  of  business  failure,  I  know  of  one  credit  depart- 
ment in  which  an  effort  has  been  made  to  establish  a  fixed 
relationship  between  the  capital  employed  in  a  business  and 
the  volume  of  the  business  transacted.  I  don't  think  any 
such  relationship  can  be  established.  An  able  man,  pos- 
.sessing  the  confidence  of  his  business  associates  and  en- 
joying the  credit  which  is  a  product  of  high  character,  may 
do  a  business  of  $1,000,000  a  year  on  a  capital  of  $50,000, 
The  man  without  the  credit  which  is  the  product,  or  rather 
the  fruit,  of  character  may  find  a  capital  of  $200,000  insuf- 
ficient for  an  annual  turnover  of  $1,000,000. 

"It  is,  of  course,  true  that  there  are  more  failures  amon,a 
those  who  have  a  small  capital  than  among  those  who  have 
a  large  capital.  But  there  are  no  reliable  statistics  showing 
the  proportion  of  each  class  that  fails.  And  the  idea  that 
the  proportion  of  failures  is  greater  among  business  men  of 
small  capital  is,  I  think,  a  mistake  entirely  due  to  the  fact 
that  there  are  not  many  people  who  have  large  capital, 

"Generally  speaking,  the  'small  business  man'  is  a  small 
business  man  because  he  is  unable,  or  unwilling,  to  think  in 
a  big  way.  But  a  man  who  conducts  even  a  small  business 
so  that  it  prospers  is  a  credit  to  himself  and  a  benefit  to  his 
community.  And  the  man  who  fails  in  a  small  business 
has  as  much  cause  to  be  ashamed  as  the  one  who  fails  in 
a  big  business. 

"As  a  rule,  the  fundamental  reasons  for  failure  are  the 
same.  You  may  not,  at  first,  quite  understand  me  when  1 
say  that  a  lack  of  philosophy  is  at  the  bottom  of  failure.  But 
I  use  the  word  "philosophy"  in  this  connection  in  its  etymo- 
logical sense,  which  is  "love  of  thinking." 

Laziness  is  the  quality  which  keeps  thousands  of  men 
from  business  success.  Not  physical  laziness  so  much  as 
mental  laziness, 

"This  mental  laziness  is  probably  the  commonest  failing 
among  business  men.  It  was  Solomon  himself  that  said: 
"Seest  thou  a  man  diligent  in  his  business."  He  shall  stand 
before  kings."  That  bit  of  wisdom  is  just  as  true  today  as 
it  ever  was. 

"I  have  already  referred  to  lack  of  moral  courage  as  a 
cause  of  business  disaster.  Sometimes  it  is  rooted  in  van- 
ity, as,  for  instance,  in  the  case  of  men  who  have  been  re- 
.garded  as  the  business  leaders  in  their  community.  They 
are  the  ones  who  are  always  called  on  to  head  a  subscrip- 
tion list.  If  a  new  local  enterprise  is  started,  they  are  ex- 
pected to  take  stock.  They  think  they  must  have  a  big 
house.  Their  families  must  live  expensively.  They  must 
belong  to  clubs,  entertain,  keep  plenty  of  servants. 

"These  men  often  try  to  deceive  themselves  about  their 
lack  of  moral  courage.  Time  and  again  some  acquaintance 
has  said  to  me,  "So-and-so  came  to  me  for  a  subscription.  1 
can't  afford  to  give  the  money  just  now,  but  if  I  should  re- 
fuse it  would  hurt  my  business  credit.' 

"Of  course,  they  may  have  been  sincere  in  some  cases; 
but  more  often  than  not  I  think  this  was  a  mere  subterfuge. 
They  didn't  like  to  give  up  the  prestige  of  being  'a  lead- 
ing business  man.'  They  hadn't  the  courage  to  say  'No.' 
Their  vanity  overrode  their  judgment." 

Plain  swell-head  comes  in  for  its  share  of  criticism ;  and 
near  the  end  of  his  article,  Mr.  Price  gives  the  following 
pertinent  paragraph: 

"A  man  must  realize  that  a  business  is  something  more 
than  the  two  things — buying  and  selling.  Between  these  two 
there  is  a  region  which,  only  too  often,  is  terra  incognita 
to  the  head  of  the  establishment.  In  it  are  all  the  items 
of  overhead  charges;  rent,  heat,  light,  salaries,  depreciation, 
interest  charges,  the  cost  of  carrying  his  debtors,  and  the 
cost  of  being  carried  by  his  own  creditors." 


Polish  Rallw/ay  Lines  Under  Government  Control. — It  is 
reported  by  the  Polish  authorities  that  all  railway  lines  of 
Poland,  comprising  a  total  of  7,110  miles,  are  now  under 
the  control  of  the  Government.  Of  the  railways  thus  oper- 
ated. 5,606  miles  are  under  the  civil  authorities  and  1,504 
miles  under  the  Polish  War  Department. 


"How   We   Found   a   Cure   for 
Strikes" 

I'nder  this  title  the  September  number  of  System  carries 
an  article  by  Brigadier  General  Brice  P.  Disque.  formerly 
Chief  of  Spruce  Section,  Signal  Corps.  U.  S.  A.,  which  is  so 
absorbingly  interesting  from  start  to  finish  that  it  is  to  be 
regretted  that  it  cannot  be  reprinted  here  in  full.  General 
Disque  says: 

"We  had  to  have  Sitka  spruce,  fir,  and  cedar  for  the  air- 
plane factories  of  America,  England,  France  and  Italy.  The 
Northwest  of  the  United  States — Oregon  and  Washington — 
was  the  best  place  on  earth  to  get  that  wood.  Those  states 
had  it  in  any  quantity.  To  get  that  wood  meant  expanding 
production  2,700  per  cent  and  several  other  things,  among 
which  was  the  building  of  1:3  railroads. 

We  got  the  wood.  In  the  getting  we  got  something  else 
which  is  of  lasting  value  to  the  Pacific  Northwest — a  new 
working  basis  between  the  employers  and  the  employes, 
which  not  only  stood  the  tests  of  war  but  has  to  date  with- 
stood the  severer  tests  of  peace." 

Referring  to  the  traditional  happy-go-lucky  character  of 
the  American  lumberman  and  his  displacement  by  the  for- 
eigner, the  article  continues: 

"But  things,  within  the  last  dozen  years,  have  changed 
to  a  great  extent  in  the  Northwest;  the  young  American 
seldom  go  into  the  woods  and  the  elder  generation  has 
passed  on  to  ownership  of  the  industry  or  to  other  occupa- 
tions. 

Why  the  Men  Were  More  Inclined  to  Strike. — In  their 
place  has  come  a  large  number  of  foreigners,  ignorant  of 
American  ideals — the  same  sort  of  men  that  construction 
gangs  are  recruited  from — and  when  I  went  into  the  camps 
these  foreigners  were  pretty  generally  being  run  by  agita- 
tors affiliated  with  the  I.  W.  W.  and  intent  upon  every  form 
of  sabotage.  The  operators  were  a  hard-headed  lot.  Be- 
ing mostly  men  who  had  risen  from  the  ranks,  who  had 
worked  12  and  14  hours  a  day  in  order  to  attain  their  pres- 
ent efficiency,  they  had  never  considered  any  work  too  hard 
for  themselves  and  they  did  not  consider  any  work  too  hard 
for  those  whom  they  employed.  They  had  gone  through 
the  mill  and  they  expected  others  to  go  through  it.  They 
were  fighters,  every  one  of  them.  They  fought  to  keep  up 
prices  and  to  beat  down  labor.  No  one  had  ever  suggested 
that  there  might  be  anything  in  the  nature  of  mutual  obli- 
gation between  employer  and  employe. 

The  employers  got  all  that  they  possibly  could  out  of  the 
men  at  the  lowest  possible  cost.  The  employe  gave  as  lit- 
tle work  as  possible  for  the  highest  possible  wage.  They 
invented  the  lightning  strike.  The  "struck  on  the  job."  One 
employer  testified  that  often  he  would  start  the  day  with  a 
full  crew,  and  finish  with  no  one  but  a  cook  and  a  dish- 
washer. The  labor  turnover  ran  to  1,000  per  cent.  The 
employment  agencies  in  Spokane  hired  8,000  men  a  month 
while  only  from  8,000  to  12,000  men  were  altogether  em- 
ployed in  the  district! 

The  General  attacked  the  problem  systematically.  He  says: 

"A  thorough  investigation  convinced  me  that  practically 
all  of  the  difficulties  could  be  traced  to  these  fundamentals: 

"1.     Intermittent,   seasonal  work. 

"2.  The  persistent  rumors  that  the  employers  were  mak- 
ing  enormous   profits   and    gouging    the    Government. 

"3.  The  lack  of  any  means  of  reaching  understanding 
between  the  parties. 

"4.     Almost  indecent  living  conditions   in   tlie  camps." 

Such  lack  of  knowledge  as  is  mentioned  in  the  next  sec- 
tion would  be  astonishing  were  it  not  all  too  common  in 
other  lines  as  well  as  this.  More  novelty  is  found  in  the 
use  to  which  the  knowled.ge  was  put,  once  it  was  secured. 

"Up  to  that  time  the  operators  in  the  Pacific  Northwest 
had  never  known  how  much  it  cost  them  to  cut  and  market 
lumber.  They  had  just  completed  a  system  of  uniform  ac- 
counting, and  when  the  results  arrived  I  suggested  to  the 
employers  that  they  take  them  up  with  committees  of  their 
employes,  so  that  every  single  fact  would  be  in  the  hands 
of  the  men  they  hired.  This  was  revolutionary.  But  finally 
I  prevailed  upon  them  to  lay  them  on  the  table.  The  em- 
ployes went  with  suspicious  care  into  all  the  accounts.  They 
saw  the  exact  relation  of  their  wages  to  the  profits  and  they 
also  calculated  how  much  of  the  profits  the  Government 
would  take  by  taxation. 
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"The  conimiltees  went  back  to  their  fellows  with  exact 
figures  that  contradicted  the  preachings  of  the  1.  W.  W.  that 
the  employers  were  getting  everything  and  the  workers 
were  getting  nothing.  And  let  me  say  right  here  in  all 
fairness  that  the  lumbermen  of  the  Pacific  Northwest  rep- 
resent one  great  industry  which  did  not  profiteer  during  the 
war. " 

The  most  striking  feature  of  General  Disque's  work  w-as 
the  organization  which  he  perfected  among  the  men. 

"We  had  meanwhile  organized  the  "Loyal  Legion  of  Log- 
gers and  Lumbermen"  on  a  patriotic  basis.  The  members 
pledged  themselves  to  do  their  part  in  the  winning  of  the 
war.  In  the  forming  of  the  organization,  patriotism  had  its 
large  part,  but  I  am  sure  we  should  not  have  succeeded  with- 
out the  coupling  of  substantial  justice  with  patriotism.  Let 
people  sit  down  and  talk  and  they  will  find  a  solution  for 
nearly  anything — if  only  the  conviction  e.xists  that  both  sides 
want  to  be  fair." 

With  this  thought  in  mind,  the  four  conventions  were  held, 
and  out  of  them  grew  the  Headquarters'  Council  representa- 
tive system. 

"A  delegate  suggested  that  each  nominee  tell  what  he 
expected  to  do  if  elected^remember  these  men  were  sup- 
posed to  be  ultra-radicals.  It  would  not  have  been  surprising 
if  the  occasion  had  been  taken  to  let  off  a  good  deal  of  anti- 
capital  stuff.  But  nothing  of  the  kind  happened:  two  or 
three  nominees  started  on  approved  I.  W.  W.  tirades,  but 
they  did  not  get  far — the  delegates  howled  them  down:  they 
wanted  to  hear  doers  and  not  talkers.  Finally  they  elected 
their  representatives — Americans,  who  had  stated  the  most 
sensible  and  constructive  ideas  on  these  points: 

"1.  To  discover  first  if  the  operators  were  sincere  in  their 
intentions,  or  if  there  was  'a  nigger  in  the  woodpile.' 

"2.  The  stabilization  of  the  industry  so  that  12  months' 
work  might  be  given. 

"3.  Keeping  in  touch  with  constituents  so  that,  as  rep- 
resentatives, they  would  always  represent. 

"The  Men  Justified  Their  Judgment. — The  meeting  was 
absolutely  in  the  hands  of  the  men  themselves:  and  they 
could  have  elected  anarchists  if  they  chose.  But  instead 
they  elected,  almost  without  exception,  the  longest-headed 
and  most  intelligently  conservative  of  their  number.  They 
worked  out  the  system  of  local  and  district  councils,  and 
before  long  I  found  that  they  were  directing  themselves. 
The  broad  features  of  the  plan  of  self-government  were: 

"1.  By  secret  ballot,  representatives  of  each  local  were 
chosen  by  the  employes   from  their  fellow   workers. 

"2.  These  representatives  formed  a  local  committee 
which  met  with  the  manager  of  the  local  camp  or  mill 
whenever  necessary  with  a  view  to  reaching  a  fair  settle- 
ment of  local  grievances. 

"3.  The  local  committees  selected  their  own  chairmen 
and  these  men  of  all  local  committees  in  each  of  the  12 
districts  selected  from  their  number  three  who  made  up 
the  employe  representation  on  the  District  Committee:  the 
employer  representation  on  the  committee  w-as  three  em- 
ployers appointed   by   my  otHce. 

"4.  The  local  committees  had  power  to  settle  any  ques- 
tion arising  within  the  jurisdiction  of  their  local,  provid- 
ing the  solution  did  not  involve  a  violation  of  the  general 
regulations  of  the  Headquarters  Council.  Should  the  local 
committee  be  unable  to  come  to  an  agreement  with  the  local 
management,  or  should  its  solution  involve  a  a  violation  of, 
or  require  an  amendment  to,  the  General  Regulations,  then 
the  case  was  referred  to  the  District  Council,  w-hich  in  its 
turn  might  render  a  binding  decision,  or  recommend  to  the 
Headquarters'  Council  any  change  in  the  General  Regula- 
tions considered  necessary. 

"5.  The  Headquarters'  Council  (later  the  'Board  of  Di- 
rectors'), composed  of  one  employer  and  one  employe 
elected  from  each  district  council,  resulted  in  an  organiza- 
tion of  12  employers  and  12  employes.  This  council  had 
power  to  pass  finally  all  questions  and  to  render  any  de- 
cision within  the  limits  of  the  general  authority  originally 
granted  by  uannimous  action  of  all  employers  in  conven- 
tion .  .  .  and  the  unanimous  action  of  representatives  of  the 
employes.  ... 

"6.  Any  individual  employer  or  employe  could  at  any 
time  present  his  case  and  he  had  a  direct  and  rapid  line 
of  appeal  up  to  the  Headquarters'  Council. 

"7.     Representatives    of    the    .Spruce    Production    Division. 
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stationed   in  each  district,  performed   the  duties  of  auditors 
and  sanitary  inspectors. 

"8.  Local  secretaries,  elected  by  their  fellow  employes, 
acted  as  the  executives  of  their  locals,  transacted  its  busi- 
ness, and   handled   communications. 

"The  workings  of  these  locals  and  councils  were  magnifi- 
cent. We  got  an  interest  in  the  production  which  trans- 
formed an  output  of  23,000,000  ft.  a  month,  only  halt  of 
which  was  suitable  for  airplanes,  to  23,500.00(1  a  month  of 
perfect  stock.  We  had  no  strikes  at  all.  Wages  were  ad- 
justed from  time  to  time  according  to  the  cost  of  living. 
Certain  jobs  in  lumbering  cannot  be  limited  to  eight  hours, 
such  as  kitchen  work,  firemen,  and  those  who  make  ready 
machinery:  these  men  were  exempted  from  the  eighi-hour- 
day  rule. 

"Good  will  developed.  We  did  not  have  a  Utopia,  but  we- 
did  have  a  good  common-sense  working  basis  which  was  not 
to  be  disturbed  by  idle  rumors  and  reports — and  the  wood.s 
grow  rumors  as  well  as  trees! 

"The  Armistice  came  and,  as  a  war  measure,  the  Loyal 
Legion  was  scheduled  to  pass  out  of  existence.  But  the 
members  thought  otherwise.  They  would  not  have  it  die: 
they  wanted  it  and  in  two  conventions  held  in  December. 
1918.  the  Loyal  Legion  of  I..oggers  and  Lumbermen  began 
as  a  peace  organization,  faced  with  the  reconstruction  of 
the  lumber  trade  in  the  Northwest.  They  drew  up  a  con- 
stitution and  by-laws  and  the  objects  as  stated  in  the  con- 
stitution give  an  idea  of  the  broad  purposes  which  domi- 
nated: 

"To  maintain  the  basic  8-hour  day. 

"To  ensure  to  the  workman  a  just  and  equitable  wage, 
and  to  the  employer  a  maximum   degree  of   efficiency. 

"To  standardize  working  and  living  conditions  in  camps 
and  mills.  To  create  a  community  spirit  by  the  proniotio"n 
of  matters  pertaining  to  public  welfare,  in  each  locality. 

"To  encourage,  when  and  where  it  is  found  feasible,  co-op- 
erative hospitals  for  the  care  of  the  sick  and  injured,  and  med- 
ical attention  to  the  families  of  members. 

"To  co-operate  with  the  legislative  bodies  of  the  various 
states  for  the  improvement  of  laws  relative  to  accident  insur- 
ance and  the  prevention  of  accidents. 

"To  institute,  when  feasible,  employment  service. 
"To    further    recreation    and    educational    facilities    in    the 
camps  and   mills. 

"To  provide  an  organization  on  the  basic  principle  of  the 
'Square  Deal.'  In  which  both  employer  and  employe  are  eli- 
gible  for   membership  and    may   meet  on   common  ground. 

"To  promote  closer  relationship  between  employer  and  em- 
ploye in  the  lumber  industry. 

"To  provide  means  for  the  amicable  adjustment,  on  an 
equitable  basis,  of  all  differences  that  may  arise  between  em- 
ployer and  employe. 

"To  foster  personal  relationship  and  the  spirit  of  loyalty  be- 
tween the  employers,  their  representatives,  and  the  employes. 

"To  provide  methods  of  informing  its  members  upon  all 
questions  of  trade  interest  to  operators  and  workmen. 

"To  favor  the  development  of  logged-over  lands  for  actual 
settlers,  upon  a  reasonable  system  of  payments. 

"To  develop  to  the  highest  degree  possible,  loyalty  to  the 
United  States  and  its  laws  and  government,  and  to  promote 
and  demand  proper  respect  for  its  flag. 

"The  District  Board  has  both  original  and  appellate  juris- 
diction. From  this  board  there  remains  an  appeal  over  the 
Board  of  Directors  of  the  Loyal  Legion,  with  further  ma- 
chinery so  that  an  impasse  is  all  but  impossible.  Here,  then, 
we  have  a  joint  government  of  a  large  industry  covering 
three  states.     What  has  it  done? 

'It  has  agreed  upon  two  policies  which  of  themselves  would 
justify  its  existence  and  w-hich  I  think  are  more  advanced  than 
any  labor  action  taken  anywhere: 

"1.  It  has  agreed  that  wages  are  not  represented  by  dol- 
lars, but  by  purchasing  power,  ami  that  as  the  purchasing 
power  of  the  dollar  increases,  the  wages  (and  the  employer's 
profits)  may  go  down  in  order  to  promote  the  public  buying 
of  lumber.  Shortly  after  the  armist'ce,  several  wage  reduc- 
tions took  place  after  consultation  and  agreement  and  were 
accepted  everywhere  as  fair.  Since  then  the  demand  for  and 
the  price  of  lumber  has  gone  up  and  wages  have  been  in- 
creased. 

"2.  It  has  agreed  that  men  shall  not  be  discharged  without 
cause  and  that  it  is  the  duty  of  the  employer  to  provide  con- 
tinuous employment.     It  is  recognized  that,  during  the  season 
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when  lumber  cannot  be  cut,  the  wages  cannot  be  so  high  as 
in  the  active  time,  but  that  jobs  can  he^  found  in  and  about  the 
camps  doing  the  vast  amount  of  repair  and  construction  work 
which  is  always  due  at  the  end  of  a  busy  season. 

"The  lumbermen  probably  did  more  effective  work  than 
any  other  body  during  the  war — at  least  I  think  they  are  the 
only  group  of  war  workers  of  any  size  that  showed  such  an 
increased  efficiency;  but  they  are  almost  alone  in  not  stop- 
ping work  to  talk  about  their  achievements.  It  will  be  four 
or  five  years  before  the  organization  can  be  said  to  have  been 
completed. 

"And  tinally,  in  the  state  of  Washington,  particularly,  there 
has  been  the  strong  opposition  of  the  unions.  During  all  my 
work  I  was  hampered  by  the  unions.  They  talked  a  deal 
about  helping  to  win  the  war,  but  I  found  them  much  more 
intent  upon  trying  to  cause  disturbances  among  the  men; 
and  to  increase  their  own  numbers  and  power;  at  no  time  did 
they  put  the  war  ahead  of  the  union.  I  say  this  regretfully 
because  I  believe  in  unions,  but  I  hold  that  such  organization 
should  be  for  the  mutual  benefit  of  the  men  and  the  employ- 
ers, and  that  is  what  the  unions  of  the  Northwest  are  not. 

"They  seek  through  brute  force  to  gain  an  advantage  and  I 
am  afraid  that  they  are  riding  for  a  hard  fall  just  as  capital 
had  a  fall  when  it  tried  to  use  only  brute  force. 

"In  its  early  struggles  union  labor  was  compelled  to  match 
force  with  force,  and,  in  order  to  accomplish  the  great  bene- 
fits which  it  has  accomplished  for  the  laboring  man,  it  of 
necessity  used  coercion.  But  the  times  are  changing  and  we 
too  must  develop.  Prussian  tactics  will  not  solve  labor  prob- 
lems when  used  either  by  managers  or  unions.  They  are 
bound  to  fail  m  our  industrial  world  in  just  the  same  way  that 
the  Hun  failed  in  the  political  world. 

.In  the  Northwest  the  present  thought  is  not  brute  force  or 
unfair  advantage.  Both  sides  have  tried  those  tactics  and 
found  them  worthless.  The  new  way  seems  better  all 
around." 


How   to  Make   and    Apply    Time 
Studies 

The  complete  standardizing  of  operations  in  most  cases 
requires  the  use  of  time  studies  of  the  work.  Although  many 
features  of  an  operation  such  as  layout,  equipment,  safety, 
etc.,  may  be  improved  by  general  investigations,  studies  and 
designs,  nevertheless  a  detailed  time  study  is  usually  desir- 
able in  order  to  secure  the  maximum  possible  improvement 
and  to  develop  incentive  wage  plans. 

In  a  recent  issue  of  100%  Magazine,  Mr.  A.  G.  Bryant,  Man- 
ager Betterment  Department  of  Joseph  T.  Ryerson  &  Co.. 
Chicago,  tells  how  to  apply  these  studies  and  how  to  use  the 
data  profitably  to  secure  more  work  in  the  same  time  with 
less  effort.     The  matter  following  is  taken  from  his  article: 

Time  study,  simply  stated,  is  an  analysis  of  the  time  re- 
quired to  perform  the  minute  or  sub-operations  occurring  in 
the  cycle  of  a  major  job  or  operation.  It  makes  possible  the 
classification  of  the  parts  of  a  job  and  the  regrouping  of  those 
parts  in  such  a  way  as  to  make  the  work  easier  to  perform, 
in  less  time. 

The  best  methods  of  time  study  depend,  of  course,  upon 
the  purpose  lor  which  the  study  is  being  made.  However, 
there  are  certain  fundamentals  in  connection  with  this  work 
which  affect  the  making  of  the  time  study  under  any  circum- 
stances. 

Many  persons  unacquainted  with  the  science  involved  in 
standardizing  operations  feel  that  any  person  may,  without 
previous  experience,  take  a  stop  watch  in  hand  and  "make 
a  time  study."  It  is  really  only  after  long  experience  in  this 
work  that  one  appreciates  fully  the  amazing  intricacies  in. 
volved  in  analyzing  an  operation. 

There  are  a  number  of  features  of  time  study  work  on 
which  fairly  definite  opinions  have  been  formed  by  experi- 
enced engineers.  With  this  in  mind  we  shall  attempt  to  set 
down  briefly  the  best  practice  connected  with  the  most  im- 
portant points,  covering,  roughly,  the  following: 

1.     Whom  and  what  to  study  and  when  to  do  it. 

•^.  How  to  approach  the  workman  and  the  job  when  start- 
ing the  study. 

3.  The  equipment  to  use,  including  forms,  watch,  etc. 

4.  How  minutely  to  subdivide  the  operations  and  how 
many  observations  to  be  taken. 

5.  How  to  analyze  the  study. 


6.  How  to  decide  on  the  time  actually  required  to  per- 
foim  an  oper.ition. 

7.  How  to  use  the  time  study  data  for  purposes  of  general 
standardization,  etc. 

What  to  Study. — There  are  many  operations  which  it  is 
foolish  to  analyze  with  time  studies,  because  their  controlling 
':ciors  are  not  influenced  in  any  way  by  the  element  of  time; 
however,  there  are  also  many  jobs  which  have  been  over- 
looked by  managements  as  not  desirable  for  time  study  appli- 
cation, which,  nevertheless,  would  profit  exceedingly  by  time 
studies  of  the  right  kind. 

For  instance,  a  shipper  might  not  be  able  to  reduce  the 
amount  of  time  spent  at  a  loading  door  because  of  the  uncer- 
tainty of  the  arrival  and  departure  of  the  carriers,  but  a  time 
study  of  that  part  of  his  time  devoted  to  loading  of  wagons  or 
cars  might  point  out  valuable  improvements  that  could  be 
made  in  this  service,  with  a  reduction  of  the  cost  of  the  vehicle. 

Frequently  the  question  is  asked  as  to  what  man  of  a  group 
working  on  the  same  operation  should  be  made  the  subject  of 
time  study.  For  instance,  if  a  battery  of  ten  punch  presses, 
producing  the  same  article,  were  to  be  studied,  it  would  be 
necessary  to  select  some  one  of  the  operators  for  observation. 

We  believe  that  best  practice  declines  to  take  the  excep- 
tional pace  setter  and  also  refrains  from  choosing  a  workman 
who  is  imusually  slow  or  inefficient.  That  man  should  be 
studied  whose  record  indicates  that  because  of  his  ability, 
teriperament  and  all  other  qualifications,  he  is  the  practically 
all-around  "best  man"  for  the  job. 

Pace  setters  are  unusual  and  it  is  impossible  to  expect  ordi- 
nary men  to  accomplish  the  extraordinary  results  which  such 
men  do  because  of  uncommon  qualifications. 

On  all  classes  of  work  there  is  the  type  of  man  who  can  be 
considered  neither  too  good,  nor  too  slow  for  the  job,  and  his 
status  should  be  the  basis  for  the  selection  of  the  desirable 
time  in  which  the  work  may  be  accomplished. 

By  this  we  do  not  mean  to  infer  that  the  good  points  in  the 
pace  setter's  make-up  should  not  be  recognized  and  taught  to 
other  men,  if  possible. 

There  is  a  difference  in  the  time  required  by  individuals  to 
do  a  task  in  the  different  parts  of  a  day.  Most  workmen 
slow  up  in  the  latter  part  of  the  working  day  on  account  of 
natural  fatigue.  These  points  should  be  taken  into  account 
in  selecting  the  time  for  making  a  time  study  of  an  operation. 

If  it  is  possible  at  all,  it  is  exceedingly  desirable  to  let  the 
time  study  occupy  the  entire  working  day.  In  this  way  com- 
plete information  is  obtained  of  all  of  the  conditions  entering 
in'o  the  work  as  time  progresses  from  morning  to  evening. 


Skid  Walking  Device  for  Land  Dredges 

A  land  dredger  that  is  moved  up  to  its  work  by  skids  has 
been  employed  on  several  drainage  ditch  jobs  this  season. 
Four  skids  are  used,  two  on  each  side  of  the  ditch,  and  lying 
longitudionally  with  the  dredge.    The  main  skids  are  directly 


Land    Dredge    Equipped    With    Wilson    Wallving    Device. 

under  the  outer  ends  of  the  axles  of  the  dredge  and  are  se- 
curely fastened  to  the  axles  which  are  supported  above  the 
main  skids  with  brackets  or  pedestals.  The  main  skids  are 
long  enough  to  project  4  ft.  forward  beyond  the  front  axle  of 
the  dredge.  Lying  alongside  the  main  skids  are  the  move- 
able or  auxiliary  skids  which  are  10  in.  x  24  in.  and  22  ft.  long 
and  have  a  railroad  steel  of  ample  strength.  15  ft.  long,  se- 
curely bolted  on  the  top.  This  railroad  steel  and  the  skid 
to  which  it  is  bolted  are  in  reality  the  track,  one  on  each  side 
of  the  dredge,  upon   which   the  dredge  is  moved.     The  aux- 
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lliary  skids  are  moved  either  way  by  means  of  cables  which 
have  a  speed  of  approximately  30  ft.  per  minute.  To  operate 
the  cables,  power  is  taken  from  the  machinery  of  the  dredge 
at  two  points  only.  For  operating  the  lifting  levers  power  is 
transmitted  from  the  swing  shaft  by  means  of  a  sprocket  and 
chain  and  the  same  means  is  used  to  take  power  from  the 
belt  shaft  with  which  to  operate  cables  which  pull  the  skids. 
Two  motions  are  required  to  operate  the  auxiliary  skids;  this 
is  accomplished  by  using  two  frictions,  one  of  which  drives  a 
pinion  and  gear  and  the  other  a  sprocket  and  chain.  A  pull 
of  a  lever  gets  one  and  a  push  on  the  same  lever  gives  a 
reverse  motion.  The  lifting  levers  have  a  roller  at  their 
lower  end.  The  levers  are  shaped  like  a  bell  crank  at  the  bot- 
tom and  are  pivoted  at  the  angle  or  knee  to  a  false  axle  which 
Is  attached  to  the  main  skid  and  the  longitudinals  of  the 
dredge,  secure,  and  at  the  point  of  the  center  of  gravity  of  the 
dredge  with  all  of  its  equipment  attached,  including  the 
boom,  dipper,  engine  and  fuel  so  that  when  the  levers  are 
brought  backward  and  down  practically  the  entire  weight  of 
the  dredge  is  picked  up,  there  being  left  a  slight  advantage 
in  weight  at  the  back  end  so  that  the  front  of  the  dredge  is 
raised  first.  The  dredge  is  thus  supported  first  by  the  false 
axle  which  in  turn  is  lifted  by  the  bell  crank  lever  at  the 
bottom  of  which  iS"  the  steel  roller  bearing  down  on  the  rail 
on  the  auxiliary  skid.  Means  are  provided  for  pulling  on  the 
auxiliary  skids  in  an  equal  manner  and  at  an  equal  speed, 
so  that  the  dredge  is  propelled  forward  squarely  and  steadily. 
When  the  dredge  is  moved  forward  the  required  distance  the 
lifting  levers  are  released  and  the  dredge  settles  down  on  the 
main  skids  ready  for  excavation  work.  It  is  stated  it  requires 
about  .30  seconds  to  make  the  average  move-up.  This  walk- 
ing device  has  been  patented.  It  is  handled  by  the  Wilson 
Walker  Co.,  205  X.  Kiesel  St.,  Bay  City,  Mich. 


Railway  Ditching  With  Jordan 
Spreader  Attachment 

An  extensive  demonslration  of  the  .Jordan  spreader  ditching 
attachment,  described  in  our  issue  of  Jan.  29,  1919,  was  car- 
ried out  recently  on  the  Gulf,  Florida  &  Alabama  Ry. 

On  this  railroad,  where  no  ditches  of  any  kind  had  been 
maintained  on  a  considerable  portion  of  the  line,  ditches 
were  formed  in  open  cuts,  at  the  rate  of  2%  miles  of  com- 
pleted ditches  per  hour.  In  this  case  the  original  cross-sec- 
tion of  roadway  was  about  4  in.  higher  than  the  tops  of  the 
ties,  and  the  bottom  of  the  completed  ditch  was  36  in.  below 


the  top  of  rail,  making  approximately  18  cu.  ft.  of  material 
to  be  moved  per  lineal  foot  of  ditch. 

Figured  on  a  basi^  of  $125  per  day  as  the  cost  of  operation 
of  the  ditcher,  dirt  was  moved  at  a  cost  of  0.17  ct.  per  cubic 
yard,  or  $6.25  per  mile  of  completed  ditch  on  one  side  of  the 
track.  These  costs  refer  to  ditches  formed  in  open  cuts,  i.  e., 
cuts  not  over  5  or  6  ft.  in  depth. 

In  deep  cuts  where  it  was  necessary  that  the  material  be 
moved  a  considerable  distance  to  be  w-asted  on  fills,  400  ft, 
of  completed  ditch  were  formed  in  35  minutes.  The  dirt  in 
this  case  was  moved  an  average  distance  of  250  ft.  at  a  cost 
of  approximately  ?,V>  ct.  per  cubic  yard;  or  at  the  rate  of 
$121.44  per  mile  of  completed  ditch  on  one  side  of  the  track 
where  the  original  level  of  the  ground  in  the  cuts  was  higher 
than  the  top  of  the  ties.  The  completed  ditch  was  3  ft.  be- 
low the  top  of  the  rail  and  the  average  amount  of  material 
moved  was  18  cu.  ft.  per  lineal  foot  of  completed  ditch. 

The  cost  of  making  ditches  by  either  of  these  methods 
will,  of  course,  be  materially  reduced  where  ditches  have  al- 
ready been  formed  and  only  cleaning  is  necessary  as  the 
amount  of  material  to  be  moved  will  be  much  less.  In  case 
of  a  deep  cut  ending  at  a  road  crossing  or  where  for  other 
reasons  it  is  Impossible  to  waste  the  material  on  fills,  it  may 
be  carried  to  piles  of  from  30  to  50  yd.  each.  It  was  found  in 
the  demonstration  that  10  cu.  yd.  of  material  could  be  moved 
at  a  time  without  piling  up  in  the  attachment  enough  to  foul 
the  ballast.  The  ditches  formed  were  uniform  in  cross-section 
with  no  loose  material  in  the  bottom  to  retard  the  flow  of 
water. 

The  work  on  the  Gulf,  Florida  &  Alabama  R.  R.  was  done 
done  with  a  .Jordan  spreader  with  ditching  attachment, 
lea.spd  from  X.  K.  Sneed,  railroad  contractor  of  Huntington. 


Upper   View:       Ditching    in    Deep    Cuts.     Low/er:     Forming    Ditches 
in   Open   or   Shallow   Cuts. 


A  New  Portable  Air  Compressor 

A  new  light  weight  gasoline  engine  driven  portable  air 
compressor  unit  has  been  brought  out  recently  by  the  Inger- 
.•50ll-Rand  Co.,  Xew  York.  The  unit  is  built  in  two  sizes,  dif- 
fering in  respect  to  the  location  of  the  air  reservoir  and  in 
minor  detail  of  design,  and  is  known  as  the  Imperial  Type  14 
portable  compressor. 

These  are  all-steel  outfits,  from  their  sheet  steel  canopy  to 
the  broad  tired  steel  wheels.  The  power  plant  of  each  con- 
sists of  a  duplex,  vertical  compressor  driven,  at  high  speed, 
by  a  four  cylinder  four  cycle,  tractor  type  gasoline  motor. 
The  larger  machine,  of  210  cu.  ft.  capacity,  weighs  only  6,000 
lb.  and  the  118  cu.  ft.  unit  4,000  lb. 

The  compressors  have  cylinders  cast  en-bloc,  with  cylinder 
heads,  valve  chambers  and  water  jackets  integral.  Both 
intake  and  discharge  valves  are  of  plate  type  and  are  located 
directly  over  the  cylinder  bore.  Crank  shafts  and  connecting 
rods  are  drop  forgings.  Air  pistons  are  fitted  with  three 
piece  piston  rings  and,  in  addition,  with  an  oil  wiper  ring. 
This  latter  returns  all  surplus  oil  from  the  cylinder  walls  to 
the  crank  case,  and  is  claimed  to  obviate  the  difficulty  caused 
by  having  the  air  carry  an  excess  of  oil  into  the  receiver. 
All  bearings  are  die  castings  of  anti-friction  metal.  Hand 
holes  in  the  crank  case  permit  convenient  access  for  adjust- 
ing main  bearings  and  those  of  the  crank  pins.  All  parts  are 
lubricated  by  splash  from  an  oil  reservoir  in  the  crank  case. 

The  compressors  are  provided  with  inlet  unloading  devices 
which  automatically  close  the  compressor  intake  when  the 
receiver  pressure  rises  above  a  predetermined  limit,  and  per- 
mit the  machine  to  again  take  up  its  load  when  the  pressure 
lias  fallen   a  definite  amount. 

The  gasoline  driving  motors  are  of  long  stroke  type,  and 
operate  at  medium  speed.  They  are  equipped  with  high  ten- 
sion magneto  ignition  with  automatic  governors  to  maintain 
constant  speed  under  all  working  conditions  and  to  prevent 
overspeeding  when  idling.  A  splash  oiling  system  lubricates 
all  moving  parts.  Starting  cranH.  is  located  at  the  front  of 
the  machine  beneath  the  radiator. 

Both  compressor  and  driving  motor  are  water  cooled  by  a 
circulating  system,  with  centrifugal  pump,  large  radiator  and 
powerful  blast  fan.  The  radiators  are  made  up  of  remov- 
able sections,  a  construction  which  allows  the  removal  and 
repair  of  a  damaged  section  w-ithout  taking  down  the  entire 
radiator  or  interrupting  the  use  of  the  compressor. 

Each  of  these  units  is  equipped  complete  with  receiver, 
safety  valve,  drain  valves,  pressure  gage  and  service  valves 
to  which  the  air  hose  lines  may  be  attached.  When  fuel  tank 
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has  been  filled,  lubricating  oil  provided  and  the  cooling  sys- 
tem supplied  with  water,  the  units  are  ready  for  work. 

The  mounting  of  the  machines  is  worthy  of  note,  par- 
ticularly the  swiveled  front  axle  which  moves  freely  in  both 
horizontal  and  vertical  planes.  This,  with  the  rigidly  at- 
tached rear  axle,  gives  three  point  suspension,  and  permits 


Personals 


210  Cu.   Ft,   Imperial  Type  14  Portable   Compressor, 
the   outfit   to   pass    over   inequalities   of   the   ground    without 
any  racking  effect  or  misalignment  of  the  power  plant. 


News    Letter 
St.  Louis  Items 

Tom  Wal.sh  of  the  Walsh  Con.slruction  Co.  took  a  run  into  town 
to  looU  over  the  grading  they  are  doing:  for  the  General  Motors 
Co.  here  in  the  western  part  of  the  city.     Left  here  for  the  east, 

Mulvill  Bros..  Alton.  Ill,,  were  awarded  a  small  contract  of 
grading  streets  for  a  new  cemetery  in  Alton,  111. 

C.  C.  Stoner  has  about  finished  his  road  work  near  Effingham. 
111.,  and  as  soon  as  through  is  gwing  to  move  on  to  a  job  stripping 
a  gravel  pit  for  the  I.  C.  R.  R,  near  Forreston,  111. 

I  J.  Printy  reports  lots  of  rain  the  past  two  weeks  near 
Chatham,  111.     Everybody  in  the  same  boat  in  this  neighborhood. 

W.  F.  Gibson  of  Millport,  O,,  and  S.  H.  Gibson,  34.'!  Spitzer 
Bldg..  Toledo.  O.,  were  here  last  week  looking  up  work  for  their 
team  and  grader  outfits. 

R.  Condon,  ,?634  S.  26th  St.,  Omaha,  Neb,,  has  some  splendid 
team  work  in  Iowa  to  sublet. 

Birt  &  Driscoll,  Decatur,  111.,  want  to  hire  a  10  or  12  team 
outfit  -with   dump   wagons. 

A.  Waddell  has  started  on  .some  new  station  work  on  the  Rock 
Island  R.   R.   between    Davenport  and   Walcott,   la. 

W.  A.  Ross,  501  E.  Armour  Boulevard,  Kansas  City,  Mo.,  has 
30  good  teams,  wagons,  wheelers,  fresnos  and  a  crusher  or  two 
idle  that  they  would  like  to  place  on  some  work  out  in  their 
neighborhood  right  away, 

J.  R,  Scott  of  St,  Louis  was  awarded  contract  for  constructing 
S5  miles  of  asphalt  surfaced  road  in  the  Tricountv  Highway  Im- 
provement District,  comprising'  Poinsett,  Green  "and  Craighead 
counties  in  Arkansas.  The  price  has  not  been  announced,  but  is 
said  to  be,  about  $1,750,000.  A  .$2,000,000  t>ond  issue  will  be  used 
to  build  the  road  and  bridges,  the  latter  to  cost  about  $250,000. 
The  Vincennes  Bridge  Co.  was  awarded  the  steel  and  concrete 
bridge  contract. 

Bernard  D.  l^eilly,  another  one  of  our  good  old  time  railroad 
contractors,  has  passed  away.  Reilly  died  here  last  week  at  the 
age  of  70  years  from  injuries  suffered  when  he  was  struck  by  an 
automobile.  Reilly  was  a  pioneer  railroad  man  in  Missouri.  He 
was  born  in  New  York  but  came  to  St.  Douis  when  a  boy,  before 
the  civil  war,  and  engaged  in  railroad  construction  and  later  as 
a  contractor.  He  is  survived  by  his  widow,  Mary  G.  Reilly,  two 
sons,  John  A.  and  Joseph  W..  and  four  daughters',  Eugene,  Ellen, 
Frances  and  iSIrs.  .John  E.  Hanlon.  and  his  sister.  Sister  Mary 
Xavier  of  the   Visitation  Convent  at  Harpersberg,  W.   Va. 

A.  B.  Koenig  spent  last  week  in  Omaha.  Neb.,  where  he  opened 
a  labor  agency  at  509  South  13th  St.  to  look  after  the  wants  of 
his  friends  in  the  west.  Contractors  when  in  Omaha  drop  in  and 
see  B.  F.  Griflilts,  manager  there. 

Li.  J.  Smith  of  the  L.  J.  Smith  Construction  Co.,  also  owner  of 
the  Smith  farm  at  Pleasant  Hill,  announces  a  two  day  public  sale 
of  registered  Herefords  to  be  held  in  the  fine  stock  pavilion  at 
the  stock  yards  in  Kan.sas  City,  Mo.,  on  Fridav  and  Saturday,  Nov. 
28  and  2!i.  These  dates  were  selected  so  that  buyers  from  long 
distances  who  were  en  route  to  the  International  live  stock  ex- 
position in  Chicago  the  first  week  in  December,  could  stop  in 
Kansas  City  for  the  Smith,  sale  and  go  on  to  the  show.  It  will 
undoubtecily  be  a  good  arrangement  for  long  distance  visitors  be- 
cause they  will  have  an  opportunity  to  .select  from  the  100  cows 
presented  in   this  s.ale, 

Henry  J,  Nicholson,  50  years  old,  member  of  the  contracting  firm 
of  Ed.  Peterson  f^  Nicholson,  died  at  his  home  in  Omaha  on  Nov. 
7th  after  an  illness  of  only  three  days,  Hs  is  survived  by  his  wife, 
one  son  and  two  daughters. 

J.  H.  .McFarUn  is  busy  with  a  lot  of  state  concrete  road  work 
near  Springfield,  111.  He  reports  the  same  as  all  contractors  in 
Illinois,   lots  of  rain  and  bad  weather  in  the  past  two  weeks. 

E.  A,  Ixird  Construction  Co.,  Monmouth.  111.,  have  an  8  team 
outfit  that  they  want  to  place  on  some  work  in  the  south  after 
Jan.   1st. 

Jack  Carroll  reports  his  work  at  Putnam,  III.,  there  near  com- 
pleted, 

A.    B.    KOENIG. 


Col.  H.  M.  Trippe,  Whitewater,  Wis.,  has  been  appointed  an 
engineer  of  the  State  Railroad  Commission  of  Wisconsin,  and  will 
devote  his  time  to  grade  crossing  questions, 

Frank  C.  Perkins,  a  consulting  engineer  of  Buffalo.  N.  Y..  has 
been  elected  member  of  the  board  of  five  coiincilmen.  who  have 
charge  of  the  municipal  go\'einment  of  the  city. 

J.  M,  Clark,  C.  E.  Krebs.  G.  R.  Krebs,  J,  W.  Morgan  and  M, 
M,  Wagner  have  organized  Clark  &  Krebs,  Inc.,  and  will  carry  on 
a  civil  engineering  practice  with  offices  at  Charleston.   W.   Va. 

Capt.  Joseph  R.  Greenwood  has  i-eceived  his  discharge  from  the 
Army  and  has  resumed  his  association  with  the  firm  of  Charles  H. 
Higgins,  architects  and  engineers,  lit  West  44th  St.,  New  York  City. 

Edward  De  Voe  Tompkins  has  become  associated  with  Thomp- 
son &  Binger,  Inc.,  engineers  and  contractors,  280  Madison  .\ve.. 
New  York  City,  as  managing  sales  engineer  of  the  New  York 
Office.     He  will  have  direct  charge  of  the  contract  department, 

Garrett  T.  Seely,  formerly  assistant  general  manager  of  the 
i?hicago  Elevated  ijines,  has  been  appointed  vice  president  and 
general  manager  of  the  Mahoning  &  Shenango  Ry.  &  Dight  Co.. 
Young-stown.  O.  He  was  graduated  from  the  LTniversity  of  Illinois 
in  189!)  and  since  that  time  has  been  engaged  in  engineering  work 
for  several  steam  and  electric  railway  systems. 

Joseph  Jacobs,  w!io  recently  returned  from  overseas  service 
with  the  U.  S.  Army,  has  resumed  his  engineering  practice  with 
offices  at  1317-18  Smith  Bldg.,  Seattle,  Wash.  He  will  specialize, 
as  heretofore,  in  irrigation,  drainage,  diking  and  general  water 
supply  and  land  development  projects,  puljlic  utility  valuations 
and  engineering  consultation  in  connection  with  cases  before  the 
courts. 

Seth  Dean,  drainage  engineer,  Glenwood;  K,  C.  Kastberg,  city 
engineer,  Des  Moines:  F,  W.  Stubbs,  mechanical  engineer,  Oelwein; 
L.  M.  Martin,  district  engineer,  Iowa  Highway  commission,  Atlan- 
tic, and  Alvin  Le  Van,  structural  engineer.  Ft.  Dodge,  have  been 
jippointed  members  of  the  state  board  of  engineering  exaipiners  of 
Iowa,  which  will  carry  out  the  provisions  of  the  engineers'  license 
law  passed  by  the  last  General  Assembly. 

George  T.  Slade,  former  vice  president  of  the  Northern  Pacific 
R.  R.  Co..  has  gone  to  France  to  become  an  advisor  to  the  French 
Government  in  rehabilitating  its  railway  lines.  During  part  of  the 
war  Colonel  Slade  was  in  charge  of  railway  transportation  be- 
tween port  of  debarkation  and  the  front.  Since  his  return  from 
FranC'3  Colonel  Slade  has  been  making  a  survey  of  the  govern- 
ment railroad  project  in  Alaska  and  lias  just  filed  a  report  on 
his  work. 

Major  General  William  M.  Black,  chief  of  army  engineers,  was 
retired  Nov.  1  at  his  own  request  after  more  than  46  years'  ser- 
vice. General  Black  was  educated  at  Franklin  and  Marshall  Col- 
lege from  1870  to  1873,  entering  the  V.  S.  Military  Academy  in  the 
Latter  year  and  graduating  in  1877.  He  was  made  chief  engineer 
of  the  II.  S.  Volunteers  in  1S98,  serving  one  year  in  that  capacity. 
He  was  long  engaged  in  the  work  of  river  and  harbor  improve- 
ments and  distinguished  himself  by  ills  labors  in  Cuba  and  the 
Philippine  Islands.  He  was  made  chief  engineer  of  the  army  in 
19Ii;  and  promoted  to  major  general  Oct.  8,   1917. 

H.  V.  Latham,  formerly  chief  engineer  of  the  Porto  Rico  Ir- 
rigation Service,  has  been  appointed  chief  engineer  of  the  Isabella 
Irrigation  Project  for  the  construction  of  which  the  legislature 
of  Porto  Rico  recently  authorized  a  $3,000,000  bond  issue.  Mr. 
Latham  has  been  in  the  service  of  the  government  of  Porto  Rico 
for  the  past  7  years,  engaged  in  irrigation  work  and  in  in- 
vestigations of  public  utility  corporations.  For  many  years  he  was 
resident  engineer  and  assistant  chief  engineer  of  the  Mexican 
Light  &  Power  Co.  at  Necaxa.  Mexico,  and  had  previously  been 
engaged  in  railroad  work  in  Mexico  and  Cuba,  and  as  V.  S.  junior 
engineer  on  river  and  harbor  work  in  the  LInited  States. 


Trade  Publications 


The  following  trade  publications  of  interest  to  engineers  and 
'ontra^'tors  liave  been  issued  recentl>': 

Clamshell  Buckets.— Blaw-Knox  Co..  Pittsburgh.  Pa.  Folder 
illustrating  and  describing  various  uses  of  Blaw  single  line  buckets. 

Railroad  Crossings. — Ale.xander  Kaiiroad  Crossing  &  Equipment 
Co..  -McCormick  Bldg.,  Chicago.  Folder  describing  and  illustrating 
swing  lail  construction  of  crossing  manufactured  by  this  company. 

Wagon  Loager. — F.  C.  Austin  Co..  Inc.,  Chicago.  12  page  cat- 
alog illustrating  and  describing  wagon  loader  equipped  with 
self-feading  device.  Contains  data  on  comparative  costs  of  loading 
b,\-  hand  and  witli  the  machine. 

Pneumatic  Rock  Drills. — Ingersoll-Rand  Co..  New  Y'ork.  40  page 
bulletin  on  "Little  David"  pneumatic  drills,  grinders  and  saws. 
Descriptive  matter  is  supplemented  with  a  number  of  tables  giving 
'air  oonsunir)tion  of  the  \arious  tools,  etc. 

Belt  Conveyors  and  Bucket  Loaders. — Barber-Greene  Co., 
Aurora,  111.  32  page  catalog'  on  the  portable  and  stationary  con- 
veyors and  self-feeding  bucket  loaders  manufactured  by  this  com- 
pany. Descriptions  and  illustrations  for  various  uses  of  the  equip- 
ment are  included  and  information  is  given  regarding  many  in- 
teresting installations. 


Industrial  Notes 

Ixjuis  J.  Schneider  has  been  appointed  g'eneral  sales  manager 
of  the  Clark  Tructractor  Co.,  1122  South  Michigan  Ave.,  Chicago, 
111.  Mr.  Schneider  is  a  graduate  of  the  Stevens  Institute  of  Tech- 
nology and  is  a  member  of  the  Society  of  Automotive  Engineers, 
as  well  as  the  American  Society  of  Mechanical  Engineers.  He  has 
been  closely  identified  for  many  years  with  the  automotive  in- 
dustry. 

Manufacturers  of  wood  pipe  upon  the  Pacific  slope  have  formed 
the  Western  Wood  Pipe  Publicity  Bureau  for  the  dissemination  of 
information  about  western  wood  pipe.  The  four  companies  uniting 
in  this  publicitv  service  are  the  Continental  Pipe  Manufacturing 
Co.  of  Seattle,  the  American  Wood  Pipe  Co.  of  Tacoma,  the  Pacific 
Tank  &  Pipe  Co,,  and  the  Redwood  Manufacturers  Co.,  both  of 
San  Francisco,  Offices  of  the  bureau  have  been  established  in  the 
White  Building,   Seattle,  with  B.  J.   Bartells,  manager. 
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Roads   and   Streets — 1st   Wednesday 


(a)    Road3 
,b)   Streets 


(c)  Street   Cleaning 

(d)  Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers   and   Sani 

tation 

te)   Management  and  Office 
System 


(c)    Irriga'ion    and    Drainage 
(dj    Power    and    Pumping 


Railways    and    Excavation — 3rd    Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pita 

Dredging  (d)   Railwa.vs.    Steam   and 

(b)  Rivers  and  Canals  Electric 

lef    Management    and    Olfice 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)    Buildings  (c)    Harbor    Structures 

(b>   Bridges  (d)   Miscellaneous    Structures 

le)    Properties    of    Materials 
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What  Is  the  Object  of  a   College 
Education? 

Several  years  ago  Woodrow  Wilson  wrote  an  article  in 
which  he  answered  this  query  by  saying:  "To  make  lead- 
ers of  men." 

A.  Lawrence  Lowell,  president  of  Harvard,  recently  gave 
the  following  as  being  the  objects  of  the  Harvard  Engineer- 
ing School: 

"To  train  men  to  think;  to  lay  a  broad  and  deep  founda- 
tion with  a  superstructure  which  can  be  completed  only 
gradually  from  the  training  and  observation  that  come 
from  practical  experience;  to  encourage  the  student  to  un- 
derstand each  problem  so  thoroughly  that  he  can  apply  the 
same  principles  intelligently  in  the  solution  of  different 
kinds  of  problems;  and,  finally,  to  train  men  to  be  good 
citizens  as  well  as  good   engineers." 

We  have  in  these  two 
quotations  the  views  of 
two  exceptionally  able 
men  who  have  given  a 
great  deal  of  thought 
to  the  problems  of 
higher  education,  yet 
neither  of  them  speci- 
fies what  seems  to  us 
to  be  one  of  the  prime 
objects  of  college  edu- 
cation, namely  to  ha- 
bituate men  (1)  to 
seek  eagerly  for  useful 
information  and  (2)  to 
apply  that  information. 
Lest  it  be  replied  that 
this  object  is  neces- 
sarily involved  in  the 
general  outlines  given 
by  each  of  the  educa- 
tors    whom     we     have 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


quoted,  we  purpose  showing  that  a  man  may  fill  all  their  spe- 
cifications yet  not  be  habituated  to  seek  and  use  infoimation. 
Taking,  first,  the  specification  that  a  college  graduate 
should  be  trained  to  lead  men,  we  all  know  scores  of  such 
graduates  who  are  "leaders"  but  who  are  not  habitual 
students  of  what  other  men  have  accomplished.  Not  long 
ago  Frank  Vanderlip,  then  president  of  the  National  City 
Bank  of  New  York,  said:  "I  believe  we  are  a  nation  of 
economic  illiterates.  There  is  a  science  of  business.  It 
is  something  teachable."  His  wide  experience  as  a  banker 
in  the  metropolis  where  many  of  the  most  successful  busi- 
ness men  in  America  live,  must  have  been  rather  disap- 
pointing, since  he  felt  it  necessary  to  say  to  a  convention 
of  executives  that  "we  are  a  nation  of  economic  illiterates." 
The  percentage  of  college  men  as  business  executives  is 
Very  high,  yet  Mr.  Vanderlip  did  not  except  them  from  his 
sweeping  charge  of  economic  illiteracy. 

The  sale  of  books  on 
any  given  subject  can 
be  used  as  a  measure 
of  the  degree  of  liter- 
acy in  the  field  to 
which  the  books  relate. 
The  sales  of  technical 
books  invariably  are 
much  below  what  they 
would  be  were  all  tech- 
.  nical  men  buyers  of 
every  book  that  would 
add  to  their  efficiency. 
Even  the  "biggest  sell- 
ers" fall  lamentably 
short  of  the  sales  that 
would  occur  were  tech- 
nical illiteracy  less 
prevalent.  This  illit- 
eracy is  not  confined  to 
subordinate  employes: 
it   is   found   among   the 
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"leaders  of  men."  Hence  we  say  that  men  may  be  trained 
to  become  "leaders,"  yet  lack  training  that  habituates  them 
to  be  searchers  for  information. 

Mr.  Lowell's  specification  is  definite  in  so  far  as  it  calls 
for  training  men  to  think,  but  it  is  quite  vague  otherwise. 
A  man  may  be  trained  to  think,  yet  lack  training  in  collect- 
ing data  with  which  to  think.  There  is  abundant  evidence 
that  the  majority  of  engineers  are  not  habitual  gatherers  of 
needful  data.  Perhaps  Mr.  Lowell  would  reply  that  if  this 
is  true,  the  fault  lies  in  the  execution  of  his  educational 
specifications  and  not  in  the  specifications.  To  which  w^ 
would  reply  that  a  vague  specification  usually  results  in  an 
unsatisfactory  product.  If  he  regards  as  sufficiently  specific 
the  words  "to  lay  a  broad  and  deep  foundation  with  a 
superstructure  which  can  be  completed  only  gradually  from 
the  training  and  observation  that  come  from  practical  ex- 
perience," our  answer  is  that  this  leaves  wide  open  the 
question  of  how  to  build  the  "foundation."  Yet  the  kind 
of  educational  foundation  determines  whether  or  not  an 
adequate   superstructure   will  be  reared  upon   it. 

To  secure  the  most  desirable  results  in  brain  building  as 
in  house  building,  the  specifications  should  be  complete 
and  definite;  but  it  has  been  the  custom  to  leave  them  in- 
complete  and   at   least   partly   indefinite. 

The  most  commonly  omitted  clause  has  been  the  one  that 
should  specify  what  is  to  be  done  to  develop  an  insatiable 
thirst  for  knowledge.  To  this  thirst  may  be  attributed  not 
only  most  of  the  great  advances  in  science,  but  general 
progress   in   applying   science. 

The  other  clause  that  is  commonly  omitted  from  educa- 
tional specifications  is  the  one  requiring  the  student  to  be- 
come habituated  to  applying  the  knowledge  that  he  ac- 
quires through  search  or  research.  It  is  not  enough  merely 
to  become  an  habitual  gatherer  of  facts.  An  engineer  must 
become  an  habitual  user  of  the  facts  that  he  has  gathered. 

A  man  may  be  trained  to  think  correctly  along  given  lines, 
yet  lack  training  in  gathering  data  and  in  personally  act- 
ing upon   the   inferences   drawn  from   them. 


"I 


Read   Everything," — 
Blasco-Ibanez 


The  great  Spanish  novelist,  Vincente  Blasco-Ibanez,  now  in 
America,  is  becoming  the  subject  of  many  a  newspaper  in- 
terview. He  states  that  it  is  his  custom  to  read  about  six 
hours  every  day  and  write  the  larger  part  of  his  other 
twelve  making  hours.  "I  read  everything  that  falls  into 
my  hands — military,  science,  theology,  physics,  anything, 
everything.     There  is  nothing  that  does  not  interest  me." 

Those  of  our  readers  who  have  been  interested  and  moved 
by  his  "Four  Horsemen  of  the  Apocalypse"  (that  great 
story  of  the  war),  his  "Blood  and  Sand"  or  his  "Mare  Nos- 
trum," will  now  better  understand  why  Blasco-Ibanez  is  able 
to  impress  us  with  the  scope  of  his  knowledge  while  charm- 
ing us  with  the  beauty  and  veracity  of  his  scenic  descrip- 
tions and  character  delineations.  Here  is  an  author  of 
wonderful  imaginative  power,  yet  given  to  the  daily  prac- 
tice of  seeking  data  with  which  to  paint  his  moving  pictures 
of  men. 

We  have  often  spoken  of  the  necessity  of  reading  ex- 
tensively in  order  to  secure  a  large  fund  of  facts  with  which 
to  reason  effectively.  Ibanez  makes  it  clear  that  he  finds 
extensive  reading  equally  essential  in  order  to  imagine  ef- 
fectively; nor  is  this  difficult  to  understand  when  we  pause 
to  consider  the  processes   of  imaginative   reasoning. 

Creative  thinking  of  every  kind  is  imaginative  thinking. 
This  is  quite  as  true  of  the  invention  of  a  machine  as  of 
the  creation  of  an  original  character  in  a  story.  Imagination 
consists  in  forming  new  groups  of  ideas,  the  seperate 
elements  of  which  are  not  new.  Dreams  are  imaginative, 
as  a  rule,  and  not  mere  repicturing  of  any  actual  experi- 
ences in  its  entirety.  A  dream  contains  many  parts  of  ex- 
periences—personal or  by  proxy— brought  together  in  new 
sequence  or  grouping.  Creative  thinking  differs  from  dream- 
ing in  that  the  regrouping  of  experiences  is  guided  by 
the  will. 

Once  this  tact  is  clearly  apprehended  it  is  evident  that  a 
mind  stored  with  few  facts  must  necessarily  have  limited 
powers  of  original  thinking;  that  is.  limited  imagination.  At 
first  sight  this  may  seem  contrary  to  the  fact  that  children  are 
so  often  highly  imaginative,  but  further  consideration  ex- 
plains this  paradox. 


In  children  experience  has  not  yet  brought  many  things 
into  such  frequent  association  as  to  develop  a  strong  habit 
of  associating  those  things.  Lacking  the  habit  of  associat- 
ing certain  things,  the  mind  of  the  child  naturally  makes 
all  kinds  of  associations,  incongruous  as  well  as  congruous. 
It  sees  likenesses  that  are  often  quite  faint  and  thus  brings 
together  in  its  mind  pictures  that  to  an  adult  may  seem 
fantastic.  Note,  however,  that  the  child  never  imagines  a 
single  new  element  of  his  new  mental  picture.  Always  the 
picture  is  made  up  of  elements  that  the  child  has  experi- 
enced, or  has  been  told  about.  The  mind  of  the  child  may 
be  very  imaginative,  because  of  lack  of  habitual  associa- 
tion of  things,  but  it  is  always  limited  in  its  capacity  to 
imagine  because  of  its  relatively  small  stock  of  experiences. 

Some  men,  partly  through  inheritance  but  largely  through 
self-training,  keep  their  minds  in  child-like  fluidity,  thus  facil- 
itating the  association  of  experiences  into  new  combinations. 
These  men  are  said  to  be  imaginative;  and  when  their  novel 
ideas  are  not  so  fantastic  as  to  be  unrealizable,  they  be- 
come practical  inventors,  highly  skilled  designers,  success- 
ful  novelists,   essayists,   poets,   painters,   musical   composers. 

AVith  proper  training,  the  average  mind  .can  be  kept  at 
least  partly  free  from  the  bonds  of  habitual  association  of 
things  that  are  frequently  seen  in  association.  Upon  the 
extent  that  this  can  be  accomplished  will  depend  the  de- 
velopment of  the  "inventive  faculty."  Fortunately,  wide 
reading  is  an  aid — although  not  the  sole  means — in  keep- 
ing ideas  "fluid"  in  the  mind;  while  at  the  same  time  ex- 
tensive reading  furnishes  abundant  data  with  which  to 
dream  effectively. 

"Men  are  such  stuff  as  dreams  are  made  on,"  because 
the  greater  part  of  man  is  his  mind,  and  the  mind  is  an  in- 
strument for  grinding  out  imaginations.  Unfortunately, 
minds  are  usually  so  ill  handled  that  they  lose  most  of  their 
ability  to  imagine — to  invent  or  create — and  become  ma- 
chines for  turning  out  replicas  of  old  ideas,  unrelieved  by 
variety.  This  has  come  about  mainly  because  men  have 
been  told,  for  immemorable  ages,  that  invention  can  not 
be  developed  by  training.  This  doctrine  finds  its  refutation 
in  every  great  creative  mind,  tor  such  minds  grow  stead- 
ily more  prolific  in  new  ideas,  if  not  restrained  by  the 
necessity  of  earning  a  living. 

There  is  a  vast  deal  of  true  psychology  in  the  lines  of 
Gray's  Elegy:  "M^ny  a  mute,  inglorious  Milton  here  may 
lie." 


The  Debt   That   Employers  Owe 
to  Society 

It  is  one  of  the  fundamental  laws  of  management  tliat 
employes  should  be  paid  in  proportion  to  their  performance. 
But  how  many  employers  are  sufficiently  altruistic  to  go 
beyond  the  letter  of  this  law? 

When  employers  meet  to  discuss  wages,  "piece  rates,"  and 
the  like,  there  is  often  an  objection  raised  against  giving 
the  employes  any  payment  in  excess  of  their  individual  per- 
formance, on  the  ground  that  the  employer  is  entitled  to 
nearly  all.  it  not  all,  the  gain  effected  by  the  introduction  of 
labor  saving  devices  or  methods.  Indeed,  we  have  heard  it 
urged  that  since  it  is  the  brain  workers  who  effect  all  im- 
provements, to  them  should  go  the  entire  gain  resulting 
from  the  improvements.  Let  us  see  where  this  line  of  rea- 
soning  leads. 

If  it  were  agreed  that  each  brain  worker  should  receive 
the  entire  saving  effected  by  any  device  that  he  might  origi- 
nate, still  it  would  be  evident  that  the  annual  savings  should 
not  go  to  his  heirs  or  assigns  forever.  Our  patent  law 
makes  the  life  of  a  patent  17  years;  and  where  no  patent 
exists,  publicity  usually  makes  it  impossible  for  an  originator 
of  a  new  idea  to  enjoy  its  full  fruits  for  more  than  a  very 
few  years.  Finally,  even  where  an  innovator  of  an  eco- 
nomic idea  is  able  to  keep  it  secret  for  a  lifetime,  death 
ultimately  forces  him  either  to  disclose  the  secret  or  carry 
it  with  him  to  the  coffin. 

Viewed  in  any  way  it  is  seen  that  there  is  no  possibility 
of  entailing  or  assigning  in  perpetuity  the  right  to  the  sole 
enjoyment  of  all  the  benefit  from  a  novel  idea.  It  follows, 
therefore,  that  when  we  speak  of  "payment  in  proportion 
to  performance"  as  applied  to  brain  workers,  we  must  mean 
a  payment  that  is  actually  less  than  the  full  gains  resulting 
from  their  performance.      In  other  words,  society  in  general 
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must  ultimately  eujoy  substantially  all  the  gain  Ironi  in- 
ventions of  every  sort. 

Since  inventors  are  members  ot  society,  tliey  share  with 
the  rest  of  mankind  the  common  heritage  of  ideas.  But 
originating  minds  are  peculiarly  qualified  to  make  use  of 
this  vast  inheritance,  only  an  infinitesimal  fraction  of  which 
belongs  to  them  personally.  However,  when  any  inventor 
adds  his  quota  of  improvement  to  preexisting  ideas,  he  is 
prone  to  think  that  the  resulting  ne-n-  combinaMion  is  his  in 
its  entirety.  He  forgets  that  his  part  may  be  a  relatively 
insignificant  part  of  the  new  combination,  and,  swelled  with 
his  own  conceit,  believes  himself  much  greater  than  he 
really  is. 

We  have  used  an  inventor  as  an  illustration,  but,  with  a 
mere  change  of  subjects,  we  may  apply  the  same  conclusions 
to  every  sort  of  originating  mind.  Thus,  an  ingenious  ex- 
ecutive may  conceive  an  idea  that  greatly  reduces  the  cost 
of  bookkeeping.  He  may  thereafter  be  able  to  run  his 
accounting  department  with  half  as  many  bookkeepers  as 
before.  If  he  is  an  average  employer,  he  will  not  only  dis- 
charge half  his  accounting  force  without  a  qualm  of  con- 
science, but  he  will  not  raise  the  salaries  of  the  remaining 
force  appreciably,  for  he  will  say:  "Was  it  not  my  brains 
that  wrought  this  entire  saving?  Why  should  I  reward  any- 
one save   myself?" 

In  taking  the  entire  gain  for  himself,  at  least  temporarily, 
he  may  think  that  he  is  rigorously  applying  the  rule  of 
"payment  in  proportion  to  performance."  If  so,  he  over- 
looks several  important  factors:  First,  he  would  never  have 
been  able  to  make  this  improvement  in  bookkeeping  had 
there  not  already  been  a  system  of  bookkeeping  to  improve. 
Second,  he  could  not  have  put  his  new  plan  into  effect  were 
there  no  trained  minds  to  use  it.  Third,  since  most  of  his 
own  education  is  an  inheritance  of  ideas  that  have  been 
given  to  him  by  parents,  teachers,  books  and  periodicals, 
he  Is  so  deeply  indebted  to  society,  present  and  past,  that 
he  would  be  a  mental  banki'upt  were  society  to  foreclose 
its  mortgage  upon  him. 

No,  the  employer  who  attempts  to  take,  even  for  a  short 
time,  all  the  gain  resulting  from  his  own  mental  work,  is 
unjustified.  His  debt  to  society  can  never  be  repaid  in  full. 
The  least  he  can  do  is  to  share  with  his  employes  a  liberal 
part  of  the  gains  that  his  brain  is  instrumental  in  effecting. 


Equations  for  Indeterminate 
Structures 

To  the  Editor:  An  interesting  article  by  Mr.  G.  Paaswell 
entitled  "Some  Notes  on  Indeterminate  Structures"  was  pub- 
lished in  your  issue  of  Sept.  24,  1919.  Having  had  expe- 
rience in  designing  indeterminate  structures,  I  would  like  to 
make  some  comments  on  this  article. 

Mr.  Paaswell's  assumption  that  the  frame  shown  in  Fig.  3, 
when  symmetrically  loaded  and  when  members  are  symmetri- 
cal about  center  line  of  frame,  has  the  same  moments  and 
reactions  as  in  frame  shown  in  Fig.  5  is  correct,  since  in 
both  cases  the  tangent  to  the  elastic  curve  at  C  is  horizontal 
(in  Fig.  3  due  to  symmetry,  in  Fig.  5  due  to  fixity  of  end  C) 
Figures  3  and  5  are  reproduced  from  Mr.  Paaswell's  article. 

The  direction  of  H  (which  is  a  reaction)  as  shown  in 
Fig.  .5  is  incorrect,  but  this  will  be  taken  care  of  in  the 
formula  for  H,  where  the  sign  will  indicate  the  correctness 
or  incorrectness  of  the  first  assumption. 

In  getting  the  work  equations  Mr.  Paaswell  obtains  them  in 
terms  of  H.  M,  V,  reactions  and  moments  at  end  A.    He,  how- 
fa  b— a 

ever,  later  eliminates  V  by  substituting  V  =  —  H \-  P . 

b  b 

This  would  be  correct  if  the  ends  were  hinged  and  no  mo- 
ments existed  there;  that  is  at  A  and  C  in  Fig.  5.  Then 
faking  moments   of   external   forces   about   C.   we   get   SM^ 

h  (b— a) 

Hh  —  P(b— a)  +  Vb  =0.      From    which    V  =  H 1-  P ■ 

b  b 

But  in  our  case  the  ends  A  and  C  are  fixed;  moments  exist 
there  influencing  the  value  of  V.  It  would  be  as  if  Mr. 
Paaswell  were  to  obtain  reactions  in  a  beam  fixed  at  one  end 
and  supported  at  the  other  b.v  ignoring  the  moment  at  the 
fixed  end.  In  case  the  moments  at  the  ends  are  equal  in 
magnitude,  but  causing  opposite  rotation,  they  may  be  can- 
celed.    But   the  general  case  in  Fig.  5  is  obviously   not  so. 


The  correct  equation  is  for  i:M,  M.  — Hh  — P(b— a)  +  Vb  = 
.M,.     This  introduces  another  unknown  Mr  (as  it  should). 

The  proper  way  to  obtain  these  work  equations  would  be 
not  to  eliminate  V,  but  to  leave  it  in  the  equations  and  treat 
it  as  an  additional  unknown. 

This  will  cause  an  additional  work  equation;  since  there 
must  be  as  many  work  equations  as  many  unknows  there  are. 

()(Work) 

The  two  work  equations  Mr.  Paaswell  has  are: =  0 

c)H 
(((Work)  d(Work) 

and  =  O.     The  additional   equation   is      -    -     --  =  0. 

dM  dV 

Using  these  3  equations  we  obtain  results  which  are  natur- 
ally different  from  Mr.  Paaswell's.     Thus  toward  the  bottom 
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Fig.    3. 


Fig.    5. 


of  the  second  column  of  page  348  of  your  Sept.  24  issue  he 
gives  the  following  values: 

a'(b-— a)           Ij                          a(b— a)(b— 2a)         I, 
M  =  P ;     H  =  P : 


b          bl.  -f-  hi, 
The  writer's  values  are: 
a(b— a)"        I, 
M  =  P — 


bh 


3a(b— a)- 


bl,  4-  hi, 


I. 


H  =  P- 


2b        bL  -f  hi,  2bh        bl,  +  hi, 

The  writer's  results  check  up  with  results  of  Mr.  M.  Abe 
as  published  in  Bulletin  No.  107,  f]ngineering  Experiment 
Station,  University  of  Illinois,  page  10,  Fig.  30.  .Mr.  Abe 
works  out  the  case  of  a  uniform  load,  and  has  a  different  no- 
tation. However,  when  the  notation  is  transformed,  the 
value  of  M  at  the  end  A  agrees  with  the  writer's  value. 

M.   GRODSKY. 
Chica.go,   111. 

[The  above  letter  was  submitted  to  Mr.  Paaswell;  his  reply 
follows. — Editor.] 

To  the  Editor:     Referring  to  Figs.  4  and  5  in  the  article 
under  discussion,  and  taking  moments  about  A  and  C: 
M,  +  Mc  +V,b  —  Pa  —  Hh  =  O. 
Ma  +  Mc  +  V.b  —  P(b  —  a)  -f-  Hh  =  O. 
Subtracting      these      two      equations      and      noting      that 
Va  +  Vc  =  P;   solving  for  Vh  gives  the  expression  in  the  text. 
I  have  carefully  gone  over  the  formulas  given  in  my  article 
and  feel  that  they  are  correct.     If  the  dimensions    are  one  by 
one  suppressed  the  formulas  degenate  into  the  canonical  ex- 
pressions for  fixed  beams. 

The  selection  of  the  sign  for  the  force,  is,  as  the  writer 
notes,  a  matter  of  indifference,  the  selection  of  an  incorrect 
sign  giving  a  negative  value. 

GEORGE  PAASWELL, 
Consulting  Engineer.  ' 
New  York. 


Rules  for  Bolters-up. — Here  are  some  good  rules  for  bolters- 
up  that  embody  the  experiences  of  workers  in  more  than 
one  place.     They  are  taken  from  "Fore  and  .\ft": 

Don't  put  your  fingers  in  holes,  as  they  might  be  cut  oft 
or  jam  in  between  sheets. 

Don't  lay  a  drift  pin  where  it  can  roll  off,  as  it  might  in- 
jure someone. 

Don't  lay  a  wrench  flat.  Use  the  sharp  point  and  stand 
it  in  the  hole  when  not  in  use. 

Don't  use  a  maul  with  a  loose  handle,  as  it  might  fly  off 
and  hurt  your  mate. 


Quantity  Survey  Reduces  Cost  of  Estimating. — The  Gen- 
eral Contractors'  Association  of  Milwaukee.  Wis.,  has  been 
operating  a  bureau  of  quantity  survey  with  excellent  re- 
sults. The  cost  of  estimating  has  been  reduced  and  at  the 
same  time  all  bidders  were  enabled  to  bid  on  the  same 
basis  as  far  as  quantities  were  concerned. 
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Deductive  Reasoning  and   Its 
Limitations 

By  HALBERT  P.  GILLETTE,   Editor, 

Because  of  their  mathematical  training,  engineers  have  a 
great  respect  for  the  power  of  deductive  reasoning;  and  if 
they  have  had  scant  training  in  experimental  chemistry  or 
physics,  they  are  inclined  to  rely  altogether  too  much  on  de- 
duction and  too  little  on  experiment.  In  his  "Xovum  Or- 
ganum,"  Sir  Francis  Bacon  went  to  an  extreme  in  his  praise 
of  experimental  methods  of  arriving  at  truth  as  contrasted 
with  deductive  methods.  A  century  later  Sir  Isaac  Newton 
gave  a  wonderful  demonstration  of  the  effectiveness  of 
mathematical  deduction  in  establishing  the  truth  of  the  gen- 
eralization that  every  mass  attracts  every  other  mass,  a  gen- 
eralization destined  to  revolutionize  not  only  astronomy  but 
mechanics.  As  a  result  of  Newton's  grand  generalization, 
the  question  began  to  be  asked  whether  heat  was  really  a 
"substance."  If  it  were  the  substance  called  "phlogiston," 
then  a  body  should  be  heavier  when  hot  than  when  cold. 
Experiment  showed  that  this  was  not  so.  Then  it  was  rea- 
soned that  heat  must  be  a  mode  of  motion  and  not  a  sub- 
stance. This  conception  led  Joule  to  make  his  celebrated  ex- 
periment that  resulted  in  showing  that  772  ft.  lbs.  of  energy 
will  raise  the  temperature  of  1  lb.  of  water  1°  P.  The  me- 
chanical equivalent  of  heat  having  thus  been  found,  it  was 
but  a  step  to  what  Herbert  Spencer  has  called  the  grand 
unifying  generalization  that  energy  is  indestructible. 

I  have  made  this  introduction  somewhat  long  in  order  to 
bring  out  the  great  value  of  deductive  reasoning,  so  that 
when  I  proceed  to  indicate  its  limitations  it  will  not  be  in- 
ferred that  I  sm  a  Baconian  in  my  contempt  for  deduction  as 
a  means  of  establishing  new  laws  of  nature. 

What  Is  Deduction? — I  venture  that  few  engineers  can  an- 
swer this  question  further  than  to  say  that  it  consists  in  pass- 
ing from  generals  to  particulars,  or  the  converse  of  induction. 
But  what  are  the  steps  in  the  mental  process  of  deduction? 
What  is  the  distinction  between  the  automatic  deduction  that 
all  animals  exhibit  and  the  volitional  deduction  of  which 
logicians  treat?  What  is  the  precise  distinction  between  the 
qualitative  deduction  that  every  adult,  normal  human  being 
uses  every  day,  and  the  quantitative  deduction  that  is  less 
often  used?     What  is  hypothetical  deduction? 

If  the  reader  will  go  back  over  these  four  questions  and 
write  an  answer  to  each  of  them,  he  will  perhaps  realize 
later  on  how  relatively  vague  have  been  his  ideas  about  the 
processes  of  reasoning.  He  may  excuse  this  vagueness  on  the 
ground  that  he  is  accustomed  to  reason  correctly  even  with- 
out understanding  the  theory  of  reasoning;  and  it  must  be 
conceded  that  in  the  great  majority  of  cases  correct  reason- 
ing does  occur  without  the  guidance  of  any  theory  of  reason- 
ing. Similarly,  also,  there  were  safe  engineering  and  archi- 
tectural structures  before  there  was  any  theory  of  elasticity; 
but  what  engineer  will  contend  that  the  theory  of  strains  and 
stresses  does  not  aid  all  structural  engineers  greatly  in  de- 
signing economic  structures? 

A  correct  md  fairly  complete  theory  of  reasoning  must  in- 
evitably shorten  the  time  required  to  master  any  complex 
subject;  and  it  must  do  more  than  shorten  the  time,  it  must 
reduce  the  chance  of  reasoning  falsely.  I  base  this  state- 
ment on  the  fact  that,  other  things  being  equal,  the  man  who 
can  clearly  explain  the  causes  of  any  phenomenon  can  reason 
more  effectually  about  the  effects  that  constitute  that  phe- 
nomenon. 

Deductive  reasoning  is  primarily  a  process  of  remember- 
ing. Remembering  is  a  process  of  associating.  But  it  does 
not  follow  that  all  remembering  is  deduction.  Remembering 
is  a  word  that  indicates  a  general  class  of  mental  action,  of 
which  deducing  is  a  subclass.  To  illustrate:  You  meet 
a  friend  with  whom  you  played  cards  last  night,  and  you  in- 
stantly remember  that  fact  and  perhaps  several  others,  by  a 
train  of  association;  for  events  are  like  the  herd  of  elephants 
in  the  grand  parade  at  the  circus,  each  one  comes  in  holding 
the  next  one  by  the  tail.  When  you  remember  a  casually 
associated  fact,  you  are  not  said  to  deduce  or  infer  that  fact; 
but  when  you  remember  a  fact  that  is  invariably  associated 
with  another,  you  do  deduce. 

Take,  for  example,  a  jewel  that  is  given  to  you  to  examine. 
You  observe  that  it  is  translucent  and  refracts  the  light  into 
miniature  rainbows.  Your  instant  deduction  is  apt  to  be 
that  it  is  a  diamond,  because  you  associate  translucency  and 
"sparkling"  with  other  properties  that  invariably   coexist   in 


the  mineral  called  diamond.  But  you  also  remember  that 
lead  glass  has  these  two  properties,  hence  a  doubt  arises  as 
to  whether  the  jewel  is  a  real  or  mimic  diamond.  You  may 
then  try  to  scratch  glass  with  it,  and  it  it  scratches  the  glass 
you  may  class  it  as  a  diamond.  As  a  further  test  you  may 
rub  the  jewel  briskly  on  the  palm  of  your  hand.  If  then  it 
becomes  electrified  so  that  it  will  attract  bits  of  paper,  you 
may  be  almost  certain  that  the  jewel  is  a  diamond,  because, 
excepting  the  diamond,  there  is  no  know^n  stone— natural  or 
artificial— that  has  the  combination  of  the  four  properties 
that  you  perceive  in  this  stone.  Having  identified  this  stone 
as  belonging  to  the  class  diamond,  you  can  at  once  infer  that 
it  has  any  known  property  of  the  diamond,  such  as  combus- 
tibility. Note,  then,  that  in  this  process  of  qualitative  deduc- 
tion, you  start  with  a  known  class,  i.  e.,  an  invariable  com- 
bination of  attributes,  or  properties.  Then  you  see  an  indi- 
vidual thing  that  you  perceive  to  have  one  or  more  of  these 
known  attributes.  This  causes  you  to  remember,  or  asso- 
ciate, certain  of  the  other  properties  of  the  class,  and  to 
inter  or  deduce  their  "presence"  in  the  thing  you  are  looking 
at.  Then,  to  make  sure  that  your  identification  of  the  thing 
(in  this  case,  a  jewel)  is  one  of  the  remembered  class  (in  this 
case,  diamond),  you  actually  put  the  thing  to  a  test  (in  this 
case,  a  hardness  test);  if  the  test  shows  a  quality  of  the 
class,  the  probability  that  you  have  properly  identified  the 
thing  increases.  In  certain  cases,  even  one  test  may  raise 
the  probability  to  a  certainty.  In  other  cases,  many  tests 
may  be    needed. 

The  difficulty  in  volitional  qualitative  deduction  lies  en- 
tirely in  identifying  the  classes  to  which  the  given  thing  be- 
longs. A  great  deal  can  be  said  as  to  methods  of  reducing 
this  difficulty  ;:nd  of  expediting  the  operation  of  identification, 
but  I  reserve  these  matters  for  later  articles,  and  pass  next 
to  a  brief  consideration  of  automatic  deduction. 

Automatic  Deduction. — Men,  in  common  with  animals,  use 
automatic  deduction  almost  every  instant  of  their  waking 
hours.  It  differs  only  from  volitional  deduction  in  that  the 
associations  are  so  strong  as  to  force  an  inference  without 
any  effort  of  (he  will.  Thus  a  pigeon  sees  a  round,  yellow- 
ish object  the  size  of  a  grain  of  corn;  its  mind  instantly 
classes  the  object  as  corn,  and  it  picks  it  up.  only  to  find  that 
its  hardness  ",nd  absence  of  a  certain  taste  proves  it  not  to 
be  corn.  Whereupon  the  object  is  rejected.  Similarly  a 
hunter  sees  certain  fresh,  cloven-hoof  footprints  in  a  wilder- 
ness, and  instantly  infers  that  a  deer  is  near  by.  In  tracking 
the  animal,  he  comes  upon  a  bush  to  which  a  bit  of  woolly 
hair  is  clinging,  and  he  rejects  his  first  conclusion.  He  in- 
fers the  nearby  presence  of  a  sheep  and  not  a  deer.  A  few 
minutes  later  he  sees  the  animal,  and  his  last  inference  is 
confirmd  by  its  general  appearance — its  other  class  "marks." 
Both  in  the  case  of  the  pigeon  and  of  the  man,  the  act  of 
identifying  the  thing  by  some  of  its  observed  "marks"  is 
automatic  and  instantaneous.  In  the  case  of  the  pigeon,  the 
association  of  certain  "marks"  of  food  is  an  inherited  asso- 
ciation, called  instinct.  Man  also  has  instincts,  or  inherited 
associations  of  class  "marks."  But  in  the  above  given  illus 
tration  of  the  hunter,  the  associations  are  those  acquired  by 
personal  observation  so  strongly  and  frequently  impressed 
as  to  become  habitual  association. 

In  fundamental  character,  then,  volitional  deduction  and 
automatic  deduction  are  alike,  consisting,  first,  in  remember- 
ing the  "marks"  of  a  class;  next,  in  identifying  an  individual 
thing  as  belonging  to  that  class  because  it  is  perceived  to 
have  certain  of  those  "marks";  and,  third,  in  deducing  any 
or  all  of  the  remaining  "marks"  of  that  class  as  being  "pres- 
ent" in  the  individual  under  observation. 

Hypothetical  Deduction. — This  is  usually  called  "reasoning 
by  analogy."  I  prefer,  however,  to  give  this  process  a  name 
that  asserts  its  kinship  with  ordinary  qualitative  deduction. 
Hypothetical  deduction  consists,  first,  in  tentatively  identify- 
ing a  thing  as  belonging  in  a  given  class  (that  is  in  guessing 
that  it  belongs  to  the  given  class) ;  second,  in  testing  the 
truth  of  the  assumption;  and.  third,  in  inferring  any  or  all 
other  "marks"  of  the  class  not  thus  tested.  Every  question- 
able identification  of  an  individual  thing  as  belonging  to  a 
given  class  involves  hypothetical  deduction.  Uncertainty  of 
identification  is  very  common.  Men  are  almost  constantly 
placing  things  in  a  given  class  tentatively,  or  hypothetically. 
The  illustration  of  the  jewel,  as  above  given,  serves  to  indi- 
cate hypothetical  deduction,  up  to  the  point  that  the  identifi- 
cation is  established. 

The    term    hypothetical    deduction    perhaps    should    be    re- 
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served  for  the  cases  where  more  than  a  normal  amount  o£ 
imagination  is  required  to  perceive  any  identity  at  all.  Thus 
when  Newton  guessed  that  the  motion  of  the  moon  had  in 
it  an  element  of  identity  with  the  fall  of  an  apple,  he  took  the 
first  two  steps  in  a  hypothetical  deduction.  The  first  step 
was  the  general  idea  that  all  bodies  near  the  earth 
tend  to  fall  to  the  earth.  The  second  step  was  the 
tentative  assumption  that  the  moon  was  "near"  thQ 
earth,  that  is  near  enough  to  be  an  individual  instance  of  the 
general  class  of  phenomena  known  as  terrestial  gravitation. 
The  third  step  was  to  infer  the  consequences,  if  this  were 
true,  and  the  last  step  was  to  "test"  the  truth  of  the  infer- 
ence by  its  correspondence  with  known  or  ascertainable  facts. 

Wherever  vou  reason  that  because  two  things  are  similar 
in  certain  observed  respects  they  may  be  similar  in  certain 
unobserved  respects,  the  logicians  tell  you  that  you  are  rea- 
soning by  analogy,  and  they  warn  you  against  the  danger  of 
error  in  this  sort  of  inference.  Although  the  chances  of 
error  are  great,  the  gain  in  knowledge  justifies  many  an  error 
in  arriving  finally  at  a  new  truth. 

Once  it  is  clearly  seen  that  the  process  of  classification  is 
the  fundamental  process  of  deductive  and  inductive  reason- 
ing, much  of  the  mystery  of  reasoning  vanishes.  Then  when 
it  is  seen  that  induction  and  deduction  are  co-ordinate  proc- 
esses, more  of  the  mystery  vanishes.  Still  there  will  remain 
one  great  mystery,  namely,  the  wonderful  accuracy  of  mathe- 
matical deduction  as  contrasted  with  ordinary  deduction. 
Aristotle  vainly  strove  to  reduce  qualitative  deduction  to  the 
c  rtainty  of  quantitive  deduction.  Modern  logicians  have 
seen  the  difficulty  with  greater  clearness,  but  I  have  yet  to 
read  the  works  of  any  logician  who  seemed  to  have  com- 
pletely perceived  the  distinction  between  qualitative  and 
quantitative  deduction. 

Quantitative  Deduction. — Mathematical  or  quantitative  de- 
duction is  qualitative  deduction  plus  an  added  characteristic, 
namely,  that  after  having  identified  a  given  expression  as 
being  an  equation  or  an  inequation,  it  is  "combined"  with  an- 
other equation  or  inequation.  In  the  case  of  qualitative  or 
ordinary  deduction  the  difficulty  ends  when  the  given  indi- 
vidual thing  lias  been  identified  as  belonging  to  a  given  class, 
for  it  is  then  instantly  known  to  have  all  the  "marks"  of  that 
class.  But  in  the  case  of  mathematical  deduction  the  work 
is  not  ended  with  the  identification  of  equations  as  such,  for 
there  must  fellow  the  actual  "combination"  of  the  given 
equations  or  inequations.  This  "combination"  may  be  per- 
formed mechanically,  but  it  must  be  performed  to  complete 
the  deductive  inference,  and  the  performance  may  involve 
much  work. 

The  broad  generalization  for  deductive  reasoning  is  this: 
An  equation  is  an  expression  of  identity  as  to  the  number  in 
two  groups  of  things,  and  every  equation  has  the  attribute  of 
being  combinable  with  any  other  equation,  the  combination 
consisting  in  adding,  subtracting,  multiplying  or  dividing  the 
two  equations,  member  by  member.  This  is  the  broad 
"class"  generalization  as  to  equations.  Only  one  "mark"  is 
needed  to  identify  a  mathematical  expression  as  belonging 
to  the  class  of  things  known  as  an  equation,  namely,  the 
numerical  identity  of  two  groups  of  numbers.  This,  it  will 
be  noted,  is  in  strong  contrast  to  qualitative  deduction,  both 
in  respect  of  the  fewness  of  the  "marks"  needed  for  identifi- 
cation, and  in  the  ease  of  verifying  the  existence  of  the 
"marks."  Anyone  who  can  count  can  quickly  learn  how  to 
determine  whether  a  given  expression  is  an  equation  or  not, 
he  can  repeatedly  and  quickly  check  himself,  and  he  can  be 
checked  by  anyone  else  of  equal  ability  at  counting.  So  the 
process  of  identifying  an  equation  is  so  simple  as  to  be  sus- 
ceptible of  the  highest  possible  degree  of  certitude.  Con- 
trast this  "certainty"  of  identification  with  that  involved  in 
most  instances  of  ordinary  qualitative  deduction.  Take,  for 
instance,  any  of  the  numerous  black  minerals,  particularly 
when  there  are  no  visible  crystals  but  only  a  mass  of  par- 
ticles. A  skilled  mineralogist  often  finds  it  necessary  to 
submit  such  a  mineral  to  several  tests  before  he  can  iden- 
tify it,  and  even  then  he  may  err.  But  once  he  has  surely  "de- 
termined" the  mineral,  any  known  "mark"  is  instantly  in- 
ferable. 

Having  established  that  two  mathematical  expressions  are 
equations,  it  remains  to  combine  them,  and  this  usually  is 
a  relatively  simple  process.  What  then  is  the  difficult  part 
about  mathematical  or  quantitative  deduction?  It  lies  en- 
tirely either  in  framing  one  or  more  equations  to  express  the 
given   conditions,   or   in   selecting    (out  of  all   possible   equa- 
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tions)  the  particular  two  or  more  that  should  be  combined 
to  secure  the  quantitative  relationship  that  is  in  question. 

It  is  very  important  to  understand  these  distinctions  be- 
tween qualitative  and  quantitative  deduction,  for  once  they 
are  perceived  it  becomes  relatively  easy  to  see  why  a  person 
may  be  very  proficient  in  one  type  of  deductive  reasoning 
and  relatively  inetlicient  in  the  other.  An  engineer,  for  ex- 
ample, may  be  an  adept  in  solving  complex  hydraulic  prob- 
lems, yet  unable  to  tell  whether  a  given  specimen  of  water  is 
fit  to  drink.  He  may  be  able  to  solve  the  "pons  asinorum" 
of  geometry  twenty  years  after  he  first  learned  the  solution, 
yet  be  unable  to  deduct  in  an  acquaintance  a  streak  of 
egotism  that  his  wife  infers  almost  immediately.  In  his  ig- 
norance of  the  nature  of  the  different  processes  of  reasoning, 
a  man  is  apt  to  call  his  wife's  deductions  by  the  name  of 
"intuition,"  and  imagine  that  "intuition"  is  not  a  form  of  rea- 
soning. "Intuition"  is  nothing  else  than  automatic  deduc- 
tion based  on  generalized  experiences. 

Limitations  of  Deduction. — One  of  the  limitations  of  deduc- 
tive reasoning  is  the  necessarily  limited  knowledge  of  every 
reasoner,  particularly  as  relates  to  facts  outside  his  special 
field  of  observation  and  study.  It  may  be  said  that  this  is 
not  a  limitation  of  the  deductive  process  but  rather  of  each 
particular  mind.  This  may  be  granted  as  being  technically 
correct,  but  for  practical  purposes  we  are  concerned  only 
with  the  results  of  deduction,  and  the  results  are  certainly 
affected  by  every  limitation  of  the  thinking  organ — the  mind. 

The  average  educated  man  regards  himself  as  able  to  think 
correctly  on  any  subject,  provided  only  he  is  given  time  to 
learn  the  symbols — the  names  and'  terms — particularly  relat- 
ing to  that  subject,  plus  enough  time  to  gather  and  analyze 
some  of  the  data.  The  average  man  does  not  realize  that  it 
is  usually  insufficient  to  have  only  a  moderate  quantity  of 
data  at  hand;  nor  has  he  studied  mental  processes  suffi- 
ciently to  understand  that  it  takes  a  long  time  to  train  the 
mind  to  observe  minor  distinctions  and  remember  them  after 
they  are  perceived.  Yet  it  is  these  so-called  minor  distinc- 
tions that  constitute  the  differences  between  classes  and  sub- 
classes. Without  a  very  thorough  understanding  of  all  the 
known  classes  and  subclasses  of  things  in  any  branch  of 
knowledge,  qualitative  deduction  in  that  branch  is  apt  to  be 
erroneous. 

Psychologists  are  unanimous  in  stating  that  a  memory 
trained  to  record  facts  of  one  class  has  to  be  trained  anew  to 
record  facts  of  a  radically  different  class.  There  is  no  such 
thing  as  developing  a  general  memory  for  all  classes  of 
things.  Without  a  memory  well  stored  with  facts  relating  to 
the  thing  that  is  being  reasoned  about  deductively,  there  is 
greater  risk  of  reasoning  erroneously.  Failure  to  know  this 
fact  and  to  understand  the  processes  of  reasoning  is  one 
cause  of  the  conceit  of  the  average  college  graduate  and,  in 
general,  of  the  average  man  who  regards  his  mind  as  being 
well  trained.  It  leads  lawyers  to  underestimate  the  difficul- 
ties involved  in  solving  economic  problems.  It  leads  engineers 
to  belittle  the  work  of  practical  psychologists,  such  as  sales- 
men. Everywhere  we  see  the  evil  effects  of  a  conceit  that  is 
born  of  lack  of  understanding  of  the  limitations  of  deductive 
reasoning. 

Mathematical  deduction  is  entirely  free  from  the  limita- 
tions of  qualitative  deduction,  but  it  has  many  others,  such 
as  the  difficulty  of  measuring  the  known  forces  that  coact  in 
a  given  phenomenon. 

Every  kind  of  deduction  relating  to  natural  phenomena  is 
limited  by  the  ability  to  perceive  all  the  coacting  forces.  If 
any  important  force  is  overlooked,  the  deduced  conclusion 
may  be  disastrously  erroneous. 

Every  kind  of  deduction  is  strictly  limited  to  what  can  be 
conceived.  Whatever  is  inconceivable  is  not  susceptible  of 
classification,  or  of  enumeration,  and  cannot  be  reasoned 
about.  Even  when  engineers  and  scientists  think  they  are 
reasoning  about  the  inconceivably  great  (infinite)  or  the  in- 
conceivably small  (infinitesimal)-  they  are  actually  reason- 
ing with  conceivables  if  they  are  reasoning  at  all.  This  is 
not  apparent  to  most  mathematicians  because  they  have 
never  fully  learned  what  the  process  of  conception  is.  I  re- 
serve for  a  later  article  a  discussion  of  conception  and  of  the 
real  significance  of  mathematical  infinites  and  infinitesimals, 
with  which  is  involved  the  explanation  of  such  geometrical 
paradoxes  as  the  common  definitions  of  points,  lines  and  sur- 
faces. How  can  we  reason  about  a  line  devoid  of  breadth 
and  thickness?  My  answer  is  that  we  do  not.  We  really  ig- 
nore the  literal  wording  of  our  definition  of  a  line. 

5) 


610 


Enffhiecrniff  (Ulfl  ('outi'drfiuf/  for  Xni-ruiln  r  '-d. 


lUVJ. 


Average   Weights   of   Various  Species   of   Wood 


In  making  the  weight  determinations  given  in  the  fol- 
lowing table,  the  U.  S.  Forest  Products  Laboratory  used 
small,  clear  specimens  secured  from  the  top  4  ft.  of  the 
16-tt.  butt  logs  of  typical  trees.  Wood  thus  selected  prob- 
ably averages  a  trifle  heavier  than  the  wood  in  ordinary 
ties,  structural  timbers,  poles,  and  posts.  Such  large  pieces 
usually   include  the  pith,   or  are  taken  from   top   logs   where 


relatively  light  weight  material  is  frequently  encountered. 
It  should  be  noted  that  any  individual  lot  of  timber  in  the 
condition  specified  in  the  column  headings  of  the  table 
would  probably  vary  5  per  cent  from  the  figures  given  with 
a  possible  variation  of  as  much  as  20  per  cent.  Young» 
thrifty  pines,  for  instance,  will  have  a  high  moisture  con- 
tent wben  freshly  cut  and  probably  will  weigh  20  per  cent 
above  the  average  given. 
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AVERAGE  WEIGHTS   OF  VARIOUS   SPECIES  OF  WOOD. 


(1)   About  S  per  cent  moisture. 


C!)  About  12  or  15  per  cent  moi.sture.  Average  eondition  reached  without  artificial  heating  by  material  .sheltered  from  precipitation. 
North  central   states. 

(;;)  Average  green  material. 

Any  individual  lot  of  lumber  in  the  condition  specified  in  the  column  heading's  would  probably  vary  5  per  cent  from  the  figures 
Riven  with  a  possible  variation  of  as  much  as  20  per  cent.  For  exampl..  .voun,s.  thriftv  pines  will  have  as  high  moisture  content  when 
freshly  cut  and  will  probably  weigh  20  per  cent  above   the  average    'iiven. 
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Electrolysis  of  Concrete 

The  Bureau  of  Stundanis  has  recently  inihlisheii.  in  Tech- 
nologic Paper,  No.  18,  the  results  of  long  time  tests  of  the 
effect  of  electric  current  on  concrete  reinforced  with  steel. 
Tney  show  that  with-  reinforcing  iron  anode  at  very  low  cur- 
rent densities,  rusting  of  iron  and  cracking  of  concrete  event- 
ually occur,  although  the  damage  may  not  be  evident  until  a 
lapse  of  from  4  to  8  years.  The  cathode  effects  noted  in 
former  tests  showed  no  progress.  For  the  benefit  of  engi- 
neers who  may  have  forgotten  some  of  their  knowledge  of 
electricity  if  may  be  stated  that  when  the  current  of  elec- 
tricity flows  from  the  iron  to  the  concrete  the  iron  is  anode. 


Pjg.    i_General   Type   of  Specimen    Used    in    Electrolysis   Tests, 
and   when  the   current  flows   from   the   concrete  to   the  iron, 
the  iron  is  cathode.     The  type  of  specimen  and  the  method  of 
making  connections  is  illustrated  in  Figs.  1  and  2. 

Figure  3  illustrates  the  effect  of  a  high  voltage  with  the 
iron  as  anode.  Figure  4  illustrates  the  softening  of  the  con- 
crete near  the  cathode.  By  trying  specimens  of  concrete 
from  which  the  sodium  and  potassium  salts  were  removed  by 
electrolysis,  it  was  proven  that  the  disintegration  of  the  mor- 
tar at  the  cathode  is  due  to  an  accumulation  there  of  sodium 
and  potassium  by  the  current  and  there  appears  to  be  a  con- 
sfeQuent  liberation  of  them  of  the  silicates  and  aluminates 
of  'the  set  cement  with  a  formation  of  soluble  products.  It 
was  obvious  that  this  action  would  continue  until  all  of  the 
sodium  and  potassium  in  the  path  of  the  current  had  been 
drawn  to  the  cathode.  On  the  other  hand,  cement  free  from 
any  appreciable  quantities  of  sodium  and  potassium  would 
not  show  the  disintegration  at  the  cathode. 

The  cause  of  the  cracking  of  concrete  with  the  iron  anode 
was  investigated  thoroughly.  Yielding  cylinders  used  in- 
stead of  solid  steel  or  iron,  developed  no  cracks  m  the  con- 
crete, and  proved  conclusively  that  an  Interior  pressure  was 
developed.  The  physicists  even  went  so  far  as  to  measure 
these  pressures. 

Incidentlv  a  method  of  cleaning  iron  from  rust  was  devel- 
oped. Attempts  toward  reducing  the  efficiency  of  corrosion 
by  chemical  means  met  with  very  indifferent  success.  Pamt- 
ing  or  otherwise  treating  the  iron  before  embedding  it  in  the 
concrete  has  not  as  yet  been  tried  thoroughly,  the  tests  being 
held  up  to  await  the  outcome  of  some  experiments  with  a 
large  number  of  preservative  paints  for  iron  as  preventives 
of  natural  and  electrolytic  corrosion  in  the  presence  of  air 
and   moisture. 

The  judicious  distribution  about  a  structure  of  courses  of 
masonry  or  concrete  of  high  specific  resistance  offers  large 
possibilities  as  a  contributory  means  at  least  toward  mini- 
mizing electrolysis  in  reinforced  concrete  in  those  cases 
where  electrolvsis  might  be  expected  to  occur.  Investiga- 
tions were  accordingly  undertaken  to  ascertain  the  specific 
resistance  of  very  wet  concrete  of  different  proportions, 
methods  bv  means  of  which  its  specific  resistance  might  be 
increased,  and  also  the  specific  resistances  of  samples  of  the 
two  commonly  used  building  materials,  granite  and  limestone, 
in  both  wet  and  dry  condition.  In  a  search  tor  an  effective 
and  durable  insulating  coating  which  might  be  applied  to  the 
surface  of  concrete  some  tests  were  made  of  a  number  of 
waterproofing  and  damp-proofing  paints  and  membranes. 

PosEibilities  of  Trouble  from  Electrolysis  in  Concrete  Struc- 
tures Under  Practical  Conditions.— The  matter  has  been 
studied  from  the  practical  standpoint  also,  in  order  to  deter- 
m'ne  as  far  as  possible,  to  what  extent  the  conditions  under 
which  concrete  can  be  injured  in  the  laboratory  mav  be  ex 
pected  to  obtain  in  practice. 

\  careful  study  of  the  data  shows  conclusively  that  while 
there  are  conditions  under  which  reinforced  concrete  may  be 

(1 


seriously  injured,  such  conditions  are  nevertheless  excep- 
lional  rather  than  the  rule.  These  exceptional  conditions 
occur,  however,  with  sufficient  frequency  to  make  the  prob- 
lem one  of  great  importance,  and  fortunately  most  of  these 
conditions  are  amenable  to  control.  It  has  been  seen  that 
the  most  important  essentials  to  the  injury  of  concrete  by 
electrolysis  nre  moisture  and  a  difference  of  potential  be- 
tween electrodes  in  contact  with  the  mass  of  the  concrete. 
At  first  thought  it  might  appear  that  these  two  conditions 
are  almost  omnipresent,  since  perfectly  dry  concrete,  espe- 
cially below  grade,  is  seldom  if  ever  found;  while  as  every 
electrical  engineer  knows,  there  are  few  places  in  our  cities 
at  the  present  time  where  appreciable  differences  of  potential 
can  not  be  found  between  any  two  points  more  than  a  few- 
yards  apart.  The  statement  in  regard  to  the  rarity  of  dry 
concrete  Is  made  advisedly,  since  only  the  most  minute  quan- 
tities of  moisture  are  necessary  in  order  to  impart  to  con- 
crete a  considerable  conductivity.  On  the  other  hand,  the 
concrete  has  lo  be  made  very  wet  in  order  to  Impart  to  It  a 
maximum  of  conductivity,  and  any  reduction  of  the  moisture 
content  below  the  saturation  point  causes  an  increase  in  its 
resistance  and  a  consequent  decrease  in  the  current  which 
will  flow  through  the  concrete  under  a  given  potential 
gradient.  The  condition  mentioned  above,  that  the  electric 
current  must  flow  between  electrodes  in  contact  with  the 
concrete,  should  be  emphasized.  The  conduction  being  elec- 
trolytic, the  reactions  take  place  only  at  the  electrodes,  and 
in  the  absence  of  such  electrodes  no  reactions  occur  within 
the  concrete. 

Sources  of  Stray  Currents. — If  there  be  electrodes  em- 
bedded within  the  concrete,  as  In  the  case  of  reinforced  con- 
crete structures,  the  electrode  effects  may  be  expected  pro- 
vided the  voltage  is  sufficient.  The  sources  of  potential  dif- 
ferences in  concrete  structures  may  be  classed  under  two 
heads.  (1)  those  due  to  direct  contact  between  the  conductors 
of  lighting  or  power  circuits,  and  some  part  of  the  building 
and  (2)  those  which  have  their  origin  in  stray  currents  from 
railways  or  other  grounded  power  lines.  The  former  may 
happen  in  any  building  containing  electric  wires,  through  de- 
fective insulation.  Ultimately,  of  course,  any  current  that 
leaks  off  from  the  wire  would  pass  out  into  the  earth  through 
the  footings  f  nd  foundations  and  through  pipe  systems  en- 
tering the  building.  If  the  current  be  reversed,  flowing  to 
the  building  'Tom  outside,  there  would  in  time  be  some  soft- 
ening of  the  concrete  in  a  thin  layer  under  and  around  the 

steel  structure  terminating  in  the  footing,  but  this  would  be 
under  compression  and  not  subjected  to  shear  along  the  sur- 
face of  contact  between  steel  and  concrete,  so  that  failure 
here  is  extremely  improbable.  The  only  places  where  trouble 
is  to  be  expected  due  to  grounding  of  power  w-ires  directly  on 
the  concrete  inside  of  a  building  is  in  the  region  close  to  the 
print  of  ground. 

If.  however,  the  power  wire  be  grounded  directly  on  a  por- 


MtTAL. ANODE  METAL  CATHODE 

Fig.  2 — Method   of  Making   Connections  to  Specimens. 

tion  of  the  reinforcing  material,  the  condition  will  be  more 
serious,  and  the  extent  of  the  danger  will  be  greater  if  there 
is  a  large  quantity  of  the  reinforcing  material  in  metallic 
contact  with  ihe  electric  circuit.  If  this  comprises  a  large 
part  of  the  total  reinforcement  of  the  building,  the  condition 
might  be  serious  irrespective  of  whether  the  positive  or  nega- 
tive side  of  the  line  is  grounded.  If  the  ground  is  on  the  pos- 
itive side  the  potential  gradient  near  the  reinforcement  may 
become  high  enough  to  cause  rapid  corrosion  and  consequent 
destruction  of  the  reinforcing  material.  It.  on  the  other  hand, 
the  reinforcing  material  be  negative,  there  would  develop  a 
softened  condition  of  the  concrete  near  the   surface  of   the 
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iron  which  would  practically  destroy  the  bond,  and  this 
would  probably  be  the  more  serious  condition  of  the  tw-o. 
since  the  latter  would  not  manifest  itselt  by  producing  local 
cracks  in  the  concrete,  and  might  not  become  known  until  a 
large  portion  of  the  building  has  become  weakened.  How- 
ever, while  Kuch  a  condition  as  this  might  occur,  and  if 
neglected  become  very  serious,  it  is  nevertheless  a  trouble 
that  can  be  readily  guarded  against,  as  will  be  pointed  out 
below. 

The  other  .iource  of  current  that  might  possibly  give  rise 
to  trouble  under  certain  circumstances  is  the  ground  return 
of  railways.  The  current  may  enter  a  building  in  two  dif- 
ferent ways.  First,  if  the  foundations  under  the  two  oppo- 
site sides  of  the  building  are  at  different  potentials,  there 
would  be  a  tendency  for  a  certain  amount  of  current  to  flow- 
up  through  the  foundation  on  the  one  side,  through  the  walls 
and  floors  of  the  building  and  out  through  the  foundation  on 
the  other  side.  This  condition  may  be  said  to  exist  to  a 
very  small  extent  in  practically  all  concrete  buildings,  but  it 
is  not  one  that  need  cause  any  alarm. 

The  second  way  in  which  stray  currents  may  enter  a  build- 
ing is  f^rough  water  or  gas  pipes,  lead  cable  sheaths,  and 
similar  structures.  The  low  differences  of  potential  that 
these  usually  bring  about,  would  cause  damage  very  slowly 
however,  but  where  differences  of  5  to  15  volts  exist  between 
the  reinforcing  material  and  the  earth,  it  should  be  regarded 
as  a  dangerous  condition,  and  "should  be  remedied  at  once." 

The  above  statements  in  regard  to  the  liability  of  damage 
under  low  or  moderate  differences  of  potential  are  intended 
M  apply  only  to  concrete  which  contains  no  appreciable  quan- 
tities of  salt.  The  data  show  that  if  a  small  quantity  of 
sodium  chloride  (salt)  or  calcium  chloride  be  added  to  the 
concrete  the  rate  of  deterioration  proceeds  many  times 
faster,  and  under  such  circumstances  much  lower  voltages 
should  be  regarded  as  dangerous. 

Specific  Cases  of  Trouble. — In  the  course  of  the  investiga- 
tions a  considerable  number  of  cases  were  examined  in  which 
damage  to  concrete  structures  has  been  attributed  to  electric 
currents.  Some  of  these  have  been  reinforced  structures  and 
some  have  been  without  reinforcement.  Among  these  not 
any  nonreinforced  structures  were  found  in  which  the  condi- 
tions indicated  that  electric  currents  could  in  any  way  be 
respon-sible  for  the  damage.  Among  the  reinforced  struc- 
tures there  are  some  in  which  electrolysis  has  been  at  least 
a  contributing  cause  of  the  damage.  The  investigators,  how- 
ever, have  seen  no  case  in  which  serious  damage  has  oc- 
curred in  which  there  was  not  also  present  a  considerable 
quantity  of  salt  in  the  concrete,  either  from  having  been 
put  there  during  construction  or  from  contact  with  salt 
water  in   service. 


Fig.  3 — High  Voltage  Anode  Specimens. 

Protective  Measures. — Recommended  protective  measures 
mentioned  are  briefly,  (1)  the  exclusion  of  salt  (an  addition 
of  even  a  fraction  of  1  per  cent  of  chlorine  is  sufficient  to 
increase  the  rate  of  damage  a  hundredfold),  (2)  waterproof- 
ing below  grade,  (3)  proper  selection  of  materials  for  the 
foundations  (of  secondary  importance  however),  (4)  inclo- 
sure  of  electric  wiring  in  continuous  metal   conduit,   (5)    in- 


iroduction  of  insulating  joints  into  pipes  and  lead  cable 
sheaths  before  they  enter  the  building,  (6)  improvement  in 
the  negative  return  of  railways.  (7)  the  abolishment  of  the 
practice  of  grounding  metallic  conduits  in  contact  with  con- 
crete. Waterproofing  compounds,  and  the  making  of  rein- 
forcing material  negative  by  means  of  a  low-voltage  gen- 
erator are  of  little  value  and  are  not  recommended. 


Fig.    4 — Cathode    Specimens    Siiowing    Disintegrated    Mortar   About 
Electrode. 

Copper-clad   steel  or  aluminum  for  reinforcing  material  is 

impracticable,  since  the  copper  coating  is  readily  destroyed 

and  aluminum  is  attacked  by  alkali  in  the  concrete. 


Position  of  A.  A.  E.   on  Trade   Unionism 
in   the  Profession 

The  executive  committee  of  the  American  Association  of 
Engineers  has  issued  a  statement  defining  the  attitude  of  the 
Association  as  regards  trade  unionism  in  the  profession. 
The  statement,  in  part,  follows: 

The  engineer  is  the  medium  through  which  both  capital 
and  labor  are  used  in  production  and  industrial  development. 
The  aim  of  the  profession  is  to  advance  civilization  and  ren- 
der the  highest  service  to  society.  Except  when  their  acts 
further  this  aim.  it  is  an  advocate  of  neither  capital  nor 
labor. 

Production  should  be  increased — not  limited.  The  pro- 
fession cannot  support  strikes  or  lockouts  or  any  other 
methods  that  may  benefit  any  class  at  the  expense  of  the 
nation  as  a  whole.  They  are  unsound  and  must  inevitably 
lead  to  economic  disaster.  The  law  for  supply  and  demand 
for  men  or  material  must  ultimately  prevail.  Attempts  may 
be  made  to  limit  the  supply  of  either,  but  looking  toward 
the  upbuilding  of  civilization  we  believe  rather  in  increasing 
the  demand  through  the  promotion  of  legitimate  enterprises. 

Rewards  should  be  according  to  ability,  initiative  and  con- 
structive effort.  Men  are  not  equal  in  these  respects.  Each 
man  should  be  encouraged  to  do  his  utmost  and  be  given 
compensation  according  to  ability  and  will  to  increase  pro- 
duction and  to  achieve  large  results. 

The  engineer,  as  an  educated  professional  man,  believes 
in  basing  his  claims  for  proper  and  just  reward  for  his  serv- 
ices upon  the  justice  of  the  fact  presented,  upon  enlighten- 
ment of  public  opinion,  upon  loyalty  between  employer  and 
employe,  and  upon  the  underlying  fundamental  desire  of  the 
great  majority  to  do  what  is  fair  and  right  when  the  merits 
of  the  case  in  question  are  clearly  presented  and  demon- 
strated. We  believe  in  organized  representation  for  the  cor- 
rection of  wrong,  the  advancement  of  the  profession  and 
service  to  the  public,  but  are  opposed  to  methods  inconsistent 
with  the  dignity  of  the  profession  and  which  would  lessen 
public   confidence. 

The  American  Association  of  Engineers,  through  its  Board 
of  Directors  and  oflficers  who  unanimously  signed  this  state- 
ment, recognizing  the  many  fundamental  differences  between 
the  principles  and  objectives  of  the  trade  union  and  of  an 
organization  of  professional  men.  expresses  the  opinion  that 
an  engineer  cannot  subscribe  to  the  tenets  of  both. 
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The  Economics  of  Steel  Arch 
Bridges 

By  F.  H.  Fraukland,  .\I.  Am.  Soc.  C.  E.  Consulting  Engineer. 

Kn  a'lslract  of  a  paper  bv  Dr.  J.  A.  L,.  Waddell,  in  "Proceedings." 

American   Society  of  Civil  Engineers.  Vol.   XLIV,   No.    3, 

March,   1918. 

Fo  many  years  American  bridge  engineers  have  felt  the 
need  of  relial5le  information  concerning  certain  fundamental 
economic  functions  of  steel  arch  bridges  and  especially  con- 
cerning the  relative  costs  of  such  structures  in  comparison 
with  corresponding  truss  bridges.  The  want  of  such  infor- 
mation has  resulted  in  the  failure  of  American  engineers  to 
develop  the  steel  arch  and  to  use  it  in  places  where  it  would 
be  both  more  economic  and  more  esthetic  than  the  simple 
truss  bridge.  Wherever  the  governing  conditions  of  crossing 
are  suitable  for  an  arch  structure,  that  type  of  bridge  is  to 
be  preferred;  for,  the  arch,  in  all  places  where  its  use  is 
really  justified,  is  less  expensive  than  the  truss  bridge. 

For  20  years  or  more.  Dr.  J.  A.  L.  Waddell,  the  wellknown 
bridge  specialist,  had  been  urging  the  engineering  profession 
to  make  certain  investigations  which  would  settle  every  un- 
certainty concerning  the  economics  of  designing  steel  arch 
bridges,  as  well  as  the  relative  costs  of  these  structures  in 
comparison  with  the  corresponding  truss  bridges.  As  long 
ago  as  1898,  when  he  wrote  his  widely-read  little  treatise, 
"De  Pontibus,"  he  appealed  to  the  engineering  profession  as 
follows : 

In  concluding  this  chapter,  the  author  desires  to  call  attention 
to  the  fact  that  there  is  still  a  great  deal  to  be  learned  about  the 
designing  of  arches;  and  to  suggest  that  some  professor  of  civil 
engineering,  who  is  well  posted  on  bridge  designing  and  who  has 
time  to  spare,  could  spend  several  months  to  the  great  advantage 
of  the  engineering  profession  in  determining  the  proper  relations 
of  span  lengths,  rise,  arch  depth,  width  between  exterior  arches, 
etc..  for  the  various  styles  of  arch,  and  in  ascertaining  the 
relative  economics  of  the  latter. 

During  the  18  years  which  elapsed  between  the  issuing  ot 
"De  Pontibus"  and  its  successor,  "Bridge  Engineering,"  Dr. 
Waddell  made  repeated  attempts  to  find  some  bridge  engin- 
eer who  would  be  willing  to  undertake  the  task  which  he 
had  suggested— but  without  avail:  and  in  the  last  mentioned 
treatise  (page  637)  he  made  another  forcible  appeal  to  the 
profession  to  undertake  the  requisite  investigations— with 
the  same  result  as  before.  Finally,  in  1917,  despairing  of  ever 
being  able  to  induce  anyone  to  assume  the  obligation,  he 
himself  shouldered  the  burden  by  making,  with  the  aid  of 
one  of  his  assistants,  all  the  calculations  needed  to  deter- 
mine every  desired  point,  and  from  the  results  thereof  pre- 
pared a  paper  on  "The  Economics  of  Steel  Arch  Bridges," 
which  he  presented  to  the  American  Society  of  Civil  En- 
gineers. 

Synopsis  of  Dr.  Waddell's  Paper.— As  soon  as  he  learned 
ot  its  acceptance  by  the  publication  committee,  he  sent  a 
circular  letter  to  all  the  bridge  engineers  in  America  whose 
address  he  could  obtain,  as  well  as  to  a  number  of  prominent 
engineers  abroad,  inviting  them  to  discuss  the  paper,  and 
enclosing  the  following  synopsis: 

Up  to  the  present  time,  nothing  at  all  certain  has  been  known 
concerning  the  economics  of  steel  arch-bridges,  the  weights  of 
metal  required  to  build  them,  or  how  they  compare  in  cost  with 
the  conesponding  steel  truss-bridges. 

The  objects  of  this  paper  and  its  anticipated  discussions  are  to 
settle  finally  every  important  economic  question  that  can  arise  in 
the  designing  of  steel  arches;  to  give  formulas  and  diagrams  for 
determining,  with  a  fair  amount  of  accuracy,  the  weights  of 
metal  in  both  arch-bridges  as  a  whole  and  the  arches  themselves: 
and  to  indicate  the  relations  between  the  weights  and  costs  of 
arch-bridges  in  comparison  with  those  of  the  corresponding  truss- 
bridges. 

There  are  eight  economic  problems  set  for  solution:  and  all  of 
them  have  been  solved— the  first  two  by  employing  certain  formulas 
given  in  the  author's  new  book  on  "Bridge  Engineering."  and  the 
other  six  by  means  of  a  large  number  of  special  arch-designs  and 
the  resulting  estimates  of  weights  of  metal.  Incidentally,  during 
the  investigation  there  have  arisen  and  been  solved  a  few  minor 
que-.tions  which  may  properly  he  termed  side-issues.  The  com- 
putations have  been  made  for  both  railway  and  highway  arch- 
bridges:  and  the  weights  of  metal  are  plotted  for  both  carbon-steel 
and  nickel-steel  structures.  Several  diagrams  are  given  to  show 
the  percentage  effects  of  weight-increase  due  to  departure  from 
economic  conditions. 

Tlie  need  for  the  special  knowledge  concerning  arch-bridges 
presented  in  this  paper  has  been  recognized  during  the  last  three 
decades  by  American   structural-steel-engineers:   but   the   authors 


of  books  on  bridges  (this  author  included)  have  hitherto  avoided 
the  is.sue  because  of  the  Immense  amount  of  work  involved  In  the 
solution  of  the  various  problems.  The  author  has  tried  of  late 
years  on  several  occasions  to  persuade  some  of  his  brother  en- 
gmeers  to  undertake  the  task;  but  not  meeting  with  any  success, 
he  finally  decided  to  do  the  work  himself.  The  results  of  his  elTorts 
are  herewith  presented  to  the  members  of  the  .society  with  a  most 
earnest  retiuest  for  a  thorough  discussion,  particularly  by  those 
who  specialize  in  bridge  work. 

The  principal  economic  problems  concerning  the  design  of  steel 
arch-bridgvs  which  have  been  .solved  for  this  paper  are  the  fol- 
lowing: 

First.     The  economic   ratio   of  rise   to  span-length. 
Second.     The  economic  depths  for  the  ribs. 

Third.  The  economic  location  for  the  crown-hinge  in  three- 
hinged,   spandrel-braced  arches. 

Fourth.  The  ratios  of  weights  of  metal  required  for  the  hingc- 
los.i.  the  two-hinged,  and  the  three-hinged  types. 

Fifth.  The  ratios  of  weight  of  metal  required  for  the  solid-rib, 
the  braced-rib,  and  the  spandrel -braced  types. 

Sixth.  The  economics  involved  by  making  arches  three-hinged 
for  the  dead  load  and  two-hinged  for  the  live  load. 

Seventh.  The  economy  of  the  cantilever-arch  with  suspended 
end-spans,  as  compared  with  an  ordinary  arch  and  two  flanking 
simple- truss-spans. 

Eig'hth.  The  ratios  of  weights  of  metal  required  for  certain  por- 
tions of  arch  bridges  as  compared  with  the  corresponding  portions 
of  simple-truss  bridges  of  the  same  span  and  same  live-load- 
carry  ing-capacity. 

In  answer  to  this  request,  a  number  ot  engineers,  both  at 
home  and  abroad,  discussed  the  paper;  and  their  discussions 
have  been  printed  in  several  copies  of  the  Society's  "Pro- 
ceedings." These  discussions  were  thoroughly  analyzed  by 
Dr.  Waddell,  and  replied  to  in  his  closure,  which  was  pub- 
lished in  the  "Proceedings." 

The  discussions  did  not  result  in  the  modification  of  any 
ot  the  authors  findings  with  one  exception— and  in  that  one 
not  seriously.  It  was  pointed  out  that  the  first  two  prob- 
lems were  solved  by  the  use  of  certain  semi-rational,  semi- 
empirical  formulae  for  weights  of  metal  in  arches  estab- 
lished in  Chapter  XXVI  of  'Bridge  Engineering,"  but  that  the 
other  six  were  settled  by  means  of  actual  computations  of 
weights  of  metal  determined  from  specially  prepared  dia- 
grams of  stresses  and  sectional  areas  of  main  members. 

Mr.  C.  E.  Fowler  in  his  discussion,  included  a  tabulation 
of  the  salient  features  and  dimensions  of  100  of  the  world's 
largest  arch  bridges,  showing  that  the  author's  finding  for 
economic  ratios  of  rise  to  span-length  agreed  fairly  well 
with  the  averages  computed  from  existing  structures,  but 
that  his  deduced  economic  ratio  of  depth  of  arch  ring  to  span- 
length  did  not;  whereupon  the  author  agreed  to  settle  this 
question  beyond  a  doubt  by  submitting  it  to  the  incontro- 
vertible test  of  making  actual  designs  and  estimates  of 
weights  for  arches  of  500  ft.  span,  of  economic  ratio  of  rise  to 
span-length,  and  having  regularly  varying  depths  of  arch  ribs, 
so  as  to  determine  the  depth  producing  the  least  weight  of 
metal.  This  was  done;  and  the  results  of  the  special  cal- 
culations were  given  in  the  author's  resume,  which  showed 
that,  for  short-span  railroad  arch-bridges,  his  previous  find- 
ing was  correct;  but  that,  for  the  corresponding  long-span 
structures,  it  was  somewhat  too  great— also  that  his  conclu- 
sion to  the  effect  that  the  economic  depth  for  arch  ribs  is 
the  same  for  both  railway  and  highway  bridges  is  incorrect. 
The  reason  for  the  variation  in  the  two  findings  is  that  the 
weight  formulae  upon  which  the  first  investigation  was  made, 
were  of  too  empirical  a  nature  to  warrant  their  use  for  an 
exact  determination  of  economic  depth  of  arch  rib.  From 
the  original  paper,  the  discussions,  and  the  resume,  the  fol- 
lowing answers  to  the  set  questions  have  been  arrived  at. 

Economic  Rates  of  Rise  to  Span-Length.— For  three 
hinged  arches  with  the  grade  line  approximately  tangent  to 
the  top  chord  of  the  arch  at  the  crown,  the  average  economic 
latios  of  rise  to  span-length  are  as  follows: 

Solid-rib    structures    1-\.. 

Braced-rib  structures   .■..•. ■ • "■"=> 

Spandrel-braced  structures   (with  hinge  above)    0.-!i) 

These  values  may  be  either  increased  or  decreased  by 
0.025  without  making  any  material  difference  in  the  eco- 
nomics. 

For    three-hinged,    half-through    arch-bridges,    the    average 

economic  ratios  of  rise  to  span-length  are  as  follows: 

Solid-rib   structures    J-225 

Braced-rib  structures   ""> 

For    three-hinged,    high-deck    arch-bridges,    they    are    as 

follows: 
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Solid-rib   wtiuctures    11.25  to  0.2S 

Hraced-rib   stfuctures    (y.'i'i  to  0.3S 

For  two-hinged  arches  ami  combined  two-hinged  and  three- 
hinged  arches,  the  economic-  ratios  of  rise  to  span  will  be 
practically  the  same  as  for  three-hinged  structures. 

For  the  hingeless  arch,  a  somewhat  greater  ratio  of  rije 
to  span  than  that  for  the  three-hinged  arch  is  economical. 
The  single  test  of  this  made  for  the  50ll-ft.  span  Indicates 
that  the  best  ratio  is  about  0.28  with  low-grade  deck,  0.3M 
tor  half-throuyh  arches,  and  0.38  with   high-gratie  deck. 

Economic  Depths  for  Ribs. — In  respect  to  solid-rib  arches, 
(he  question  of  economic  rib-depth  does  not  ari^c;  for  the 
depth  should  rJways  be  made  as  great  as  a  proper  romidera- 
tion  of  the  section  tor  resisting  compression  will  per.uit.  and 
with  due  regard  to  shipping  restrictions  concerning  limiting 
.sizes  of  single  pieces.  For  braced-rib.  three-hinged  arche^;  in 
steam-railroad  bridges,  the  economic  rib-depth  varies  from 
7.8  per  cent  of  the  span-length  for  100-ft  spans  to  .5.3  per 
cent  thereof  tor  1000-ft.  spans;  and  for  highway  bridges,  the 
corresponding  variation  is  from  5.8  per  ceiit  to  4.2  per  cent. 

Economic  Location  of  Crown-Hinge. — It  was  found  for  all 
cases  that  the  most  economic  location  for  the  Crown-hinge 
In  a  spandrel-braced  arch  is  in  the  top  chord.  In  braced  rib 
and  solid-rib  arches,  however,  the  hinge  should  always  be 
placed  at  mid-depth,  so  as  to  distribute  properly  the  thrust 
over  the  two  chords. 

Ratios  of  Weight  of  Metal. — Comparing  tlie  economics  of 
solid-rib,  braced-rib.  and  spandrel-braced  arche;.  it  was  found 
that  the  first  mentioned  is  always  considered  heavier  Ihan 
either  of  the  others;  and.  under  normal  conditions  of  the 
metal  market,  it  is  also  more  expensive.  The  spandrel- 
braced  arch  requires  for  long  spans  a  little  more  metal  than 
the  braced-rib  arch;  but.  in  case  of  cantilevering  this  would 
generally  be  offset  by  the  extra  quantity  of  erection  metal 
needed  for  the  braced-rib  structure.  In  short  spans,  the 
spandrel-braced  arch  is  a  trifle  the  lighter. 

Comparing  three-hinged,  two-hinged,  and  hingeless  arches, 
it  was  found  that  the  three-hinged  is  a  little  heavier  than 
the  two-hinged,  but  nearly  always  lighter  than  the  hingeless. 
The  variations  in  weight  among  the  three  types,  however, 
are  never  great. 

The  combination  of  three  hinges  for  dead  load  and  two 
hinges  for  live  load  produces  very  little  saving  over  the 
three-hinged  type;  but  it  adds  materially  to  the  rigidity.  In 
the  writer's  opinion,  the  combined  type  is  preferable  to  any 
of  the  others. 

Economy  of  Cantilever  Arch. — When  an  arch  is  flanked  by 
other  spans  than  arches,  there  is  generally  quite  a  little 
economy  involved  by  cantilevering  the  ends  of  the  arch  and 
shortening  the  lengths  of  the  simple  spans.  The  best  propor- 
tions for  lengths  of  cantilever  arm  and  suspended  span  to 
total  length  of  flanking  span  are.  respectively,  0.4  and  0  6. 

Ratios  of  Metal  Weights  in  Arches  and  Simple  Spans. — 
The  ratios  of  weights  of  arches  to  the  weights  of  the  corre- 
sponding simole  spans  for  both  railway  and  highway  bridges 
have  been  determined  and  plotted.  As  was  anticipated,  the 
arch  usually  effects  a  greater  relative  economy  in  highway 
structures  than  in  railway  structures  of  the  same  span-length; 
and,  the  longer  the  span  the  greater  always  is  the  propor- 
tionate saving  of  metal. 

In  concluding  his  paper,  the  author  quotes  as  follows  from 
one  of  his  previous  publications: 

In  dealing  with  the  comparative  economics  of  arche.s  and  simple 
trusses,  it  must  not  be  forgotten  that  there  are  other  factor.s  than 
mere  weight  of  metal  involved;  for  the  pound  price  of  the  manu- 
factured material  is  generally  somewhat  sreater  for  the  former, 
and  sometimes  the  cost  of  erection  also  is  larger.  Again,  the  com- 
parison of  the  costs  of  arch  superstructures  and  truss  super- 
structures alone  is  not  of  much  importance;  for  an  economic  in- 
vestigation, to  be  of  any  value,  must  include  both  substructurf 
and  suuerstructiM-e;  and  the  costs  of  the  former  are  likelv  to  be 
very  different  in  arch  designs  and  simple-truss  designs  for  anv 
crossing. 

Some  of  the  "side  issues"  referred  to  by  the  author  in  his 
"Synopsis"  are  the  following; 

Equations  for  Finding  Weight  of  Metal  for  Arch  Ribs. — 
The  percentage  to  apply  to  weights  of  metal  in  simple-truss 
spans,  in  order  to  find  the  weights  for  arch  libs  and  the  su- 
perimposed columns  with  their  bracing  to  carry  the  same  live 
loads,  are  given  by  the  following  equationa; 
For  steam-railway  structures — 

P  =  106  — 0.08  S 
For   electric-railway    structures — 
P  =  93  — 0.07  S 
For  highway  structures — 

P  =  80  — 0.056  S 


LAYOUT  FOR  A  200-FOOT.  SPANDREL-BRACED,  STEAM  RAILWAY,  ARCH  BRIDGE, 

(Dotted  lines  represent  reversed  position  of  the  diagonals  at  the  crown  when  the 

hinse  is  located  in  the  top  chord.) 
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Span.  500  0  c.  to  c.  End  Pins- 


LAYOUT   FOR  THREE-HINGED  AND  TWO-HINGED  ARCHES  OF  bOO-FOOT  SPAN. 
(In  the  thne«-hinBed  arch  the  chords  in  the  middle  panel  are  false  members) 


LAYOUT   FOR  A  HINGELESS  ARCH  OF  500    FEET  SPAN,  SHOWING  MODIFICATION    FOR 

DEPTHS  PROPORTIONATE  TO  ADJUSTED  BENDING   MOMENTS. 

(Solid  linea  reprcaent  original  outline  as  adopted  for  dtaign.  and 

dotted  linea  represent  modified  ideal  outhnej 


LAYOUT  RDR  A  CANTILEVER  ARCH  BRIDGE. 


^  S^^^C^^^^ra^^^^ 


n,  29l'8-^>4< — , 


Arch  Span.  500  0^ 


-Truss  Span.  291  8 


LAYOUT  FOR  AN  ARCH  BRIDGE,  WITH    FLANKING  SIMPLE-TRUSS  SPANS. 

Typical    Layouts    Used    in    Investigation. 
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In  these  equations,  S  is  the  -pan-length  in  feet,  and  F  is 
the  percentage  to  apply  to  the  weight  of  meial  in  the  trusses 
01  any  simple-truss  bridge,  in  order  to  ascertain  the  weight 
of  metal  in  the  corresponding  arches  and  the  superimposed 
columns  with  their  bracing.  It  must  not  be  forgotten  that 
the  superior  iimit  of  S  in  these  equations  is  about  l()(K)-ft.. 
which  is  as  far  as  the  recorded  weights  of  simple-truss  spans 
are  carried,  and  that  the  inferior  limit  is  10(l-ft. 

It  is  evident  from  the  computations  and  the  resultant  dia- 
grams that  the  arch  is  more  economical  for  highway  bridges 
and  for  combined  highway  and  electric-railway  bridges  than 
for  steam-railway  structures.  This  is  because  of  the  smaller 
ratio  of  live  ioad  plus  impact  to  total  load  in  the  former. 
The  lareer  the  dead  load  of  the  flooring  and  floor-system,  the 
more  advantageous  is  it  for  the  arch  structure  in  comparison 
with  the  truss  bridge. 

Formulae  for  Weights  of  Metal  in  Arches. — Based  on  the 
numerous  weight  computations  made  specially  for  the  pre- 
paration of  this  paper,  the  following  formulae  for  weights  of 
metal  in  the  arches  alone,  per  lineal  foot  of  span,  in  arch 
bridges  of  the  several  types,  have  been  established: 
For  three-hinged   arches: 

W,  :=  (0.0002282  D  -f  0.000426  Lll     (2) 

For  two-hinged  arches: 

Wa=  (0.000248  D  +  0.000416  Lll     (3) 

For  combined  two-hinged  and  three-hinged  arches: 

W.  =  (0.000282  D  +  0.000416  L)l    (4) 

For  hingeless  arches: 

W„=:  (0.000272  D  +  0.000460  L)l    (5) 

These  four  formulae  are  based  on  the  author's  published 
designing  specifications,  which  treat  reversing  stresses  by 
adding  one-half  of  the  smaller  stress  to  the  larger  stress  and 
proportioning  for  the  sum;  but  if  the  effect  of  reversion  is 
entirely  ignored,  as  some  engineers  deem  proper,  these 
formulae  will  reduce  to  the  following: 
For  three-hinged   arches: 

W'„  =  (0.000292  D  -f  0.000396  L)l     (6) 

For  two-hinged  arches: 

W'.=  (0.000258  D  +  0.000380  L)l     (71 

For  combined  two-hinged  and  three-hinged  arches: 

W%=  (0.000292  D  +  0.000380  L)l     (8) 

For  hingeless  arches: 

W,  =  (0.000270  D  +  0.000398  L)l     (9) 

In  Equations  (2)  to  (9)  inclusive.  \\\.  or  W',.  is  the  weight 
of  metal,  in  pounds  per  linear  foot  of  span,  in  the  arches  of 
the  structure;  D  is  the  dead  load,  in  pounds  per  linear  foot 
of  span;  L  is  the  live  load  plus  impact,  in  pounds  per  linear 
foot,  used  in  making  the  calculations;  and  1  is  the  span- 
length,  in  feet.  These  eight  equations  will  give  fairly  ac- 
curate results  (slightly  on  the  side  of  safety)  for  ordinary 
conditions  which  do  not  vary  greatly  from  the  theoretically 
economic  ones. 

In  computing  the  value  of  L  for  insertion  in  Equations  (2  I 
to  (9)  inclusive,  the  equivalent  uniform  live  load  and  the 
impact  should  be  determined  for  the  half-span-length,  as 
herein  previously  indicated. 

Deductions  from  the  Formulae. — From  the  formulae  given 
above  for  weights  of  arch  ribs,  some  interesting  deductions 
may  be  drawn.     For  instance  in  the  equation. 

W.,=  (0.000282  D  +  0.000426  L)l      (Eq.    2) 
the  dead  load.  D.  is  composed  of  the  rib  weight.  W..  plus  the 
weight   of   floor,   columns,    lateral   system,   etc.,   all   of    which 
may  be  grouped  under  the  symbol  W,  making  the  equation. 
"  Wa  =  (0.000282  W,  -f  0.000282  W  +  0.000426  L)l. 
Solving  this  gives: 

(0.000282  W  -f  0.000426  Lll 

W,  = — — • 

1  —  0.000282  I 
In  order  that  W,  may  be  infinitely  great,  the  divisor  of  the 
second  term  must  be  equal  to  zero,  or 
1 

1= =  3..540ft. 

0.000282 
This  is  the  theoretical  limiting  span  length  tor  three-hinged 
arches  of  carbon  steel,  or  the  span  at  which  such  an  arch 
-:ould  carry  nothing  but  its  own  weight  without  being  over- 
stressed.  It  will  be  noted  that  this  limiting  length  is  the 
reciprocal  of  the  dead-load  coefficient  in  Equation  (2),  and 
that  a  vertical  line  on  the  diagram  of  arch  rib  weights  per 
linear  foot  of  span,  drawn  through  the  abscissa  point  w-hich 
represents  this  value  of  1.  will  be  asymptotic  to  the  weight 
curve. 

(1 


Economic  Limit  of  Arch  Spans.  -From  the  curves  in  the 
diagrams  it  is  possible  to  diti-nuine  the  economic  or  prac- 
ticable limit  of  arch  spans,  by  assuming,  as  the  author  did 
years  ago  in  his  economic  investigations  for  cantilevers,  that 
the  said  limit  is  reached  when  it  takes  A'^/o  lb.  of  metal  to 
carry  I  lb.  of  live  load.  On  that  basis,  and  assuming  that 
the  equivalent  unifoim  live  load  per  lineal  foot,  the  limiting 
weight  of  metal  per  foot  for  carbon-steel,  double-track,  steam- 
railway  bridges  of  Class  60  would  be  4.5  x  12.000  =:  .54.000  lbs.. 
the  span-length  for  which  weight  is  nearly  2,100  ft.  (ienerally 
speaking,  it  may  be  stated  that,  for  steam-railway  arch- 
bridges  of  carbon-steel,  the  limiting  length  of  span  is  about 
2.000  ft.,  or  the  same  as  the  limiting  length  of  main  opening 
in  cantilever  bridges  built  of  the  same  material,  .judging  by 
analogy,  the  corresponding  practicable  limiting  length  of 
nickel-steel  arch-spans  is  about   2,600   ft. 

The  Substructure. — It  is  impracticable  to  take  the  sub- 
structure into  account  when  making  general  economic  in- 
vestigations for  arch-bridges,  because  no  two  cases  thereof 
are  alike  In  case  of  a  succession  of  long  spans  in  which 
there  is  a  choice  of  rise,  a  tentative  layout  should  be  made 
using  the  anticipated  economic  ratio  of  rise  to  span-length 
w^hen  both  substructure  and  superstructure  costs  are  con- 
sidered, then  the  costs  of  piers  and  spans  should  be  com- 
puted, the  uneconomic  effect  of  departing  from  the  estab- 
lished economic  ratio  of  rise  to  span-length  given  in  seT- 
eral  of  the  diagrams  being  employed  to  calculate  the  weights 
of  metal  from  those  shown  in  certain  other  diagrams. 

Next,  this  work  should  be  repeated  for  a  slightly  greater 
ratio  of  rise  to  span-length,  and  then  for  a  slightly  smaller 
;ratio  thereof.  These  three  sets  of  (•omputations  would 
probably  determine  the  best  ratio  to  adopt;  but.  if  not,  still 
another  set  of  calculations  would  be  necessary.  The  com- 
putation work  involved  in  this  investigation  is  not  as  great 
as  a  perusal  of  the  preceding  directions  might  lead  one  to 
think,  especially  after  the  computer  has  become  accustomed 
to  utilizing  the  diagrams  of  the  paper  and  to  estimating 
quickly  the  approximate  quantities  of  masonry  in  arch-piers. 

In  the  cantilever  arch  the  reduction  of  the  horizontal 
thrusts  at  the  tops  of  the  piers,  as  compared  with  simple  or 
non-cantilevered  arches,  effects  a  decided  saving  in  the  cost 
of  the  piers;  and  the  greater  the  proportionate  lengths  of 
the  flanking  spans  to  the  arch  span,  the  larger  the  economy 
in  pier  material. 

Some  engineers  who  adhere  to  old-fashioned  notions  con- 
tend that  masonry  or  concrete  arch-bridges  are  applicable  to 
bed-rock  foundations  only,  and  that  the  piers  and  abut- 
ments therefor  should  never  rest  on  piles.  While  it  is  true 
that  bed-rock  is  the  ideal  foundation  for  such  structures,  pile 
foundations  can  be  made  entirely  satisfactory,  provided  that 
the  masonry  of  the  bases  is  carried  well  down  into  firm  ma- 
terial that  is  capable  of  resisting  properly  the  horizontal 
thrust.  It  is  iiot  legitimate  to  count  upon  the  horizontal  re- 
sistance of  the  piles;  and  it  would  be  bad  practice  to  rest 
the  piers  and  abutments  of  an  arch-bridge  on  piles  the  tops 
of  which  below  the  pier  bases  act  like  stilts  because  of  pass- 
ing through  soft  material  before  reaching  a  hard  bearing. 

As  stated  by  the  writer  in  his  discussion,  "in  respect  to 
arch  designing,  the  proper  determination  of  the  true  eco- 
nomics calls  for  more  judgment  on  the  part  of  the  designing 
engineer  than  with  any  other  type  of  bridge." 

The  paper  and  the  resume  contain  some  30  diagrams  which 
cannot  well  he  reproduced  in  this  article;  hence  the  reader 
who  desires  to  utilize  the  full  results  of  this  most  thorough, 
arduous,  and  valuable  investigation,  is  referred  to  the  paper 
itself,  which,  with  all  the  discussions  and  the  resume  is  soon 
to  be  published  in  the  "Transactions"  of  the  American  So- 
ciety of  Civil  Engineers.  Some  of  the  typical  layouts  used 
in  the  investigation  are,  however,  reproduced  herewith. 

Before  concluding  it  might  be  well  to  quote  the  following 
caution  given  by  the  author  to  those  intending  to  utilize  the 
information  furnished  in  his  paper: 

The  various  formulae  ami  diagrams  in  this  p.^pcr  are  to  be  con- 
sidered a«  merelv  appro-vimate:  and  thouKh  they  are  sufflciently 
accurate  for  preiiminarv  estimates  and  for  obtaininK  trial  dead 
Icds  thev  should  not  be  used  by  contractors  in  tendering  on  work. 
The'i'eison  for  this  uncertainty  is  that  the  varying-  physical  con- 
dition^ at  different  crossings  affect  the  arch  layouts  to  such  an 
extent  as  inateriallv  to  influence  the  weight  of  metal  required.  As 
tile  formulae  were  based  on  economic  functions,  the  weights  given 
in-  their  use  might  verv  properly  be  considered  as  the  minima 
no.ssihle-  and  any  uneconomic  conditions  wliich  may  exist  will 
involve  'an  increa.se  thereof,  the  amount  being  a  matter  to  be 
det.-rmined  by  the  computer's  judgment. 

21) 
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Criticism  of  the  Ordinary  Methods 
of  Designing  Reinforced  Con- 
crete Beams. 

By  JAMES  W.  PEARL. 

If  an  uniform  load  per  lineal  foot  is  carried  by  a  rein 
forced  concrete  beam  of  uniform  cross-section,  simply  sup- 
ported on  bearings  at  each  end,  the  curve  of  moments  pro- 
duced will  be  represented  by  a  parabola. 

The  vertical  ordinate  to  the  curve  at  any  point  represents 
the  total  stress  in  the  reinforcing  bars  at  that  vertical  sec- 
tion, and  the  difference  in  length  of  any  two  ordinates  is  a 
measure  of  the  variation  in  stress  in  the  reinforcing  bars 
between  corresponding  sections  that  must  be  transmitted  to 
the  bars  by  the  adhesion  between  the  concrete  and  steel. 

fc 


Let  the  figures  represent  one  half  of  such  a  beam  and  its 
moment  curve. 

Let  L  =  the  length  of  span   in   feet. 

Let  W  =::=  the  load  per  lineal  foot. 

Let  M  =:  the  moment  in  foot-pound.s  at  the  center  of  span. 

Let  V  —  the  shear  at  any  section. 

Let  A  =  the  area  of  reinforcing  steel. 

Let  p=:the  ratio  of  steel  to  concrete. 

Let  b^lhe  width  of  beam  in  inches. 

Let  fs  =  the  unit   tensile   stress   in   steel. 

Let  u  =  the  unit  adhesion  between  concrete  and  steel. 

Let  3  =  the  diameter  of  round  or  square  bars  in  inches. 

Let  o  —  the  periphery  of  reinforcing  bars. 

When  the  two  ordinates  are  consecutive,  the  horizontal 
distance  between  them  is  expressed  by  AX,  the  variation  of 
moment  by  AM  and  AM/AX  is  the  tangent  of  the  angle  the 
moment  curve  makes  with  the  horizontal  at  that  point.  We 
also  know  from  the  theory  of  stresses  in  beams  that  AM  = 
VAX.  and  by  dividing  by  jd,  AM/jd  =  VAX/jd.  But  AM/jd  is 
the  adhesion  required  between  the  concrete  and  steel  in  any 
length  AX  and  V/jd  is  the  shear  per  unit  of  depth;  taking  AX 
as  unity  we  can  then  state  that  the  adhesion  required  per 
unit  of  length  equals  the  shear  per  unit  of  depth. 

We  can  now  write  the  relation  between  the  shear  and  ad- 
hesion at  the  support  as  follows:  V/jd  =(WL/2jd  ^  i;ou.  and 
by  substituting  for  WL  in  terms  of  M,  WL^8M/L,  Sou  = 
4M/Ljd  or  2ou  L/4  =  M/jd;  interpreted,  the  adhesion  re- 
quired at  the  supports  multiplied  by  one  quarter  of  the  length 
of  span  must  equal  the  stress  in  the  bars  at  the  center  of 
the  span. 

This  may  be  demonstrated  in  another  manner  by  drawing 
tangents  to  the  moment  curve  at  the  center  and  at  the  points 
of  support;  they  will  intersect  at  B  at  a  distance  of  L/4 
from  the  center  and  by  similar  triangles  AX:  AM:  :L/4:  M,  or 
AM  —  4MAX/L.'. AM/jd  =  4  M/jd  L  =  WL/2jd  =  Sou. 

The  area  of  round  and  square  bars  in  terms  of  their 
periphery  and  diameter  is  OS/4  and  the  value  of  M  in  inch 
pounds  is  12WL-^8.     Substituting,  we  have: 

12WL=  Sosf,  WLsf. 

8jd  4  8ujd 

f. 
So,  12L  =  s 


This  establishes  a  relation  between  the  length  of  span  and 
diameter  of  reinforcing  bars  that  should  be  observed  when 
the  unit  tensile  and  adhesion  stresses  are  determined. 

A  comparison  of  the  unit  stresses  allowed  in  various  speci- 
fications will  reveal  a  ratio  between  u  and  fs  varying  from 
150  to  300  and  only  rarely  a  restriction  as  to  the  diameter 
of  bars  that  may  be  used. 

Assuming  a  ratio  of  200  (f«  =  16,000.  u  =  80)  and  substi- 
tuting  in   the   above   equation,    13L  =  200s (2) 

or,  the  diameter  of  bars  should  not  be  greater  than  one-two- 
hundredth  of  the  span. 

Other  ratios  of  f,  to  u  may  be  acceptable  to  a  designer,  but 
for  each  ratio  there  will  be  a  limiting  size  of  bar  for  every 
length  of  span  that  should  not  be  exceeded. 

Variations  in  the  intensity  of  internal  stresses  in  con- 
crete surrounding  a  reinforcing  bar  are  unavoidable,  and  as 
they  are  destructive  in  proportion  to  their  magnitude  some 
limit  is  desirable. 

Between  the  upper  side  of  a  single  course  of  reinforcing 
bars  and  the  neutral  axis  the  horizontal  shear  is  equal  to 
Sou.  (this  is  not  always  true  but  will  be  used  because  it  is 
commonly  accepted  by  writers  on  this  subject)  and  at  the 
lower  side  of  the  bars  it  is  zero.  It  is  impossible  to  secure 
an  uniform  variation  in  stress  from  the  upper  to  the  lower 
side  of  bars,  but  the  rate  of  variation  will  be  diminished  as 
the  spacing  of  bars  is  increased,  which  is  an  argument  for 
bars  of  as  large  diameter  as  can  be  conveniently  used. 

A  compromise  is  necessary,  and  for  the  purpose  of  illus- 
tration we  will  take  So  =  b,  which  will  make  the  units  of 
adhesion  and  shear  equal.  This  relation  is  selected  because 
the  accepted  principles  of  internal  stress  require  that  in  an 
homogeneous  material  the  intensity  of  shearing  stresses  upon 
two  planes  at  right  angles  to  each  other  must  be  equal.  With 
So  =  b,  the  spacing  of  round  bars  will  be  nearly  3s  and  of 
square  bars  exactly  4s. 

From  equation  (1)  we  have  Sosf,  =  4pbdfs  when  W  equals 
the  load  per  square  foot  and  b^l2,  this  reduces  to  s  ^  4pd. 
This,  taken  in  connection  with  the  limit  on  the  diameter  of 
bar  that  may  be  used  for  a  given  length  of  span  places  a 
limit  on  the  percentage  of  steel  or  the  depth  of  beam  that  it 
is  rational  to  use  with  a  single  course  of  reinforcing  bars,  and 
it  follows  that  there  is  a  limit  to  the  load  per  square  foot  that 
can  be  supported  by  a  reinforced  concrete  beam  without  ig- 
noring all  of  theories  presented  by  writers  on  this   subject 

Prom  equation  (1)  we  also  have  12Lu  ^  Sfs  and  WL  = 
24  Sou=jd 


2.  Soujd 


W= 


Sf. 


i  ou-j 


Substituting   the   value  of  s,  W 


and  as  So  =  12, 


pf. 


72  u=j 


W: 


(3) 


Pt> 


(1 


This  is  the  expression  for  the  maximum  uniform  load  per 
square  foot  that  can  be  provided  for  in  a  simple  reinforced 
concrete  beam  or  slab  according  to  the  common  theories  used 
in  designing. 

In  equation  (3),  j  is  nearly  constant  and  u  and  fs  are  gen- 
erally selected  by  the  designers  so  the  load  that  may  be  pro- 
vided for  will  generally  vary  inversely  as  the  percentage  of 
steel   used  for  reinforcing. 

The  shearing  strength  of  good  concrete  fairly  cured  will 
generally  average  from  50  per  cent  to  60  per  cent  of  its 
strength  in  compression,  so  the  ordinary  requirements  in  de- 
signing that  limits  the  shearing  stresses  to  about  10  per  cent 
of  the  unit  compression'  stress  should  be  recognized  as  an 
empirical  or  "thumb  rule"  to  relieve  the  authors  and  their  fol- 
lowers of  brain  fag. 

The  rule  is  a  vicious  one  because  it  diverts  attention  from 
the  adhesion  unit  stresses  that  are  commonly  overlooked  at 
points  of  maximum  shear  and  results  in  a  design  with  inade- 
quate steel  surface  in  one  place  or  unnecessary  concrete  in 
another. 

The  rules  commonly  applied  In  designing  what  purports  to 
be  "shear  reinforcement"  are  based  on  the  vertical  shear  at 
the  section  of  beam  under  consideration;  some  writers  apol- 
ogize for  the  rules  and  acknowledge  that  the  steel  is  intro- 
duced to  resist  rupture  by  diagonal  tension.  But  diag- 
onal tension  is  a  function  of  both  the  shear  and 
tensile  stress  in  the  concrete,  with  the  tensile  stress  pre- 
dominating and   maximum   at  the  center  of  span,   while   the 
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shear  is  maximum  at  the  ends,  when  the  beam  is  simply  sup- 
ported, so  any  rule  based  on  the  shear  only  is  erroneous. 

On  cantilever  and  continuous  beams  the  shear  is  maximum 
and  moment  nearly  maximum  at  the  edge  ot  supports;  this 
combination  ct  stresses  make  it  a  section  in  which  the  de- 
signer should  compute  the  diagonal  tensile  stresses  and  pro- 
vide suitable  steel  to  resist  them,  he  should  also  observe  that 
the  total  safe  shear  does  not  exceed  i;oujd,  in  whiehi;ou  ap- 
plies to  the  upper  or  negative  reinforcing  bars  only.  Many 
of  the  unsightly  cracks  in  reinforced  concrete  construction, 
in  the  region  ot  supports  may  be  explained  by  checking  with 
the  above  rules. 

The  diameier  ot  bars  used,  except  in  long  spans,  should 
generally  be  smaller  than  many  designers  select.  With  the 
unit  stresses  heretofore  mentioned  a  rule  for  diameter  of 
bars  in  preliminary  designing  is  as  follows: 

In  straight  cantilever  beams 0.010  arm. 

In  straight   simple  beams 0,005  span. 

In  straight  continuous  beams,  at  center.  .   0.003 

In  straight  continuous  beams,  at  support.   0.005     " 
When  a  part  of  the  bars  are  bent  or  curved  upward  toward 
the  neutral  axis  to  resist  diagonal  tensile  stresses,  the  diam- 
eter of  all  the  bars  should  be  reduced   by  the  ratio  that  the 
bent  bars  bear  to  the  total  number. 

Is  Man  a  Rational  Animal  ? 

(An  editorial  in  Scientific  American.) 
A  certain  group  of  economists,  of  whom  Jevons  may  be 
taken  as  the  representative,  have  developed  a  system  based 
on  the  fundamental  principle  that  man  seeks  so  to  ar- 
range his  affairs,  his  productive  activities  and  his  sales 
and  purchases,  as  to  derive  maximum  amount  of  pleasure 
therefrom.  Another  group,  who,  perhaps,  might  be  typified 
by  the  name  of  Veblen,  insists  that  this  principle  is  fal- 
lacious, that  man  is  not  the  rational  creature  assumed  by 
Jevons  and  his  followers,  that  so  tar  from  calculating  at 
every  step  the  profit  and  loss,  the  pleasure  and  pain  which 
will  accrue  to  him  from  the  various  courses  ot  action  open 
to  him.  he  is  very  largely  a  creature  ot  instinct,  and  that  a 
very  large  proportion  of  his  actions  are  based,  not  at  all 
on  a  careful  weighing  of  consequences,  but  on  wholly  non- 
rational  instinct.  So,  Veblen  points  out,  some  men  work 
for  the  mere  love  of  their  work,  and  if  their  circumstances 
permit,  they  will  count  neither  cost  nor  profit;  while  others 
go  on  amassing  wealth  for  the  love  of  pomp  and  show^  and 
not  at  all  from  calculating  motives  which  should  strike  a 
nice  balance  of  credit  and  debit  in  pleasure  and  pain. 

There  is  probably  something  to  be  said  for  each  side  in 
this  dispute.  The  Jevons  school  retorts  that  it  has  by  no 
means  overlooked  the  instincts  to  which  Veblen  attaches 
so  much  importance.  These  very  instincts  determine  the 
pleasure  which  a  man  derives  from  a  given  course  of  ac- 
tion, from  the  consumption  of  a  given  set  of  economic 
commodities. 

On  the  other  hand,  it  is  probably  true  that  unreasoning 
instinct  plays  a  much  greater  part  in  human  affairs  than 
is  commonly  supposed.  Psychologists  tell  us  that  we  have 
an  inveterate  habit  of  deceiving  ourselves  as  to  our  true 
motives.  The  slacker,  who  is  afraid  for  his  skin,  pretends 
high  philanthropic  motives  and  calls  himself  a  "conscien- 
tious objector";  and  we.  if  we  are  honest  with  ourselves, 
will  often  find  ourselves  similarly  hiding  our  true  motives 
under  a  paint  of  some  more  attractive  hue.  And  so,  the 
reasons  professed  for  our  actions  are  often  not  the  true 
ones;  on  closer  inspection  it  is  commonly  found  that  where 
we  pretend  to  be  guided  by  reason,  we  are  in  truth  fol- 
lowing the  more  or  less  direct  promptings  of  a  fundamental 
instinct. 

If  our  instincts  were  always  opportune,  there  would  per- 
haps be  no  disadvantage  in  non-rational,  instinctive  action. 
But  man,  with  all  his  boasted  superiority,  is  still  very  far 
from  that  state  in  which  either  his  instincts  or  his  reason 
are  perfect  guides.  Very  aptly  Professor  Stephen  Leacock 
has  drawn  attention  to  the  strange  spectacle  which  a  human 
community  would  present  to  some  disinterested  spectator, 
viewing   it.   say   from   another   planet. 

77'/2  Per  Cent  Capacity  of  Fabricating  Shops  Contracted  for 
in  October.— The  records  of  the  Bridge  Builders'  &  Struc- 
tural Society  as  collected  by  its  secretary,  show  that  dur- 
ing the  month  of  October,  1919,  77%  per  cent  ot  the  entire 
capacity  ot  the  bridge  and  structural  shops  of  the  country 
was  contracted  for. 


Methods  of  Renewing  Timber 
Bridges 

An  interesting  resume  of  the  present  practice  of  railways 
in  repairing  timber  bridges  was  given  in  the  committee  re- 
port submitted  last  month  at  the  29th  annual  convention  of 
the  American  Railway  Bridge  and  Building  Association. 
The  following  is  abstracted  from  the  report: 

Gang  and  Material  Distribution  In  Repairing  Timber 
Bridges. — In  general,  gangs  for  timber  bridge  work  consist 
of  a  foreman,  an  assistant  foreman  and  G  or  8  men,  as  fol- 
lows: Two  first-class  carpenters,  two  assistant  carpenters 
and  two  to  four  laborers.  Variations  from  the  above  are 
made  as  the  work  demands  or  in  accordance  with  the  kind 
of  men  available. 

The  distribution  of  material  depends  on  the  quantity  to 
be  handled  and  traffic  conditions.  Where  material  is 
ordered  from  the  mill,  cars  may  be  consigned  to  the  station 
nearest    the    brtdge   site    for   unloading   or    redistribution    by 
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Method   of   Replacing   Portion   of   Pile   Bent   by   Frame   Bent. 

one  of  the  methods  mentioned  below.  When  shipped  from 
the  storehouse,  the  use  of  company  service  cars  may  be 
found  convenient.  These  can  be  held  under  load  and 
shipped  from  point  to  point  as  the  work  progresses.  For 
unloading  use  may  be  made  of  a  special  work  train  or, 
where  the  quantity  of  material  does  not  justify  this  expense, 
recourse  may  be  had  to  a  local  freight  train.  When  two  or 
more  cars  are  to  be  unloaded  it  may  sometimes  be  found 
economical  to  distribute  the  unloading  by  local  freight  train 
over  several  days.  Small  quantities  are  handled  by  motor 
trailer  or  push  car. 

There  does  not  seem  to  be  uniformity  of  practice  in  the 
use  of  second-hand  material  in  any  given  part  of  the  bridge. 
It  would  appear  to  be  the  best  policy  to  use  second-hand 
material  only  for  blocking  and  helpers  on  important  lines, 
but  it  might  be  used  somewhat  more  generally  on  light 
traffic  lines  in  bridges,  the  life  of  which  will  not  be  greater 
than  the  life  ot  the  material. 

Replacing  Portion  of  Pile  Bent  by  Frame  Bent. — Where 
one-third  or  less  of  the  piles  in  a  bent  are  in  bad  shape 
satisfactory  repairs  can  usually  be  made  by  cutting  off  in 
solid  material  at  or  below  the  ground  line,  and  setting  In  a 
post  on  this  foundation.  Such  a  post  will  have  a  better  ap- 
pearance if  it  is  of  the  same  shape  as  adjacent  piles.  It 
should  be  spliced  to  the  foundation  pile  with  four  3-ln. 
scabs  bolted  through,  drifted  through  the  cap  at  the  top 
and  well  bolted  to  the  bracing.  It  should  have  an  identify- 
ing mark  as  a  helper.  Posts  are  sometimes  put  in  on 
blocking  between  piles.  A  weak  pile  may  thus  be  relieved 
of  some  of  its  load  and  at  the  same  time  the  benefit  of  its 
stiffness  be  retained.  A  repair  of  this  kind  is  an  obstruc- 
tion, if  placed  in  a  stream,  and  is  unsightly  in  any  situation. 
In  cases  of  settlement,  or  where  piles  are  decayed  far  below 
the  ground  line,  it  may  be  necessary  to  drive  a  new  pile 
alongside  the  old  one  and  spring  it  under  the  cap.  When 
entire  bents  are  to  be  removed,  in  most  cases  the  pile  may 
be  cut  off  at  sound  timber  below  the  ground  line  and  a 
frame  bent  erected  on  this  solid  foundation.  The  bent 
should  be  framed  without  a  cap.  set  up  and  made  ready  to 
slip  in  as  soon  as  the  piles  are  cut  off.  When  conditions  re- 
quire it  an  entire  new  bent  may  be  driven  alongside  the 
old  bent,  the  new  piles  sawed  off.  the  old  piles  cut  out  and 


(123) 


618 


Enii'ineernui  and  Contracting  for  November  26,  1919. 


the  new  bent  pulled  into  place.  Some  roads  restrict  the 
height  at  which  frame  bents  shall  be  used  in  this  manner 
to  10  ft.  In  renewing  caps  it  is  first  necessary  to  pull  the 
stringer  bolts  to  clear  the  cap.  Then  jack  up  the  deck  1 
or  2  in.  (jacks  may  be  supported  on  the  ground  or  on  sash 
timbers  bolted  to  the  piles  for  the  purpose),  raise  the  old 
cap  to  give  room  to  cut  off  the  drift  bolts  with  a  hack  saw. 
When  this  is  done,  roll  off  the  cap.  The  new  cap  having 
previously  been  framed  and  a  hand  line  attached  about  its 
center,  let  it  down  over  the  side  of  the  deck  and  swing  it 
into  place.  Drift  it  to  the  piles,  lower  the  deck  and  redrive 
the  stringer  drift  bolts.  When  a  scaffold  is  necessary  for 
this  work  it  may  be  hung  from  the  ties  with  staging  hooks 
carried  regularly  in  the  outfit  for  this  purpose.  An  old  cap 
may  also  be  removed  readily  by  cutting  it  into  three  or 
four  pieces  and  splitting  it  out.  This  gives  easy  access  to 
the  drift  bolts  in  the  tops  of  the  piles. 

Renewing  Stringers,  Ties,  Etc. — The  renewal  of  an  out- 
side stringer  is  quite  simple,  as  it  is  only  necessary  to  with- 
draw the  bolts,  jack  up  the  rail  and  ties  about  2  in.,  turn 
down  the  stringer  to  be  removed,  shove  it  out  on  th^  caps, 
drop  the  new  stringer  previously  framed  op  the  caps  and 
raise  it  up  and  bolt  it.  To  renew  the  middle  stringer  in  a 
chord  the  method  is  similar,  but  with  broken  joints  it  is 
necessary  to  remove  the  bolts  extending  over  four  panels. 
After  raising  the  track,  the  two  outside  stringers  are  laid 
down,  the  weak  center  stringer  removed,  the  new  one  placed 
and  the  balance  of  the  chord  reassembled.  When  it  is 
necessary  to  renew  an  inside  stringer  it  may  be  done  in 
single  panel  lengths  from  the  inside  as  described  above, 
the  new  stringer  being  handled  with  lines  through  the  deck. 
In  renewing  an  inside  stringer  extending  over  two  panels, 
it  is  necessary  to  take  up  the  guard  rail  and  shift  the  ties. 
either  along  the  track  or  to  one  side.  It  is  then  possible 
to  drop  the  new  stringer  vertically  into  place.  This  method 
may  also  be  followed  with  center  stringers.  Some  prefer 
to  raise  the  track  a  little  more  than  the  width  of  the 
stringer,  roll  the  old  stringer  over  to  its  side  and  raise  and 
work  it  over  the  chord  and  on  to  the  caps.  The  new  stringer 
is  placed  by  reversing  this  operation. 

A  method  of  strengthening  the  chord  involving  much  less 
labor  consists  in  adding  an  additional  stringer  on  either 
side  of  the  existing  chord.  It  is  not,  however,  good  prac- 
tice to  leave  partly  decayed  timber  in  a  bridge  because  of 
the  fire  risk. 

In  renewing  isolated  ties,  remove  the  adjacent  deck  bolts 
and  pick  up  the  track  about  6  in.  Place  a  4-in.  by  4-in. 
stick  about  10  ft.  long  across  the  stringers  on  each  side  of 
the  tie.  These  may  be  held  in  place  by  wedging  under  the 
rail  or  other  means  and  should  project  on  the  side  toward 
which  the  tie  is  to  be  moved.  Rollers  are  slipped  under 
the  tie  and  it  is  rolled  out  until  it  clears  the  rail,  when  it 
can  be  lifted  up  on  to  the  track  and  disposed  of.  Where  a 
number  of  ties  are  to  be  renewed,  put  in  all  the  new  ties 
in  one  place  and  spot  in  the  good  second-hand  ties  where 
needed.  In  such  cases  it  is  usually  necessary  to  take  up 
the  guard  timbers  where  the  new  ties  are  put  in.  Another 
method  is  to  raise  one  rail  higher  than  the  other,  slip  the 
ties  out  to  clear  the  low  rail  and  then  back  and  over  the 
low  rail. 

It  is  usual  to  lay  guard  timbers  in  position  and  mark  the 
location  of  the  ties.  The  daps  are  then  cut  in  them,  either 
on  the  bridge  or  the  bank,  and  the  timber  placed  in  final 
position.  It  is  the  practice  of  one  road  reporting  to  this 
committee,  where  more  than  50  ft.  of  guard  timber  is  to 
be  replaced,  to  measure  the  tie  spacing  on  the  bridge  and 
dap   the  timbers   in   the  shop. 

Method  of  Renewing  Bridge  Timbers.— The  year's  pro- 
gram for  timber  bridge  work  having  been  determined,  it  is 
usual  to  do  all  the  driving  in  advance  and  let  the  pile  driver 
crew  return  later  to  place  the  timber,  or  have  this  work 
handled  by  other  crews.  A  minimum  of  pile  driver  and 
work  train  service  is  thus  secured.  After  locating  the  bents 
to  the  best  advantage  relative  to  the  waterway  and  clear 
of  existing  bents,  and  marking  their  location  on  the  rail, 
the  guard  timbers  are  taken  up.  the  ties  are  shifted  fo  clear 
the  new  bents  and  driving  is  started.  It  is  usual  to  work 
backward  on  a  bridge.  The  work  will  proceed  more  rapidly 
if  piles  are  distributed  on  the  ground  in  advance.  After 
driving  the  piles,  the  ties  are  re-spaced  as  well  as  is  possi- 
ble and  guard  timbers  are  relaid,  cutting  out  the  spacers 
where   necessary. 


When  the  bridge  crew  arrives  at  a  bridge  where  the  piles 
have  been  driven  as  above,  the  first  step  is  to  straighten 
and  line  up  the  piles.  This  may  be  done  with  jacks  and 
steamboat  ratchets  and  the  piles  should  be  held  in  position. 
If  badly  out  of  line,  this  work  should  be  done  with  the  pile 
driver  before  it  is  moved  from  the  job.  After  marking  the 
grade,  usually  obtainable  from  the  track,  and  attaching  a 
guide  board  the  piles  are  cut  off.  The  stringers  and  deck 
are  then  raised  about  2  in.  on  the  old  caps  to  permit  the 
placing  of  new  caps.  The  cap  is  brought  in,  swung  off  the 
deck  on  to  the  top  of  the  piles  and  drifted  in  place.  Sway 
bracing  is  next  put  on  and  bolted  up.  With  high  bents, 
say  over  20  ft.,  some  longitudinal  bracing  should  be  put 
on  as  the  stringers  are  placed. 

As  soon  as  two  or  more  caps  are  in  place  measurements 
for  the  length  of  the  stringers  are  obtained  and  the  fram- 
ing of  stringers  can  be  started.  This  should  be  done  on  a 
level  stretch  of  ground  as  near  the  bridge  as  possible  and 
consists  in  cutting  to  length,  sizing  to  depth  over  the  caps, 
and  boring  for  drift  bolts  where  they  are  used.  Holes  may 
also  be  bored  through  one  line  of  stringers  in  each  chord 
for  packing  bolts. 

Methods  of  assembling  stringers  into  chords  are  varied. 
In  most  cases  one  chord  is  changed  out  completely  before 
the  other  one  is  disturbed. 

In  renewing  a  bridge,  when  the  old  ties  are  in  bad  shape 
about  one-half  the  new  ties  are  put  in  between  the  old  ones 
before  placing  the  stringers.  This  gives  a  more  substan- 
tial deck  to  work  from.  The  remainder  of  the  new  ties  are 
put  on  after  the  stringers  are  changed.  Ordinarily  ties  are 
put  in  between  the  old  ties  or  in  groups  as  traffic  permits, 
after  the  new  stringers  are  in.  Some  roads  defer  this  work 
until  all  the  heavy  timber  released  is  picked  up  to  avoid 
scarring   up   the  new   deck. 

Every  bridge  gang  should  have  a  sufficient  supply  of  the 
ordinary  tools  of  good  quality.  Where  special  tools  have 
been  tried  out  and  proven  advantageous,  gangs  should  be 
supplied  with  them.  There  can  be  no  argument  about  the 
desirability  of  labor-saving  devices  at  the  present  time,  not 
only  as  a  means  for  reducing  the  amount  of  labor  but  for 
keeping  the  men  employed  better  satisfied.  Among  such 
agencies  first  place  should  be  given  to  the  motor  car  and 
its  trailer  for  handling  small  amounts  of  material.  Ball- 
bearing jacks,  patent  bushed  blocks  and  thin-backed  saws 
are  some  of  the  devices  that  lighten  labor  and  shorten  the 
time  for  doing  the  work. 


$311,000,000  of  Building  Contracts  Let  in  October.—Build- 
ing  contracts  awarded  during  the  month  of  October,  1919. 
in  the  territory  north  of  the  Ohio  and  East  of  the  Missouri 
rivers,  amounted  to  $311,382,000,  according  to  the  F.  W. 
Dodge  Co.  This  was  greater  than  the  figure  for  any  pre- 
vious month  of  this  year.  This  was  an  increase  of  $76,801,- 
000,  or  33  per  cent  over  the  total  for  the  month  of  September, 
the  September  total  having  been  somewhat  less  than  that 
for  August.  Of  the  total  amount  for  October,  34  per  cent, 
or  $105,663,000,  was  for  residential  buildings;  25  per  cent, 
or  $78,249,000,  was  for  industrial  plants;  and  15  per  cent, 
or  $45,939,000,  was  for  business  buildings.  Public  works  and 
utilities  amounted  to  $42,334,000.  The  October  figures 
brought  the  total  for  contract  awards  for  the  first  10  months 
of  1919  up  to  $2,111,452,000  which  is  greater  than  the  total 
for  any  entire  year  previous  to  1919.  In  fact,  these  figures 
indicate  an  actual  volume  of  building  operations  during  the 
first  10  months  of  1919  somewhat  greater  than  the  actual 
average  annual  volume  for  the  five  years  previous  to  1919. 


Uneven  Coatings  on  Wood  Cause  Warping. — Coatings  of 
equal  moisture  resistance  should  be  applied  to  all  surfaces 
of  a  wood  product  which  would  give  dissatisfaction  if  it  were 
to  warp  in  service.  Tests  at  the  Forest  Products  Laboratory 
have  shown  that  even  when  wood  is  properly  kiln  dried  no 
coating  entirely  prevents  it  from  picking  up  or  giving  off 
moisture  and,  consequently,  from  swelling  and  shrinking 
under  the  influence  of  varying  atmospheric  conditions.  Var- 
nish, shellac,  and  other  moisture-resistant  finishes  merely 
decrease  the  rate  at  which  the  moisture  changes  in  wood 
occur.  The  higher  the  grade  and  the  more  coats  applied, 
the  slower  will  be  the  moisture  changes.  Unequal  coatings 
on  opposite  surfaces  of  a  wooden  article  cause  unequal  rates 
of  change  in  moisture  content  and  hence  unequal  shrink- 
age on  the  two  sides  of  the  piece.  The  result  is  that  the 
wood  tends  to  cup  or  twist  out   of  shape. 
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New  Method  for  Installing  Under- 
ground Steam  Pipe  Lines 

Underground  pipe  lint's  for  the  distribution  ol  steam  or 
hot  water  for  heating  buildings  or  for  other  use  should  be 
installed  with  greater  care  than  those  located  in  tunnels 
or  basements  where  they  are  accessible  for  inspection  and 
repairs.  Being  buried  in  the  ground,  they  are  subjected 
to  unusual  influences,  and  their  condition  is  often  unknown 
until  total  failure  makes  it  necessary  to  dig  up  the  en- 
tire line.  This  generally  happens  in  cold  weather,  when 
the  demand  for  service  is  most  imperative  "and  fhe  incon- 
venience and  expense  are  greatest.  The  Department  of  En- 
gineering of  the  State  of  Wisconsin  has  worked  out  a  new 
method  of  installing  pipe  conduits  that  has  proved  very 
satisfactory.     The   plan   is   described   by   Mr.  John   C.   White, 


holes  or  openings  into  the  buildings.  This  water  Hows  iilong 
the  bottom  of  the  conduit,  each  section  of  which  is  graded 
for  that  purpose,  and  by  inspection  at  the  drainage  points 
the  condition  of  the  lines  so  far  as  water  is  concerned  may 
be  determined.     Ilnderdrains  are  not  used. 

By  arranging  the  pipes  in  a  horizontal  plane  either  line 
can  be  removed  and  replaced  by  disconnecting  at  anchors 
and  connecting  points,  and  uncovering  a  sufficient  length 
of  the  trench  to  permit  withdrawal  of  the  section.  A  line 
should  be  attached  to  the  section  before  it  is  withdrawn 
for  use  in  pulling  in  the  new   pipe. 

Where  steel  or  wrought  iron  pipe  is  used,  the  joints  are 
made  up  with  couplings  and  the  backs  of  the  couplings  are 
then  welded  up  until  the  section  of  the  pipe  that  Has  been 
cut  away  by  the  threading  process  is  built  up  to  the  original 
section  of  the  pipe.  The  joint  is  thus  equal  to  the  solid 
pipe    in    thickness    and    it    is    sealed    against    that    leakage 
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Typical    Details    Showing    Designs    of    Wisconsin    State    De-  partment   of    Engineering   fot-   Underground    Pipe    Lines. 


State  Power  Plant  Engineer,  in  The  Wisconsin  Engineer, 
from   which   the   matter   following   is   abstracted. 

The  conduit  is  made  of  concrete,  of  such  size  as  may 
be  required  to  accommodate  the  number  of  pipe  lines,  and 
reinforced  as  necessary.  The  bottom  slab  is  laid  to  grade 
tor  any  section  and  is  trowelled  smooth.  The  sides  are 
next  poured,  and  the  work  of  installing  the  pipes  may  be 
started  as  soon  as  the  forms  may  be  removed  safely.  The 
cover  slabs  may  be  molded  while  the  work  of  installing 
pipes  is  going  on.  These  are  generally  made  in  .3-ft.  lengths 
bedded  in  lime  mortar.  The  top  of  the  conduit  is  covered 
with  a  waterproof  material  such  as  tar  felt  before  back- 
filling the  trench. 

Anchorage  is  so  arranged  that  the  pipes  are  permanently 
held  in  place  at  anchor  points  and  expansion  is  taken  either 
at  the  bends  or  by  expansion  joints.  The  supports  are 
clamped  to  the  pipes  and  move  with  them.  They  consist 
of  a  saddle  clamp  adapted  to  engage  a  round  shoe  which 
slides  on  the  floor  of  the  conduit  as  the  pipes  move  under 
changes   of   temperature.     Rollers  are  not  used. 

Insulation  is  applied  as  for  exposed  work  and  it  is  not 
subjected  to  mechanical  injury  nor  to  the  action  of  water. 

Drainage  is  provided  for  by  making  the  conduit  as  nearly 
waterproof  as  possible  and  then  conducting  such  water  as 
does  find  its  way  into  the  conduit  to  drainage  outlets  at  man- 


whitli  is  so  persistent  a  cause  of  failure  in  the  ordinary  con- 
struction. Cast  iron  flanged  pipe  may  be  used  for  low 
pressure  steam  or  hot  water  lines.  Lead  joints  can  not 
be  used  where  temperatures  change  to  an  ai)preciable  ex- 
tent. 

The  ilUL^trations  will  make  clear  the  essential  features 
of  the  method  without  further  explanation.  The  first  line 
\ras  installed  about  two  years  ago.  It  is  carrying  high 
pressure  steam  and  there  has  so  tar  been  no  trouble  ot  any 
sort. 

Conference  to  DIscujs  Wisconsin  Highway  Program. — The 
Wisconsin  Highway  Commission  has  called  a  i-oiiference  of 
contractors,  material  men,- and  manufacturers  of  machinery, 
and  public  officials  to  discuss  th~e  highway  construction 
program  for  1920  and  to  devise  ways  and  means  of  making 
it  possible  to  complete  the. proposed  large  programs.  Prices 
of  labor,  work  and  materials,  and  methods  of  construction 
will  be  discussed,  also  all  matters  pertinent  to  getting  all 
concerned  fully  interested  in  this  great  problem.  All  who  are 
interested  or  who  expect  to  be  interested  in  highway  con- 
struction in  1920  are  cordially  invited  to  attend.  The  con- 
ference will  be  held  in  the  State  Capitol  at  lladison.  W'is.. 
and  start  at  10  a.  m.  on  Tuesday,  Dec.  3d,  and  will  fully 
occupy   the  two  days. 
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Engineeiing  and  Contracting  for  November  26,  1919. 


Quantity  Survey:  How  Quantities 
Are  Used  in  Bidding* 

The  first  consideration  tliat  comes  to  a  contractor's  mind 
is  the  ability  ot  a  surveyor  to  supply  satisfactory  quanti- 
ties. Perhaps  the  best  answer  is  that  it  is  being  done  con- 
tinually by  individuals  and  by  some  firms  specializing  in 
one  or  more  trades.  Acceptable  quantities  must  be  accurate 
and  they  must  be  in  such  form  that  contractors  can  apply 
their  customary  estimating  methods  to  them  without  diffi- 
culty. Accuracy  can  be  attained  only  by  the  adoption  of 
efficient   methods  ot  checking   "take-offs"   and    computations. 

Architect's  Instruction  Incorporated  in  Quantities. — Ac- 
curacy depends  upon  the  proper  interpretation  of  the  draw- 
ings and  specifications.  This  is  controlled  better  by  a  sur- 
veyor than  by  contractors,  because  it  is  the  sole  object  ot 
a  surveyor  to  be  accurate  and  he  will  take  nothing  for 
granted  either  in  the  drawings  or  specifications.  If  they 
are  not  absolutely  clear  and  definite  he  asks  the  proper 
interpretation  and  incorporates  the  architect's  instructions 
in  his  quantities  with  the  result  that  they  truly  describe 
he  requirements  to  be  met  under  contract.  Contractors' 
quantities  are  always  variously  inaccurate  because  their 
men  have  not  the  time,  opportunity,  or  desire,  as  the  case 
may  be,  to  get  the  architect's  interpretation  ot  all  doubt- 
ful items  and  through  inequality  in  skill  and  experience  do 
not  perform  the  operations  of  scaling  and  computing  with 
the  same  degree  ot  accuracy.  The  result  is  lack  of  uni- 
formity in  bidding  data  which  is  largely  responsible  for  the 
customary  wide  variations  in  bids. 

Trade  Practices  Should  Be  Followed. — Quantities  must  be 
given  in  the  customary  units  of  measurement.  Where  trade 
practices  are  fairly  well  fixed  for  methods  of  measurements, 
they  should  be  followed  even  if  the  resultant  quantity  is 
not  mathematically  correct;  but  the  basis  of  such  compu- 
tations must  be  noted  so  that  no  bidder  will  be  deceived. 
Waste  is  a  variable  which  is  the  contractor's  re.sponsibility 
to  control  and  it  is  a  factor  in  estimates  which  may  win 
or  lose  a  job.  In  giving  net  measurements  for  volumes  and 
areas  it  is  important  to  give  also  the  "outs"  which  corre- 
spond so  that  each  bidder  can  include  all  or  none  or  part 
of  them  according  to  his  custom.  Quantities  for  any  item 
of  work  should  be  given  in  such  form  that  they  can  be  priced 
up  in  mass  or  in  careful  detail.  All  of  a  kind  should  be 
given  together  with  its  distribution  fioor  by  floor  or  story 
by  story.  Work  ot  the  same  class  must  be  segregated  ac- 
cording to  conditions   affecting  cost  for  installation. 

It  should  be  noted  that  no  individual  can  prepare  satis- 
factory quantities  for  all  trades.  No  man  can  have  the  ex- 
perience required  to  do  so.  To  prepare  complete  accurate 
quantities  for  a  building  for  all  the  trades  requires  the  serv- 
ices ot  an  organization  of  specialized  experts  in  all  the 
building  trades  working  in  touch  with  each  other  and  in 
co-operation  with  the  architect.  A  survey  organization  that 
is   efficient  can   undoubtedly   give   satisfactory   quantities. 

When  a  quantity  survey  is  made  it  is  supplied  to  bidders 
together  with  the  drawings  and  specifications.  Bids  are  re- 
quested for  the  erection  and  completion  of  the  building  In 
accordance  with   these   three   documents. 

Bidders  Not  Responsible  for  Quantities. — Responsibility 
for  the  accuracy  ot  the  quantities  is  a  matter  that  has  to 
be  determined.  Regardless  of  any  form  of  guarantee  that 
the  surveyor  or  architect  or  owner  may  put  upon  quanti- 
ties it  must  be  recognized  that  as  a  matter  of  business  ex- 
pediency the  contractor  awarded  a  contract  based  on  quan- 
tities will  check  the  quantities  to  verify  their  accuracy  and 
completeness. 

There  are  two  ways  of  relieving  bidders  ot  any  responsi- 
bility for  the  accuracy  of  the  quantities  supplied  to  them. 
First,  the  quantities  may  be  made  a  part  of  the  contract; 
that  is,  it  will  be  specified  that  any  additions  to  or  deduc- 
tions from  the  amount  of  work  listed  in  the  quantities  will 
be  adjusted  in  accordance  with  the  specification  stipula- 
tions governing  changes.  In  this  case  the  contractor  will 
check  the  quantities  as  the  job  progresses  and  submit  claims 
for  any  chance  inaccuracies  that  might  exist  in  the  quanti- 
ties. The  surveyor  as  a  disinterested  party  would  investi- 
gate  such   claims   with   the   contractor   and   agree   with    him 


as  to  the  proper  amounts  of  work,  it  any,  which  justified 
extra  payment.  It  should  be  noted  that  for  bidding  pur- 
poses the  contractor  is  not  concerned  with  the  accuracy 
of  the  quantities.  If  he  checked  them  it  would  be  labor 
wasted  for  bidding  purposes. 

Second:  Instead  of  making  the  quantities  a  part  of  the 
contract  and  providing  for  adjustments  of  chance  errors 
from  time  to  time,  most  architects  and  building  owners  pre- 
fer to  have  the  contractor  selected  for  contract  considera- 
tion either  accept  the  quantities  as  accurate  or  take  what- 
ever time  is  necessary  to  check  them  before  signing  a  con- 
tract. They  prefer  to  have  a  lump  sum  contract  with  a 
definite  upset  price  rather  than  to  contemplate  the  possi- 
bility of  adjustments  for  claims  during  the  progress  of  the 
job.  This  is  more  satisfactory  in  some  ways  to  contrac- 
tors. If  they  have  checked  the  quantities  they  can  go 
ahead  with  construction  with  the  greatest  confidence  in  the 
quantity  list  for  purchasing  material  knowing  that  every 
material  requirement  is  completely  covered  and  understood. 
Any  possible  difficulties  in  substantiating  claims  would  be 
removed.  Conditions  would  be  established  for  a  smooth 
running  job  assuring  the  pleasantest  relations  with  archi- 
tect and  owner. 

Uniform  Quantities  IVIean  True  Competition. — When  an 
architect  makes  uniform  accurate  quantities  available  to  all 
bidders,  asking  for  bids  based  on  the  quantities  and  elimi- 
nating bids  based  on  any  other  data,  the  bidders  en- 
joy several  distinct  advantages  and  protective  features 
which  are  of  positive  value  at  any  time  and  if  always  avail- 
able would  go  far  to  stabilize  the  contracting  business. 

Uniformity  in  bidding  data  assures  that  every  bid  will 
cover  the  same  amount  of  work  and  work  of  the  same  qual- 
ity. With  the  requirements  fixed  that  must  be  fulfilled  un- 
der contract  no  bidder  will  win  a  losing  contract  through 
misinterpretation  of  items  and  no  bidder  will  lose  a  con- 
tract because  some  competitor  has  "left  off  the  roof."  Every 
bidder  can  "get  down  to  brass  tacks"  in  estimating  cost  and 
whatever  profit  he  includes  in  a  bid  should  be  realized  if 
he  wins  the  contract.  A  basis  for  real  competition  would 
be  established  where  experience,  purchasing  ability,  organ- 
ization, skill,  would  have  free  play.  It  would  stabilize 
prices  more  than  anything  else  could  because  no  bidder 
would  be  likely  to  estimate  total  "cost"  very  far  wrong  if 
lie  pi'iced  up  every  item  of  work  required,  because  aver- 
age costs  are  pretty  well  known.  At  the  same  time  no 
bidder  would  be  handicapped.  Any  bidder's  particular 
qualifications  for  a  job  would  have  greater  force  and  be 
surer  of  gaining  recognition  than  by  the  old-time  specula- 
tive methods.  Contracting  would  continue  to  be  a  game 
for  red-blooded  men,  full  of  risks;  but  the  avoidable  and 
senseless  risks  would  be  eliminated. 

Architect  Should  Present  Bill  of  IVIaterial. — Quantity  prep- 
aration is  not  the  prerogative  of  contractors.  It  became 
fastened  on  them  by  habit.  Contractors  could  very  well 
refuse  to  continue  to  assume  the  risks  attendant  to  it.  Why 
should  contractors  be  obliged  to  carry  the  risk  of  deter- 
mining what  kind  and  what  amount  of  material  of  various 
kinds  an  architect  will  demand  in  a  building  any  more 
than  a  coal  dealer  should  undertake  to  calculate  how  much 
coal  a  customer  would  require  to  keep  him  warm  during 
the  winter?  Quantity  preparation  is  fundamentally  clerical 
work  which  can  be  delegated  to  others.  The  logical,  busi- 
ness-like way  to  handle  that  part  of  a  building  operation  is 
to  have  the  architect  or  owner  present  a  list  of  the  require- 
ments of  a  job  and  to  ask  a  price  for  doing  just  that  amount 
of  work. 


Southern  California   Engineers  and  Associations  Join  A.  A. 

E. — By  a  vote  of  IIG  to  14  members  of  the  Engineers  and 
Architects'  Association  of  Southern  California  voted  to 
amalgamate  with  the  American  Association  of  Engineers. 
As  a  result  of  the  amalgamation  the  organization  will  be 
known  as  The  Engineers  and  Architects'  Association,  Los 
Angeles   Chapter,   American   Association   of   Engineers. 


•From  the  Monthly  Bulletin  of  the  Associated  General  Con- 
tractors of  America.  The  abstract  given  above  is  from  a  report 
iireiiared  for  the  Committee  on  Methods  bv  Mr.  TS'illiam  Graves 
.Smith,   president  of  the  Quantity  Survey  Co.'.  Xew  York  Citv 


Heat  Insulating  Properties  of  Materials. — A  comparison  of 
the  heat  insulating  properties  of  some  of  the  materials  used 
in  fire  resistive  construction  is  given  in  Technologic 
Paper  130,  issued  recently  by  the  U.  S.  Bureau  of  Standards. 
Copies  may  be  obtained  from  the  Superintendent  of  Docu- 
ments, Government  Printing  Office,  Washington.  D.  C,  for 
10   ct. 
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Protection  of  Metal  Structures  by 
Painting 

Interesting  points  on  paints  anil  their  application  to 
bridges  are  given  by  .Mr.  J.  R.  Sliean  of  the  Pacific  Electric 
Ky.  in  an  appendix  to  a  committee  report  presented  last 
month  at  the  annual  convention  of  the  American  Railway 
Bridge  and  Building  Association.  An  abstract  of  the  paper 
follows: 

Removing  the  Rust  from  the  Metal.— .As  a  rule,  when  steel 
is  new,  the  rust  is  only  light  yellow  spots  here  and  there, 
and  can  be  removed  with  scrapers  made  from  old  files 
turned  over  at  the  end  and  retempered  and  sharpened.  Stiff 
scrapers  and  putty  knives  are  also  useful  at  this  time.  Steel 
brushes  are  not  of  much  real  value,  except  to  clean  dirt 
and  loose  mill  scale  off.  Any  heavy  seed  rust  which  has 
formed  cups  down  in  the  steel  should  be  chipped  out  with 
a  hammer,  and  the  greatest  care  should  be  taken  to  be  sure 
and  get  all  the  rust  out  of  this  cup  so  that  the  clear  steel 
shows  in  the  bottom.  Care  should  also  be  taken  to  avoid 
cutting  the  steel  unnecessarily  with  the  sharp  edges  of  the 
hammer.  The  sand  blast  is  a  very  thorough  way  of  clean- 
ing steel  at  this  time,  but  it  should  be  followed  at  once 
with  the  first  coat  of  paint,  as  the  surface  starts  to  rust 
again  very  soon  after  the  blast  is  used. 

The  tools  needed  for  cleaning  the  work  before  repainting 
are  about  the  same  as  for  new^  work.  Light  chipping  ham- 
mers are  indispensable  for  getting  the  rust  scale  off.  For 
cleaning  the  dirt  off,  a  small  bunch  of  broomcorn  wrapped 
with  twine  makes  a  very  handy  tool.  .After  the  dirt  has 
been  loosened  with  the  broomcorn,  it  can  be  brushed  off 
easily  with  the  duster.  This  saves  considerable  scraping 
with  the  putty  knife. 

If  a  structure  is  properly  treated  when  it  is  new,  there 
■is  hardly  any  need  of  using  a  sand  blast  for  repainting. 
The  rust  will  only  show  where  it  is  able  to  push  the  paint 
off  and  these  spots  should  be  chipped  out  until  the  cup 
formed  by  the  rust  shows  the  clear  steel.  Holding  the 
blast  on  one  of  these  spots  until  the  cup  is  clear  of  rust 
will  cause  considerable  unnecessary  cutting  of  the  steel 
around  it.  .After  the  rust  is  cleaned  off  the  bare  places 
should  be  spotted  with  good  red  lead  and  then  painted  the 
same  as  the  rest  of  the  bridge.  If  this  work  is  done  thor- 
oughly there  is  no  reason  to  expect  further  trouble  from 
these  places,  but  if  it  is  not,  it  is  only  a  mater  of  a  short 
time  until  the  rust  will  be  at  its  work  of  destruction  again. 

The  First  Paint  Coat.— After  the  surface  has  been  thor- 
oughly cleaned,  the  next  question  is  what  to  use  for  a  first 
coat  of  paint  to  give  it  the  maximum  protection  against  the 
rust  getting  another  foothold.  There  are  several  "inhibitive" 
pigments,  most  of  which  are  impractical  for  general  use. 
The  one  which  is  generally  accepted  by  engineers  as  be- 
ing the  most  valuable  is  red  lead.  This  pigment  has  had 
many  enemies  among  engineers  and  painters  on  account 
of  its  tendency  to  sag  and  run  on  vertical  surfaces,  and 
to  settle  into  a  hard  concrete-like  mass  in  the  bottom  of 
the  container.  These  faults  are  caused  by  an  excessive 
amount  of  litharge,  which  sometimes  amounts  to  30  per 
cent  of  the  cheaper  grades. 

In  the  last  few  years  some  lead  manufacturers,  by  finer 
grinding  and  reroasting,  have  reduced  the  litharge  until  the 
United  States  Government  standard  is  true  red  lead  94  per 
cent  and  litharge  6  per  cent.  More  improvement  has  been 
made,  however,  and  now  it  is  possible  to  buy  red  lead  con- 
taining only  2  per  cent  of  litharge  and  98  per  cent  true  red 
lead  Pb:,  O,.  This  makes  an  ideal  paint  for  a  first  coat. 
Being  extremely  fine,  it  fills  all  pores,  and  brushes  out  in 
a  smooth,  even  film,  free  from  voids.  It  stays  in  place  on 
vertical  surfaces  and   does  not  act  ropy  under  the  brush. 

Another  great  advantage  in  using  this  high  grade  ma- 
terial is  that  it  can  be  bought  in  paste  form,  saving  the 
time  it  used  to  take  to  mix  up  the  dry  red  lead  by  hand. 
The  vehicle  with  which  the  red  lead  is  mixed  is  fully  as 
important  as  the  pigment  itself.  The  merit  of  linseed  oil 
is  toe  well  known  to  need  comparing  with  any  other  for 
this  work,  although  the  paint  film  is  much  better  if  rein- 
forced with  Japan  oil. 

Elaborate  tests,  made  recently,  have  proven  that,  with- 
out reinforcing,  an  oil  film  loses  from  18  per  cent  to  23  per 
cent  of  its  volume  in   200  days.     This  shrinkage  of  the  oil 
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lilm.  which  should  hold  the  pigment  together,  is  worthy  ot 
serious  consideration  and  Japan  oil  or  anything  else  which 
will  truly  reinforce  it.  should  certainly  be  used.  Japan  oil 
also  furnishes  sufficient  dryers  of  the  right  kind,  as  rosin 
dryers  are  a  detriment  rather  than  a  help  to  red  lead. 

The  amount  ot  red  lead  to  be  used  in  1  gal.  of  vehicle 
is  a  question  upon  which  engineers  differ.  On  the  Hell  Gate 
bridge,  37  lb.  of  red  lead  was  used  to  1  gal.  of  vehicle,  but 
this  would  only  be  possible  with  the  very  finest  quality  ot 
red  lead.  The  general  average  for  railroad  use  is  about 
25  lb.  to  the  gallon  of  vehicle,  or  about  17  lb.  to  the  gallon 
of  paint  mixed  and  ready  for  use. 

When  steel  work  is  to  be  red  leaded  at  the  fabricating 
plant,  care  should  be  taken  to  have  the  specification  worded 
in  such  a  w-ay  that  no  misconstruing  of  its  intention  will 
be  possible.  In  any  case,  the  inspector  should  make  it  a 
point  to  see  that  the  intention  of  the  specification  writer 
is  carried  out. 

The  Last  Coat  of  Paint  Should  Be  More  Elastic  Than  the 
Preceding  One. — The  coals  of  paint  to  succeed  the  red  lead 
and  to  re-paint  the  structure  when  necessary  form  a  prop- 
osition upon  which  there  is  considerable  difference  of  opinion. 
Some  authorities  insist  that  a  carbon  base  is  the  best, 
others  insist  that  graphite  is,  while  others  prefer  mineral 
red  or  lamp  black.  Whatever  the  individual  merits  of 
these  pigments  are,  and  they  probably  are  all  good  it  ap- 
plied right,  the  fact  remains  that  they  are  all  heat  at- 
tractors.  As  heat  is  a  first  class  destroyer,  it  is  hard  to 
understand  why  it  has  become  such  a  common  practice  to 
use  these  dark  colors.  Unless  the  price  of  material  is  the 
main  consideration  there  is  no  reason  why  steel  work  should 
not  be  painted  in  light  colors,  as  their  resistance  to  heat 
rays  would  certainly  be  easier  on  the  oil  film  which  holds 
the  pigment  together,  than  the  dark  colors  which  attract 
and  hold  the  heat  rays. 

Canary  yellow,  pearl  gray  or  light  olive  green  will  change 
an  unsightly  black  structure  to  one  that  will  at  least  be 
more  in  harmony  with  its  surroundings.  These  light  colors 
will  last  enough  longer  than  the  dark  colors  to  pay  tor  what- 
ever difference  there  is  in  the  cost  of  the  two.  It  may  be 
argued  that  light  colors  become  unsightly  in  a  short  time 
from  dirt  and  smoke.  This  cannot  be  noticed  to  any  extent 
except  overhead  on  through  truss  bridges  and  on  overhead 
bridges,  but  even  if  painted  black  the  smoke  marks  show- 
considerably  on  this  part  of  a  bridge. 

The  theory  to  follow  when  applying  the  coats  which  fol- 
low the  red  lead,  as  well  as  any  other  time  the  bridge  is 
painted,  is  to  have  the  last  coat  of  paint  more  elastic  than 
the  coat  preceding  it.  This  will  insure  against  checking 
and  alligatoring.  Some  authorities  advise  putting  a  little 
non-drying  oil  in  the  last  coat,  to  make  a  better  "shedder" 
of  water.  This  would  appear  to  be  a  good  plan,  provided  it 
finally  did  dry  hard  by  the  time  the  bridge  had  to  be  re- 
painted, so  that  the  next  coat  was  more  elastic,  thus  avoid- 
ing the  danger  of  checking. 


How  to  Retain  the  Bark  of  Logs  Used  in  Rustic  Construc- 
tion.— For  preventing  the  bark  from  flaking  off  logs  used 
in  rustic  structures,  the  Forest  Products  Laboratory,  Madi- 
son. Wis.,  recommends  the  following  methods  of  seasoning 
and  preparing  the  timbers  as  the  most  effectual: 

(1)  Cut  timbers  late  in  summer  and  score  on  two  sides; 
that  is,  cut  off  narrow  strips  of  bark  for  the  entire  length. 
Pile  in  shade  in  open  pile  to  allow  thorough  circulation  of 
air.  Allow  timbers  to  season  until  following  spring  or  sum- 
mer before  using. 

(2)  Proceed  as  in  (1),  and  in  addition  coat  ends,  stripped 
portions,  and  knots  with  coal-tar  creosote,  using  one  coat  a 
few  days  after  tim.ber  is  cut  and  another  just  before  using 
the  timbers. 

(3)  Proceed  as  in  (11,  but  do  no't  score  bark.  When  tim- 
bers are  in  place,  tack  bark  on  with  large-headed  nails,  plac- 
ing one  to  every  square  foot  of  surface.  Paint  heads  of  nails 
to  resemble  color  of  bark. 

(4)  Tack  or  nail  the  bark  on  without  particular  attention 
to  time  of  cutting  or  other  treatment. 

The  nailing  method  has  been  used  successfully  by  one 
western  company  which  maintains  numerous  rustic  hotels, 
and  also  on  a  large  rustic  building  erected  for  exposition 
purposes. 
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Guniting  Piling  With  Cement 

Gun   Outfit   Mounted 

on   Flat   Cars 

A  cement  gun  outfit  assembled  on  a  3-car  train  was  em- 
ployed by  the  Puget  Sound  Traction,  Light  &  Power  Co.  in 
coating  the  piling  of  the  waterfront  trestle  on  the  Belling- 
ham  Division. 

The  first  flat  car  contained,  first,  ihe  bin  tor  the  sand  and 
compartment  for  the  sacks  of  cement;  then  the  boxed-in 
motor  for  the  mixer:   further  on  the  cement  gun  itself.     The 


Cement    Gun    in    Operation. 

second   ear   contained    the   motor-driven   air   compressor    and 
fresh  water  reservoir  and  water  pressure  tank. 

It  took  about  eight  men  to  handle  the  outfit,  including  the 
motorman  and  conductor  of  the  train.  The  motorman 
handled  the  sand  and  the  conductor  operated  the  cement 
gun.  Two  men  were  needed  to  place  the  sand  and  cement 
in  the  mixer,  with  1  part  of  cement  and  3  parts  of  sand, 
and  one  man  took  the  mixture  away  from  the  mixer  and 
l)laced  it  in  the  gun,  one  man  being  used  to  operate  the 
gun   itself.  One   other   man    waii   needed   to   lock   out   for   the 


Before    Treating. 


After    Treating. 


machinery  and  as  a  helper.  On  account  of  tlie  condition  of 
the  bed  of  tlie  Sound,  which  oftentimes  Is  from  1  to  2  ft. 
deep,  three  men  were  needed  on  the  groimd  to  handle  the 
hose   and   nozzle. 

In  guniting  the  piles  the  material  was  put  on  in  thick- 
nesses varying  from  a  heavy  coat  of  paint  to  8  in.,  depend- 
ing upon  the  condition  of  the  pile  itself.  Where  there  were 
any  large  holes  in  the  piling   which  had   been   eaten  out  by 
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the  Limnoria.  chicken  wire  reinforcement  was  tacked  on 
and  the  piling  brought  up  to  its  original  size.  All  piling 
also  was  treated  to  a  point  just  above  the  high  water  mark, 
or  as  high  as  the  piling  has  been  affected. 

So  far  the  work  appears  to  be  permanent  after  having 
set  for  about  7  days,  and  it  is  almost  impossible  to  break 
off  the  thinnest  concrete  coat  with  a  hammer,  and  then 
only  after  continuous  pounding.  The  length  of  time  neces- 
sary to  treat  each  pile  varied  very  considerably  on  account 
of  the  length  and  condition  of  the  piles.  The  best  record 
was  the  treating  of  72  piles  in  75  minutes,  although  these 
were  the  shorter  piling  and  least  affected. 

The  work  is  described  by  Mr.  Harry  B.  Sewell  in  Novem- 
lier  Stone  &  Webster  .Journal,  from  which  the  foregoing 
matter  is   taken. 


New  Type  of  Cost  Plus  Contract 

An  interesting  type  of  cost  plus  contract,  developed  by 
.Alorrow  &  Beatty.  Ltd.,  engineering  contractors,  was  used 
by  them  in  a  .$.500,000  contract  for  the  Southern  Canadian 
Power  Co..  with  results  stated  to  be  unusually  satisfactory 
to  both  the  engineer  and  the  contractors.  Mr.  Beatty  of 
the  above  mentioned  firm  has  furnished  the  Committee  on 
Contracts  of  the  Associated  General  Contractors  with  the 
following  information  regarding  his  form  of  contract. 

As  a  prerequisite  to  success,  the  owner's  engineer  and 
the  contractor  must  have  complete  confidence  in  each  other, 
which  is  really  a  very  necessary  element  in  all  cost-plus 
work.  In  co-operation  with  the  engineer,  an  estimate  of 
cost  on  the  proposed  work  is  prepared,  using  the  estimated 
various  quantities  of  earth  and  rock  excavation,  concrete 
to  be  placed  and  similar  items  as  furnished  by  the  engi- 
neer. 

Based  on  the  estimated  cost  arrived  at  in  this  way,  a  fee 
of  20  per  cent,  or  $200,000  on  a  $1,000,000  contract  is  named 
as  the  contractor's  fee  for  supervising  the  work  and  fur- 
nishing all  heavy  plant,  with  the  understanding  that  part 
of  this  sum  will  be  credited  to  the  owner  on  the  comple- 
tion of  the  work.  When  the  contract  has  been  carried  out 
the  actual  cost  of  the  estimated  quantities  is  determined  by 
applying  the  actual  unit  costs  to  them.  Ten  per  cent  of 
this  sum  then  reverts  to  the  owner,  leaving  the  contractor 
a  net  fee  of  approximately  10  per  cent,  provided  the  esti- 
mated cost  of  the  work  was  close  to  the  actual  cost.  Pro- 
vision is  made  that  the  various  quantities  may  be  increased 
by  10  per  cent  without  any  additional  compensation  to  the 
contractor,  but  the  refund  to  the  owner  in  all  cases  is  based 
on  the  original  estimate  of  quantities.  A  straight  fee  of 
10  per  cent  is  paid  on  the  overrun,  if  there  is  any,  beyond 
the  increase  in   quantities  provided  for  otherwise. 

On  a  $1,000,000  contract,  then,  if  the  estimated  cost  was 
exactly  correct,  $100,000  of  the  tentative  fee  of  $200,000 
would  be  returned,  leaving  just  10  per  cent  for  the  contrac- 
tor. If  the  actual  cost  of  the  work  covered  by  the  estimate 
amounted  to  $1,200,000,  then  the  refund  would  be  $120,000, 
which  would  reduce  the  contractor's  fee  to  $80,000.  Con- 
versely, should  the  work  be  performed  for  $800,000,  the  con- 
tractor would  retain  $120,000.  In  the  former  case  his  fee 
would  be  only  6%  per  cent  of  the  cost,  while  in  the  latter 
he  would  receive  15  per  cent. 

While  this  plan  is  in  effect  a  fixed  fee  proposition,  with 
a  bonus  and  penalty  clause,  in  actual  practice  it  offers  a 
very  simple  way  of  expressing  the  agreement  as  to  the  fee 
to  be  paid  for  the  work.  It  is  to  be  20  per  cent  of  the  esti- 
mated cost  agreed  upon  in  advance,  less  10  per  cent  of  the 
cost  of  the  work,  be  it  $1,000  or  $1,000,000. 

The  greatest  value-  of  this  type  of  contract  has  been 
found  to  be  its  effect  upon  the  attitude  of  the  workmen 
and  even  of  the  contractor  himself.  From  the  very  start 
the  contractor's  men  can  very  easily  understand  that  for 
every  $10  spent  on  the  work,  $1  comes  from  the  contrac- 
tor's pocket,  and  that  for  every  $10  saved,  there  is  a  profit 
of  one-tenth  that  amount.  While  the  same  condition  is  met 
on  bonus-and-penalty  types  of  cost-plus  contracts,  the  con- 
tractor's direct  interest  in  keepins;  down  costs  is  not  always 
so  apparent  to  the  men  in  his  organization. 


Half  a  Million  Buildings  to  Be  Rebuilt  In  France. — Statis- 
tics prepared  by  M.  Lebrun,  Minister  of  Liberated  Terri- 
tories, there  are  550,000  buildings  to  be  rebuilt  in  devastated 
districts  of  France.  About  300.000  buildings  were  totally 
destroyed,   and    250,000   were   destroyed   in   part. 
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The  Engineer's  Respousibility  for 
Efficient  Government* 

Hy    FRKURK'K    P.   GRUENBERG. 
Director,   Hureau   of  Municipal   Research,   Philadelphia. 

From  the  begiiininj;  of  our  republic  all  kinds  of  adminis- 
trative public  offices  have  been  filled  for  the  most  part  by 
lawyers.  A  great  majority  of  the  presidents  of  the  United 
States  have  been  lawyers;  here  and  there  an  occasional  gen- 
eral; some  few  gentlemen  farmers;  but  never  a  technical 
man.  Nearly  all  the  governors  of  the  states  in  the  history  of 
the  republic  have  been  lawyers.  In  every  congress  from  60 
per  cent  to  90  per  cent  of  the  members  have  been  lawyers; 
anu  not  only  in  the  conspicuous  elected  positions  but  also  in 
the  impoitant  appointive  positions,  where  running  for  office 
is  not  necessary,  our  legal  brethren  have  out-numbered  all 
other  professions  and  occupations  by  something  like  seven 
.  or  eight  to  one.  President  Wilson  said  somewhere  in  his 
numerous  writings,  when  he  was  a  political  scientist  and 
before  he  became  a  statesman,  that  the  reason  tor  the  over- 
whelming; presence  of  lawyers  was  that  the  early  problems 
of  our  government  were  primarily  legal.  Now.  without  tak- 
ing issue  with  so  eminent  an  authority  as  President  Wilson, 
I  do  not  think  that  the  reason  was  because  the  early  prob- 
lems of  government  were  more  legal  than  those  of  today,  for 
if  you  will  look  at  it  analytically  you  will  find  that  there  are 
now  more  legal  problems  than  ever — cities  itching  for  new^ 
charters,  every  state  thinking  how  to  revise  its  constitution, 
and  so  on.     These  are.  of  course,  primarily  legal  problems. 

Problems  of  Government  Increasingly  Technical. — It  is  per- 
fectly clear  to  anyone  who  thinks  about  government  at  all 
that  the  monopoly  of  public  office  is  not  so  exclusively  the 
lawyer's  as  was  formerly  the  case.  It  is  not.  I  venture  to 
guess,  because  the  problems  are  less  legal,  but  because  the 
problems  of  government  are  being  recognized  as  increasingly 
technical. 

Of  course,  the  war,  in  common  with  a  great  many  other 
things  it  has  done,  has  given  the  general  public  its  first  real 
appreciation  of  the  engineer.  Not  only  have  engineers  been 
indispensable  in  the  purely  military  and  naval  fields,  but 
the  aspect  of  the  war  that  involved  production  brought  the 
American  engineer  as  never  before  into  prominence.  Just 
prior  to  our  entry  into  the  war  a  careful  study  was  made 
of  engineers  in  all  kinds  of  public  service,  and  while  I  am 
not  going  to  indulge  in  any  statistics,  it  will  probably  amaze 
engineers  to  know  that  in  1916,  when  the  last  data  were 
available,  less  than  one-half  of  one  per  cent  of  the  govern- 
ment were  engineers.  We  think  of  engineers  as  being  in- 
creasingly influential  and  important  in  government,  and  such 
is  the  case;  but  it  shows  how  little  progress  has  been  made, 
when  we  realize  that  about  three  years  ago  the  percentage 
was  so  low.  Of  course,  in  a  sense  that  is  not  a  fair  calcula- 
tion because  in  "public  service"  we  include  clerks,  steno- 
graphers, janitors,  and  messengers;  but,  on  the  other  hand, 
we  also  include  among  the  "engineers"  young  cubs  who  ar^ 
merely  rodmen  and  who  do  assistant's  work.  But  while  we 
may  safely  conclude  that  the  engineers  had  not  begun  to 
break  into  public  work  in  great  numbers,  nevertheless,  the 
engineers'  influence  in  government  work  prior  to  the  war 
was  very  great. 

The  City-Manager  Form  of  Covernment, — Because  of  the 
limitations  of  time,  let  us  confine  ourselves  to  the  municipal 
side  of  government,  which  comes  closer  to  all  of  us  after 
all.  and  has  more  to  do  with  our  daily  work.  Let  us,  in  turn, 
consider  but  one  important  tendency  in  municipal  govern- 
ment and  one  that  concerns  engineers  very  decidedly.  We 
all  recognize  that  municipalities  today  are  drifting  toward 
the  city-manager  form  of  government,  'and  every  engineer 
knows  what  that  implies.  The  city-manager  scheme  was  not 
worked  out  in  anyone's  brain  like  the  game  of  basketball, 
and  reduced  to  paper.  This  plan  evolved  out  of  the  exigen- 
cies of  peculiar  conditions,  and  was  evolutionary  as  has  been 
practically  every  other  form  of  government. 

To  go  back  a  little,  you  will  remember  that  the  first  big 
break  in  the  tradition  of  American  city  government  was  when 
Galveston  was  overcome  by  a  tidal  wave.  The  authorities 
had  to  act  in  the  emergency  so  they  decided  it  was  best  to 
concentrate  the  responsibility  and  authority,  and  accordingly 
a  commission  of  five  was  appointed  in  which  commission  all 
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powers  of  local  government  were  vested.  It  worked  in 
Galveston,  and  within  a  few  years  several  hundred  cities 
adopted  the  commission  form  of  government.  Under  that 
scheme,  the  people  elected  only  a  few  commissioners  and  it 
seemed  to  be  simple  and  inexpensive.  It  was  not  long,  how- 
tive  point  of  view,  was  discovered.  Under  some  city  char- 
ters when  commissioners  were  chosen,  they  were  designated 
when  elected  to  be  the  heads  of  different  departments— one  of 
public  safety,  another  of  public  health,  another  of  education, 
perhaps.  The  people,  in  choosing  commissioners,  thus  did 
two  things.  They  selected  a  legislative  body  which  was  to 
determine  the  city's  broad  policies  and  at  the  same  time  they 
were  supposed  to  choose  in  the  same  individuals,  adminis- 
trators to  carry  out  executive  programs.  That  did  not  work. 
You  do  not  choose  the  directors  of  your  industrial  cor()ora- 
lion  to  be  at  the  head  of  the  plant,  nor  are  the  technical 
heads  of  the  departments  expected  to  function  as  a  board  of 
directors.  Presumably  you  elect  your  board  of  directors  to 
represent  the  broad  interests  of  your  stockholders,  and  you 
select  the  heads  of  the  departments  in  an  industrial  plant 
or  any  kind  of  technical  plant  for  their  professional  or  trade 
fiualiflcations. 

When  the  Dayton  flood  came  along  and  an  emergency 
somewhat  similar  to  that  in  Galveston  arose,  they  took  a  leaf 
out  of  the  book  of  experience,  and  decided  to  get  a  further 
improved  form  of  government.  It  is  not  quite  accurate  to 
say  that  Dayton  started  the  manager  form  of  government 
at  the  time  of  the  flood.  The  inefficiency  of  the  city  gov- 
ernment before  the  flood— the  old  "federal"  form— had 
started  a  charter  revision  movement,  but  the  disaster  gave 
that  movement  an  impetus  in  the  direction  of  the  city-man- 
ager form. 

Essential  Features  of  City-Manager  Government.  What 
does  that  form  set  up?  The  citizens  continue  to  elect  com- 
missioners, but  these  are  the  board  of  directors  of  their  cor- 
poration. They  are  selected  for  their  qualifications  as  citi- 
zens and  for  their  platforms  as  to  policy  and  what  they  are 
expected  to  do,  in  general  terms,  for  the  town.  Then  this 
board  selects  one  man  in  whom  is  vested  all  executive  power. 
You  see  at  once  the  parallel  between  that  kind  of  organiza- 
tion and  the  efficient  corporation.  That  executive  selects  the 
department  heads.  In  the  smaller  cities  the  city  managers 
serve  as  heads  of  some  of  the  departments  themselves.  The 
department  heads  are  selected  (with  or  without  civil  service) 
for  their  qualifications  for  administrative  jobs.  For  instance. 
it  the  manager  selects  a  city  engineer,  he  does  not  select 
him  because  he  is  supposed  to  be  personally  well  liked  or 
because,  say.  he  favors  a  liberal  recreation  policy  for  the 
city;  the  engineer  is  chosen  because  be  knows  the  technical 
liroblems  of  that  department. 

Tills  form  brings  us  down  to  the  last  word  that  has  yet 
been  evolved  in  modern  municipal  government.  So  far  as  1 
know,  nobody  has  yet  been  able  to  develop  anything  which 
improves  on  that  form  of  government,  and  it  is  so  simple 
and  obvious — now  that  somebody  has  thought  of  it — that  it 
is  likely  to  be  the  form  of  government  toward  wliich  all  our 
cities  eventually  will  strive. 

Present  and  Prospective  Growth  of  City-Manager  Govern- 
ment.—There  are  now  some  Vl't  city-manager  municiiialities. 
and  I  hear  people  in  the  big  cities  sniff  contemptuously  to 
learn  that  Dayton,  O..  is  the  largest  city,  thus  far.  that  has 
the  city-manager  form.  It  must  be  tried  out  on  a  small  scale 
before  it  is  tried  out  on  a  large  scale,  .\lready,  however,  a 
number  of  Chicagoans  have  a  similar  scheme  which  is  very 
promising,  and  during  the  Mitchel  administration  in  New 
York  City,  there  was  a  program  worked  out  for  a  city  man- 
ager. When  we  get  going  we  can  work  one  out  for  Phila- 
delphia on  very  short  notice.  I  want  to  tell  you  in  the  fam- 
ily that  when  the  new  Philadelphia  charter  was  drafted,  the 
possibility  of  demanding  a  city-manager  form  of  govern- 
ment in  Philadelphia  in  the  not-distant  future,  was  taken  into 
consideration,  and  a  great  many  obstructions  were  removed. 

The  vast  majority  of  the. city  managers  in  this  country  to- 
day are  civil  engineers.  While  I  do  not  know  off-hand  the 
exact  figures.  I  am  safe  in  saying  that  it  is  exceptional  to 
find  an  important  city  manager  who  is  not  an  engineer  of 
some  kind;  here  and  there  a  mechanical,  electrical  or  chem- 
ical engineer,  but  most  of  them  are  civil  engineers.  I  at- 
tended two  of  the  annual  meetings  of  the  City  Managers" 
.Association  and  was  very  much  impressed.  I  have  talked 
with  one  of  the  greatest  American  authorities  on  structure 
of  government,  and  he  had  one  fear  for  the  city  management 


i\19\ 


624 


Engineering  and  Contracting  for  November  26, 1919. 


movement — that  it  is  threatened  with  failure  because  there 
are  not  enough  competent  men  to  fill  the  jobs  when  created. 
That  does  not  mean  that  there  are  not  plenty  of  engineers 
willing  to  take  a  position  paying  ?3,000  to  $10,000  a  year,  but 
that  there  are  not  engineers  who  would  find  themselves 
equal  to,  and  willing  to  take  administrative  jobs  with  these 
responsibilities. 

Now  a  charter  technic  has  been  worked  out  and  the  city- 
manager  form  of  government  is  the  last  word.  We  are  agreed 
that  that  means  a  constructive  solution.  At  the  same  time, 
students  of  the  question  fear  that  the  movement  is  threatened 
with  failure,  attributing  that  threatened  failure  to  the  fact 
that  there  are  not  people  prepared  to  take  the  responsibilities 
that  go  with  the  jobs.  In  a  nutshell  it  is  an  engineer's  re- 
sponsibility. It  is  true  that  engineering  is  not  the  whole  of 
government.  I  do  not  come  to  The  Engineers'  Club  to  say 
that  the  engineer  is  the  only  person  who  has  the  only  key  to 
democracy  in  his  hands,  any  more  than  in  addressing  a 
teachers'  association  nor  a  physicians'  association  do  I  offer 
them  similar  flattery.  In  our  municipal  government,  more 
especially,  the  way  has  to  be  paved  by  the  engineer,  because 
the  engineer,  not  the  lawyer  or  politician,  has  the  qualifica- 
tions for  doing  the  kind  of  work  now  most  needed. 

The  Engineer's  Compensation. — Of  all  the  trained  profes- 
sions, the  engineer  is  admittedly  the  poorest  paid.  There 
is  an  economic  reason  why  that  is  true.  It  is  because  a  large 
proportion  of  the  engineers  fill  salaried  jobs  and  the  oppor- 
tunities for  consultants  and  for  men  practising  or  going  into 
business  on  their  own  account  is  relatively  small,  while  the 
lawyers  and  ihe  physicians  immediately  hang  out  their  own 
shingles.  So  tar  as  compensation  is  concerned,  the  engineer 
who  is  an  employee  is  at  a  disadvantage.  The  biggest  re- 
turns naturally  go  to  the  employer.  That  is  true  in  spite  of 
the  fact  that  engineering  is  one  of  the  two  most  thoroughly 
prepared  of  the  professions — the  only  one  which  can  com- 
pare with  it  in  the  demands  it  makes  is  that  of  medicine.  If 
you  get  a  physician  as  a  salaried  man  in  any  kind  of  work 
in  which  a  certain  professional  standard  is  required,  you 
have  to  pay  him  more  money  than  you  do  an  engineer  for 
about  the  same  responsibility.  Nevertheless,  engineering 
continues  to  attract  promising  men.  Why  is  it  that  we  have 
usually  been  able  to  hand  out  only  the  poorly-paid  routine 
kind  of  jobs  to  them?  Usually  it  has  been  a  salaried  posi- 
tion with  some  corporation  in  which  there  is  but  small  op- 
portunity to  rise  and  in  which  the  great  majority  are  kept 
below  the  "success  line" — for  instance,  an  income  of  $3,000 
or  $4,000  a  year  would  probably  be  widely  accepted  as  an  ar- 
bitrary line.  Above  that  line  let  us  call  the  engineer  a  suc- 
cess. It  is  amazing  how  many  there  are  below  that  line  as 
compared  with  those  above.  As  a  rule,  engineers  in  the 
public  service  have  been  a  little  better  off  in  that  there  is  a 
certain  continuity  of  tenure. 

Essential  Qualifications  for  Public  Service  Engineers. — The 
time  has  come  for  engineers  to  realize  this  situation,  and  it 
gets  down  to  a  problem  of  "What  is  there  in  it  for  me?"  for 
the  young  man.  Engineering  courses  are  being  crowded 
with  new  things.  Columbia  feels  that  there  ought  to  be  more 
complete  and  longer  courses.  A  great  many  engineering 
educators  would  like  to  see  a  man  go  to  college  and  get 
everything,  just  as  the  physician  and  the  lawyer  gets  the 
academic  preparation  before  his  purely  professional  course. 
Most  men  find  it  hard  enough  to  go  to  college  for  4  years  not 
to  mention  6  or  8  years.  Nevertheless,  you  do  not  want  an 
engineer  to  come  out  knowing  merely  the  technic  of  his  pro- 
fession and  not  having  any  cultural  background.  Such  a 
graduate  is  at  a  disadvantage  mixing  with  men  of  affairs  and 
coping  with  the  problems  involved  in  big  issues. 

I  cannot  see  any  special  value  in  giving  a  man  who  wants 
to  be  a  civil,  mechanical,  or  electrical  engineer  a  large  dose 
of  Greek.  He  may  want  it  and  he  may  be  interested  in 
Greek,  but  we  must  realize  that  the  essentials  required  of 
engineering  students  are  covering  more  and  more  ground, 
and  what  shall  we  put  in  the  curricula? 

Let  me  make  a  plea  for  one  group  of  subjects  that  tor 
public  service  are  essential,  If  we  are  going  to  get  the  en- 
gineer into  a  position  where  his  attitude,  based  on  scientific 
facts  and  not  on  personal  bias,  is  going  largely  to  determine 
our  public  policies,  we  have  to  fit  him  with  some  of  the 
equipment  that  the  lawyer  has  frequently  had.  The  lawyer, 
especially  if  he  has  had  a  college  education,  has  often  been 
fairly  well  posted,  on  history  and  on  economics,  political  and 
social  conditions.     The  engineer  has  been  the  man  of  figures 


but  not  the  man  for  administration.  If  it  becomes  necessary 
tor  him  to  serve  in  an  administrative  position  you  have  to 
consolidate  in  one  person  two  rather  irreconcilable  mental 
types.  He  has  to  be  a  technical  man  as  well  as  a  leader. 
Otherwise  his  position  must  always  be  a  "staff"  position 
and  not  a  "line"  position,  to  use  the  figure  of  speech  of  the 
Army.     We  must  develop  line  men  as  well  as  staff  men. 

I  have  had  occasion  to  engage  engineers  and  many  splen- 
did young  men  have  I  interviewed.  Try  yourself  to  engage 
an  engineer  for  an  administrative  job  in  public  service  or  in 
a  position  calling  for  constructive  criticism  of  public  service, 
and  you  will  find  out  how  few  men  in  your  profession  know 
what  is  going  on  in  the  political  or  economic  world.  You  will 
find,  I  fear,  that  the  engineer's  interest  in  big  social  move- 
ments and  their  significance  is  usually  rather  less  than  the 
lawyer's  and  the  physician's.  It  is  up  to  the  engineers  them- 
selves, it  seems  to  me,  with  so  large  a  number  of  engineers 
going  into  the  public  service.  And  so,  when  they  consider 
the  curricula  of  the  engineering  schools,  to  which  society 
must  look  for  the  most  of  this  new  administrative  material, 
above  all  things  do  not  let  them  eliminate  the  social  sciences. 
Eliminate  languages,  if  necessary — although  I  think  a  know- 
ledge of  Spanish,  French  or  German  is  highly  useful.  De- 
pend upon  such  translations  as  you  can  get,  but  do  not 
eliminate  the  social  sciences,  if  the  engineer  is  to  attain  the 
place  of  leadership  which  I  have  tried  to  describe. 

The  Public  Service  Engineer  of  the  Future. — The  public 
service  engineer  of  the  future  will  have  to  be  a  many-faceted 
man.  He  will  have  to  be  a  well-rounded  technical  man  if  he 
is  to  be  a  city  manager,  so  that  he  can  know  the  meaning 
of  his  problems.  He  will  have  to  be  a  man  who  will  know 
what  government  stands  for  as  a  social  force,  so  that  he  will 
be  a  leader  instead  of  a  follower  in  public  service.  Take 
municipal  government  today;  it  is  the  most  costly  of  all 
of  our  governments,  much  more  costly  per  capita  than  the 
national  government.  State  governments  are  not  compara- 
tively costly  at  all.  nor  is  county  government.  City  gov- 
ernment undertakes  the  most  elaborate  services,  and  those 
that  come  most  closely  home  to  us,  in  that  the  local  gov- 
ernment is  the  one  most  concerned  with  providing  for  the 
safety,  health,  education,  recreation  and  convenience  of  the 
people. 

Just  analyze  any  one  of  these  aspects  and  you  will  see 
the  place  of  the  engineer.  If  you  talk  to  the  layman  of 
public  health,  he  immediately  thinks  of  the  physician,  but 
the  bedside  ])hysician  is  rarely  competent  to  discuss  ques- 
tions of  public  health.  He  is  a  layman  in  that  field.  He 
knows  the  diseases;  he  knows  pathology  and  materia  medica, 
and  the  physiological  manifestations  of  the  human  body 
when  diseased,  but  he  does  not  necessarily  know  public 
health.  Public  health  administration  is  increasingly  an  en- 
gineering consideration — concerned  not  only  with  quarantines 
and  vaccinations,  but  with  such  matters  as  water  supply  and 
the  disposal  of  waste.  Nowadays  the  fact  that  a  man  has 
M.  D.  after  his  name  does  not  in  itself  qualify  him  as  a 
public  health  official  at  all.  You  will  find  such  positions  more 
and  more  taken  over  by  men  with  an  engineering  equipment. 

Take  public  safety,  as  another  illustration.  Of  course, 
that  field  is  often  thought  of  as  confined  to  policing  and  pro- 
viding fire  protection  for  cities,  but  the  engineering  consid- 
erations are  very  considerable.  Other  aspects  of  safety  in- 
volve such  things  as  boiler  and  elevator  inspection,  moving 
picture  inspection,  and  while  the  actual  inspections  are 
often  well  done  by  skilled  workmen,  the  determination  of 
standards  of  safety  involves  questions  of  engineering. 

Reference  +0  the  modern  city's  bridge-making  activities 
and  road-making  activities  is  hardly  necessary,  but  these  are 
essential  factors  in  eflScient  municipal  government.  Even  in 
the  realm  of  the  i)ublic  school  the  engineer  has  his  indis- 
pensable post  of  responsibility.  Teaching  schools  is  a  pro- 
fession with  which  the  engineer  as  an  engineer  has  nothing 
to  do,  but  the  problems  of  housing  school  children  and  pro- 
viding heating  and  ventilation  are  not  for  the  pedagogue  to 
work  out  but  for  the  architects  and  engineer.  Further  il- 
lustrations are  available  but  are  surely  not  needed. 

Summary. — The  thing  resolves  itself  down  to  this:  with 
the  increasing  complexity  of  government  a  trained  public 
service  is  indispensable.  It  democracy  is  to  succeed,  the 
old  tradition  of  putting  the  politician  in  the  technical  ad- 
ministrative post  must  soon  cease,  and  democracy  must  look 
to  the  professional  public  servant  to  take  up  the  burden.  No- 
where is  there  thus  far  developed  a  nucleus  for  such  a  pro- 
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fessional  group  in  America  lo  such  an  extent  as  in  your  pro- 
fession, and  I  would  plead  with  you.  therefore,  not  to  miss 
this  opportunity  of  two-fold  attractiveness;  first,  to  serve  our 
communities  in  posts  of  unique  importance  and  responsibility, 
and.  second,  to  afford  professional  careers  comparable  with 
the  best  in  the  other  professions  in  the  opportunities  of- 
fered for  material  reward  and  in  the  esteem  of  fellow-citizens. 


New  York  City  Regulations    for 

Outside   Storage   Tanks 

for  Fuel  Oil 

The  Board  of  Standards  and  Appeals  of  New  York  City, 
after  study  and  investigation  extending  over  a  period  of  5 
months,  on  Nov.  6  adopted  rules  governing  the  storage  and 
use  of  fuel  oils  and  the  construction  and  installation  of  oil 
burning  equipment.  The  regulations  regarding  outside 
storage  tanks  include  the  following: 

Storage   Tanks    Located    Outside   of    Buildings   Within    Fire 

Limits. — Within  the  fire  limits,  tanks  to  contain  fuel  oil   for 

use    on   the   premises,    and   of   a   capacity   and    at    distances 

specified  below,  may  be  placed  above  ground  outside  of  the 

building  if  such  tank  does  not  exceed  15  ft.  in  height  above 

the  surface  of  the  ground  and  if  completely  enclosed. 

Distance  to 
nearest  build- 
ing in  feet  Capacity, 
not   exceeding  gal'. 

40    71.400 

30    40.800 

20    30.600 

10    20,400 

:;     10.200 

If  such  service  tanks  are  entirely  buried  and  rooted  be- 
low the  surface  of  the  ground,  the  capacity  in  gallons  may 
be  increased   by   200  per  cent. 

Outside  General  Storage  Fuel  Oil  Tanks  Located  Above 
Ground  Within  the  Fire  Limits. — Such  general  storage  tanks 
located  within  the  fire  limits  shall  not  exceed  25  ft.  in 
height,  shall  be  built  of  metal,  and  shall  be  surrounded  with 
a  dike  of  unpierced  masonry  or  reinforced  concrete  not  less 
than  4  ft.  in  height,  with  a  capacity  of  at  least  that  of  the 
tank  to  be  protected.  The  walls  and  floor  of  such  dikes 
must  be  continuous,  and  oilproof  and  waterproof,  and  must 
not  be  built  within  10  ft.  of  the  walls  of  the  tank.  If  tanks 
are  placed  in  battery  the  dikes  shall  be  rectangular  in  shape, 
and  the  dike  wall  separating  them  as  well  as  the  dike  wall 
within  100  ft.  of  any  structure,  shall  be  carried  up  as  a  fire 
stop  to  a  height  of  4  ft.  above  the  head  of  the  tank  and 
coped  with  stone  or  concrete,  and  any  openings  in  walls 
above   the  dike   shall  have  automatic   fireproof  doors. 

The  capacity  of  any  such  single  general  storage  tank 
within  the  fire  limits  shall  not  exceed  100,000  gals.,  and 
the  gross  capacity  of  storage  shall  not  exceed  the  follow- 
ing tables: 

To  line  of  ad- 
Joining  prop- 
erty or  nearest 
building  (ft.).  Gal. 

75    1 00.000 

100    150.000 

1.MI     250.000 

200    500.000 


and  the  surface  of  the  floor  and  the  interior  surface  of  the 
walls  shall  be  protected  by  coating  with  a  sodium  silicate 
solution  or  other  equally  good  protection  to  prevent  oil 
coming  in  contact  with  the  concrete. 

The  maximum  gross  capacity  of  any  such  single  tank 
when  situated  outside  the  fire  limits  shall  not  exceed  250,- 
000  gal.,  but  the  gross  storage  capacity  may  be  double  that 
specified  in  the  tables  for  above  ground  tanks  within  the 
fire  limits,  and  when  such  tanks  are  placed  at  least  250  ft. 
from  the  line  of  adjoining  property  or  the  nearest  build- 
ing,  the  gross  capacity   may   be  unlimited. 

Material  and  Construction  of  Metal  Tanks.— .All  fuel  oil 
storage  tanks  within  the  tire  limits  shall  be  constructed  of 
wrought  iron,  galvanized  steel,  basic  open  hearth  or  elec- 
tric steel  plates  of  gage  corresponding  to  the  capacity  as 
specified  in   the  following  tables: 

TANKS  PLACED    UNDERGROUND. 

Thickness  of  material 
r.  S.  Gauge. 


Capacity  in 
gal. 

.iOO 

1.000  .  .  . 

5.000  .  .  . 

10.000  ... 

20.000  .  .  . 

:!o.ooo  


14 

12 

7 

% 

in. 

5/16 

in. 

% 

In. 

.\l:ixinium 

diameter 

in  feet. 

5     ... 

8    ... 

n     ... 


TAXK.S  PLACED  ABOVE  GROUND. 
(Horizontal.) 

Thickness  of  material 
V.   S.  Gauge. 
Heads.  ~       ■ 


^4in. 

%  in. 

TANKS  PLACED  ABOVE  GROUND. 
(Vertical.) 
, Thickness  of  material,  U.  S.  gauge.- 


Shell. 
10 


'A  in. 


Diameter, 

- 

ft. 

-■ 

z 

c 

10  and  less 

..    10 

7 

43    

10 

~ 

50    

.  .    10 

7 

55    

..    10 

i 

(iO    

..   10 

7 

f,:,    

.  .    10 

- 

70   

.  .    10 

7 

•7r 

10 

SO      

.  .    10 

7 

x| 

ui 

3 

3 

1 

1 

0 

0 

2-0 

2-0 

3-0 


2 
1 

0 
2-0 
2-0 
3-0 
4-0 
4-0 
5-0 


o 

n 

10 
10 
10 
10 
10 
10 
10 
10 
10 


than    above    shall    be 


propor- 
hold 


Such  general  storage  tanks  may  have  extra  fill  and  emp- 
tying connections  as  the  Fire  Commissioner  may  determine. 

Outside  General  Storage  Fuel  Oil  Tanks  Located  Outside 
the  Fire  Limits. — Such  general  storage  tanks  shall  be  pro- 
tected by  dikes  and  fire  stops  as  provided  in  the  previous 
paragraph,  shall  not  exceed  35  ft.  in  height  above  the 
ground,  and  may  be  constructed  either  of  metal  or  of  con- 
crete reinforced  with  steel  in  order  to  resist  the  oil  pressure. 

If  built  of  concrete,  the  walls  and  floor  of  such  tanks 
shall  he  continuous  and  shall  be  not  less  than  8  in.  thick, 
mixed  in  the  proportion  of  1:1%: 3.  The  walls  shall  be  of 
sufficient  thickness  so  that  the  tensile  stress,  disregarding 
the  steel  reinforcement,  shall  not  exceed  150  lb.  per  square 
inch.  The  horizontal  and  vertical  reinforcement  shall  be 
properly  proportioned  and  placed  to  provide  for  expansion 
and  shrinkage  without  leakage,  and  the  stress  in  the  steel 
shall  not   exceed   10,000  lb.  per  square  inch. 

As  soon  as  the  concrete  has  hardened  sufficiently  to  be 
self-sustaining,  the  forms  shall  be  removed  and  all  cavities 
filled  with  1:1  mortar  thoroughly  rubbed  in  and  all  irregu- 
larities   trowelled    smooth. 

The    concrete    shall    harden    at    least    28    days    before    use. 
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Tanks    of    greater    capacity 
tionately  heavier  and   of  sufficient  thickness   to   safely 
the  contents. 

All  joints  shall  be  riveted  and  caulked,  brazed,  welded, 
or  made  by  some  equally  satisfactory  process,  and  the  tanks 
braced  sufficiently  to  withstand  all  stresses  due  to  trans 
portation  or  use.  All  riveted  joints  shall  have  an  efficiency 
of  not  less  than  60  per  cent. 

The  top  cover  shall  be  of  the  same  material  as  used  in 
the  construction  of  the  tank,  permanently  secured  to  the 
tanks  without  other  openings  than  provided  for  in  these 
rules.  A  safety  valve  shall  be  installed  on  all  tanks  placed 
outside  of  buildings. 

All  outlets  and  inlets  shall  be  through  the  top  or  cover 
of  the  tank,  except  for  the  clean-out  plug,  and  in  general 
storage  tanks  a  water  drain  not  exceeding  1  in.  diameter 
may   be   permitted. 

All  metal  tanks  shall  be  thoroughly  coated  on  the  out- 
side with  tar,  asphaltum,  or  other  suitable  rust-resisting 
protection.  When  buried  in  soil  impregnated  with  corro- 
sive materials,  steel  tanks  shall  be  entirely  covered  with  a 
2-in.  thickness  of  cement  mortar  or  shall  be  of  heavier 
metal,    in   addition   to   being   protected   as   specified. 

All  above  ground  storage  tanks  exceeding  200.000  gal. 
capacity  shall  be  provided  with  approved  explosion  hatches 
having  a  combined  area  of  not  less  than  IV^  per  cent  of 
the  roof  area  of  the  tank. 

All  tanks  shall  be  tested  and  must  withstand  a  pressure 
of  not  less  than  25  lb.  per  square  inch  shop  test. 


Man  Failure  Cause  of  88  Per  Cent  of  Industrial  Accidents. 
— According  to  a  bulletin  of  the  U.  S.  Division  of  Safety 
Engineering,  88  per  cent  of  the  industrial  accidents  are  not 
directly  chargeable  to  machinery,  but  are  due  to  man  fail- 
ure. It  also  is  stated  that  of  the  38,000,000  working  men 
and  women  in  the  United  States,  700,000  each  year  lost 
limbs  or  are  laid  up  for  an  average  of  4  weeks  each,  result- 
ing in  a  monetary  loss  to  wage  earners  aggregating  $50,- 
000.000. 
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Concrete  Arched  Beams  and  Open 

Girder  Carry  Roof  of  Toronto 

Theater 

The  Bloor  Street  Allen  Theater,  Toronto,  has  several  in- 
teresting features,  especially  in  the  use  ot  reinforced  con- 
crete. The  structural  elements  of  the  roof  and  balcony  were 
designed  by   F.  G.   Engholm  &   Partners,  on  the  Hennebique 


Fig.   1  —  Longitudinal  Section  of  Theater  Showing  Roof  and   Balcony 
Construction. 

System.  The  following  description  of  these  features  is  taken 
from  the  Contract  Record: 

Supporting  the  roof  are  four  arch  beams  and  one  "open" 
girder,  as-  shown  in  the  longitudinal  section  in  Pig.  1.  This 
"open"  girder  beam  is  about  25  ft.  from  the  rear  wall  of  the 
auditorium  and  forms  one  support  ot  five  longitudinal  roof 
beams  which  span  that  distance  and  are  carried  at  the  other 
end  by  the  brick  bearing  wall.  It  also  supports,  in  suspen- 
sion, the  ends  of  nine  longitudinal  roof  beams  spanning  a 
distance  of  about  13  ft.  8  in.  to  the  first  arch  beam.  This 
type  of  girder,  developed  by  Francis  Hennebique,  is  of  open 
or  hollow  construction,  as  shown  in  F'ig.  2,  and  has  the  ad- 
vantage of  light  weight,  combined  with  maximum  strength 
and  rigidity.  It  has  a  clear  span  of  about  46  ft.  and  is  about 
7  ft.  6  in.  deep,  projecting  above  the  roof  all  but  18  in.  of  its 
depth. 

The  main  advantage  ot  the  girder  is  tnat  there  are  no  diag- 
onal members  in  this  construction.  This  greatly  facilitates 
the  reinforced  concrete  work,  as  the  members,  being  vertical, 
can  be  constructed  in  the  same  manner  as  ordinary  rein- 
forced concrete  columns.  The  method  of  constructing  this 
type  of  beam  is  usually  as  follows:  The  whole  of  the  rein- 
forcing steel  ;s  placed  in  position  together  with  the  neces- 
sary false  work  supporting  it.  The  full  f»rm  work  is  placed 
for  the  bottom  chord,  which  is  poured  together  with  the 
roof  slab.  The  form  work  is  then  placed  for  the  upper  por- 
tion of  the  girder  and  the  vertical  members  are  poured,  after 
which  an  interval  is  allowed  before  the  pouring  of  the  upper 
horizontal  member,  in  order  to  provide  tor  any  shrinkage  in 
the  concrete. 

The  four  arch  beams  are  at  about  1?,  ft.  8  in.  centres  and 
are  all  ot  the  same  design.  They  support,  and  are  monolithic 
with,  the  nine  longitudinal  beams,  which  carry  the  roof. 
Figure  3  shows  the  form  and  dimensions  of  these  beams. 
They  have  a  clear  span  of  about  46  ft.  without  ties  of  any 


kind.  The  rise  of  the  arch  beam  is  1.")  ft.  4  in.,  and  the  great- 
est depth  of  the  beam  at  the  center  is  5  ft.  6  in.  The  arch 
treatment  of  the  roof  in  this  way  is  somewhat  unusual  and 
gives  the  interior  of  the  building  a  very  pleasant  architec- 
tural appearance. 

The  balcony,  as  shown  in  Fig.  4,  is  a  large  reinforced  con- 
crete cantilever,  25  ft.  in  the  clear,  anchored  to  the  brick 
bearing  wall  at  the  rear.  Its  greatest  depth  is  5  ft.  10  in.,  at 
wliich  point  a  transverse  beam  is  formed,  resting  on  four  re- 
inforced concrete  columns,  which,  together  with  two  columns 
in  each  side-wall,  support  the  weight  ot  the  balcony.  Where 
the  reinforced  concrete  takes  bearing  on  the  brick  work,  it 
was  poured  directly  on  the  brick  work,  after  the  latter  had 
time  to  dry  out.  The  anchored  portion  of  the  balcony,  from 
the  rear  wall  to  the  four  supporting  columns,  is  22  ft.  9  in., 
while  the  overhang  is  25  ft.  in  the  clear,  giving  the  balcony  a 
total  depth  of  47  ft.  9  in.  The  anchored  portion  of  the  bal- 
cony is  11  ft.  8  in.  narrower  than  the  rest  of  the  house,  hav- 
ing a  width  of  36  ft.  7  in.     All  treads  are  3%  in.  thick. 

The  foundations  of  the  building  are  of  reinforced  concrete 
beam  construction  and  the  remainder  of  the  structure  is 
masonry.  Where  the  roof  beams  project  above  the  roof  sur- 
face,  the  concrete  is   protected   from   any  possible  deteriora- 


Fig.   2   (Upper)— Open   Girder  of  46   Ft.   Span.     Fig.  3    (Lower)- 
Details   of   Arch    Beams. 


<<£y"^' 


Fig.   4 — Concrete   Cantilever   Carrying    the    Balcony. 
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tion   through    the   action   of  frost,    bv   the   use   of   waterproof  sIn   times  ;iniiu:il  :                                                                  r   n 

paint.  "  -^'"""^'y     

The  designers  of  this  theater  have  secured  a  very  pleasinR  Nearly  75   per  cent  ol   the   mileage   rep:eseui  -d   iii   thi-   re- 
interior  appearance,   using   rich    ornamental   plastering,   with  Plies    to   the   committee's    letter   of    inquiry    customarily    use 
pilaster  and  panel  wall  effect.     The  ceiling  follows  the  arch  the  motor  car  as  a  means  of  conveying  the  inspection  parly 
lines  of  the  concrete  trusses.  over  the  line,   while  only  about  21   per  cent   use  regular  or 
The  chequered  work  at  the  prosecenium  arch  is  especially  special   trains.     The  tools  generally   used   for  the   ins]jection 
fine.     On  each  side  of  this  arch  are  two  curved  boxes,  as  a  of  wooden    bridges  consist   of  a   special   inspection   bar   and 
conventional  leature  of  a  theater,  which  are  used  in  eonnec-  testing   auger,   although    in    some   cases    a    chisel    and    brace 
tion  with  the  heating  and  ventilating  system.  «"'l   '"'   »'•«   added   to   the   tool   equipment. 

_,,,..           ,1   .    ,  ,                      .■     I     .  ■           ,■        •■  „  Regular   forms  for  recording  inspection   notes   in   the  field 

The  theater  is  ventilated  bv  means  ot  electric  suction  tans  ^   ^      „^                        ..    T          •.                            .    i    ■      .u 

,  .  .     ,                                „".■,.,          1      ■.  •«    1    1     ♦  are  used  by  85  per  cent  ot  the   mileage  represented  in  the 

which  draw  in  pure  air  from  outside   through  vitrified  ducts  ^            ......          •           .    .      , 

,        .,            J..     -           T^        ,.     .•                            .1  •        •      ■  returns  to  the   questionnaire.     Actual   measurements  are  re- 

under    the    auditorium.     For    heating    purposes    this    air    is  ,,   •           ,        >.     -..                 .     .  .u              ,.■       ~ii„ 

,  .,  ,  u  .  J  1  •  .1  .  *  u  f  1-  ►  u  ported  as  being  taken  by  52  per  cent  of  the  reporting  mile- 
passed  through  heated  coils  in  the  basement  before  distnbu-  ,  .,  ,  ,  •  ,  .  i  i,,. 
r.           T      ...            ..               ,        .   «             ,  ■  ,     ,               .   .1       •  age.    while   general    appearance    and    judgment   are    used    by 

tion.     In  the  roof  are  exhaust  fans   which  draw  out  the  im-         °  .    ,  „     ,       .u     .  .■         r  .u     u a 

the  remainder.     By  far  the  larger  portion  of  the  lines  record 

pure  air,  insuring  a  constant  replacement.  ...  .  j   .■  .  ■         „■    „  i„ 

*^                              ^  in    the   notes    recommendations   as    to    repairs    and    renewals 

The    architects    ot    the    building    were    Hynes.    Feldman    &  ^j  ,he  time  the  notes  are  taken.    While  85  per  cent  of  the 

Watson.  reporting  mileage  use  regular  forms  for  the  reports,  there  is 

~  no   uniformity    in   the   manner   of   handling   the   notes   when 

\/[     4-tt      y-le        r\f        Tt-«e»A/ii-»^i  t-»rt        Uniltxrn-ir  ccinpleted  or  the  final   disposition   thereof. 

iVieinOQS       OI        inspecting       tVallWay  Ceneral   practice  is  about  evenly  divided  as  to  giving  au- 

RriH<5f»S  Ihority   to  the   inspector  to  order  repairs  or  replacement   in 

»  distinction  from  simply  making  recommendations  as  to  these 

The    present    bridge    inspection    methods    of    railway    com-  matters.      The    officer    most    often     made     responsible     for 

panies  were  outlined  in  a  committee  report  presented  at  the  bridge    inspection    is    either   the    supervisor    or    the    superin- 

29th    annual    convention    of    the    American    Railway    Bridge  tendent  of  bridges  and  buildings 

and  Building  Association  held  at  Cleveland.  Oct.   21-23.    The  conclusions  oVthe   Committee^-A   well   organized   plan   of 

report    dealt    only    with    inspection    as    involved    in    cijrrent  j,^^^„     ,,   ^„^    periodical   bridge   inspection   should   be   in    ef- 

mamtenance   from   year   to   year.     It   was    based   largely   on  ^^^^  ^^^  ^j,  railroads.     Inspection  should  preferably  be  made 

replies   to   a    questionnaire   received   fom   40   railroads   hav-  ,p^i.^„„„,^i„.  .^^  i„  ^^,.  ^^p„t  not  more  infrequently  than 

ing  a  mileage  of  90,000.    An  abstract  of  the  report  follows:  „„„,.„,,,. 

tinnud.li  J . 

Inspection    of    Metal    Bridges.— An     annual     inspection     of  .j-jjg    inspector    should    be    particularly    fitted    by    training 

metal  structures  is  more  generally  in  effect  than  that  of  any  ^^^    experience    for    the     work,     technical     training     being 

other    periodicity,    while    the    officer    conducting    it    is    more  requisite   for   metal   bridges   and   both   judgment   and   experi- 

frequently   chosen  directly   from   the   staff  of  the   chief  engi-  gjj^g    jgr   wooden    structures. 

neer  than  from  any  other  group  of  officers.     The  motor  car  Motor    cars    afford    the    best    means    of    conveying    the    in- 

seems  to  be  the  most  common  means  ot  locomotion  tor  the  spection  party  over  the  line. 

Inspection  party,  and  the  tools  used  for  metal  bridges  con-  gygj,  tools,  either  special  or  standard,  as  he  may  con- 
sist generally  ot  rivet  hammers,  calipers,  rules  and  tape  gj^gr  useful  for  his  purpose  should  be  furnished  the  in- 
measures.  spector. 

Regular  forms  for  taking  and  recording  notes  In  the  field  Special  inspection  forms  for  taking  and  recording  notes 
are  used  by  the  greater  number  ot  railways.  These  forms  ^re  essential.  Adequate  provision  should  be  made  for  re- 
are  diversified  in  character,  ranging  from  ordinary  mineo-  porting  the  conditions  of  bridge  members  individually  or  by 
graph  forms  to  bound  notebooks.  Some  roads  require  notes  groups  and  classes,  dependent  upon  the  facts  disclosed  by 
to  be   taken   in   detail,   others   contemplate   the  record   being  j^e  examinations. 

made  in  narrative  form.     Many  of  the  forms  seem  to  cover  Sufficient  assistance  to  insure  thorough  and  comprehensive 

the    matter    very    comprehensively,    while    others    are    pain-  examination   of  a   structure   should   be   supplied, 

fully  lacking  in  provision  for  adequately  making  the  requisite  Where  necessary  to  determine  the  extent  of  deterioration, 

notes.  actual   measurements  ot  members  should   be  made. 

By   tar   the   greater   number   ot   railways    make    inspection  Recommendations  ot  the  inspector  as  to  corrective   meas- 

separately  for  the  various  members  ot  metal  bridges  and  it  ures  which  should  be  applied  to  observed  conditions  are  not 

is    probable    that    the    general    appearance    ot    the    structure  QQjy    desirable,    but    practically    necessary.      These    recom- 

and   the   judgment   ot   the    inspector   are   the   criteria   as   to  mendations  should  be  recorded  in  the  notes  at  the  time  of 

whether  actual  measurements  are  necessary.     In  most  cases  inspection   and   upon    its   completion    should   be    followed    up 

recommendations    as    to   repairs   and    renewals   are   made   at  through   proper  channels   for  necessary  action   thereon, 

the  time  ot  inspection  and  are  recorded  with  the  notes,  but  ryXie   inspector   should    be   vested   with   authority    to   order 

with   metal   bridges  it  is  more  than  likely  that  such   recom-  through   proper  channels   the   correction   of  any   imminently 

mendations  are  appended  to  the  inspector's  report  after  ma-  unsafe  condition  discovered. 

ture  consideration  has  been  given  to  conditions  reported  at  Prescribed   limitations  in  stress  should,  if  possible,  be  es- 

the  office.  tablished,  especially   for  metal  bridges. 

Generally    the    inspection    notes    are    copied    before    being  xhe  general  program  of  inspection  can  best  be  formulated 

filed  and   the  disposition  ot  the   notes   is   extremely   diversi-  ^y  the  individual  railroad  and  must  needs  be  developed  by 

fied.     In  some  cases  careful  calculations  are  reported  as  be-  ^    consideration    of    the    operating    organization     in     vogue, 

ing  the   method   ot  determining  changes   in   the  carrying  ca-  methods    of    effecting    repairs    and    renewals    and    the    num- 

pacity  of  the  structure,  but  in  other  cases  no  such  calcula-  ^er,  magnitude  and  character  of  bridges  maintained, 

tions    or    other    investigations    are    customary.      Almost    all  ^^  ^^^^^  ^^^  complete  counterpart  of  all  notes,  reccmmen- 

carriers    report    the    practice    of   comparing    records    ot    pre-  ^lations,    records    and    papers    pertaining    to    the    inspection 

vious  inspections  with  conditions  found.  In  an  effort  to  de-  ^^^  corrective   measures  applied   as  a   result   thereof  should 

termine  the  progress  of  deterioration.  ^^  ^^p^  j,,  ^^^  jj,g  ^f  ready  access. 

Inspection     of     Wooden      Bridges.— Entirely    different     re-  

suits  are  to  be  expected  from  the  effects  of  climate  on  wood-  inspection    Tools.-Bridge    inspectors   on    the    New 

en  bridges  than  with  inetal  structures,  but  no  definite  stae-  ,.^^./9;„^,.^f  ^     ^     ^^^    fnvnls^li    with    a    %-in.    steel    bar 

ment  can  be  formulated  as  to  the  general  effect  ot  climatic  ^o'                                                                   ^^  determine  sap-rotten 

conditions  in  the   periodic  mspection  ot   wooden   bridges  tor  PO^"'    '                                                  ^^^           ^^^^^  ^^^  ^^^  ^^^  ^^ 

railroads    in    the    same    territory    differ   as   to    the    frequency  '""^^          ^^    determine    interior    decay    in    piles    and    large 

ot  inspection.     A  tabulation  ot  returns  shows  the  periodicity  ^  ^T  A    %-in.   auger   is   used   to   bore   into  timber   to   de- 

of  inspection  and   the   percentage  ot  total   mileage  reporting  '^^J\^^._^^^    particularlv   in   Howe   truss   members.     For  the 

under  that  periodicity  as  follows:                                  ^^^^^^^^  inspection   ot   .steel   bridges   the   inspectors   use   a    steel   bar 

.\nnually     ^'-55  to  break  off  heavy  rust  and  sometimes  use  the  head  ot  the 

.Sfitii-cinnualiy                                    ..-■  32.22  ^^^  ^^  detect  locse  rivets,  although  these  usually  show  red 

Three  times  annur )                                 5. Ho  .   ,  , 

Four  times  annually          2.62  rust    quickly. 
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Disadvantages  of  Skyscrapers 

Although  city  dwellers  point  with  pride  to  the  skyscrapers, 
yet,  as  Mr.  V.  D.  Allen,  in  a  paper  before  the  Cleveland  Engi- 
neering Society,  points  out.  they  do  not  necessarily  denote 
the  greatest  civic  development  of  our  cities.  He  carefully 
enumerates  all  the  disadvantages,  and  there  as  so  many,  that 
perhaps  the  advantages  are  not  worth  while. 

The  greatest  evil  resulting  from  tall  buildings  is  probably 
that  of  street  congestion.  A  building  housing  1,000  people 
requires  the  use  of  12  to  15  street  cars  to  take  them  to  and 
from  work.  And  this  thousand  fixed  users  would  not  include 
the  several  hundred  transients.  Such  a  building  does  not 
occupy  an  entire  city  block.  The  congestion  produced  when 
entire  city  blocks  are  so  improved  can  better  be  imagined. 

A  traffic  count  in  New  York  shows  us  the  startling  effect  of 
congestion.  On  5th  Ave.  and  42nd  St..  from  8:30  a.  m.  to 
6:30  p.  m.,  a  period  of  ten  hours,  during  which  time  there 
passed  18,800  vehicles  and  137,780  pedestrians,  and  for  the 
same  hours  counts  taken  at  ten  points  on  5th  Ave.,  ranging 
from  14th  St.  to  59th  St.  inclusive,  showed  an  average  of 
14,096  vehicles  and  82,506  pedestrians.  "We  think  of  a  city 
having  a  population  of  137,000  as  a  real  town,  yet  here  we 
have  a  condition  where  all  the  people  of  a  large  city  pass  one 
point  on  one  street  in  a  period  of  ten  hours,  and  a  mass  of 
vehicles,  which,  allowing  20  ft.  to  each  one,  would  make  a 
procession  71  miles  long,  also  passing  at  the  same  time. 
Such  vast  numbers  are  more  than  we  can  fully  realize,  and 
should  be  of  themselves  sufficient  comment." 

Four  times  daily  these  persons  must  enter  or  leave  the 
building  in  a  comparatively  short  space  of  time,  which  must 
create  an  elevator  congestion  that  is  both  serious  and  dan- 
gerous. Obviously,  the  wear  on  the  street  pavement  must 
be  very  severe,  and  the  cost  of  maintaining  good  streets  un- 
der such  a  concentrated  heavy  traffic  is  of  necessity  high. 
The  noise  and  confusion  resulting  from  so  vast  a  throng  of 
moving  people  and  vehicles  is  very  great,  and.  according  to 
the  medical  authorities,  produces  a  noticeably  injurious  ef- 
fect on  the  health  of  those  who  are  constantly  a  part  of  it. 
There  are  many  problems  of  transportation,  both  of  hu- 
mans and  produce,  which  are  created  by  this  congestion. 

Besides  the  congestion  above  the  surface,  there  is  a  seri- 
ous congestion  beneath  the  surface  of  the  streets,  for  the 
presence  of  many  large  buildings  requires  an  increase  in  the 
sewers,  water  lines  and  conduits,  and  other  ground  service, 
a  well  as  the  constant  tearing  up  of  the  already  over- 
crowded street  surfaces  to  renew  or  repair  the  underground 
work.  Investigation  shows  that  as  congestion  of  traffic  on 
streets  increases,  the  number  of  accidents  increase  in  about 
the  same,  or  perhaps  in  an  accelerating,  ratio,  and  of  neces- 
sity the  number  of  men  employed  as  traffic  officers  must  be 
increased,  another  cost  that  the  city  as  a  whole  must  pay  for 
the  privilege  of  high  buildings. 

Another  effect  of  congestion  is  the  problem  of  the  feeding 
of  the  vast  throng  of  people  at  the  noon  hour. 

Mr.  Allen  considers  the  loss  of  sunlight  at  the  street  sur- 
face and  to  fhe  surrounding  buildings  is  in  itself  an  evil  of 
sufficient  magnitude  to  condemn  high  buildings.  He  quotes 
some  figures  deduced  by  the  engineers  of  the  New  York  Com- 
mission. Thev  base  their  figures  on  the  shortest  day  of  the 
year,  which  is  Dec.  21.  at  noon,  and  find  that  the  Adams  Ex- 
press Co.  Building,  which  is  424  ft.  high,  casts  a  shadow  875 
ft.  long.  The  Equitable  Building,  which  is  493  ft.  high,  casts 
a  shadow  1,018  ft.  long.  The  Singer  Tower,  which  is  546  ft., 
casts  a  shadow  1.127  ft.  long,  and  the  Woolworth  Tower, 
which  is  791  ft.  high,  casts  a  shadow  1,635  ft.  long. 

Under  the  tame  condition,  that  is.  at  noon,  Dec.  21,  at  a 
north  and  south  street,  and  having  buildings  on  both  sides  of 
the  street,  one  and  thirty-five  hundredths  times  the  width  of 
the  street  in  height,  it  is  claimed  that  all  the  windows  get 
some  direct  sunlight,  but  if  the  buildings  were  increased  to 
one  and  one-half  times  the  width  of.  the  street  in  height,  then 
but  90  per  cent  of  the  windows  will  get  direct  sunlight,  and  as 
the  height  of  the  buildings  are  increased  the  amount  of  win- 
dows getting  direct  sunlight  decreases  rapidly  until  when  we 
bave  buildings  six  times  the  width  of  the  street  in  height,  the 
percentage  of  windows  which  receive  direct  light  is  reduced 
to  221/2. 

Not  only  this,  but  under  the  same  condition  a  window 
which  has  a  building  on  the  opposite  side  of  the  street  one 
time  the  width  of  the  street  above  it,  has  direct  sunlight  en- 


tering it  but  12  per  cent  of  the  time  that  the  light  would  enter 
an   unobstructed   window. 

There  is  also  the  cost  and  maintenance  of  light  and  the  in- 
ferior product  resulting  to  be  added  to  the  economic  wastes 
chargeable  to  high  buildings.  The  air  in  the  streets,  courts 
and  yards  which  are  flanked  by  high  buildings  into  which 
but  little  direct  sunlight  can  shine  is,  according  to  the  best 
authorities,  injurious  to  health,  since  the  sun's  rays  have  the 
power  of  purifying  the  air  as  nothing  else  can. 

Students  of  high  buildings  have  placed  much  emphasis  on 
the  fire  hazard  created  by  these  buildings,  and  while  it  is  an 
important  feature  and  should  be  considered,  it  is  in  Mr.  Al- 
len's judgment  not  so  important  an  objection  to  them  as  has 
generally  been  contended.  It  is  true  that  the  fire  departments 
cannot  reach  a  fire  which  is  more  than  80  or  90  ft.  above  the 
street  except  by  the  use  of  a  stand  pipe,  but  the  danger  from 
fires  in  office  buildings  is  very  small  and  can  be  almost  elim- 
inated by  the  use  of  fireproof  material  in  their  construction 
and  the  proper  protection  of  wall  and  vertical  openings  by 
fireproof  windows  and  doors. 

The  financial  side  of  this  question  deserves  a  word.  The 
testimony  given  before  the  New  York  Commission  demon- 
strated that  the  skyscraper  was  not  a  good  paying  invest- 
ment. While  it  is  true  that  one  such  building  standing  alone 
will  pay,  since  it  can  get  its  light  and  air  from  the  surround- 
ing property,  yet  when  other  buildings  are  around  it  and  it 
has  lost  this  advantage,  then  its  renting  value  decreases  ac- 
cordingly. In  the  last  analysis,  high  buildings  beget  high 
land  values,  land  values  which  are  speculative  in  nature,  and 
it  remains  to  be  proved  that  such  land  values  are  a  benefit 
to  the  community. 


The  Relation  of   the   Professional 
Technical  Man  to  Civic 

Progress* 

By  HENRY  K.  HOLSMAN. 
Pi-esident   Illinois  Chapter  American   Institute   of  Architects. 

How  can  the  professional  technical  man  apply  his  motive 
power  and  his  mental  processes  to  civic  progress?  First  of 
all  there  must  be  created  a  professional  class  consciousness. 
The  public  must  be  conscious  of  the  nature  of  the  profes- 
sional mind— the  training  it  has  been  subjected  to  and  it 
must  be  conscious  of  the  extent  or  numerical  strength  of 
the  professional  class.  The  professional  class  must  be  con- 
scious of  itself,  and  conscious  of  its  ideals  and  its  duty  to  the 
whole  public,  and  it  must  lift  higher  and  higher  the  banner 
of  service  and  fix  itself  immovably  upon  the  principle  that 
public  interest  must  have  precedence  over  self  interest. 

It  is  my  firm  belief  that  there  now  exists  in  this  republic 
a  great  and  powerful  professional  class.  It  only  needs  to  be 
organized  to  be  visualized.  It  is  of  the  utmost  importance, 
therefore,  that  the  first  duty  of  the  professional  technical 
man  is  organization.  The  prime  object  and  the  principal 
reason  for  his  organization  is  class  consciousness.  We  have 
the  ideal  of  the  professional  man  in  abundance,  but  we  have 
it  scattered  without  organization  and  without  leadership,  and 
without  recognition  on  the  part  of  the  public. 

An  example  of  the  use  of  the  professional  class  for  the 
public  good  may  be  seen  in  an  analysis  of  the  recent  confer- 
ence on  industrial  conditions  at  Washington.  It  was  a  com- 
paratively easy  matter  for  the  President  of  the  United  States 
to  summon  to  Washington  men  representative  of  the  employe 
class.  It  was  doubtless  comparatively  easy  to  find  able  rep- 
resentatives of  the  employer  or  capitalist  class:  but  one  must 
assume  that  it  was  very  difficult  to  find  representatives  of 
the  public  or  the  middle  class,  for  we  find  as  representatives 
of  the  public  such  men  as  the  head  of  the  great  organized 
steel  industry  and  such  men  as  the  head  of  the  oil  monopoly 
attempting  to  function  in  a  conference  of  national  moment  as 
representatives  of  a  class  having  no  prejudice  tor  or  against 
either  the  capitalist  or  the  laborer.  I  venture  the  assertion 
that  if  the  professional  classes  were  one-half  as  well  organ- 
ized and  visualized  as  the  laboring  class  to-day  is,  or  as  the 
capitalist  class  has  been  lor  many  years,  it  would  not  have 
been  difficult  to  select  from  the  professional  men  those  who 
were  able  to  weigh  and  balance  contending  principles  of  the 
opposing  classes,  to  survey  and  evaluate  the  motives  of  ac- 

'Abstract  of  an  .iddress  delivered  Oct.  21  before  the  civic  meet- 
ins  of  tlie  Technical  Societies  of  Chicago. 
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tion  and  reaction  and  to  render  a  just  balance  between  the  (Conference       of       Map-Maklng       Ot- 

The  need  of  the  professional  technical  man  in  civic  atfairo  ^Snizatlon     ()T     the      U.      b. 

is  exceedingly  great.     The  need  of  an  organization  of  all  of  ^ 

the  professional  technical  men   in  one  great  body  is  equally  (jOVemment 

important  and  equally  urgent.     Steps  have  been  taken  toward  j^  ^^.^^,  j^^  ^  matter  of  surprise  to  some  engineers  to  learn 

the  organization  of  a  federation  of  all  of  the  technical  pro-  ^^^^^  ^j^^^.^   ^^.^  ^^  1^^,^   ^^.^^^   ^^   map-using  and   map-making 

fessional    men    of    Chicago.      When    this    is    accomplished    it  organizations   of   the  national   government,   11   of   which   are 

should  not  stop   nere.     The  same  process  should  take  place  j^gLjygiy  engaged  in  the  work  of  map  making,  the  remaining 

in  every  city  or  civic  center  and  those  in  turn  should  all  be  ^j^^^^  being  principally  map  users  rather  than  map  makers. 

combined  in  one  great  national  professional  body.  Inevitably   there  has   been   some   overlap   and   duplication   of 

The  world  is  fast  becoming  aware  of  the  great  value  of  effort  in  the  work  of  these  various  organizations, 
the  professional  man.  He  is  the  man  who  stands  ready  to  j^^  j^^j^  ^^  ^j^^  present  year,  Engineering  Council,  an  organ- 
serve  other  men  in  their  health  and  happiness,  in  their  or-  j^ation  of  national  technical  societie.s  of  America,  addressed  a 
ganizations  and  enterprises,  in  all  their  conceptions  and  comnmnication  to  President  Wilson,  calling  his  attention  to 
achievements.  What  great  commercial  enterprise  or  what  ^^^^  ^^^^^  ^^^  varied  needs  tor  maps,  and  to  the  lack  of  co- 
mightly  utilization  or  forces  would  have  been  achieved  by  o,.dinafion  in  the  several  map-making  agencies  of  the  Govern- 
the  so-called  masters  of  industry  had  it  not  been  for  the  ^^^^^^  ^^^^  suggestion  was  made  that  in  order  to  expedite 
professional  man  who  patiently  and  systematically  worked  it  ^^^  completion  of  the  national  topographic  map  a  "Board  of 
out,  practically  for  the  joy  of  achieving  it;  or  what  one  of  gu,.veys  and  Maps"  should  be  appointed,  consisting  of  a  repre- 
the  great  machines  of  finance  or  industry,  or  what  govern-  tentative  from  each  of  the  present  Federal  map-making  agen- 
ment  in  war  or  peace  could  survive  and  develop,  but  for  the  ^.^^^  together  with  representatives  from  well-qualified  map- 
continued  devotion  of  the  professional  man?  His  services  ^^^.^'^  agencies,  which  would  be  vested  with  authority  to  work 
are  not  uaid  for  in  proportion  to  their  value,  and  for  some  ^^^  ^  ^j^^^  ^^.  standardization  and  co-ordination  of  the  work  of 
things  he  can  not  be  bought.  He  is  born  of  the  people,  sel-  ^^^^  Government,  and  to  report  the  same  to  the  President  for 
dom  if  ever  of  autocracy.     His  equipment  is  inherited  from  ^^^^^^  ^^^^.^^  ^^  ^^^  ^^.^^^  ^^^  ^^.j^g 

society  and  he  is  the  safest  and  most  important  trustee  for  president  Wilson  referred  the  matter  to  the  Secretary  of 
the  preservation  and  development  of  society  the  world  will  ^^^^^  ^^^  instructed  him  to  call  a  conference  of  representa- 
ever  know.  lives  of  the  Corps  of  Engineers,  U.  S.  A.,  the  U.  S.  Coast  and 
We  arc  now  awakening  to  the  dawn  of  a  new  era.  1  he  age  ^^3^,^^;^  gurvey  the  U.  S.  Geological  Survey,  the  General 
of  kings  and  princes  is  past.  The  day  of  barons  and  aristo-  ^^^^^  ^^^^  ^^^^  'p^^^  ^^^^  Department,  the  Bureau  of  Soils, 
crats  is  waning,  and  the  day  of  professionalism  is  at  hand^  ^^^  Reclamation  Commission,  the  Bureau  of  Roads,  the  Indian 
ProfesF-ionalism  carries  but  one  banner  and  written  on  that  ^^^^  ^^^  Mississippi  River  Commission,  the  Survey  of  the 
banner  is  but  one  word— Service.  The  law  of  its  being  is  ^^^^^  ^^^^^  ^^^  ^^^  Boundary  Commission, 
freedom  restrained  by  culture,  training  and  unbiased  devotion  fallowing  representatives  were  chosen  to  meet  in  con- 
to  dun'  The  remuneration  of  its  members  is  a  known  fee  ^"®  °  t  r\.<>„^,.t-  w  m  Rinck  Mai  Gen  Cht 
In  p'r"oportion  to  the  cost  of  preparation  and  the  hazard  of  the  erence  -^  -^^^/^^-^^f '^  f  ^^1  ^  -  ,tm  Bowi^  Chiet 
undertaking,  coupled  with  that  distinctive  mental  exhilarat  on  o^f  En  C  o.  ps  of  Engineers  U^  6  ^  _  ^^^  ^^.^ 
known  to  no  other  calling-the  joy  of  solving  a  problem  that  Dn  of  Geodeo.  U.  b.  ^^^^^^.^^^  ^^^^,^^,  ^^^^^  ,,^^^  ^^.^, 
makes  life  still  more  worth  living.  Clerk '  General  Land  Office;  J.  H.  Robinson,  Chief  Clerk, 
It  is  our  chief  duty  10  develop  our  organizations  in  order  ,j,^  '  .^^ihy  Branch,  Post  Office  Department;  Milton  Whitney, 
to  develop  our  class  consciousness.  By  serving  with  each  ^^^.^^  of  "Bureau  Bureau  of  Soils;  A.  P.  Davis.  Director.  U.  S. 
other  in  close  contact  and  fraternity  we  can  develop  an  ^g^jj^jj^ation  Service;  Thos.  H.  MacDonald.  Chief  of  Bureau. 
awareness  of  our  combined  strength  and  power.  To  be  ong  ^^^^^^^  ^j  p^^ilig  Roads;  W.  M.  Reed.  Chf.  Eng..  Bureau  of 
is  not  enough— to  participate  must  be  the  watchword.  When  ^^^  Affairs'  C  McD.  Townsend,  Colonel,  U.  S.  Army,  Mis- 
we  know  each  other  as  individuals,  we  can  make  ourselves  _,.^^  River 'commission;  C.  O.  SherriU,  Col.,  U.  S.  Army, 
known  to  society  as  a  class.  We  may  not  have  been  first  in  -^  ^^^^  Survey  E  C.  Barnard.  Commissioner.  Interna- 
war,  but  we  can  be  first  in  peace.  Let  us  stand  by  the  pro-  -^^^^  (Canadian)  Boundary  Commission;  O.  C.  Merrill.  Chief 
fessional  ideal,  to  ourselves  be  true,  and  unite  m  one  great  ^^^^^^.  purest  Service;  W.  C.  Asserson,  Captain.  U.  S. 
bodv  and  one  great  purpose,  to  serve  organized  society  every-  ^^^^  ^^  -^  Hydrographie  Office.  These  representatives  met 
where  within  the  field  of  our  usefulness,  with  one  great  pro-  ^^  Washington  from  Sept.  15th  to  29th  inclusive  and  consid- 
fessional  organization.  ^^^^    ^j^^    discussed    the    problem    in    its    several    practical 

" ~  aspects     It  was  early  recognized  that  engineering  and  scien- 

rnmnarison  of  Moisture    Resistance    Tests  tific   societies   are  vltally   interested   m   the   subject   of  map 
I^OmpariSOn  Ol   iviuisiuic    xvto  making  and  as  soon  as  the  conference  was  organized  the  fol- 
for    Coatings  lowing"  societies  were  invited  to  send  representatives  to  the 
Tn  testin-    the    effectiveness   of   wood   coatings  in   prevent-  meetings  to  present  their  needs:     Engineering  Council,  The 
in-  the  passage  of  moisture,  it  might  be  assumed  that   im-  American  Society  of  Civil  Engineers.  The  American  Institute 
mersion  in  water  would  be  much  more  severe  than  exposure  ^f   Mining   and    Metallurgical   Engineers,   The   American    So- 
tTmoist^re  saturaled  air.     Recent  tests  at  the  Forest  Prod-  ,iey  of  Mechanical  Engineers,  The  American  Institu  e  of  Elec- 
ucts   Laboratory,   however,    showed  little   difference  between  ^rical   Engineers,   The   American   Association   of  State   Oeol- 
^he  two   °ests  for  exposure  periods  up  to  17  days.  ogists,  The  American  Association  of  State  Highway  Officials. 
li'^.ets    of    birch    panels     with     various     coatings     were  The  National  Research  Council.  The  National  Geographic  So- 
tested    fi'st  bv  exposure  for  17  days  to  a  humidity  of  95  to  ^jety.  The  Association  of  American  Geographers.  The  Amer- 
100   per  cent  and  later  by  actual   immersion    for    the  same  j^an  Geographical  Society.  The  Geological  Society  of  America, 
period  in  water     At  the  end  of  these  periodb,  the  panels  were  ^^^  ^^  Ij^g^g  organizations  were  represented  at  the  conter- 
weighed    and   the    gain   in    weight   taken   as    the    amount    of  ^^^^  ^^  ggpj   ,2,  but  sufficient  time  not  having  been  available 
moisture   transmitted   through  the   coating.  to  formulate  and  present  their  views  during  the  conference,  it 
p,.^  ,„,-.„  <,EVERlTy  OF  WATER  AND  HUinDlTY  was  agreed  that  the  above  named  organizations  would  present 
RtLATR  E  SE\  ERIT1_  OF  ^vv^A  ^  recommendations    to   the    permanent   body   hereinafter 

Absorntion  of  moisture  tiici. 

-,        ,                                                                    in  grams  per  square  foot  proposed.                                                   -                         .      r  .i         f„.. 

I^peci"                   Treatment.                                  ^.J^^  1'    ^'f^^umidity  The  following  is  abstracted  from  the  report  of  the  confer- 

meiis   aver-                                                                  exposure.        e.xposture.  ence:                                                                              . 

''^^'^Fmer    ^    3   brush   coats   of   rubbing  What  Federal    Map-making  Organizations  Are   Doing.-The 

varnish   ■ ^-^^                 '•'"  n    S    Geological  Survey  is  charged  with  the  preparation  of  a 

^    ^nish\^  ''''"''''  ""^^'^        ^^^^.\''.''        12.60                12.24  topographic   map   of  the   United   States,   which,   with   certain 

2    Filler  +  3  brush  coats  of  spar  var-                               ^^  ^,  ^^^^^   modifications,   will   adequately   meet    the   needs   tor   a 

2    Fiulf+  3  brush  coats -of- spWr  Var:           ■■                       - "  ral  utility  map.     The  work  of  that  bureau  is  progressing 
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class.  The  U.  S.  Coast  and  Geodetic  Survey,  in  addition  to 
its  other  work,  is  engaged  in  tlie  execution  ot  the  primary  con- 
trol in  the  interior  of  our  country.  A  basic  horizontal  and 
vertical  control  which  will  permanently  establish  some  geo- 
graphic position  and  elevation  within  about  50  miles  of  any 
point  in  the  United  States  has  been  approximately  50  per  cent 
completed.  Close  co-operation  exists  between  the  U.  S.  Coast 
and  Geodetic  Survey  and  the  U.  S.  Geological  Survey  so  that 
there  is  no  duplication  in  carrying  out  the  work  necessary  for 
the  standard  topographic  map. 

Certain  map  needs  of  the  Corps  of  Engineers,  of  the  Bu- 
reau of  Public  Roads,  of  the  Bureau  of  Soils,  of  the  Forest 
Service,  of  the  Reclamation  Service,  of  the  Bureau  of  Indian 
Affairs,  and  of  the  Post  Office  Department  are  met  by  the 
standard  topographic  maps  being  prepared  by  the  U.  S. 
Geological  Survey.  The.se  organizations  are  not  duplicating 
the  work  of  the  Geological  Survey  and  are  not  engaged  on 
map  work  of  a  similar  nature  except  wiien  their  necessities 
demand  immediate  field  work  in  areas  where  the  maps  of  the 
Geological  Survey  are  not  available  and  when  there  is  no  im- 
mediate prospect  of  surveys  being  made  by  that  bureau.  All 
of  these  organizations  require  special  maps,  some  ot  which 
demand  more  detailed  surveys  than  those  necessary  tor  the 
standard  topographic  map  and  others  ot  which  require  the 
collection  of  entirely  different  kinds  of  data.  To  all  ot  those 
organizations  the  early  completion  of  a  standard  topographic 
map  of  the  United  States  is  of  extreme  importance. 

The  Corps  ot  Engineers  has  specific  appropriations  avail- 
able to  reimburse  the  Geological  Survey  and  the  Coast  and 
Geodetic  Survey  tor  the  cost  of  making  military  surveys  and 
close  co-operation  among  these  organizations  has  been  in 
effect  for  four  years  so  that  there  is  no  duplication  ot  effort 
or  expenditure.  In  the  case  of  the  Forest  Service  specific 
authority  tor  topographic  surveys  of  National  Forest  areas  is 
given  in  the  appropriation  for  the  Geological  Survey,  but  on 
account  ot  the  limited  funds  it  is  impossible  to  meet  ade- 
quately the  tieeds  of  that  service. 

The  surveys  by  the  General  Land  Office,  by  the  Mississippi 
River  Commission,  by  the  U.  S.  Lake  Survey,  by  the  Corps  of 
Engineers,  by  the  U.  S.  Coast  and  Geodetic  Survey,  and  by  the 
International  (Canadian)  Boundary  Commission  are  special- 
ized surveys,  and  while  all  of  tbese  organizations  would  be  in 
some  degree  benefited  by  the  early  completion  of  the  stand- 
ard topographic  map  in  the  areas  in  which  they  operate,  still 
these  maps  would  not  obviate  the  need  of  the  special  surveys. 
Moreover,  the  results  of  the  work  of  all  of  these  organizations 
are  used  by  the  U.  S.  Geological  Survey  in  the  preparation  of 
the  standard  topographic  map. 

The  work  ot  the  U.  S.  Hydrographic  Office  is  entirely  out- 
side the  continental  limits  ot  the  United  States. 

Standard  Topographical  Maps. — The  conference  is  unan- 
imous in  the  opinion  that  to  make  a  topographic  map  of  the 
United  States  on  a  scale  sufficiently  large  to  meet  all  Gov- 
ernmental and  private  needs  and  adaptable  to  all  special  and 
unusual  purposes  is  impracticable,  due  to  the  extent  of  ter- 
ritory to  be  covered  and  to  the  imperative  need  to  provide 
promptly  a  map  on  a  smaller  scale  which  will  fulfill  immedi- 
ate general  necessities.  However,  a  standard  topographic 
map  of  the  United  States,  such  as  is  now  being  prepared  by 
the  U.  S.  Geological  Survey,  will  be  of  inestimable  value  to 
most  ot  the  Government  map-making  and  map-using  depart- 
ments and  to  the  engineering  and  general  public,  and  over 
large  areas  of  the  United  Stated  this  map  will  supply  most 
civil  needs.  Where  it  is  not  sufficient,  special  surveys  will 
have  to  be  made  as  occasion  demands.  It  should  be  clearly 
borne  in  mind  that  revision'of  the  standard  topographic  map 
must  be  made  from  time  to  time  in  order  that  it  may  show 
changes  resulting  from  the  development  of  the  country. 

The  war  has  made  clear  the  urgency  of  a  map  which  will 
supply  the  general  military  needs  of  the  United  States.  Ex- 
cept for  certain  strategic  areas  this  standard  topographic  map 
is  most  valuable  for  this  purpose  and  should  be  completed  at 
the  earliest  possible  moment. 

To  attain  the  best  results  different  kinds  of  topographic 
surveys  in  the  same  territory  should,  when  practicable,  be 
made  by  the  same  organization.  It  is  believed  that  present 
conditions  would  be  improved  by  greater  concentration  of  the 
preparation  of  special  topographic  maps  in  the  organization 
engaged  in  the  construction  of  the  standard  topographic  map, 
which  has  a  large  trained  corps  from  which  specialists  can  be 
drawn  without  serious  detriment  when  needed  for  the  special 
work  tor  whi'.di  they  have  been  trained. 


In  future  mapping  the  use  of  aircraft  will  play  an  important 
part,  and  the  practical  program  outlined  by  the  Interdepart- 
mental Committee  on  Aerial  Surveying  and  adopted  at  its 
meeting  on  May  16,  1919,  is  endorsed  by  this  conference.  This 
endorsement  is  based  upon  the  realization  that  co-operation 
between  the  air  services  of  the  army  and  navy  and  the  estab- 
lished map-making  agencies  is  essential  to  full  efficiency  aiSd 
that  under  the  plan  ot  co-operation  the  problems  of  trans- 
portation in  the  air  must  devolve  upon  the  highly  specialized 
air  services,  while  the  surveying  bureaus  control  the  aerial 
photography  in  aid  of  mapping.  The  surveyor  must  be  an  ex- 
perienced topographic  engineer,  whether  he  operates  from  the 
airplane  with  the  camera  as  his  instrument  or  on  the  ground 
with  the  plane  table. 

Recommendations  of  the  Conference. — To  aid  in  the  co- 
ordination of  effort  by  the  Government  agencies  making  maps 
and  to  assist  '.n  the  production  of  results  more  satisfactory  to 
all  map-users,  it  is  further  recommended: 

1.  That  a  permanent  Board  ot  Surveys  and  Maps  be  ap- 
pointed to  act  as  an  advisory  body  on  all  questions  relating 
to  surveys  and  maps;  that  this  board  be  composed  of  one 
member  from  each  of  the  Government  organizations  repre- 
sented at  this  conference;  that  the  additional  duties  granted 
ro  the  United  States  Geographic  Board  by  the  Executive  Or- 
der ot  August  10,  1906,  be  transferred  to  the  proposed  Board 
of  Surveys  and  Maps;  and  that  the  Board  of  Surveys  and 
Maps  should  hold  meetings  at  stated  intervals  to  which  repre- 
sentatives from  the  map-using  public  be  invited  tor  the  pur- 
pose of  conference  and  advice. 

2.  That  a  central  information  office  be  established  in  one 
of  the  Government  map-making  agencies,  preferably  in  the 
U.  S.  Geological  Survey,  for  the  purpose  of  collecting,  classify- 
ing, and  furnishing  information  concerning  all  map  and  sur- 
vey data  available  in  the  several  Government  organizations 
and  from  other  sources;  that  this  central  office  be  under  the 
general  supervision  of  the  Board  of  Surveys  and  Maps  and  be 
provided  with  sufficient  funds  to  enable  it  to  carry  out  its 
functions  as  a  convenient  and  efficient  clearing  hous^%  tor  the 
dissemination  of  information  to  all  branches  ot  the  flovern- 
ment  and  to  the  map-using  and  engineering  public. 

3.  That  the  copyright  laws  of  the  United  States  Govern- 
ment be  so  amended  as  to  provide  that,  when  presented  for 
copyright,  one  copy  of  each  map  be  transmitted  to  this  cen- 
tral information  office. 

4.  That  all  Government  agencies  shall  comply  with  re- 
quests from  the  Board  ot  Surveys  and  Maps  for  data  that  may 
be  needed  to  carry  out  the  purposes  for  which  the  board  is 
created. 

5.  That  whenever  it  may  be  necessary  for  agencies  other 
than  the  U.  S.  Geological  Survey  to  make  field  surveys,  of  a 
nature  similar  to  those  upon  which  the  standard  topographic 
map  is  based,  such  surveys  should  conform  to  the  specifica- 
tions ot  the  standard  topographic  map. 

6.  That  the  U.  S.  Coast  and  Geodetic  Survey  be  given  gen- 
eral supervision  of  the  final  adjustment  ot  all  important  con- 
trol data  in  accordance  with  specifications  approved  by  the 
Board  ot  Surveys  and  Maps. 

7.  That  it  is  essential  to  the  best  interests  of  the  nation 
that  the  results  of  surveys  in  the  form  ot  maps  or  publications 
be  issued  as  soon  as  possible  after  the  field  work  has  been 
completed. 

8.  That  the  practical  program  outlined  by  the  Interdepart- 
mental Committee  on  Aerial  Surveying  and  adopted  at  its 
meeting  on  May  6,  1919,  be  approved. 

It  is  manifest  that  the  public  is  not  fully  informed  of  the 
work  of  the  niap-makiaig  agencies  of  the  Government  and 
therefore  is  not  making  full  use  of  their  publications. 

Each  of  the  fourteen  agencies  ot  the  Government  repre- 
sented at  the  conference  submitted  a  statement  of  its  map 
needs  and  map-making  activities.  A  brief  abstract  ot  each  of 
these  follows: 

Corps  of  Engineers,  U.  S.  A, — A  complete  topographic  map 
ot  the  United  States  on  a  scale  ot  1  to  62,500  is  needed,  to- 
gether with  similar  maps  ot  Luzon,  P.  I.,  Oahu,  T.  H.,  and  the 
Panama  Canal  Zone;  especially  is  there  need  ot  these  maps 
covering  the  territory  within  100  miles  of  the  coasts  andd  bor- 
ders of  the  United  States.  Detailed  topographic  maps  on  a 
scale  of  1  to  20,000  in  vicinity  of  strategic  points  are  desired, 
kept  up  to  date  by  frequent  revisions.  Map-making  activities 
are  at  present  confined  principally  to  the  Phillipines,  Hawaii 
and   Panama  and   in   the  revision  of  LI.   S.   geological  sheets. 
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Special    maps   are   necessary   for   practically   all   Government 
improvement  projects. 

U.  S.  Coast  and  Geodetic  Survey. — This  bureau  uses  effec- 
tively all  topographic  maps  of  the  coast  of  the  United  States 
not  already  adequately  mapped  by  the  bureau,  provided  the 
scale  and  accuracy  of  such  maps  are  equal  to  its  require- 
ments. The  1:62,500  Geological  Survey  maps  in  general  meet 
these  requirements  for  the  1:80,000  coast  charts,  but  not  for 
the  larger  scale  harbor  charts.  For  the  latter  class  of  charts 
topographic  surveys  must  be  made  in  considerably  more  detail 
as  these  charts  are  constructed  on  a  1:20,000  or  a  1:10,000 
scale.  Topographic  maps  should  be  revised  as  frequently  as 
practicable  to  be  of  use  to  this  bureau. 

The  topographic  surveys  by  this  bureau  are  made  by  the 
usual  plane  table  methods  with  adequate  triangulation  con- 
trol. Relief  is  shown  by  contours  in  accordance  with  general 
practice.  Control,  both  horizontal  and  vertical,  is  provided 
by  this  bureau,  and  it  is  not  necessary  to  depend  upon  other 
bureaus  in  making  these  surveys.  It  is  the  practice,  however, 
to  make  use  of  all  known  surveys  of  sufficient  accuracy,  in 
order  to  avoid  duplication,  and  where  such  maps  are  available 
to  confine  operations  to  tying  in  such  maps  to  our  control  and 
supplying  any  additional  data  required. 

Coast  and  Geodetic  Survey  charts  are  compiled  from  data 
obtained  from  all  available  sources.  The  maps  of  the  Corps 
of  Engineers.  V.  S.  Army,  and  of  the  Geological  Survey  are 
used  extensively  for  this  purpose.  State,  municipal  and  pri- 
vate surveys  of  known  accuracy  are  also  used.  The  Bureau 
of  Lighthouses  supplies  data  relative  to  aids  to  navigation. 
Publication  and  distribution  of  Coast  and  Geodetic  Survey 
charts  are  entirely  by  its  own  organization. 

This  bureau  regularly  executes  primary,  and  occasionally 
secondary,  control  for  use  of  other  map-making  bureaus  and 
for  the  use  of  non-Federal  agencies  and  individuals.  In  addi- 
tion it  makes  special  surveys,  usually  hydrographic,  for  the 
use  of  other  bureaus,  the  cost  of  which  surveys  is  defrayed 
either  by  an  appropriation  made  to  this  bureau  for  that  par- 
ticular purpose  or  by  transfer  of  appropriations  from  the 
bureau  for  which  the  survey  was  made. 

U.  S.  Geological  Survey. — The  internal  map  of  the  U.  S. 
Geological  Survey  may  be  grouped  in  two  general  classes, 
scientific  and  economic. 

In  connection  with  its  purely  scientific  investigations,  stand- 
ard topograpnic  maps  are  essential  to  any  comprehensive 
study  of  the  geology  of  a  region.  Economic  investigations  of 
the  mineral  and  water  resources  of  the  country  and  the  classi- 
fication of  the  public  lands  can  not  be  carried  on  intelligently 
without  a  topographic  map.  The  entire  Federal  appropriation 
for  topographic  surveys  would  not  fully  meet  these  internal 
needs.  Urgent  demands  from  other  organizations  can  not  be 
ignored  and,  in  consequence,  topographic  mapping  of  areas 
imder  investigation  by  the  Geological  Survey  is  far  in  arrears. 

Most  of  these  internal  needs  would  be  met  by  maps  on  one 
of  two  scales:  1:62,500  for  flat  or  rolling  country  and  1:125.000 
for  mountainous  areas.  A  few  special  needs  require  maps  on 
a  larger  scale. 

The  topographic  maps  of  the  Geological  Survey  are 
made  by  its  own  force  of  trained  topographic  engineers  from 
plane  table  surveys.  Results  of  surveys  of  other  organiza- 
tions, both  Governmental  and  private,  are  used  whenever 
available  and  suitable  for  the  purpose  of  the  map.  Credit  is 
always  given  when  such  work  is  used.  The  control  work  of 
the  U.  S.  Coast  and  Geodetic  Survey  is  always  used  when 
available  and  the  topography  and  hydrography  along  the 
coasts  is  usually  taken  from  the  charts  of  that  organization. 
The  river  surveys  by  the  Corps  of  Engineers,  V.  S.  A.,  and  the 
topographic  surveys  by  the  U.  S.  Reclamation  Service  are 
used  whenever  available. 

All  the  maps  of  the  Geological  Survey  are  printed  in  its 
own  engraving  plant.  These  are  reproduced  by  photolith- 
ography or  engraving,  depending  on  the  purpose  of  the  map. 
In  addition,  a  large  amount  of  map  printing  is  done  for  other 
Government  organizations,  including  contract  work  from  the 
Government  Printing  Office.  During  the  fiscal  year  ending 
June  30,  1919,  3.272,430  copies  of  maps  or  charts  were  printed, 
of  which  only  712,536  were  maps  of  the  Geological  Survey. 

General  Land  Office.  -The  map  requirements  of  the  Gen- 
eral Land  Office  are  as  follows:  Township  plats  showing 
land  subdivisions  with  measurements,  directions,  and  areas 
of  tracts;  maps  of  public  land  states  showing  land  survey 
lines,  reservations,  and  administrative  data;  general  map  of 
the  United  States  showing  the  sources  of  acquisition  of  the 
land,  the  civil  and  public  land  boundaries,  and  progress  of  the 


land  surveys.  Special  nuips  are  needed  for  opening  Indian 
reservations,  tor  showing  the  system  of  public  land  surveys, 
and  for  showing  various  internal  and  departmental  activities. 

The  state  maps,  as  well  as  the  United  States  map,  require 
revision  as  the  survey  of  the  public  lands  jjrogress.  There  is 
urgent  demand  for  these  maps,  not  only  by  settlers,  but  also 
by  Congress,  by  the  Government  departments  and  by  the  gen- 
eral public. 

Topography  Branch,  Post  Office  Department. — A  map  made 
up  of  atlas  sheets  or  quadrangles,  similai'  to  those  published 
by  the  U.  S.  Geological  Survey  on  a  scale  of  1:62,500  of  the 
entire  United  States  would  be  of  great  value  to  this  depart- 
ment in  the  administration  of,  and  in  the  extension  of  postal 
facilities  by  the  Rural  Delivery  Service. 

In  the  compilation  of  maps  required  for  use  in  the  postal 
service,  the  charts  of  the  U.  S.  Coast  and  Geodetic  Survey, 
and  the  topographic  quadrangles  of  the  U.  S.  Geological  Sur- 
very  are  used;  when  the  territory  involved  is  not  covered  by 
maps  of  this  character,  the  best  available  publications,  gov- 
ernmental or  private,  are  consulted.  In  the  orientation  of 
this  material,  geographic  and  magnetic  positions,  determined 
by  the  above  named  surveys,  are  trecjuently  used. 

The  maps  published  by  this  department  number  47  Post 
Route  Maps,  including  all  the  states  and  possessions  of  the 
United  States.  1.035  Rural  Delivery  County  .Maps,  and  9.000 
Local  Center  Maps. 

Bureau  of  Soils. — Wherever  possible,  existing  base  maps 
are  used.  If  Geological  Survey  topographic  sheets  are  avail- 
able, they  are  used,  with  or  without  corrections,  according  to 
the  date  and  accuracy  of  the  map.  Where  such  topographic 
base  is  not  available.  Land  Office  maps  or  county  maps  are 
used  so  far  as  justified.  As  the  w'ork  is  confined  principally 
to  agricultural  sections,  in  a  great  many  instances  plane  table 
maps  have  to  be  made  by  the  bureau.  The  records  show  that 
approximately  63  per  cent  of  the  work  is  traverse  work  done 
by  the  bureau,  25  per  cent  is  on  topographic  sheets,  and  12 
per  cent  on  county  and  Land  Office  maps. 

U.  S.  Reclamation  Service.— All  map-making  surveys  by  the 
Reclamation  Service  are  for  its  own  use  in  the  construction  of 
irrigation  and  drainage  work  and  the  proper  classification  of 
lands.  Such  use  of  these  maps  as  is  made  by  other  bureaus 
or  the  general  public  is  entirely  incidental.  These  surveys 
may  be  classified  in  a  general  way  under  four  heads:  prelim- 
inary or  reconnaissance  surveys,  reservoir  surveys,  surveys 
for  canal  locaiion  and  irrigable  land  surveys. 

The  preliminary  surveys  are  made  to  determine  conditions 
governing  water  supply,  the  feasibility  of  the  various  possible 
reservoir  and  dam  site,  the  area  and  character  of  lands  avail- 
able for  irrigation  and  the  relative  merits  of  various  canal 
locations.  The  existence  of  a  good  contour  map  such  as  that 
issued  by  the  Geological  Survey  eliminates  a  large  part  of  the 
expense  of  such  investigations. 

Reservoir  and  irrigable  land  surveys  are  ordinarily  made  on 
scales  of  400  or  1.000  ft.  to  an  inch  with  contour  mtervals  of 
2.  5,  or  10  ft.,  depending  on  the  character  of  the  topography 
and  the  amount  of  detail  required  for  design  of  canal  systems 
and  structures. 

In  making  preliminary  and  canal  surveys  many  miles  of 
transit  and  level  lines  are  run  which  are  not  included  in  the 
mapped  areas  but  which  would  be  of  assistance  to  other  map- 
making  agencies. 

Bureau  of  Public  Roads. — The  Bureau  of  Public  Roads  is  a 
map-using  and  not  a  map-making  agency.  Considerable  use 
is  made  of  the  standard  topographic  atlas  sheets  published 
by  the  U.  S.  Geological  Survey.  The  work  of  the  bureau  cov- 
ers the  whole  country  and  topographic  maps  of  the  entire  area 
of  the  United  States  are  needed. 

The  bureau  is  now  engaged  on  a  large  F'ederal  Aid  road  pro- 
gram in  co-operation  with  the  several  states,  and  has  an 
urgent  need  lor  state  road  maps.  An  accurate  road  map  of 
the  United  States  by  states  does  not  exist  on  which  the  high- 
way systems  can  be  stutlied.  The  topographic  atlas  sheets 
are  urgently  needed  for  the  special  uses  made  of  them  and 
because  from  them  the  required  state  road  maps  can  be  com- 
piled. 

Bureau  of  Indian  Affairs.-  The  Indian  Service  is  not  pri- 
marily a  map-making  institution.  It  is  to  a  large  extent  a 
map  user,  for  it  uses  wherever  possible  the  basic  maps  made 
by  other  bureaus  and  agencies  in  its  preliminary  studies  of 
irrigation  and  drainage  projects.  It  is  necessary,  of  course,  to 
make  detail  surveys  in  its  studies  but  these  are  tied  in  to 
some  of  the  surveys  of  others  when  any  such  surveys  reach 
within  a  reasonable  distance. 
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Mississippi  River  Commission. — The  map  needs  of  the  Mis- 
sissippi River  Commission  are  for  special  types  dealing  with 
the  hydrography  of  the  river  and  the  topography  of  a  strip 
varying  in  width  from  one-half  to  three  miles  on  either  bank. 
Its  maps  require  frequent  revision  due  to  the  rapid  changes 
in  the  bed  of  the  river. 

The  surveys  are  based  on  a  triangulation  system  extending 
from  the  Gulf  of  Mexico  to  Lake  Itasca  and  a  precise  line  of 
levels  along  the  entire  length  of  the  river.  In  the  early  sur- 
veys two  arbitrary  datum  planes  were  used  for  elevations 
which  were  later  referred  to  mean  Gulf  level.  The  North 
American  datum  has  not  been  adopted  for  geographic  posi- 
tions but  the  triangulation  system  crosses  several  U.  S.  Coast 
and  Geodetic  Survey  triangulation  arcs  and  the  reductions  to 
North  American  datum  could  readily  be  made. 

The  Mississippi  River  Commission  publishes  its  own  maps 
and  issues  pamphlets  giving  information  as  to  its  bench 
marks  and  triangulation  stations. 

U.  S.  Lal<e  Survey. — The  U.  S.  Lake  Survey  is  engaged  in 
the  preparation  of  navigation  charts  for  the  Great  Lakes,  for 
the  New  York  State  Canals,  and  tor  the  Lake  of  the  Woods. 
A  standard  topographic  map  in  the  vicinity  of  the  shores  of 
these  waters  would  be  of  advantage,  but  additional  shore 
topography  would  be  ordinarily  necessary  for  the  large  scale 
charts. 

The  charts  of  the  Lake  Survey  are  based  on  geodetic  and 
hydrographic  surveys.  Results  of  the  work  of  other  organ- 
izations are  used  whenever  available  and  of  sufficient  ac- 
curacy.    All  charts  are  published  by  its  own  organization. 

Canadian  Boundary  Commission. — The  International  (Cana- 
dian I  Boundary  Committee  is  charged  by  the  treaties  of  1903, 
1906,  1908  and  1910,  between  the  United  States  and  Great 
Britain,  with  the  survey  and  establishment  or  re-establish- 
ment of  the  International  Boundary  between  the  United 
States  and  Canada  and  from  the  Arctic  Ocean  to  Mt.  St.  Elias, 
from  Mt.  St.  Elias  to  Cape  Muzon,  and  from  the  Atlantic  to 
the  Pacific  Ocean,  excepting  through  the  Great  Lakes  and  St. 
Lawrence  River  and  connecting  waters. 

The  maps  of  the  boundary  from  the  Atlantic  to  the  Pacific 
Oceans  are  all  based  on  North  American  datum  and  the  ele- 
vations referred  to  mean  sea  level,  the  control  having  been 
based  on  the  triangulation  stations  and  level  bench  marks 
already  established  by  the  U.  S.  Geological  Survey  and  V.  S. 
Coast  and  Geodetic  Survey.  The  scales  used  vary  from 
1:12.000  to  1:62,500  and  the  contour  intervals  from  10  to  100 
ft.  Detailed  maps  of  small  areas  were  made  on  scales  of  from 
400  ft.  to  the  inch  to  50  ft.  to  the  inch,  with  5  ft.  contours. 

Forest  Service. — The  general  needs  of  the  Forest  Service 
would  be  met  by  the  present  standard  map  of  the  U.  S. 
Geological  Survey  on  the  scale  of  1:62,500,  if  the  location  of 
the  section  corners  of  the  public  land  surveys  are  correctly 
shown  with  relation  to  the  topography.  Such  a  map  is  ur- 
gently needed  for  all  National  Forest  areas  and  should  be  ex- 
tended to  a  distance  of  from  four  to  ten  miles  outside  such 
areas. 

U.  S.  Hydrographic  Office.— The  work  of  the  U.  S.  Hydro- 
graphic  Office  is  entirely  outside  the  continental  limits  of  the 
United  States  and  consequently  does  not  require  topographic 
maps  of  this  country. 

Original  surveys  are  executed  under  specifications  issued 
by  the  Hydrographic  Office  with  funds  appropriated  to  the 
Bureau  of  Navigation  for  ocean  and  lake  surveys.  Marine 
hydrographic  surveys  are  made  in  foreign  ports,  and  are 
based  on  trigonometric  coast  surveys  for  the  complete  devel- 
opment of  marine  hydrography  and  such  shore  topography  as 
is  useful  for  the  purposes  of  navigation 

Suggestions  for  Consideration  by  the  Proposed  Board  on 
Surveys  and  IVIaps. — 1.  That  small  scale  highway  maps  be 
prepared  in  co-operation  with  state  organizations  under  speci- 
fications which  will  meet  the  general  needs  of  the  Bureau  of 
Public  Roads,  the  several  state  highway  organizations  and  the 
automobile-using  public. 

2.  That  the  use  of  aircraft  photography  as  an  aid  in  map- 
ping should  be  considered  with  a  view  to  expediting  the  com- 
pletion of  the  small  scale  highway  maps  and,  where  prac- 
ticable, in  the  work  connected  with  the  surveys  for  the  stand- 
ard topographic  map  and  in  its  revision. 

3.  That  it  is  advisable  for  the  U.  S.  Geological  Survey  to 
prepare  skeleton  base  maps,  on  suitable  scales  for  the  use  of 
those  agencies  which  require  skeleton  maps  on  which  to  show 
results  of  industrial  or  scientific  investigations. 

4.  That  suitable  graphical  scales  in  English  and  metric 
units  be  printed  on  all  maps  prepared  for  general  use. 


5.  That  there  should  be  printed  on  the  margin  of  all 
standard  topographic  maps  a  diagram  of  the  control  on  which 
the  map  is  based,  together  with  reference  to  the  published 
data,  in  order  to  show  the  basic  control  available  for  special 
surveys. 

6.  That  the  following  specifications  for  surveys  and  maps 
be  adopted  in  so  far  as  practicable  by  all  map-making  agen- 
cies of  the  Federal  Government  and  that  every  effort  be  made 
to  have  the  same  specifications  adopted  by  the  non-Federal 
agencies  in  order  that  survey  and  map  data  may  be  suitable 
for  incorporation  into  the  standard  topographic  map  of  the 
United  States: 

A.  North  .American  datum  for  geographic  positions  and 
mean  sea  level  for  elevation  should  be  used  where  practicable. 

B.  Permanent  monuments  or  marks,  properly  referenced, 
for  both  horizontal  and  vertical  control  should  be  standard- 
ized and  established  at  frequent  intervals,  and  descriptions  of 
the  character  and  location  of  the  same  systematically  re- 
corded and  published. 

C.  Horizontal  and  vertical  control  should  be  executed  with 
an  accuracy  fit  least  equal  to  that  required  for  the  control  of 
the  standard  topographic  maps. 

D.  Drainage,  relief,  culture,  boundaries  of  all  civil  divi- 
sions, reservations,  grants,  and  lines  of  public  land  surveys, 
when  shown,  should  be  located  with  at  least  the  same  ac- 
curacy as  on  present  standard  topographic  maps  of  the  U.  S. 
Geological  Survey. 

E.  There  .should  appear  on  all  maps  or  plats  of  surveys: 

^   (a)   Descriptive   title,   giving  location  by   state,   county,  or 
other  limits. 

(b)  Name  of  the  organization  responsible  and  name  of  the 
surveyors  and  draftsmen  executing  the  work. 

(c)  Fractional  scale  and  graphical  scales  in  feet  or  yards, 
meters,  and  miles. 

(d)  True  meridian,  magnetic  meridian,  and  variation  with 
date  and  rate  of  change. 

(e)  Contour  interval  if  contoured. 
If)   Horizontal  and  vertical  datums. 

(g)  Date  of  survey  or  date  of  compilation  with  source  of 
information. 

(h)  The  name  of  projection  used  or,  if  without  projection, 
the  latitude  and  longitude  of  at  least  one  point,  as  accurately 
as  practicable. 

(i)  The  location  of  all  permanent  marks  on  which  the  sur- 
vey is  based. 

(j)  An  explanation  of  any  symbol  used  which  is  not  gener- 
ally understood. 


Trade  Publications 

The  following  trade  publications  of  interest  to  engineers  an(J 
contractors  have  been  issued  recently: 

Forms. — Blaw-Knox  Co..  Pittsburgh.  PSi.  28  page  bulletin  il- 
iustratins  and  describing  the  -use  of  Blaw  forms  for  liyht  walls 
and  foundations. 

Indostrial  Housing. — I^nit  Construction  Co.,  St.  Louis.  Mo.  16 
pa^e  bulletin  with  map  depcribing:  the  industrial  housing  develop- 
ment .if  the  Youngstown  Sheet  and  Tube  Co. 

Building  Products.— H.  H.  Robertson  Co.,  Pittsburgh,  Pa.  Six 
well  gotten  up  and  interesting  bulletins  on  Robertson  products. 
The  bulletins  contain  many  half-tone  illustrations  and  detail  draw- 
ings, as  well  as  useful  tables  for  estimating.  Bulletin  Xo.  61  is 
devoted  to  glazing'  construction.  Bulletin  No.  62  covers  the  use  of 
Robertson  process  metal  in  industrial  building  construction.  Bul- 
letin No.  63  illustrates  and  describes  fireproof  plans  for  structural 
steel  buildings.  Bulletin  No.  64  is  devoted  to  gypsum  in  precast 
roof  construction:  this  bulletin  also  contains  an  article  by  Prof. 
Charles  L.  Norton  on  the  heat  insulation  value  of  Robertson 
gypsum  roofs.  Bulletin  No.  65  covers  ventilation.  The  other  bul- 
letm  gives  a  general  description  of  Robertson  process  products 
in  metal,  gypsum  and  a.sphalf. 


Industrial  Notes 

The  Richardson-P'hoenix  Cn..  lubrication  engineers  and  manu- 
facturers, Milwaukee.  Wis.,  has  reopened  its  Philadelphia,  Pa., 
offices,  which  were  temporarily  closed  during  the  war.  The  offices 
are  located  in  the  Bailey  Bldg.  with  Geo.  F.  Fenno  as  district 
manager. 

!•'  W.  Rug'gles,  president  of  the  Republic  Motor  Truck  Co.,  Inc.. 
of  Alma.  Mich.,  f<irmally  announces  that  he  has,  in  conjunction 
with  John  N.  Willys  and  W.  J,  Baxter  of  New  York  City,  acquired 
control  of  the  Republic  Motor  Truck  Co.,  Inc..  and  the  Torbensen 
Axle  Co.  of  Cleveland.  O.  The  Willys-Overland  Co.  of  Toledo,  O.. 
is  no  in  no  way  connected  with  the  transaction,  which  was  a  purely 
jjersonal  investment  by  Mr.  Ruggles,  .John  H.  Willys  and  W.  J. 
Baxter.  It  is  announced  that  the  original  administrative  policies 
of  the  Republic  Motor  Truck  Co.  will  in  large  measure  be  continued. 

W.  H.  Cornwell,  State  Senator,  Chicago:  State  Senator  Harold 
Kessinger,  Aurora;  Representative  Horace  McPavid.  Decatur: 
Representative  G.  A.  Dahlberg,  Chicago;  Robert  Knis'ht  and 
Charles  Hommond,  business  men  of  Chicago,  and  Andrew  I.«inquist, 
Chicag-o,  a  contractor,  have  been  appointed  members  of  a  State 
Housing  Commission  by  Gov.  L/owden  of  Illinois.  The  commission 
is  authorized  to  prepare  a  state  housing  code,  a  building  code,  and 
a  zoning  bill,  to  be  presented  at  the  next  session  of  the  State 
I^egislature. 
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Roads    and    Streets — 1st    Wednesday 


(a)    Roads 
li)    Streets 


(c)  Street   Cleaning 

(d)  ilunicipa!    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and   Sani- 

tation 

(e)   Manageinent  and  Office 
System 


(c)   Irrigation   and    Drainage 
(dj   Power    and    Pumping 


Railways    and    Excavation — 3rd    Wednesday 

(a)  Excavation    and  (c)    Quarries  and    i'its 

Dredging  (d>   Railways.    Steam    and 

(b)  Rivers  and  Canals  Electric 

'e)    Management    and    Otfice 
System 

Buildings  and  Structures — 4th  Wednesday 

(a)  Buildings  (c)    Harbor    StrUilures 

(b)  Bridges  (d)   Miscellaneous    .Structures 

(e)    Properties    of    Materials 
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The  Greatest   Economic    Blunder 
of  All  Times 

At  the  head  of  the  procession  of  mastodonic  economic  mis- 
takes we  expect  to  see  historians  place  the  one  that  has  re- 
sulted in  greatly  raising  the  general  level  of  prices  through- 
out the  world  during  the  past  Ave  years.  Nearly  all  the  indus- 
trial upheaval  and  labor  unrest  of  Europe  and  America  is 
traceable  to  the  inflation  of  the  currency.  Had  all  statesmen 
known  certain  principles  of  political  economy,  the  world  war 
would  have  been  conducted  without  any  appreciable  increase 
in  the  supply  of  money  in  any  country.  But  in  Europe  the 
total  amount  of  money  has  been  tripled,  and  in  America  It  has 
been  increased  more  than  50  per  cent.  The  result  has  been 
economic  trouble  heaped  high  upon  economic  trouble  to  an 
extent  that  the  world  has  never  witnessed  before. 

Although  the  world  has  never  before  had  such  widespread 
and  enormous  economic 
disturbance,  there  ha.-^ 
been  similar  trouble 
following  every  great 
war  of  modern  times. 
and  for  precisely  the 
same  reason — the  infla- 
tion of  the  currency. 

About  140  years  ago 
Adam  Smith  wrote  his 
"Wealth  of  Nations,"  a 
book  that  profoundly  af- 
fected the  views  of 
many  political  leaders 
of  Great  Britain  and  of 
students  o  f  political 
economy  in  all  coun- 
tries. He  made  it  clear 
that  international  trade 
is,  In  the  final  analysis, 
merely  the  barter  of 
goods  for  goods;  hence 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contciin  as  many  words  as  40  pages  of  the  size 
cind  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  380 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


that  a  continuous  "balance  of  trade"  in  favor  of  one  country  is 
not  only  impossible  but  undesirable  unless  the  citizens  of  that 
country  are  spending  or  investing  the  "balance"  in  foreign 
countries.  In  short,  he  showed  the  fallacy  of  the  old  "mer- 
cantile theory  of  foreign  trade"  in  which  a  nation  regards  it- 
self as  if  it  were  an  individual  who  grows  wealthy  in  propor- 
tion as  he  accumulates  money. 

The  wealth  of  a  nation,  as  Adam  Smith  made  clear,  may  be 
computed  in  terms  of  money,  but  it  consists  not  in  the  money 
itself.  It  consists  almost  entirely  of  the  raw  materials,  the 
land,  the  buildings,  the  plant"  and  the  stock  of  goods  on 
hand.  The  real  wealth  of  the  ITnited  States  now  exceeds  300 
billion  dollars,  of  which  about  Z  billions,  or  1  per  cent,  is  gold. 
Paper  money,  bank  deposits  in  excess  of  gold  and  silver,  stocks, 
bonds,  mortgages  and  notes  are  not  national  wealth;  they  are 
merely  instruments  for  apportioning  national  wealth  among 
individuals.  All  this  and  more  was  made  clear  beyond  refu- 
tation by  Adam  Smith. 
Yet  behold  the  political 
and  industrial  mess  that 
nearly  every  nation  on 
earth  has  made  of 
things  during  the  past 
five  years,  through  fail- 
ure to  apply  the  princi- 
ple that  Adam  Smith  es- 
tablished, nearly  a  cen- 
tury and  a  half  ago! 

Behold  also  the  strug- 
gles of  politicians  every- 
where to  readjust  In- 
dustry without  going  to 
the  original  cause  of  its 
trouble — currency  infla- 
tion. Behold  this  and 
marvel,  for  here  you 
see  men  who  should 
know  the  principles  of 
political  economy  vainly 
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striving  to  solve  present  problems  of  high  prices  without  ap- 
plying the  fundamental  principle  that  Adam  Smith  first  ex- 
pounded during  the  very  year  that  the  Declaration  of  Inde- 
pendence was  signed  in  Philadelphia. 

Had  Adam  Smith  erred  in  his  analysis,  and  in  his  conclu- 
sions as  to  the  relation  of  money  to  national  wealth,  his  mis- 
take would  long  ago  have  been  bared  and  his  name  forgotten. 
But  every  writer  of  a  treatise  on  political  economy  has  sub- 
scribed to  the  keenness  of  Adam  Smith's  perception  and  to  the 
soundness  of  his  conclusions  that  the  real  wealth  of  nations 
consists  but  slightly  of  money,  and  that  international  trade  is 
essentially  barter  of  goods  for  goods. 

Granted,  you  may  say,  but  what  has  this  to  do  with  financing 
a  war?  This:  That  it  is  an  economic  mistake  suddenly  to 
increase  greatly  the  currency  and  bank  deposits  in  any  coun- 
try, be  the  exigencies  what  they  may.  Doubling  the  money  or 
the  equivalent  of  money  (e.  g.,  bank  deposits)  doubles  the 
average  price  of  things,  but  adds  nothing  to  national  wealth. 
If  every  citizen  were  to  have  his  cash,  bank  deposits,  stocks, 
bonds,  wages,  etc.,  doubled  in  dollars,  at  the  same  moment 
that  the  total  supply  of  money  were  doubled,  no  economic  loss 
would  result  and  no  economic  gain  would  result,  except  as  in- 
ternational trade  might  be  affected.  But  there  is  no  practical 
way  of  thus  distributing  uniformly  and  at  once  any  increase  in 
currency;  hence  there  is  certain  to  be  great  economic  disturb- 
ance where  great  increases  in  currency  occur.  Moreover, 
such  disturbances  are  of  long  duration  and  far  reaching. 
Finally,  when  they  are  all  settled,  at  least  after  a  fashion,  the 
nation  as  a  whole  has  no  more  wealth  or  income  than  it  had 
before  the  increase  in  the  currency,  and  during  the  period  of 
disturbance  has  failed  to  add  the  annual  normal  increment  of 
wealth. 

Had  this  fact  been  clearly  seen  and  acted  upon,  no 
government  would  have  permitted  an  increase  in  cur- 
rency during  the  war.  What  is  more,  no  government 
would  have  permitted  any  great  increase  in  bank  de- 
posits, for  they  are  the  equivalent  of  money  in  purchasing 
power.  To  have  held  the  total  purchasing  power  to  about  a 
constant  level  would  have  been  the  aim  of  statesmen  in  every 
nation  engaged  in  the  war.  To  attain  this  aim,  each  govern- 
ment would  have  conscripted  all  workers  and  all  industries, 
dictating  to  everyone  the  part  that  he  would  have  to  play. 

Is  this  an  untried  plan?  No.  It  is  precisely  what  the  chiefs 
of  savage  tribes  have  always  done.  With  mind  unconfused 
by  the  presence  of  money,  and  unhampered  by  intertribal 
commerce,  the  chief  of  a  savage  tribe  sees  clearly  that  he 
must  specify  what  each  individual  must  do  to  win  the  war. 
Some  of  the  hunters  must  be  called  in  to  become  warriors. 
All  the  makers  of  amulets  and  finery  must  become  manufac- 
turers of  bows  and  arrows.  All  the  idlers  must  be  given  work 
or  fighting  to  do. 

Accustomed  as  civilized  men  have  been  to  the  use  of  money 
and  evidences  of  property  ownership  as  devices  with  which 
to  conduct  business,  their  leaders  have  been  blinded  to  the 
possibility  of  conducting  the  business  of  war  without  adding 
to  the  number  of  these  tokens  of  wealth.  Or  it  not  blinded, 
they  have  lacked  the  courage  to  do  the  thing  that  a  savage 
chieftain  would  do.  So  now  the  world  is  harvesting  the  crop 
of  nettles  and  stinkweed  that  political  leaders  sowed  in  every 
nation  during  the  war.  The  seed  that  they  sowed  was  paper 
money,  bonds  and  other  credit  securing  devices. 

In  America  we  waxed  happy  over  our  huge  monthly  bal- 
ances of  trade  throughout  the  war.  We  grew  eloquent  over 
the  millions  of  gold  that  Europe  shipped  to  us.  And  now  that 
we  have  their  promises  to  pay  and  much  of  their  gold,  are  we 
a  whit  wealthier?  Not  one  whit.  The  billion  dollars  of  gold 
that  we  drew  from  Europe  was  added  to  the  two  billions  that 
we  already  had,  and  coincidently  our  bank  deposits  rose  from 
the  18  billion  level  to  the  27  billion  level.  Up  went  the  gen- 
eral price  level  to  the  same  extent  and  more.  Those  individ- 
uals that  gained  by  the  change  were  offset  by  those  that  lost, 
and  that  was  the  main  cause  of  labor  wars,  of  extravagance, 
and  of  all  those  itinerant  troupes  of  industrial  troubles  that 
are  now  barnstorming  every  city  and  village  in  America. 

America  would  be  better  off  were  it  to  cancel  the  nine  bil- 
lion dollar  debt  that  Europe  owes  and  ship  back  the  billion 
dollars  of  gold.  What  will  they  pay  their  debt  with?  Gold? 
We  don't  want  it.  We  have  50  per  cent  more  than  we  need 
now.  Goods?  We  don't  want  them,  for  by  as  much  as  we 
shall  import  by  that  much  we  shall  throw  Americans  out  of 
work.  Imports  and  exports  should  practically  balance  every 
year.    Let  there  pile  up  a  large  "balance  of  trade"  in  our 


favor,  and  there  will  result  a  disorganization  of  industry  later 
on;  for  if  much  gold  be  imported  to  square  the  account,  the 
general  level  of  prices  will  rise  with  resultant  disturbance, 
while  if  the  debtor  nation  once  falls  far  behind  in  paying  with 
goods,  its  efforts  to  catch  up  by  supernormal  production  will 
throw  men  out  of  work  in  the  creditor  nation. 

America  should  not  only  cancel  the  debt  of  England.  France 
and  Italy  to  us,  but  should  "grubstake"  those  peoples  that  are 
starving.  Beyond  that,  they  should  be  required  to  "pay  as 
they  go  '  and  pay  with  goods.  If  they  must  have  food,  then  let 
us  divert  some  of  our  producers  from  the  factories  to  the 
farms  and  railways.  Let  those  that  we  thus  support  with  food 
repay  with  manufactured  articles. 

Either  this  should  be  done,  or,  if  America  is  capable  of  pro- 
ducing more  food  and  manufactured  products  than  we  can  con- 
sume, then  let  the  demands  of  labor  unions  for  shorter  hours 
be  granted.  The  only  alternative  to  this  last  solution  of  the 
problem  is  to  change  the  present  demand  for  things,  prefer- 
ably diverting  it  to  a  demand  for  better  houses,  better  roads, 
better  transportation  facilities,  better  education  and  those 
numberless  things  that  accelerate  human  progress  and  add  to 
lasting  happiness. 


Huxley's  Conception  of  a  Liberal 
Education 

Last  week  we  commented  on  the  "objects  of  a  college  edu- 
cation" as  specified  by  Woodrow  Wilson  and  A.  I^awrence 
Lowell.  By  way  of  contrast  we  now  quote  from  the  great 
English    scientist,   Huxley: 

Tliat  man,  I  think,  has  had  a  liberal  education  who  has  been 
so  trained  in  youth  that  his  body  is  the  ready  servant  of  his  will, 
and  does  witli  ease  and  pleasure  all  the  work  that  as  a  mechan- 
ism it  is  capable  of;  whose  intellect  is  a  clear,  cold,  logic  engine, 
with  all  its  parts  of  equal  working  strength,  and  in  smooth  work- 
ing order;  ready  like  a  steam  engine  to  be  turned  to  any  kind  of 
work,  and  spin  the  gossamers  as  well  as  forge  the  anchors  of  the 
inind;  whose  mind  is  stored  with  a  knowledge  of  the  great  and 
fundamental  truths  of  Nature  and  the  laws  of  her  operations;  who, 
no  stunted  ascetic,  is  full  of  life  and  power,  but  whose  passions 
are  trained  to  come  to  heel  by  a  vigorous  will,  the  servant  of  a 
tender  conscience;  who  has  learned  to  love  all  beauty,  whether  of 
N-ature  or  of  art.  to  hate  all  vileness,  and  to  respect  others  as 
him.5elf.  Such  a  one  and  no  other,  I  conceive,  has  had  a  liberal 
education. 

Admirably  as  Huxley  has  phrased  his  specification,  and 
broad  as  he  has  made  its  scope,  it  lacks  a  necessary  element — 
the  same  element  that  we  found  lacking  in  the  educational 
specifications  of  Mr.  Wilson  and  Mr.  Lowell,  namely  a  train- 
ing that  begets  a  thirst  for  useful  knowledge  and  an  ability 
to  apply  it.  Herbert  Spencer  in  his  admirable  little  book  on 
education  also  fails  to  mention  this  essential  factor. 

William  James,  the  American  psychologist  lays  great  em- 
phasis upon  the  development  of  good  habits  of  mind,  but  if 
we  remember  correctly,  even  he  does  not  specify  the  desir- 
ability of  developing  the  habit  of  searching  for  useful  infor- 
mation. However,  the  editor  acknowledges  his  indebtedness 
to  James  for  the  idea  that  the  primary  object  of  education  is 
the  development  of  habits,  physical  and  mental.  If  this  is  a 
correct  conception  of  what  should  be  the  general  aim  of  the 
educator,  it  follows  that  special  effort  should  be  made  to  cul- 
tivate the  habit  of  searching  for  information. 

To  the  absence  of  this  habit  in  most  men  may  be  attributed 
the  relatively  slow  progress  of  industry,  business  and  applied 
science.  The  leaders  in  these  various  lines  of  mental  activity 
are  fully  ten  years  ahead  of  the  "crowd,"  and  they  remain  far 
in  advance,  not  because  they  keep  secret  their  knowledge  and 
methods  but  because  the  "crowd"  does  not  take  the  trouble 
to  study  what  is  in  print. 

If  you  are  not  receiving  an  adequate  income,  sit  down  with 
yourself  tonight  and  ask  why.  Do  not  begin  by  blaming  the 
world  and  its  ways.  Do  not  end  by  blaming  yourself.  Per- 
haps you  have  not  been  trained  to  search  systematically  for 
data  to  use  in  solving  your  problem  of  securing  an  adequate 
income.  Possibly  you  have  never  been  habituated  to  regard 
your  troubles  not  as  if  they  are  evils  to  be  cursed  but  as 
problems  to  be  solved.  You  are  in  the  midst  of  many  forces, 
and  you  yourself  are  one  of  the  forces  that  determine  whither 
you  shall  go.  Study  yourself,  and  to  do  so  study  psychology. 
Study  the  forces  that  surround  you.  Habituate  yourself  to 
study  everything  that  affects  your  welfare.  Join  a  Chautauqua 
society,  a  debating  club,  any  thing  that  will  tend  to  make  you 
search  for  knowledge.  Read  Smile's  "Self  Help"  for  inspira- 
tion. Read  "How  to  Study"  by  Prof.  G.  F.  Swain  of  the  civil 
engineering  department  of  Harvard. 
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Cowardly  State  LegislatorslRefuse 
to  Raise  Highway  Salaries 

In  several  states  the  legislatures  have  recently  failed  to 
provide  for  adequate  increases  in  the  salaries  of  state  high- 
way employes.  Why?  Merely  because  the  average  legislator 
is  "scared  of  everything."  as  the  Chicago  Tribune  puts  it. 

In  order  to  avoid  incurring  the  displeasure  of  farmers  and 
other  taxpayers,  by  raising  taxes,  state  legislators  prefer  to 
pay  inadequate  salaries  to  state  employes.  One  of  the  great 
defects  of  our  present  representative  system  of  government 
is  that  it  breeds  cowardice.  Nor  do  we  see  how  this  detect 
can  ever  be  remedied  until  radical  changes  are  made  in  our 
form  of  representative  government. 

The  city  manager  form  of  municipal  government,  which 
was  described  by  Mr.  F.  W.  Gruenberg  in  our  issue  of  Nov.  2fi, 
has  served  to  eliminate  boards  of  aldermen  and  city  coun- 
cils, supplanting  them  by  a  city  commission  to  whom  the 
city  manager  reports.  It  is  feasible,  and  we  believe  desirable, 
similarly  to  displace  state  legislators  by  a  state  commission 
consisting  of  about  nine  members.  This  commission  should 
appoint  the  governor  who  should  be  required  to  pass  a  civil 
service  examination.  The  governor  should  appoint  the  heads 
of  departments. 

Even  if  no  further  change  were  made  in  the  present  system 
of  state  government  than  that  just  suggested,  there  would  re- 
sult less  political  log  rolling  than  now  exists,  and  much  of 
the  present  legislative  cowardice  would  disappear.  Therefore 
engineering  societies  should  become  leaders  in  the  movement 
to  remodel  our  system  of  state  government. 

Mr.  Gruenberg,  director  of  the  bureau  of  municipal  re- 
search of  Philadelphia,  is  not  an  engineer,  yet  in  the  paper 
that  appeared  in  our  last  week's  issue  he  said: 

The  vast  majority  of  the  125  city  managers  in  this  country  to- 
day are  civil  engrineers.  While  I  do  not  know  offhand  the  exact 
figures,  I  am  safe  in  saying  that  it  is  exceptional  to  find  an  import- 
ant city  managrer  who  is  not  an  engineer  of  some  kind;  here  and 
there  a  mechanical,  electrical  or  chemical  engineer,  but  most  of 
them  are  civil  engineers.  «  «  *  The  public  service  engineer  of 
the  future^  will  have  to  be  a  many-faceted  man.  He  will  have 
to  be  a  we'1-rounded  technical  man  if  he  is  to  be  a  city  manag'er, 
so  that  ho  can  know  the  meaning-  of  his  problems.  He  will  have 
to  be  a  man  who  will  know  what  government  stands  as  a  social 
force,  :^o  that  he  will  be  a  leader  instead  of  a  follower  in  public 
service.  *  *•  *  The  thing  resolves  itself  down  to  this:  With 
the  increasing'  complexity  of  government  a  trained  public  service 
is  indispensable.  If  democracy  is  to  succeed,  the  old  tradition  of 
putting  the  politician  in  the  technical  administrative  post  must 
soon  cease,  and  democracy  must  look  to  the  professional  public 
servant  to  take  up  the  burden  Nowhere  is  there  thus  far  devel- 
oped a  nucleus  for  such  a  professional  group  in  America  to  such 
an  extent  as  in  your  profession,  and  I  would  plead  with  >'0U,  there- 
fore, net  to  miss  this  opportunity  of  twofold  attractiveness:  first, 
to  serve  our  communities  in  posts  of  unique  importance  and  re- 
sponsibility, and,  second,  to  afford  professional  careers  comparable 
with  the  best  in  the  other  professions  in  the  opportunities  offered 
for  material  rewai-d  and  in  the  esteem  of  fellow  citizens. 


The  A.  A.  E.  Drive  for  10,000  New 
Members 

The  largest  sales  organization  that  ever  sold  an  engineer- 
ing commodity  went  into  action  last  Monday.  The  com- 
modity is  memberships  in  the  American  Association  of  Engi- 
neers, and  the  salesmen  are  the  present  8,900  members.  The 
59  chapters  and  the  35  clubs  of  the  Association  are  the 
branch  sales  offices.  This  briefly  sums  up  the  organization 
that  is  carrying  out  a  drive  that  has  for  its  object  the  secur- 
ing of  10,000  new  members  for  the  A.  A.  E.  in  the  two  weeks, 
Dec.  1  to  Dec.  13. 

The  keynote  of  the  drive  Is  sounded  as  follows  by  Prof.  F. 
H.  Newell,  President  of  the  Association: 

"What  will  engineers  pay  to  improve  their  status?  I  have 
visited  many  of  the  centers  of  population  during  1919  from 
the  Atlantic  to  the  Pacific  Coast,  meeting  engineers  of  all 
kinds,  civil,  mechanical,  electrical,  mining  and  chemical,  so- 
cially and  in  their  offices,  obtaining  a  broad  view  of  the 
situation. 

"It  is  apparent  that  while  the  older  technical  societies  are 
needed  and  are  performing  valuable  functions  and  should  be 
maintained  to  continue  these  functions,  yet  they  cannot  and 
do  not  have  the  money,  experience  and  attitude  to  carry  on 


economic  or  humanitarian  work.  For  efficiency  there  must 
be  a  larger,  more  inclusive  society  taking  in  all  professional 
engineers  and  devoting  its  entire  funds  and  energies  to  the 
good  of  its  members.  Such  an  organization  is  the  American 
Association  of  Engineers.  This  is  answering  the  question  as 
to  what  engineers  will  pay  to  improve  their  status." 

Started  in  1915,  the  American  Association  of  Engineers,  on 
Nov.  21,  1919  had  8,90G  members.  What  is  the  reason  for 
this  phenominal  growth?  It  will  be  found,  we  believe,  in  the 
objects  of  the  Association:  "To  raise  the  standard  of  ethics 
of  the  engineering  profession  and  to  promote  the  economic 
and  social  welfare  of  engineers." 


The  Engineer  and  the   Library 

To  the  Editor:  In  the  editorial  "Why  iJo  .Most  I'raclicing 
Engineers  Study  So  Little?"  in  your  Oct.  29  issue,  you  point 
out  that  the  average  daily  attendance  at  the  consolidated 
engineering  library  in  New  York  City  is  only  78.  Perhaps 
the  practicing  engineer  has  a  specialized  library  of  his  own, 
so  that  the  public  library  attendance  is  not  a  true  index  of 
his  study  time.  I  study  5  or  6  hours  each  week  without  going 
to  the  good  technical  library  (Goodwyn  Institute  library)  in 
this  city.  1  only  go  to  the  library  for  side  lines,  or  informa- 
tion on  engineering  subjects  other  than  those  in  which  I  am 
directly  interested. 

C.   E.  G.   NEARER, 
Memphis,  Tenn.  Structural  Engineer. 

[Mr.  Nearer  suggests  that  the  reason  why  engineering  so- 
ciety libraries  are  so  poorly  patronized  may  possibly  be  found 
in  the  fact  that  most  practicing  engineers  have  their  own 
library.  It  is  doubtless  true  that  there  are  many  engineers 
who  have  their  own  books  and  periodicals  and  study  them  as 
Mr.  Nearer  does.  But  if  this  were  the  general  rule  the  sales 
of  technical  books  would  be  far  larger  than  they  are;  also 
the  subscription  lists  of  all  technical  journals  would  be  much 
greater  than  they  are. — Editor.] 


Sub-Grade    for    Rigid    Pavements 

To  the  Editor:  I  should  like  to  see  more  discussion  in  the 
current  engineering  magazine  relative  to  the  construction  of 
the  sub-grade  for  rigid  pavements.  There  has  been  an  indefinite 
amount  of  discussion  and  analysis  about  the  proper  method 
for  designing  and  constructing  the  surface  of  the  different 
types,  but  the  sub-grade,  which  is  common  to  all  of  the  types 
and  the  most  important  feature  of  pavements,  has  not  re- 
ceived the  attention  which  it  should.  On  most  of  the  ordi- 
nary types  of  surfacing,  the  design  and  specifications  are 
fairly  understood.  At  the  same  time,  I  would  not  want  any- 
one to  understand  me  to  mean  that  there  is  not  need  of 
more   improvement  in  this  line. 

The  life  of  any  pavement  is  dependable  upon  the  stability 
of  the  sub-grade.  If  this  be  true,  the  most  important  ele- 
ment, therefore,  is  proper  construction  to  gain  this  stability. 
Reduction  of  water  content  and  segregation  of  excavated 
materials  are  the  two  elemental  features  to  gain  this  end. 
There  are  many  ways  to  reduce  the  water  content  of  the 
sub-grade.  In  the  first  place,  I  would  suggest  that  a  soil 
survey  and  analysis  be  taken,  us  some  soils  retain  water  for 
a  longer  period  than   others. 

As  a  usual  thing  in  making  this  survey,  the  different  kinds 
and  conditions  of,  say,  clay  for  instance,  are  not  given 
enough  consideration.  The  proper  drainage  of  clay  is  de- 
pendable upon  the  sand  and  gravel  content  in  the  clay. 
Some  clays  have  enough  sand  not  to  hinder  a  great  deal  the 
rapid  and  efficient  drainage,  but  others  must  have  artificial 
drainage.  Therefore,  sand  and  gravel  are  the  main  elements 
in  the  soils  that  govern  the  necessity  of  artificial  drainage. 

Since  the  drainage  to  be  of  any  effect  must  take  place 
quickly,  there  are  many  things  that  must  be  taken  into  con- 
sideration. Tile  drains  should  be  constructed  by  the  "her- 
ringbone" method  throughout  the  entire  length  of  the  road. 
The  system  should  have  lamp  holes,  catch  basins,  deep 
ditches  and  gravel  back  fills,  and  the  tile  should  be  laid  to 
an  absolute  grade  with  a  minimum  of  0.2  per  cent  gradient. 
No  grade  should  be  less  than  0.2  per  cent  and  the  embank- 
ments  should   be  high   and   uniform. 

The  knowledge  which  should  be  derived  from  experiments 
with  soils  of  different  characters  in  order  to  determine  the 
time-gallon  drainage  of  them  would  unquestionably  be  of  great 
value.    Knowing  the  facts  of  these  experiments,  certain  other 
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facts  could  be  deduced  which  would  show  what  could  be  done 
In  these  soils  as  to  drainage.  Possibly  some  reader  already 
has  some  data  along  this  line. 

In  building  the  sub-grade  a  great  deal  of  attention  should 
be  placed  upon  the  proper  segregation  of  the  various  soils 
to  be  excavated:  i.  e.,  the  top  soil,  which  is  usually  easier 
to  drain  than  the  sub-soil,  should  be  in  the  center  and  the 
lower  part  of  the  embankment,  while  the  sub-soil  should  be 
placed  on  the  top  as  surface.  If  sand  or  gi-avel  occurs  in 
the  cut.  it  should  be  placed  in  layers  in  the  sub-soil  so  as  to 
insure  good  drainage  of  the  embankment  side.  Of  course, 
this  matter  of  the  sub-grade  was  thoroughly  discussed  during 
the  railroad  construction  period,  but  on  highway  construc- 
tion we  have  a  different  type  of  traffic  to  sustain,  and  the 
surfacing  is  in  one  piece  instead  of  a  multiple  of  parts.  So, 
different  methods   of  construction   are   required. 

Another  thing  which  1  think  is  very  bad  practice,  is  the 
placing  of  the  surfacing  material  upon  newly  or  partially 
new  constructed  sub-grades.  Pavements  which  are  laid  upon 
newly  constructed  sub-grades,  especially  where  the  old  road- 
bed forms  a  core  of  the  new,  develop  longitudinal  cracks 
due  to  unequal  settlement.  The  time  limit  to  allow  for  total 
settlement  is  a  matter  of  much  speculation,  but  1  believe 
that  a  year  with  constant  maintenance  to  keep  the  sub-grade 
to  grade  is   time  enough.  O.    C.    WHITE, 

Highway  Engineer,  Mower  County.  Minnesota. 


The    Economic    Limits  of    Motor 
Truck   Weights 

To  the  Editor.  The  constructive  criticism  requested  in  the 
discussion  of  Mr.  Barnett's  contribution  on  "The  Economic 
Limits  of  Motor  Truck  Weights"  is  quite  impossible,  unless  it 
is  admitted  that  convincing  destructive  criticism  is.  in  effect, 
constructive,  whether  it  be  advanced  by  a  legal  or  an  engi- 
neering type  of  mind,  and  for  the  following  reasons: 

The  author's  method  of  reasoning  generally  results  in  an 
algebraic  expression  in  which  one  or  more  unknown  constants 
are  introduced  which  may  later  be  determined  by  experiment, 
be  modified  at  the  will  of  the  author,  or  dropped  entirely 
when  inconvenient  in  the  pursuit  of  a  result. 

The-  symbols  and  equations  so  freely  used  appear  imposing 
to  the  layman  unfamiliar  with  algebra  and  are  confusing  even 
to  the  engineer  who  uses  algebra  and  the  calculus,  because  so 
many  indefinite  symbols  are  introduced  and  frequently 
dropped  in  the  discard  with  such  apologies  as.  "From  this  we 
conclude  that  for  practical  purposes"  ...  or  "a  discussion 
of  this  detail  is  reserved  for  a  future  paper"  .  .  .,  etc. 

As  an  example  of  the  indiscretions  or  license  taken  note 
Case  I  and  Case  11  on  the  thickness  of  pavement.  Case  I  cov- 
ers a  type  of  pavement  in  which  the  base  material  is  slightly 
cemented  or  bound  together  by  the  interlocking  of  angular 
particles  so  that  internal  friction  is  highly  developed  but  it  is 
devoid  of  tensile  strength  and  incapable  of  resisting  bending 
stresses.  Case  II  covers  a  type  which  is  thoroughly  cemented 
together,  well  adapted  to  resist  compression  and  shearing  and 
having  a  fair  degree  of  tensile  strength,  so  that  it  is  fairly 
capable  of  resisting  bending  stresses. 

The  development  of  the  expression  for  the  value  of  d  in 
Case  I  is  not  very  objectionable,  although  r,  represents  the 
radius  of  a  circular  upper  load  area  while  the  actual  load  area 
is  neither  a  circle  or  a  point  and  R,  is  purely  a  guess  depend- 
ent on  the  value  assumed  for  a. 

The  determination  of  the  value  for  d  in  Case  II  starts  out 
with  the  statement  that  the  "reaction  at  any  point  in  the 
loaded  area  at  the  base  of  slab  will  be  proportional  to  the 
depression  of  the  subgrade  at  that  point":  this  is  not  true,  but 
the  writer  will  pass  on  with  the  statement  admitted  for  the 
purpose  of  this  argument. 

With  the  relation  assumed  the  depression  of  the  subgrade 
would  be  the  measure  of  the  deflection  of  the  slab  and  Pa 
must  therefore  vary  inversely  as  the  cube  of  the  depth  d  of 
the  slab,  while  the  wheel  load  or  weight  w  which  the  slab  may 
support  will  vary  directly  as  the  square  of  the  depth  d. 

The  equation  with  W  and  Pa  only  under  the  radical  sign 
and  d  only  to  complete  the  equation.  Pa  varying  as  the  cube 
and  W  varying  as  the  square  of  the  depth  d,  is  entirely  irra- 
tional: it  does  not  represent  the  case  nor  is  it  even  approx- 
imately true  "for  practical  purposes." 

This  may  be  illustrated  in  another  manner,  viz.:  Assume  a 
case  of  a  square  slab  whose  horizontal  dimensions  are  ^  and 
thickness  or  depth  is  d,  and  let  p  represent  the  outer  fibre 

(IAD 


stress  due  to  flexure;  the  moment  of  resistance  will  be  Mr  = 
pbd  2/6  and  the  bending  moment  will  be  Mb  =  Wb/8  ^ 
PaB  3/8.     Equating  and  reducing 

d=  =  .75W/fj  =!  .75  Pa  B-/p. 

It  will  be  noted  in  these  equations  that  when  W  appears.  Pa 
disappears,  and  the  reverse,  a  fact  which  is  fundamental  in 
the  simplest  forms  of  all  moment  equations  when  one  quan- 
tity is  a  direct  fraction  of  the  other. 

If  an  equation  based  on  the  deflection  of  the  slab  should  be 
written  it  would  take  the  form, 

d  =  a  constant  "VB'  or  constant  B  "V«^/Pa. 

The  formula  d  =  V  I'/APa  is  a  fairly  good  approximate  ex- 
pression for  Case  I;  none  of  the  equations  can  be  reasonably 
applied  to  Case  II  and  no  amount  of  "hocus-pokus"  or  imagi- 
nation will  produce  a  simple  equation  such  as  d  ^  b  V  w  that 
can  be  even  appi'oximately  true  for  both  cases. 

In  the  article  under  discussion  on  page  375  of  Engineering 
and  Contracting,  Oct,  1,  1919,  it  apears  that  "for  the  present 
the  intensity  of  pressure  will  be  considered  uniform  over  the 
load  area  at  the  base  of  the  pavement";  it  is  with  that  mean- 
ing the  value  Pa  has  been  used  in  all  the  equations.  Oiving 
it  another  name,  "the  bearing  capacity  of  the  subgrade  which 
is  a  function  of  the  physical  properties  of  the  soil."  does  not 
affect  the  analysis  in  any  respect. 

The  entire  problem  may  be  inverted,  the  wheel  load  may  be 
replaced  with  a  column  supporting  a  floor  slab  and  the  pres- 
sure on  the  subgrade  may  be  replaced  with  a  load  on  the  floor 
slab  without  vitiating  the  analyses  in  any  particular. 

If  Mr.  Barnett  will  look  closely  at  the  equations 
d-=:.6366  w/f  andd  =  .79S  V  w/t,  on  page  523  of  Eng.  &  Cont., 
Nov.  5,  1919,  he  will  find  that  "R,  upon  which  the  unit  pres- 
sure (not  bearing  capacity  of  the  soil)  depends,"  is  eliminated 
in  the  equations  for  the  value  of  d. 

Of  the  two  fundamental  facts  stated  on  page  524  the  first 
is  conceded  to  be  true  and  the  second  is  not  true  for  cases 
within  the  limits  of  motor  truck  loads  and  subgrade  condi- 
tions ordinarily  required  in  the  construction  of  slab  type  con- 
crete pavements. 

In  the  original  paper  upon  the  subject.  Engineering  and 
Contracting.  February  11.  1914,  the  title  indicates  that  the 
equations  apply  to  "a  slab  supported  on  earth  or  other  yield- 
ing foundation"  and  the  limits  within  which  the  equations  are 
true  are  stated  thus:  "In  other  words,  the  solution  is  based 
upon  deflection  without  rupture  and  compression  without  lat- 
eral flow." 

The  analysis  does  not  attempt  to  cover  cases  where  the  sub- 
grade  may  be  so  hard  that  a  slab  would  not  be  required,  or  so 
soft  that  there  would  be  a  lateral  flow  of  material  when  loaded, 
nor  would  it  apply  in  case  cavities  are  formed  under  the  slab 
by  settlement  or  disintegration,  or  in  severe  cases  of  satura- 
tion or  mud. 

With  a  disagreement  clearly  established  on  the  first  sec- 
tions, covering  the  largest  item  of  cost  of  pavement  the  writer 
is  not  convinced  that  a  discussion  of  the  remainder  of  the 
article  would  be  economic. 

Chica.go.  III.  .1.  W.  PEARL. 


Engineer  Post  of  American  Legion 
Organized  in  Chicago 

Castle  Post  of  the  American  Legion  held  its  election  of  offi- 
cers Nov.  25,  1919,  at  a  meeting  in  the  rooms  of  the  West- 
ern Society  of  Engineers.  This  post  is  composed  of  en- 
gineers of  all  schools  and  from  many  branches  of  the  Engi- 
neering Corps  of  the  Army,  and  in  this  respect  is  unique  in 
that  it  has  not  based  its  membership  on  any  locality  or  from 
any  organization  but  has  undertaken  to  bring  together  in  one 
post  the  men  who  served  from  Chicago  in  the  many  phases  of 
the  engineering  problems  of  the  war  and  who.  by  reason  of 
their  technical  training  and  their  military  experience,  are 
going  to  be  active  factors  in  the  great  question  of  our  military 
preparedness.  A  cordial  invitation  is  extended  to  all  engi- 
neer service  men  in  Chicago  and  vicinity  to  join  this  post. 
Applications  may  be  filed  with  the  secretary  of  the  Western 
Society  of  Engineers,  1735  Monadnock  Block,  Chicago.  The 
officers  of  the  post,  all  of  Chicago,  are:  Commander,  R.  I. 
Randolph,  1133,  208  S.  La  Salle  street;  Vice-commander,  My- 
ron B.  Reynolds,  City  Hall;  Adjutant,  Walter  A.  Wade.  1400 
First  National  Bank;  Finance  Officer,  Eugene  C.  Heron,  914, 
910  S.  Michigan  avenue;  Directors:  C.  Vandeventer.  First 
National  Banjj  Building;  Arthur  R.  Lord,  6  N,  Clark  street. 
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Capacity  Load  and   Ruling   Grade 
in  Highway  Transportation 

By  R.  C.  BARNETT. 
Economic  Engineer.  Kansas  City.  Mo. 
In  order  to  produce  economical  highway  transportation,  the 
motor  truck  or  the  tractor  should  haul  as  nearly  as  possible 
its  capacity  load.  This  capacity  load  which  any  truck  or  trac- 
tor, working  alone  or  in  combination  with  trailers,  can  haul 
over  a  given  stretch  of  highway  is  limited  by  the  steepest,  or 
"ruling,"  grade  on  the  highway.  The  effect  of  this  ruhng 
grade  is  to  reduce  the  remaining  part  of  the  selected  highway 


Fig.  1. 

to  Its  own  limitations.  The  momentum  of  the  moving  mass 
cannot  be  utilized  to  any  considerable  extent  for  negotiating 
an  adverse  grade  as  is  done  in  railway  operation.  The  haul- 
ing conditions  on  a  road  are  very  different  from  those  on  a 
railway.  The  tractive  resistance  of  the  highway  is  much 
greater  than  that  of  the  steel  rails  and  conseauently  the 
energy  of  the  moving  load  is  absorbed  thereby  to  a  large  ex- 
tent. Again  the  interference  of  the  cross  traffic  as  well  as 
that  of  approaching  vehicles  compels  a  slowing  down  of  the 
speed  of  the  truck  and  prevents  coasting.  The  highway  does 
not  afford  any  particular  vehicle  a  free,  open  head-way  that  a 
railway  provides  tor  the  movement  of  trains.  For  these  rea- 
sons, momentum  grades  are  not  to  be  considered  in  highway 
work.  Therefore,  on  the  same  principle  that  a  chain  is  no 
stronger  than  its  weakest  link,  a  highway,  as  a  factor  in  trans- 
portation, is  no  more  effective  than  its  ruling  grade.  This 
obvious  truth  is  not  sufficiently  appreciated  by  many  persons 
connected  with  highway  development.  For  this  reason  it  is 
worth  while  to  discuss  the  relation  between  capacity  load  and 
grade.  The  following  elementary  conr>iderations  are  involved: 
Let  W  =  weig-ht  on  drivers  of  trucli  or  tractor. 
w  =  total  weight  on  wheels  of  trailers. 
N  =  normal    pressure    of    tractor    or    truck    drivers    on 

pavement. 
n  :=  normal  pressure  of  trailers. 
a  =  angle  of  slope. 
G=  component    oi    tractor   or    truck    weight   parallel    to 

slope. 
g=  component   of   trailer  weight   parallel   to    slope. 
f=  coefficient    of    sliding    friction    between    tires    and 

road  surface. 
t=  unit  tractive  resistance  of  pavement. 
T  =  total  tractive  resistance. 
P'=:  force  available  lor  pushing  truck  or  tractor  up  the 

grade. 
P  =  drawbar  pull  available  for  hauling  trailers. 
Pr=  force  required   to  move  trailers  up  grade. 
K  =  "liick-back."  or  push,  of  tires  on  the  pavement  at 
point  of  drivers  slipping. 
First  consider  a  motor  truck  operating  alone  and  having 
two-thirds  of  its  total  load  on  the  drivers  at  the  rear  axle. 

With  a  sufficiently  powerful  engine  and  proper,  gear  ratio 
to  slip  the  drivers,  the  kick-back  will  approach,  but  will  not 
exceed,  the  product  of  the  normal  pressure  by  the  co-efficient 
of  sliding  friction,  or 

K  =  f  N  =  fWcosa 
Some  of  this  kick-back  is  neutralized  by  the  tractive  resist- 
ance which  the  road  surface  offers  to  both  front  and  rear 
wheels.  The  tractive  resistance  for  the  rear  wheels  is  equal 
to  tN,  while  that  for  the  front  wheels  is  one-half  as  much. 
Then  the  total  tractive  resistance  for  the  truck  or  tractor  is 


T  =  tN  -f  O.otN  =  1.5tN  =  1.5tWcoso 
The  force  available  lor  pushing  the  load  up  the  hill  is 
!>'  .=  K  —  T  =  f Wcosa  —  1  .StWcoSo 
=  W(f  —  1.5t)coSa 
This  function  is  represented  by  the  full  line  in  Fig.  2. 

The  force  tending  to  move  the  load  down  grade  is  the 
component  of  the  load  parallel  to  the  slope.  For  the  rear 
wheels  this  is  G  and  for  the  front  wheels  0.5G,  but 

G  —  Wsina 
then  1.5G  =  l.SWsiua 

This  is  shown  in  Fig.  2  by  the  dotted  line 

P'  must  equal  or  exceed  l.oG  in  order  that  the  load  may 
move  up  the  grade.  From  Fig.  2  it  is  seen  that  P'  does  ex- 
ceed 1.5G  for  all  grades  under  24  per  cent.  The  excess  is 
shown  by  the  intercept  between  the  two  curves.  This  inter- 
cept measures  the  drawbar  pull  available  lor  hauling  trailers. 
Therefore         P  =  P'—  1.5G 

=  W(f  —  1.5t)cosa  —  l.SWsina 
Second:     Consider  a  motor  truck  or  tractor  with  trailers. 
The  resistance  offered  by  the  trailer  load  is  the  parallel  com- 
ponent, g,  and  the  tractive  resistance,  T. 
but  g^wsiuo 

and  T  =:  two  cosa 

so  F  =  g-fT 

==  wsina  -f  twcosa 
The  trailer  load  may  be  increased  until  the  resistance  it  of- 
fers equals  the  available  drawbar  pull,  or  until  F=  P,  then 

wsina  +  twcosa  =  \V(f  —  1.5t)cosa  —  l.SWsina 
Dividing  this  equation  through  by  cosa,  we  have 
wtana  +  tw  =  w'(f  —  1.5t)  —  l.SWtana 
Tana  is  the  rate  of  grade  expressed  as  a  decimal. 
Solving  for  w,  the  trailer  load,  we  obtain 

W(f  — 1.5t  — l.Stana) 

W  = 

t-f  tana 
When  the  road  is  level,  tana  reduces  to  zero  and 
W(l  — 1.5t) 

w:= 

t 
Values  for  f  have  not  been  so  well  determined  as  for  t.     For 
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Fig.  2 — Drawbar  Pull. 

P  =  W  (f  —  1.5t)   cos  a  —  1.5  W  sin  a. 
Average  value  of  f  taken  as  0.4. 
Average  value  of  t  taken  as  0.03. 
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the  present  a  range  of  0.4  to  0.6  is  used  for  f,  while  t  is  based 
upon  the  experiments  and  tests  of  Prof.  J.  B.  Davidson  of  Cali- 
fornia. 

Figure  3  shows  the  effect  of  different  grades  in  reducing  the 
hauling  capacity  of  trucks.  It  is  important  to  note  that  the 
trailer  load  falls  off  more  rapidly  tor  the  hard,  smooth  type  of 
pavement  than  it  does  for  the  other  kind.  In  order  to  pre- 
serve the  advantage  which  the  hard,  smooth  pavement  offers 
on  a  level  grade,  the  ruling  grade  must  be  made  considerably 
less  than  that  allowed  on  an  interior  road  surface.  A  con- 
crete example  will  best  make  this  clear. 

Assume  a  roadway  with  a  ruling  grade  of  5  per  cent  and  a 
truck  or  tractor  that  can  pull  a  trailer  load  of  30,000  lb.  on  a 
level  gravel  pavement.     As  shown  in  Fig.  3,  the  trailer  load 


/OOppi 

1 

V 

\      '- 

\ 

u 

\ 

t,     " 

s        f 

A     " 

-^   en         \ 

\  ' 

^  oO  — ] 

%  - 

t      -^vl 

o 

>        ^ 

o 

1     ^1 

:^5o 

4        ^ 

s 

s\ 

<5 

i    " 

Nx 

k 

5 

k_ 

\ 

^40 

-> 

\ 

t   ' 

\     ^> 

\- 

Si  N 

% 

s 

^r 

s'v 

V 

\ 

"^        ^rt, 

S^ 

s 

^      ■-.j^f^O-o 

V 

^      -^ 

20 

VK. 

f  ffA'->^      'l--^ 

^- 

. 

,    t^^xSZ  --,. 

+^ 

brave. 

/  y=()m-    <t;        ■^■-^ 

i^:^4'=^    '^=^ 

I  1  1           r~^~-  j"~~--- 

F 

2/1  brick  or  CoacreteMlMi  ^ 

j__j_l    1       1    if  1    1   1   1 

.0 

2 

4 

6 

5             iO           12           14 

Per  Cent  Grades 

iFig.  3. — Effect  of  Grades  in   Reduction  of  Trailer  Loads. 
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Labor  Cost  of  Paving  Alleys 
With  Concrete 

The  following  data  were  obtained  in  paving  four  alleys  at 
University  City,  Mo.,  in  1917  and  1919: 

Alleys  Nos.  1  and  2  were  constructed  in  June  and  July,  1917. 
The  pavement  was  one-course  concrete  7  in.  thick,  1:21/2;  5  mix. 
A  gasoline  mixer  mixing  'IV2  cu.  ft.  at  a  batch,  was  used  and 
the  concrete  was  spouted  onto  the  finished  subgrade,  spread 
and  leveled  by  hand  and  then  struck  off  with  a  template.  The 
surface  was  then  worked  with  a  long  handled  heavy  wooden 
float,  and  finished  by  hand  with  a  wooden  hand  float  from  a 
bridge.  Expansion  joints  of  elastite  were  placed  every  33  ft. 
(without  iron  armor  edge  protectors).  The  concrete  was 
cured  with  2  in.  of  clay  kept  wet  for  seven  days  and  removed 
at  the  end  of  14  days. 

The  labor  costs  were  as  follows: 

ALLEY   NO.    1. 
15    ft.    wide,    1.446.3    sq.    yd. 

Per  sq .  yd. 

Foreman,    .Ifli/-   hr.   at  50   ct $0.01737 

Finisher.    52    hr.   at   50   ct 01798 

Engineer.   55>/i    hr.  at  40  ct 01528 

Waterboy.  50%  hr.  at  J2%  ct O0434 

Labor,  511  Vi  hr.  at  30  ct 10610 

Total   labor  cost ?0.16107 

ALLEY    NO.    2. 

15    ft,    wide,    1,444.5   sq.    yd. 

Per  sq.  yd. 

Foreman,  57  hr.  at  50  ct $0.01973 

Finisher,  57  hr.  at  50  ct 01973 

fCngineer,  57  hr.  at  40  ct 015  iS 

Waterbov,  47  hr.  at  12i<>  ct 00407 

Labor,  509  hr.  at  30  ct 10571 

Total    labor    cost $0.1650 

Alleys  Nos.  3  and  4  were  paved  in  July  and  August,  1919, 
with  1-course  concrete,  G  in.  thick,  1:2V2:5  mix.  A  steam 
mixer  was  used,  taking  10  cu.  ft.  to  a  batch.  The  concrete 
was  spouted  onto  the  finished  subgrade,  spread  and  leveled  by 
hand,  and  struck  oft"  with  a  template,  then  finished  with  a 
macon  roller  and  belted.  Expansion  joints  of  elastite  were  in- 
serted every  33  ft.  (Without  armor  edge  protectors).  The  con- 
crete was  cured  with  2  in.  of  clay  kept  wet  for  seven  days, 
and  removed  at  the  end  of  14  days.  Labor  costs  were  as  fol- 
lows; they  do  not  include  grading  or  shaping  subgrade. 
ALLEY    NO.    3. 

15   ft.  Wide.   1.525  sq.  yd. 

Per  sq.  yd. 

Foremen    (2).   174  hr.  at  55'^   ct ■      $0.0633 

Finisher.  87  lir.  at  66  3/5  ot 

Finisher.   87  hr.   at    44  2/5  ct 

Engineer,  S2  hr.  at  50  ct 

Labor,  637  hr.  at  36  ct 

Labor,  251  hr.  at  40  ct 


t  -f  tan  o 
in   wlTicli 

vv  =  trailer  load. 
W  =  load  on  truck  drivers, 
f  =  coefficient  of   sliding-  friction   of 
t  :=  unit  tractive  resistance. 
a  =  angrle    of   slope. 

would  be  reduced  by  this  ruling  grade  to  about  34.6  per  cent  ot 
that  on  the  level  road,  or  to  10,400  lb.  Now  assume  that  the 
gravel  pavement  is  to  be  replaced  with  a  first  class  one  such 
as  brick  or  concrete,  then  the  same  truck  could  pull  on  a  level 
grade  about  2.9  times  what  it  could  on  the  level  gravel  road, 
or  S7.!iOO  lb.  If  the  ruling  grade  is  allowed  to  remain  5  per 
cent,  the  trailer  load  would  then  be  17.5  per  cent  of  the  load 
on  the  level,  or  15,200  lb.  This  is  only  1.46  times  that  which 
could  be  hauled  over  the  5  per  cent  gravel  grade. 

From  this  it  is  seen  how  much  more  important  it  becomes 
to  reduce  ruling  grades  for  high  class,  smooth  pavements  than 
for  the  other  type.  In  order  for  the  hard,  smooth  pavement 
to  retain  a  uniform  advantage  over  the  gravel  pavement,  the 
ruling  grade  would  have  to  be  reduced  until  the  truck  or  trac- 
tor could  pull  2.9  times  the  load  that  it  could  on  the  5  per  cent 
gravel,  or  30,160  lb.  As  30,160  is  about  34.6  per  cent  of  the 
87,000  lb.  load  which  could  be  hauled  on  the  level  brick  or  con- 
crete surface,  we  look  in  the  chart  tor  the  corresponding  grade 
and  find  it  to  be  2.3  per  cent.  This  means  that  the  ruling 
grade  of  5  per  cent  which  was  allowed  on  the  gravel  pave- 
ment must  be  reduced  to  2.3  per  cent  tor  the  hard,  smooth 
surface  in  order  to  maintain  the  advantage  that  the  latter  has 
over  gravel  in  lowering  the  cost  of  transportation.  This  fact 
has  not  yet  had  the  attention  that  its  importance  deserves. 


.0380 
.0253 
.0270 
.1498 
.0860 


Total   labor  cost. 


$0.3694 


ALLEY    NO.    4. 
15   ft.   wide,   1,525  sq. 


yd. 


Per  sq.  yd. 

Foremen    (21.   164   hr.   at  55%   ct *0?^^^ 

Finisher,  82  hr.  at  60  3/5  ct 0630 

Finisher,  82  hr.  at  44  2/5  ct 024O 

Engineer.   31   hr.  at  50  ct 0300 

Labor,  405  hr.  at  40  ct 1064 

Labor,  125  hr.  at  40  ct 0328 

Labor,  289  hr.  at  36  ct .' -0684 

Total    labor   cost $0.3576 

Alleys  1  and  2  were  completed  in  one  week  each.  The  con- 
tractor had  a  full  crew  on  the  job  all  the  time  and  had  his  ma- 
terial well  placed,  and  lost  practically  no  time.  Figured  in 
man  hours  per  square  yard,  all  labor  employed  on  alley  No.  1 
equalled  .498  man  hours  per  square  yard,  while  on  alley  No.  3 
it  equalled  .865  man  hours  per  square  yard. 

On  alleys  No.  3  and  No.  4,  two  w^eeks  were  required  on  each 
to  complete  the  work.  Work  was  carried  on  with  a  half  crew 
or  a  third  ot  a  crew  of  wheelers  most  of  the  time,  owing  to 
the  contractors'  unwillingness  to  pay  full  scale  wages.  The 
material  was  not  well  spaced,  requiring  long  wheels,  and  the 
work  was  held  up  several  times  waiting  for  delivery  of  mate- 
rial. The  labor  cost  on  these  two  alleys  was  at  least  25  per 
cent  higher  than  it  should  have  been. 

We  are  indebted  to  Walter  A.  Heimbuether,  City  Engineer, 
for  the  above  information. 


Widening  Old  Narrow  Concrete  Roads. — The  County  Road 
Commissioners  of  Wayne  County,  Michigan,  are  now  experi- 
menting with  widening  old  12  ft.  wide  concrete  roads  by  dig- 
ging out  the  loose  stone  shoulders  and  placing  additional 
concrete  pavement  on  either  side.  The  old  concrete  is  broken 
off  so  as  to  secure  as  strong  a  bond  as  possible. 
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Brick   Street  and    Road    Con- 
struction* 

By  WILL  P.   BLAIR. 
Vice  Piesit'ent  National   I'aving  Bricli  Manufacturers'   Association. 

In  the  construction  of  brick  roads,  we  have  not  yet  devel- 
oped the  use  of  tools  and  appliances  to  that  extent  which  we 
should,  which  will  lessen  the  actual  labor  necessary  in  brick 
street  construction.  However,  this  factor  of  construction 
economy  is  receiving  attention  and  much  progress  has  been 
made  recently.  The  manufacturers  of  vitrified  brick  have  had 
the  courage  to  adopt  a  standard  size  paving  brick,  the  dimen- 
sions of  which  are  3x4xS%  in.  This  is  a  distinctive  step  in 
economy,  both  in  the  matter  of  increased  production  and  con- 
venience in  its  use. 

It  is  true  that  we  have  made  progress  out  of  the  visualiza- 
tion which  we  are  able  to  exercise  through  the  long  experi- 
ence in  the  use  of  a  great  variety  of  types  of  brick  pavement 
construction.  We  can  almost  unerringly  draw  out  of  this  ex- 
perience and  observation  many  points  of  economy  in  the  ab- 
sence of  knowledge  of  underneath  soil  conditions  and  the 
resulting  behavior  of  the  same,  physical  and  climatic.  Being 
obliged  to  accept  these  conditions,  we  can  provide  against 
some  known  behaviors.  We  do  know  that  soils  saturated  with 
water  under  the  influence  of  low  temperature  create  an  ex- 
pansion almost  irresistible  in  the  force  of  its  strength.  This 
force  irregularly  exerted  from  underneath  breaks  and  cracks 
the  superstructure,  if  brittle  in  character,  almost  regardless  of 
the  strength  of  the  superstructure. 

We  know  that  in  the  absence  of  such  saturization  pave- 
ments are  not  subject  to  such  destructive  force.  Thus  we  see 
some  brick  pavements  injured  by  this  cracking  process.  We 
do  not  find  the  individual  units  of  the  brick  pavement  injured 
to  any  extent.  On  the  other  hand,  there  are  hundreds  of  miles 
of  brick  pavements  resting  upon  soils  so  thoroughly,  natu- 
rally or  artificially,  drained  that  no  apparent  injury  is  exerted. 
The  brick  in  such  pavements  held  in  alignment  do  not  show 
any  perceptible  wear.  The  life,  therefore,  of  such  pavements 
is  unknown. 

Extremely  moist  conditions  often,  when  not  frozen,  furnish 
such  unstable  support  that  shock-effect  in  the  nature  of  crys- 
tallization finally  exerts  injury.  Out  of  a  study  of  these  influ- 
ences has  grown  a  belief  that  a  rolled  broken  stone  base  will 
so  perform  a  drainage  function  as  to  stabilize  soil  support  and 
at  the  same  time  afford  sufficient  voids  that  frozen  moisture 
content  will  cause  but  little  expansive  force,  so  that  a  broken 
stone  base  is  a  great  assurance  against  injury  from  frost  ac- 
tion. 

An  added  assurance  against  injury  is  the  employment  of  an 
asphalt  filler  which  possesses  qualities  of  adhesion  and  co- 
hesion sufficient  to  hold  the  brick  in  place  and  yet  afford  a 
yielding  quality  which  results  in  an  adjustment  and  readjust- 
ment following  any  expansive  force. 

Therefore,  a  combination  of  the  two.  a  rolled  broken  stone 
base  with  a  bituminous  filler,  unites  against  injurious  effects 
in  a  most  wonderful  way.  These  qualities,  thoroughly  under- 
stood, combine  an  element  ot-economy  so  great  that  it  may  be 
regarded  as  real  progress  in  economy  of  brick  road  construc- 
tion. 

Curbs  are  required  along  the  sides  of  the  edges  of  city 
streets  as  a  part  of  the  gutter  provision  for  the  flow  of  water 
and  as  a  wall  to  support  the  lawn  or  sidewalks  at  grade  eleva- 
tion. They  form  a  part  of  the  finish  which  contributes  to  the 
tasty  appearance  of  the  street.  But  how  often  do  we  come  in 
contact  with  that  influence  which  has  grown  out  of  conditions 
of  years  gone  by.  when  great  gutters  were  dug  along  the 
streets  upon  the  theory  that  the  surface'  of  the  street  itself 
could  be  more  readily  drained  thereby.  Hence  we  have  deep 
expensive  curbing  and  unnecessary  high  crowns  to  streets  for 
which  there  is  no  earthly  reason.  The  crown  of  the  street 
and  the  height  of  the  curb  should  never  be  more  than  neces- 
sary for  the  proper  surface  drainage. 

In  highway  improvement  along  routes  not  paralleled  by 
sidewalks  experience  has  shown  that  where  monolithic  or 
semi-monolithic  construction  is  used  by  laying  the  brick  in 
green  mortar  or  mixture  of  sand  and  cement  and  filling  the 
joints  with  a  cement  filler,  curbs  are  not  needed  and  are  a 
useless  expense. 

Experience  has  also  demonstrated  that  curbs  are  not  needed 


•From   a  pap^r  presented  at  the  25th   Convention   American    So- 
ciety for  Municipal  Improvements.  New  Orleans,  La.,  Nov,  11-14. 


where  asphalt  fillers  are  used.  The  practice  of  making  the 
curb  an  integral  part  of  the  foundation  is  more  harmful  than 
beneficial.  A  trough  is  formed  which  holds  the  water,  per- 
mitting it  to  subside  into  every  chance  crevice  and  opening  in 
or  underneath  the  pavement  instead  of  the  needful  provision 
for  an  unimpeded  flow  from  off  and  away  from  the  pavement. 

Experience  has  further  shown  that  a  curb  independent  of 
the  base  and  set  up  against  the  pavement  performs  its  sup- 
posed function  with  but  little  effect.  The  frost  raises  the 
curb  out  of  place  or,  with  a  moistened  condition  outside  the 
curb,  it  is  easily  pushed  away,  leaving  the  base  without  any 
embankment  support  whatever. 

A  gravel,  broken  stone  or  slag  embankment  or  shoulder 
which  would  be  subject  to  compaction  by  the  occasional  over- 
lapping of  vehicular  wheels  has  proven  a  far  better  protection, 
A  still  better  protection  is  a  berm  penetrated  with  a  bitumi- 
nous material  which  will  allow  readjustment  of  a  possible  dis- 
placement. 

The  curb  for  brick  paved  country  roads  is  therefore  largely 
a  useless  and  costly  appendage,  incurring  an  expenditure  of 
from  $0,000  to  $.'),000  per  mile  that  represents  a  waste  pure 
and  simple. 

It  has  never  been  contended  by  any  one  that  a  curb  built 
flush  with  the  pavement  was  to  bear  any  part  of  the  traffic. 
In  fact  it  never  does.  Then  why  not  put  the  expense  of  the 
curb  into  additional  width  of  wearing  surface — to  satisfy  the 
growing  demand  for  a  wider  roadway? 

There  are  conditions  upon  hillsides  and  through  heavy  cuts 
w  here  a  curb  becomes  a  necessity  either  for  water  disposal  or 
for  protection  against  water.  But  such  are  but  mere  excep- 
tions to  an  almost  universal  possibility. 

In  the  matter  of  specifications  for  road  improvement  our 
largest  efforts  have  been  in  the  direction  of  perfecting,  by  de- 
scription and  nomenclature,  the  materials  out  of  which  the 
artificial  superstructure  of  pavements  is  to  be  made.  We 
have  diligently  searched  and  provided  for,  as  to  what  consti- 
tutes and  how  quality  may  be  ascertained,  both  with  reference 
to  tlip  units  of  material  as  well  as  by  specific  and  understand- 
able directions,  as  to  how  these  materials  may  be  brought  to- 
gether in  placement  to  the  best  advantage. 

The  economic  value  of  all  of  this,  however,  is  dependent  en- 
tirely on  the  agencies  which  injure  and  destroy  this  artificial 
superstructure  and  the  units  of  composition.  These  agencies 
are  recognized  as  arising  from  two  sources.  That  of  traffic  on. 
the  one  hand  and  on  the  other  the  behavior  from  natural 
causes  of  the  underneath  soil  conditions.  The  destruction 
from  traffic  because  of  its  visibility,  has  drawn  from  us  our 
greater  attention  and  study.  But  soil  conditions,  which  exert 
a  far  greater  influence  on  the  durability  of  pavements  than 
traffic  itself,  we  do  not  understand.  At  the  moment  no  engi- 
neer is  able  by  any  description,  by  any  nomenclature,  or  by 
any  classification  of  various  characters  of  soils,  to  correlate 
them  to  such  scientific  treatment  as  will  render  injury  on  ac- 
count of  possible  conditions,  proof  against  injury  to  the  pave- 
ment itself.  We  are  so  uncertain  of  our  ability  to  characterize 
soil  quality  in  relation  to  its  ability  to  resist  or  influence  mois- 
ture content  by  capillary  attraction,  that  we  merely  visualize 
and  we  do  sometimes  say,  drain  here  and  drain  there,  as  a 
kind  of  excuse  or  camouflage  of  our  own  ignorance,  and  in 
practice  we  install  a  paveinent  of  exactly  the  same  design,  5, 
10,  1.5  or  20  miles  in  length,  regardless  of  the  condition  upon 
which  we  place  this  track  for  traffic. 

We  are  unable  to  direct  how  the  sandy  clay  muck  sections 
of  our  road  or  street  sections  shall  be  dealt  with.  Who  knows 
in  truth  and  in  fact  just  what  is  meant  by  the  unintelligible 
terms  of  clay  plastic  or  muck  soils.  Why  not  be  satisfied  by 
saying  stiff  asphalt,  shale  brick  or  rock  cement?  If  we  do  not 
say  so  in  so  many  words  we  act  as  far  as  we  do  act,  under 
the  undefinable  and  uncertain  term  of  "sufficient  drainage," 
The  absurd  and  unscientific  way  in  which  we  have  dealt  with 
the  underneath  soil  conditions  in  highway  improvement,  or 
our  failure  to  deal  at  all  with  it,  should  bring  us  to  realize  that 
as  highway  engineers  we  have  yet  some  work  to  do.  To  place 
reliance  of  sufficient  support  of  traffic  upon  certain  artificial 
slab  strength  of  costly  structure,  without  knowledge  of  what 
is  already  in  existence,  and  regardless  of  its  worth  for  that 
purpose  or  without  knowing  with  what  small  relative  expendi- 
ture certain  treatment  may  render  its  condition  inadequate,  is 
but  an  acknowledgment  of  inability  to  economize  and  prevent 
great  waste.  Where,  how  and  to  what  extent  our  drains  shall 
be  placed  in  each  kind  of  soil  to  maintain  in  greatest  stabil- 
itv  we   do  not  know,  and,  it  we   should  know,   we  have  no 
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means  of  intelligent  nomenclature  to  convey  that  to  others  to 
interpret  our  meaning. 

When  we  can  classify  or  rate  soils  by  some  simple  and  in- 
expensive means  of  ascertaining  its  ability  or  limitation  of 
capillary  properties,  and  name  the  classification,  and  then 
correlate  that  soil  to  necessary  treatment  to  maintain  Its 
stabilization  and  also  to  say  what  that  treatment  should  be, 
we  can  then  say  whether  our  drains  shall  be  8  ft.  apart  or  20 
ft.  apart.  Whether  they  shall  be*  3  ft.  or  8  in.  in  diameter, 
whether  they  shall  be  3  ft.  or  4  ft.  under  the  ground. 


Uniform   Highway  Signs 

The  radius  of  travel  on  highways  has  increased  in  the 
past  10  years  from  j.d  miles  to  150  miles,  hence  the  need  for 
clear,  distinct  and  uniform  highway  signs  is  10  times  greater 
today  than  it  was  10  years  ago.  In  view  of  this  fact,  the 
final  report  presented  by  the  committee  of  the  American 
Road  Builders'  Association  at  the  annual  meeting  of  the  as- 
sociation Nov.  7,  last,  is  of  particular  interest.  According 
to  this  report  the  direction  sign  must  be  large  enough  to 
carry  lettering  that  can  be  read  at  a  distance  of  at  least  200 
ft.  The  letters  must  be  plain,  widely  spaced  and  the  con- 
trast between  the  letters  and  the  back-ground  must  be  strong 
so  that  the  name  will  stand  out  clearly.  As  the  average 
rate  of  travel  is  30  miles  per  hour  in  the  open  country,  it  is 
necessary  that  the  lettering  be  large  and  clear  enough  to 
be  easily  read  at  that  speed. 

The  precautionary  sign  should  be  of  sufficient  size  to  per- 
mit of  wider  spacing  than  that  on  the  direction  sign  and  sym- 
bols are  found  to  be  more  quickly  discernible  than  words. 
The  word  danger  alone  is  not  sufficient  because  the  traveler 
wishes  to  know  at  a  glance  what  the  particular  object  to  be 
on  guard  against  is;  to  make  this  more  clear  the  committee 
has  adopted  a  bent  spear  with  a  red  head  pointing  in  the 
direction  of  the  sharp  curve. 

The  committee  recommended  that  the  sign  of  the  state  of 
Connecticut  as  further  modified  be  adopted  as  a  standard  and 
that  the  arrow  plan  for  direction  markers  be  followed,  with 
the  name  of  the  most  important  town  on  the  route  shown  in 
a  conspicuous  place  within  the  arrow  and  the  two  next  inter- 
mediate towns  placed  in  a  less  conspicuous  place  on  the  sign. 

Other  recommendations  in  the  report  follow: 

The  direction  marker  shall  be  1.5  in.  high  by  36  in.  wide: 
the  sign  to  be  constructed  of  either  wood  or  metal:  small  ar- 
rows to  be  shown  in  front  of  the  names  of  the  two  towns 
or  cities  shown  above  the  main  arrow;  a  system  of  coloring 
to  be  adopted  showing  the  main  and  secondary  routes,  viz. 
black  posts  for  north  and  south;  white  posts  for  east  and 
west,  these  colors  forming  a  ground  for  any  symbol  that 
a  particular  state  may  adopt  for  its  main  and  secondary 
routes.    Where  these  signs  are  located  in  a  town,  there  shall 

be  added  on  top  the  words:   This  is  ,  giving  the  name 

of  the  town. 

The  precautionary  sign  shall  bear  the  word  danger  in  per- 
manent red  at  the  top  and  beneath  the  proper  symbol  for 
curves,  railroad  crossing  and  grades  steeper  than  7  per  cent 
with  the  distance  in  feet  to  the  impediment,  which  shall  be, 
wherever  possible,  500  ft. 

All  signs  shall  be  supported  on  posts  of  either  wood,  iron 
or  concrete  and  shall  not  exceed  7  ft.  in  total  height  above 
the  ground. 

The  committee  consists  of  R.  A.  Meeker,  J.  L.  Bauer  and 
T.  .T.  Wasser. 


Lighter  Filler  Used  in  Creosoted  Wood  Block  Paving  at 
Minneapolis.— During  the  past  season  changes  were  made  in 
the  charactpr"of  the  filler  used  by  the  city  of  Minneapolis 
in  constructing  creosoted  wood  block  pavement.  The  new 
filler  was  used  on  about  50,000  sq.  yd.  of  paving  on  tlie 
downtown  streets  with  excellent  results.  During  the  hottest 
weather  the  streets  were  almost  entirely  free  from  bleeding, 
although  the  paving  had  only  been  laid  a  short  time.  The 
specifications  for  this  filler  are  as  follows: 

Sperific   gravity   at    3S"-15.5°C 3.24 

Specific   viscosity  at  82.3°C 35 

Distillate   up    to   3S5'C 20  per  cent 

Specific  gravity  at  3S«-15.J)°C  of  distillate 1.015 

Melting  point  of  residue — cube  method nS-C 

In.soluble    in    chloroform 25  per  cerrt 

It  will  be  seen  by  comparison  with  the  usual  specifications 
-that  the  filler  is  much  lighter  and  has  more  volatile  material, 
and  it  is  more  like  the  fillers  used  some  years  ago  when  the 
ordinary  filler  was  very  much  lighter  than  at  present. 


Cost  of  Operating  Gravel  Washing 

Plant  at  Wayne  County, 

Michigan 

Owing  to  the  possibility  of  delays  in  shipment  of  sand  and 
gravel  through  railroad  congestion  and  on  account  of  poor 
yard  facilities  near  the  work  the  County  Road  Commission- 
ers of  Wayne  County,  Michigan,  leased  a  gravel  pit  and 
erected  a  washing  plant  to  furnish  material  for  two  concrete 
road  jobs  carried  out  last  year.  The  lease  provided  for  a  pay- 
ment of  15  ct.  per  cubic  yard  in  the  bank,  measurement  to  be 
governed  by  the  number  of  cubic  yards  of  concrete  laid.  A 
washing  plant  with  a  capacity  of  200  cu.  yds.  per  day  was 
erected  at  the  pit,  the  entrance  graded  and  an  industrial  rail- 
way laid  right  up  to  the  chutes  from  the  washing  plant  bins. 

The  location  of  the  pit  was  central  to  the  road  being  built, 
thereby  shortening  the  haul  about  %  mile  over  the  distance 
from  the  railroad  siding  if  commercial  material  had  been 
used.  The  lay-out  of  the  gravel  pit  was  such  that  it  was 
much  cheaper  to  arrange  a  yard  at  the  pit  than  it  would  have 
been  to  unload  from  railroad  cars. 

A  small  stream  fed  by  local  springs  furnished  an  abundant 
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Gravel    Washing    Plant    of    Wayne    County    Road    Commission. 

supply  of  water,  which  was  pumped  1.000  ft.  through  two 
lines  of  3-in.  pipe  to  the  washing  plant  by  electric  motor.  A 
single  line  of  4-in.  pipe  would  have  been  sufficient,  but  two 
3-in.  lines  were  used  because  this  pipe  was  in  stock.  The 
plant  was  operated  by  a  small  electric  motor,  making  it  com- 
paratively simple  in  operation. 

The  cost  of  operation,  exclusive  of  interest  and  deprecia- 
tion, according  to  the  last  annual  report  of  the  Commissioners 
was  approximately  as  follows: 

Total 
per  day. 

1  learns  loading'  hopper  at  $S $32.00 

2  scraper  tiolders  at   %^ 10. GO 

1  foreman   at  $6.50 6.Sn 

1  operator  at  $6 fi.OO 

2  cor  loaders  at  $5 10.00 

Motor  rental   at  $1.50 ...  1.50 

Klectric  current,    estimated 10.00 

Total   (20r,  cu.  yd.  at  38  ct.) $76.00 

On  the  basis  of  an  average  daily  output  of  200  cu.  yd.  the 
cost  amounts  to  38  ct.  per  cubic  yard,  plus  15  ct.  for  the  cost 
of  the  material  in  the  pit.  making  a  total  of  53  ct.  per  cubic 
yard  for  the  material  loaded  in  the  industrial  cars  ready  to 
haul.  It  will  be  noted  in  the  above  cost  that  the  largest  item 
is  the  teams  loading  the  hopper  which  feeds  the  belt.  This 
item  could  have  been  reduced  by  the  installation  of  a  drag 
line  bucket  and  hoisting  engine,  hut  owing  to  the  short  run 
which  this  plant  had  it  was  not  considered  advisable  to  invest 
in  so  large  an  equipment. 

The  plant  cost  approximately  $7,200  erected,  and  supplied 
about  10,000  cu.  yd.  of  material,  from  the  pit.  It  is  expected 
to  operate  the  plant  next  year  for  furnishing  gravel  and  sand 
for  maintenance  work. 
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To    SnPPd     Tin     1  QIO    RotlH    RnilHintS  'J''  encouraged  to  place  their  orders  for  the  materials  requlr- 

XO    OpeeU     up    l^^ZU    r\.Oaa    OUIiaing  mg  rail  transportation  as  long  in  advance  of  the  time  they 

Program  ^^'"  ^'^  actually  required  as  possible.    The  placing  of  materials 

^  in  storage  piles  involves  some  expense,  but  this  expense  is 

In  a  letter  sent  out  under  date  of  Oct.  27  to  the  various  small  in  comparison  to  the  loss  occasioned  by  lack  of  ma- 
State  Highway  Departments,  Mr.  Thos.  H.  MacUonald.  Chief  terials  when  the  contractors'  organization  is  waiting 
U.  S  Bureau  of  Public  Roads  points  out  that  with  $fi:«.0O0,0O0  p^om  the  experience  this  year  and  in  view  of  the  greatly 
available  m  1920  for  the  construction  of  surfaced  highways  it  ^creased  program  for  next  year,  it  seems  apparent  that  con 
is  vitally  important  to  place  under  contract  during  December  tracts  which  are  not  awarded  during  the  winter  months  will 
and  .Tanuary  as  great  a  mileage  of  roads  as  possible.  The  ,,a-,-e  little  opportunity  of  being  supplied  with  materials  which 
letter  in   tun   touows.  require  rail  hauling.    Again  contracts  should  be  awarded  early 

It  IS  a  matter  in  which  the  State  Highway  Departments  may  ^nd  contractors  should  be  encouraged  to  place  their  orders 
take  a  large  measure  of  satisfaction  that  road  building  is  the  ,„  that  the  material  producers  will  operate  their  plants  during 
one  oig  public  activity  which  got  under  way  early  in  1919.  ^11  seasonable  weather.  In  the  past,  too  many  contracts  have 
which  opened  a  large  field  tor  unemployed  labor,  which  offered  „een  held  until  later  in  the  year  and  material  supplies  have  not 
a  market  for  construction  materials,  and  which  has  continued  been  started  moving  during  the  period  when  the  car  supply 
to  inci-ease  in  volume  as  the  months  have  passed.  It  is  too  j.,  at  its  maximum.  Also,  contract  prices  have  usually  been 
early  to  have  definite  figures  available  for  this  year's  pro-  jower  for  work  awarded  early  in  the  season,  and  the  state  de- 
duction of  roads  and  total  expenditures,  but  it  is  estimated  partments  and  the  Federal  bureau  must  recognize  and  re- 
that  the  expenditures  during  1919  for  hard  surfaced  highways,  ^po„,i  to  the  public  confidence  which  has  been  shown  by  the 
exclusive  of  sand-clay  and  similar  types,  will  total  approxi-  appropriations  of  large  sums  for  highway  improvement,  by 
mately  $138,000,000.  The  largest  previous  year's  total  expen-  adopting  every  method  that  will  help  to  secure  the  lowest 
ditures  for  like  purposes,  that  of  1916,  was  $136,000,000.  p^ces  and  the  most  efficient  expenditure  of  these  funds. 

But  the  test  of  the  road  building  organizations  is  ahead.  In  view  of  the  greatly  enlarged  program  of  road  construc- 
The  estimated  summary  of  the  funds  which  will  be  available  tion  and  the  large  amount  of  unfinished  contracts  which  will 
for  highway  work  during  1920  for  the  construction  of  surfaced  have  to  go  over  because  of  lack  of  road  materials,  it  would 
highways  is  as  follows:  seem  unnecessary  to  further  accent  the  need  for  taking  ad- 
Brought  forward  from  unfinished  work.  1919  contracts.  ..$165,000,000  vantage  of  the  supply  of  open  top  car  equipment  in  February, 
Funds  available   from  state   and   county   taxes  and  fed-  ■\rnrnh   and    A^iril 

eral  aid 273,000.000  -"^rcu  ana  April 

One-fifth  state  and  county  bond  issues  not  before  avail-  It  is  apparent  that  many  contractors  who  have  not  before 

able    ....  ••■•• ,  •  ;■  V  •; vv. ;    50,000.000  been  so  engaged  are  looking  to  the  highway  field,  and  that  the 

On«;-third    of    the    unexpended     balance     of    state    and  ,         .        ,               .      ,.              .,,  ,                    ,     ,       „. 

count.v  bond  issues  previously  available 45,000.000  contractors  organizations  will  be  expanded.  The  labor  short- 
Available  from  new  bond  issues  to  be  voted  on  the  tall  age  may  in  part  be  met  by  improved  machinery  and  equip- 

of  1919  and  spring  of  1920 lOO.OOO.OOO  t    ,,    t  t,,      .^                  »    ..■               ,  ^^                ,        ,         x      •    , 

^ ment,  but  the  transportation  and  the  supply  of  materials  can- 
Total    $633,000,000  not  be  so  readily  or  quickly  expanded  to  take  care  of  the 

This  large  total  is  more   than  four  times   the   amount  of  greatly   increased   needs.     Unless   a   forward    looking   policy 

money  that  has  been  expended  during  any  previous  year  for  recognizing  these  conditions  is  adopted  at  once,  it  is  not  ap- 

like   purposes.     To   accomplish   the   physical   undertaking   of  parent  that  a  greatly  increased  production  of  roads  will  be 

putting  into  actual  road  construction  this  sum  or  anywhere  possible  next  year  over  the  miles  constructed  this  year,  yet 

near  this  sum  is  tremendous.    It  is  so  much  greater  than  any  the    public    is   demanding   of   road    building    organizations    a 

program  that  has  heretofore  been  attempted  that  a  great  in-  greatly  increased  production. 

crease  in  the  principal  factors  controlling  the  actual  produc-  Evfry  official  in  an  administrative  capacity  in  the  road 
tion  of  highways  is  absolutely  essential.  These  principal  fac-  building  organizations  knows  that  it  is  common  for  the  pub- 
tors  are  material  supplies,  shipping  facilities,  labor  supply  and  lie  to  demand  great  activity  and  immediate  production  of 
contractors'  organization.  The  acute  deficiency  of  open  top  roads  as  soon  as  bonds  have  been  voted.  The  fact  that  more 
cars  demands  that  our  first  attention  be  directed  towards  in-  than  four  times  as  much  money  is  available  for  roads  next 
creasing  shipping  facilities  for  road  materials.  These  facil-  year  than  has  been  true  heretofore  means  that  these  de- 
ities may  be  increased  by  two  methods:  fiist,  by  the  more  mands  will  become  intensified  and  it  will  be  a  difficult  task 
efficient  use  of  open  top  car  equipment,  and  second,  by  a  large  to  impress  upon  the  public  the  fact  that  the  production  of 
increase  in  the  supply  of  new  cars.  During  frequent  confer-  roads  is  controlled  by  factors  largely  outside  of  the  control  of 
ences  with  the  railroad  administration  it  has  become  apparent  the  highway  officials. 

that  a  more  efficient  use  may  be  made  of  the  present  open  top  The  only  possible  relief  is  to  use  the  present  transportation 
car  equipment  by  starting  the  shipping  season  earlier  than  has  and  materials  production  agencies  in  the  most  efficient  man- 
been  the  general  practice  in  the  past.  It  has  been  customary  ner  possible,  and  at  the  same  time  bend  our  efforts  to  obtain 
to  wait  until  contractoi-s'  organizations  were  ready  to  begin  an  increased  car  supply  and  an  increased  production  of  road 
work  before  starting  the  shipment  of  materials.  Under  these  materials.  But  these  policies,  to  be  effective,  must  be  adopted 
conditions  many  thousands  of  open  top  cars  lie  idle  during  the  by  the  state  departments  and  the  Federal  bureau  individually 
latter  part  of  February,  all  of  March,  and  the  earlier  part  of  and  collectively,  at  once,  and  the  first  step  is  to  place  under 
April.  In  the  spring  of  1919  the  number  of  open  top  cars  that  contract  during  December  and  .lanuary  as  great  a  mileage  of 
were  idle  totaled  more  than  2.50,000.  As  the  season  advanced  roads  as  possible.  In  doing  this  the  Bureau  wishes  to  co- 
and  road  contracts  were  actually  under  way,  the  car  shortage  operate  with  and  aid  the  states  in  pvery  way  possible.    • 

manifested  itself  here  and  there  almost  continously.  but  at  

three  different  times  complaints  received  at  this  office  were  Road  Grading  Outfit  Moves  1,000  Cu.  Yd.  Per  Day. — In  con- 
general,  structing  the  Federal  aid  road  project  from  Kearney,  Neb., 
We  must  recognize  that  if  a  strike  threatens  the  railroads.  to  Pleasanton.  the  contractor,  A.  L.  Cook,  of  Ottawa.  Kan., 
road  material  will  not  be  moved  because  it  is  not  perishable.  has  been  excavating  approximately  1,000  cu.  yd.  per  day.  His 
If  the  movement  of  coal  demands  the  cars,  there  will  be  a  outfit  consists  15  mule  teams,  one  elevating  grader,  one  8  ft. 
shortage  of  cars  for  the  movement  of  road  materials.  The  grader,  four  1  yd.  dump  wagons,  four  4  ft.  fresnoes  and  one 
importance  of  the  movement  of  road  materials  must  be  im-  road  plow.  Wages  average  $4  to  $5  per  10  hours.  Camp 
pressed  upon  the  public  and  the  railroads,  and  for  the  present  board  is  $1  per  day.  The  grading  calls  for  the  moving  of  170,- 
the  road  builders  must  correlate  their  calls  for  service  so  far  000  cu.  yd.  of  earth.  The  road  is  20.4  miles  long,  of  the 
as  possible  with  the  situation  which  exists — that  at  any  crit-  earth  type,  and  is  24  ft.  wMde. 

ical  moment  when  shipping  facilities  are  involved,  road  ma-  

terials  will  be  the  first  to  suffer.  Wayne    County    Concrete    Resurfacing    Job    Successful.— In 

Therefore,   everything  possible  must  be  done  to   facilitate  .June,  1916,  the  County  Road  Commissioners  of  Wayne  County, 

transportation  of  road  materials  under  these  handicaps.     Rail-  Michigan,  widened  out  a  section  of  a  concrete  road  from  16  to 

road  transportation  has  become  too  important  a  factor  in  the  20  ft.  and  resurfaced  with   3  in.  of  reinforced  concrete.     In 

amount  of  work  that  can  be  accomplished  to  allow  it  longer  to  their  annual  report  for  the  year  ending  Sept.  30,  1919.  they 

be  regarded  as  incidental.    It  has  become  the  biggest  item  in  have   the  following  to  say  regarding  this  work:    "Its  condi- 

road  production.     Contracts  should  be  awarded   as  early  as  tion  for  all  practical  purposes  is  as  good  as  the  day  it  was 

possible  that  the  contractors  may  know  the  amount  of  ma-  opened  to  traffic,  and  we  consider  it  beyond  the  realm  of  an 

terials  they  will  require  at  different  points  and  they  should  experiment,  and  an  unqualified  success  in  every  particular." 
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Solving   Snow  Problem   on 
Highways 

The  snow  problem  is  becoming  one  of  considerable  im- 
portance to  road  officials.  This  is  due  to  the  Increased  use  of 
the  roads,  and  more  especially  to  the  increased  amount  of 
motor  truck  traffic  which  is  very  seriously  handicapped  by 
the  snow.  There  will  be  a  greater  demand  each  winter  to 
keep  open  many  of  the  main  roads  for  automobile  and  motor 
truck  traffic.  Useful  suggestions  for  keeping  the  roads  open 
for  motor  traffic  during  the  winter  months  are  given  in  a 
bulletin  prepared  by  IWr.  A.  H.  Hinkle,  Deputy  Highway 
Commissioner  of  Ohio.  The  following  is  taken  from  the 
bulletin: 

Causes  of  Drifts. — To  solve  this  problem  by  preventive 
methods,  it  is  necessary  to  begin  the  study  of  it  during  the 
preceding  winter.  For  instance,  snow  drifts  do  not  come  by 
chance.  The  snow  drifts  much  deeper  in  some  places  that 
other  places  for  a  reason.  There  is  always  a  cause  for  the 
drifts  and  if  the  cause  is  removed,  the  drift  will  not  form. 
Hence  there  arises  the  necessity  of  observing  one  winter  the 
location  of  the  bad  drifts  and  their  cause,  and  then  attempt- 
ing to  eliminate  that  cause  before  the  approach  of  another 
winter. 

The  drifting  of  the  snow  will  take  place  where  the  ve- 
locity of  the  wind  is  checked  by  some  obstruction.  The  snow 
is  deposited  in  drifts  for  the  same  reason  that  a  sand  bar  is 
deposited  in  a  stream  where  the  velocity  of  the  water  is  re- 
duced, thus  allowing  the  sand  or  silt  which  was  canned  by 
the  swifter  moving  water  to  settle  to  the  bottom.  It  will  be 
observed  in  the  climate  of  Ohio  that  the  north  and  south 
roads  are  usually  drifted  much  worse  than  the  east  and  west 
roads.  This  is  due  to  the  prevailing  direction  of  the  winds 
which  is  generally  from  the  west,  together  with  the  fact  that 
the  obstructions  causing  the  drifts  are  usually  found  paral- 
leling the  road.  Owing  to  the  prevailing  westerly  winds  an 
obstruction  on  the  westerly  side  of  a  road  is  many  times 
more  ob.iectionable  than  on  the  east  side. 

Upon  investigation  it  will  frequently  be  found  that  snow 
drifts  in  the  road  have  been  caused  by  a  fence  along  the  road. 
Rail,  board,  picket,  and  especially  hedge  fences,  are  very 
common  causes  of  snow  drifts  in  the  road.  They  cheek  the 
current  of  air  enough  to  cause  a  drift  to  form.  Hills  or  high 
banks,  where  there  are  cuts  in  the  road,  will  frequently  be 
sources  of  drifting  snow.  Bush  rows  along  the  road  will 
invariably  cause  drifts  to  form.  Even  a  few  weeds,  although 
innocent  looking,  may  check  the  current  of  air  sufficiently  to 
cause  it  to  deposit  its  load  of  snow. 

A  row  of  weeds  along  the  road  shoulder  may  be  the  source 
of  considerable  annoyance  by  causing  snow  to  drift  on  a 
road  which  is  well  above  the  surrounding  country. 

Removing  Obstructions  Which  Cause  Drifts. — It  is  readily 
seen  from  what  is  given  above,  that  a  method  of  preventing 
the  snow  from  drifting  would  be  to  remove  the  obstructions 
which  check  the  current  of  wind.  This  can  frequently  be 
done.  Low  bushy  trees  can  be  trimmed.  A  tree  trimmed 
some  distance  from  the  ground  will  ordinarily  not  be  a  ser- 
ious source  of  drifting  snow  on  the  highway.  Fences  of  the 
type  mentioned  above  should  not  be  constructed  along  the 
highway.  We-  cannot  always  in  justice  to  the  farmer  tear 
down  a  good  fence;  but  we  can  discoura.ge  the  use  of  such 
fences  along  a  highway  as  will  be  a  source  of  future  trouble 
in  causing  snow  to  drift.  However,  the  seriousness  of  the 
case  will  frequently  justify  the  removal  of  certain  fences.  A 
wire  fence  will  not  cause  the  snow  to  drift  because  it  offers 
little  or  no  obstruction  to  the  wind.  A  hedge,  board  or  picket 
fence  on  the  west  side  of  a  north  and  south  road  should  not 
be  closer  to  the  center  of  the  highway  that  50  or  60  ft.  Weeds 
and  brush  on  the  road  shoulder  and  outer  edge  of  the  right- 
of-way  should  be  kept  cut.  This  can  not  be  emphasized  too 
much  because  solving  the  snow  problem  is  only  one  among 
many  other  reasons  for  cutting  them.  The  higher  the  road- 
bed, the  less  will  be  the  trouble  from  drifting  snow.  Hence, 
we  should,  when  designing  our  road,  give  this  matter  con- 
sideration. The  roadbed  may  some  times  be  elevated  in  those 
places  where  due  to  the  topography  and  the  surrounding  con- 
ditions there  will  be  a  tendency  for  drifts  to  form.  It  must 
be  remembered  that  we  are  justified  in  .going  to  greater  ex- 
pense in  eliminating  this  trouble  on  the  more  important 
thoroughfares  and  especially  the  north  and  south  roads,  be- 
cause of  the  greater  tendency  of  drifts  to  form  thereon. 


Use  of  Snow  Fence. — Of  course  we  will  not  be  able  to  re- 
move a  hill  where  it  is  the  cause  of  drifting  snow;  but  there 
is  another  means  of  prevention  which  may  be  used  in  this 
case.  Since  it  is  an  obstruction  that  causes  drifts  to  form,  it 
is  readily  seen  that,  if  the  obstruction  were  back  some  dis- 
tance from  the  highway,  it  would  be  a  relief  by  causing  the 
snow  to  be  deposited  before  it  reaches  the  highway.  Hence, 
by  the  construction  of  some  obstruction,  let  us  call  it  a  snow 
fence,  some  distance  away  from  the  highway  we  may  largely 
prevent  the  drift  from  forming  on  the  road. 

In  Fig.  1  is  given  a  design  of  a  portable  snow  fence.  In- 
stead of  using  stakes  to  anchor  the  fence  to  the  ground  as 
shown  in  the  illustration,  a  board  may  be  nailed  to  the  bot- 
tom of  the  two  legs  to  holi  the  fence  erect.  When  this  is 
done,  it  is  necessary  to  increase  the  angle  of  inclination  of 
the  fence  to  the  ground  in  order  to  make  it  sufficiently  stable 
to  prevent  it  from  blowing  over.  A  picket  fence  with  pickets 
placed  closely  together  may  be  temporarily  erected  for  this 
purpose.  It  is  readily  removed,  as  it  can  be  detached  from 
its  supports  and  rolled  up  in  sections  in  the  spring  and  laid 
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Fig.   1 — Portable   Snow   Fence   Designed   by   Bureau   of   Maintenance 
and    Repair,   Ohio    State    Highway    Department. 

away  until  the  next  winter.  The  picket  fence  may  be  fas- 
tened to  posts  driven  into  the  ground.  One  and  one-half  inch 
hollow  iron  posts  or  1%  in.  x  1%  in.  x  3/16  in.  angle  iron  or 
3  in.  to  4  in.  locust  posts  may  be  used  for  this  purpose.  The 
posts  can  be  easily  pulled  in  the  spring  of  the  year  when  the 
ground  is  soft. 

A  portable  fence  would  be  used  where  it  is  necessary  to 
remove  the  fence  during  the  summer  so  the  fields  could  be 
cultivated,  or  for  other  causes. 

A  stationary  snow  fence  might  be  made  by  spacing  (>  in. 
boards  2  to  3  in.  apart  on  posts  set  vertically  in  the  ground 
to  a  height  of  about  6  ft.  above  the  surface.  However,  where 
the  land  is  under  cultivation,  it  would  not  be  practical  to 
use  a  stationary  fence.  In  such  places,  if  a  snow  fence  is 
used  at  all,  one  of  the  portable  designs  would  have  to  be 
adopted. 

It  should  be  observed  that  the  proper  location  for  a  snow 
fence  is  some  distance  back  from  the  edge  of  the  highway. 
The  distance  will  vary  according  to  the  height  of  the  fence. 
The  distance  from  the  edge  of  the  road  would  be  S  to  10  ft. 
per  foot  of  height  of  the  fence. 

Owing  to  the  expense  of  constructing  a  snow  fence  and 
the  erecting  and  removing  of  it  every  year,  the  preventive 
methods  previously  described  should  be  resorted  to  wherever 
possible,  before  resorting  to  the  use  of  snow  fences.  It  may 
not  be  practical  to  use  a  snow  fence  except  in  extreme  cases 
where  the  snow  drifts  badly  every  year  onto  very  important 
roads. 

A  careful  study  of  the  causes  of  drifting  snow  at  any  par- 
ticular place  will  be  of  great  value  in  solving  the  problem.  It 
must  be  kept  in  mind  that  the  direction  from  which  the 
wind  comes  is  a  determining  factor  in  the  location  of  the 
drifts.  However,  inasmuch  as  the  majority  of  our  winds  are 
from  a  westerly  direction,  the  location  of  drifts  will  fre- 
quently be  in  the  same  place. 

Snow  drifts  cannot  always  be  eliminated.  Neither  can  a 
heavy  fall  of  snow  be  prevented.  This  will  compel  us  to  deal 
with  this  subject  from  the  second  point  of  view. 

Handling  Snow  Drifts  and  Heavy  Snow  Falls.— Three 
methods  of  dealing  with  the  snow  problem,  when  the  snow 
cannot   be   prevented    from    drifting   onto    the   road,    present 
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themselves:  (a)  Driving  in  Fields;  (b)  Compacting  Method; 
(c)   Removal  Method. 

On  secondary  roads  that  drift  badly,  it  is  customery  in 
places  to  drive  across  tlie  fields  in  order  to  avoid  the  drifts 
in  the  road.  However,  because  oi  fences  and  objections  to 
trespassing  on  private  property,  this  practice  can  be  followed 
only  in  certain  places  even  on  secondary  roads,  and  the  cus- 
tom would  never  be  practical  on  heavily  traveled  roads. 
Hence,  the  present  road  must  be  made  passable  for  traffic. 

How  the  Snow  is  Compacted. — One  way  of  solving  the 
problem  of  a  heavy  fall  of  snow  on  a  country  road  is  to  uni- 
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2 — A-Shaped    Snow    Plow.    Designed    by    Ohio    State    Highway 
Department,  Bureau  of  Maintenance  and   Repair. 


grader  pulled  by  horses  or  a  caterpillar  tractor,  a  snow  plow 
pulled  by  horses  or  tractor,  or  a  plow  attached  to  the  front 
of  a  motor  truck.  For  opening  up  a  passage  through  heavy 
drifts  hand  methods  or  power  sweepers  will  have  to  be  used. 
An  ordinary  road  grader  is  an  excellent  machine  for 
scraping  the  snow  from  the  road  surface.  Iron  shoes  placed 
under  the  grader  blade  to  prevent  it  from  gouging  into  the 
pavement  or  catching  on  some  slight  projection  are  some- 
times used.  A  heavy  road  grader  is  desirable  in  order  that 
it  will  not  be  shifted  sidewise  by  the  snow.  Three,  four  or 
six  horses  may  be  used  to  pull  the  grader  as  the  depth  of 

snow  and  weight  of  grader 

will  demand. 

An  A-shaped  snow  plow  is 
sometimes  used  for  opening 
a  track  in  the  road.  This 
can  sometimes  be  used 
where  the  depth  of  snow  is 
too  great  to  use  a  road 
grader.  It  will  of  course 
be  necessary  to  use  enough 
horse  power  to  readily  pull 
the  plow  through  the  deep 
snow.  In  order  that  the 
plow  will  travel  in  a  straight 
line  down  the  road,  the 
length  of  hitch  should  be  as 
short  as  can  be  conven- 
iently made.  The  plow  can 
be  made  to  vary  in  weight 
as  the  conditions  of  the 
snow  will  warrant. 

A  snow  plow  attached  to 
the  front  of  a  motor  truck 
has  been  used  to  a  consid- 
erable extent  in  removing 
snow  from  the  road.  It 
cannot  be  made  to  operate 
in  deep  snow  as  in  the  case 
with  the  road  grader;  how- 
ever, it  has  a  big  advantage 
in  being  speedy  and  can  be 
used  to  keep  the  road  clear 
while   the    snow    is   falling. 


Nlfts 

Wrol 

t 

VWlod 

?.|4Vlg<? 

DoKPwfcrred 

1 

- 

2 ■  6 .  ISO- 

OoKorYP 

.1 

2. 12.7  O' 

Ook  Pmfc'nd 

1 

2.fe.r4- 

OohorVP 

2 

. 

2iltil-8 

OokPrvferrad 

? 

- 

z.ttzcf 

OoKorYP 

2 

2.4,8  0- 

OonorYP 

7 

1x6x100 

? 

U6-.  120 

1 

Bon 

f.Tl- 

? 

(onPMU 

lf.6-.  2-6 

^ 

■  rt^ 

W.lViJO' 

1 

PI* 

)!i.6-i2  0 

Bom 

w.7r 

2 

yi.M 

2WN0.15 

lOd 

?- 

8d 

5- 

300 

1? 

Bolft 

♦V34- 

ifl 

Scfe»^ 

l><3l 

) 

ITjnRoc 

^W-IS'lonq 

-2 

wsners 

IW 

formly  compact  it  by  the  use  of  a  roller.  A  roller  'j  to  G  ft. 
in  diameter  and  10  to  12  ft.  long  is  perhaps  best  suited  for 
this  purpose.  The  roller  should  have  closed  ends  in  order 
that  it  can  be  pulled  most  easily  over  the  snow.  The  rolling 
should  be  done  when  the  first  fall  of  snow  comes  and  when 
the  layer  of  loose  snow  is  not  more  than  8  in.  to  10  in.  deep. 
As  more  snow  falls,  or  "blows"  come,  causing  the  snow  to 
•drift,  the  rolling  can  be  repeated  as  many  times  as  is  neces- 
sary. The  object  sought  is  to  compact  the  snow  sufficiently 
liard  to  carry  the  traffic  thereon.  With  continued  snows  and 
rolling,  this  process  w-ill  build  up  the  surface  to  such  a  height 
that  the  snow  will  drift  less  thereafter  on  the  traveled  road- 
way. It  is  important  that  the  rolling  be  done  over  a  suffi- 
-cient  Avidth  that  vehicles  can  readily  pass  without  getting 
•off  into  the  loose  snow. 

For  ordinary  horse-drawn  traffic,  and  perhaps  a  very  light 
auto  traffic  only,  the  compacting  method  described  above  is 
Tery  satisfactory  and  very  economical.  However,  for  heavy 
auto  and  motor  truck  traffic  which  goes  over  many  of  our 
main  thoroughfares,  this  method  is  not  at  all  satisfactory. 
The  snow  can  not  ordinarily  be  sufficiently  compacted  to  form 
«,  suitable  surface  for  such  traffic.  As  a  result  bad  ruts  will 
he  formed  in  the  compacted  snow  which  will  make  it  almost 
Imprssible  for  vehicles  to  pass.  Also,  the  snow  not  forming 
sufficient  tractive  resistance  for  the  wheels.  the.y  will  "dig  in" 
and  bury  themselves  in  the  snow  and  the  truck  or  heavy 
machine  will  be  stuck.  This  method  is  especially  trouble- 
some during  thaws. 

While  the  method  of  removing  the  snow  from  the  road 
surface  will  be  more  expensive  than  the  compacting  method, 
it  is  a  method  which  must  be  used  on  such  roads  as  are  ex- 
pected to  satisfactorily  accommodate  motor  truck  and  heavy 
auto  trafTic  during  the  winter  season. 

Methods  of  Removing  Snow  From  Road. — Various  machines 
and  methods  of  removing  snow  from  the  highways  have  been 
used.    For  ordinary  depths  of  snow  there  may  be-used  a  road 


These  snow  plows  are  attached  in  front  of  an  ordinary  motor 
truck  and  have  been  used  with  most  excellent  results. 

The  use  of  a  power  driven  rotary  sweeper  similar  to  that 
used  by  electric  railways  to  clean  their  tracks,  or  the  use  of 
a  side  elevator  machine  for  opening  up  large  drifts  would 
seem  to  be  a  possibility.  Owing  to  the  fact  that  there  is  a 
greater  demand  each  year  for  cleaning  the  road  of  snow  it  is 
possible  that  some  such  machinery  will  be  developed  for  this 
purpose  in  the  future. 

Where  heavy  drifts  have  formed,  it  may  be  necessary  to 
clear  the  road  by  "Hand  Methods."  Large  shovels  should 
be  used  for  this  purpose.  Inasmuch  as  the  hand  method  of 
clearing  the  road  is  very  expensive,  machines  described  above 
should  be  used  wherever  and  whenever  possible.  By  con- 
tinually operating  the  machines  mentioned  above  during  the 


Fig. 


-IMinimum    Clearance    Through    Snow     Drifts    Required    for 
Heavy  Truck  Traffic. 


storm,  hand  methods  can  be  largely  avoided.  Where  this  can 
not  be  done,  or  where  it  is  not  done  in  time  to  prevent  drifts, 
openings  through  the  snow  drifts  will  have  to  be  shoveled  out 
by  hand. 

Width  of  Road  to  be  Cleared.— The  width  of  road  to  be 
cleared  of  snow  will  depend  upon  the  kind  and  amount  of 
traffic  to  be  accommodated.  Ordinary  farm  traffic  consisting 
of  horse-drawn  vehicles  and  light  pleasure  motor  cars  will 
be  accommodated  by  a  minimum  clearance  of  6  ft.,  while 
the  heavy  motor  trucks  will  require  a  width  of  not  less  than 
S  ft.     For  this  latter  kind  of  traffic,  even  through  high  snow 
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banks,  it  is  desirable  to  make  a  clearance  of  not  less  than  9  ft. 
A  double  track  width,  even  in  high  drifts  where  the  drift  is 
continuous,  should  be  cleared  at  intervals  to  permit  vehicles 
to  pass.  The  amount  of  traffic  on  main  thoroughfares  will 
usually  warrant  the  clearing  of  the  pavement  to  its  full  width. 
Clearing  the  surface  of  snow  for  its  full  width  will  also  fre- 
quently be  a  saving  in  the  maintenance  of  the  highway  by  re- 
ducing the  tracking  of  vehicles  which  is  very  destructive  to 
certain  types  of  pavement. 

When  starting  first  to  clear  the  road  of  snow  by  the  use 
of  machines,  it  is  very  necessary  to  scrape  the  snow  farther 
back  than  is  really  necessary  for  the  time  being  in  order  to 
have  room  for  the  snow  to  be  removed  on  successive  clean- 
ings. This,  of  course,  would  apply  more  especially  where 
the  snow  is  removed  with  a  snow  plow  or  road  grader  rather 
than  where  it  is  shoveled  out  through  large  drifts. 

In  scraping  and  shoveling  snow  from  the  road  it  is  very  de- 
sirable that  the  removed  snow,  so  far  as  possible,  be  piled  on 
the  opposite  side  of  the  road  from  the  prevailing  direction  of 
the  wind,  in  order  to  reduce  future  drifting  on  the  highway. 

In  the  first  operations  of  scraping  the  snow  from  the  high- 
way by  the  use  of  a  road  grader,  or  a  snow  plow  attached  to 
the  front  of  a  truck  it  may  be  most  economical  when  later 
work  is  considered,  to  scrape  the  snow  in  but  one  direction 
in  order  to  reduce  future  drifting  on  the  highway.  It  must 
be  remembered  that  a  pile  of  snow  will  cause  a  drift  to 
form  on  its  lee  side  just  as  much  as  will  other  obstructions. 


Maintenance  Cost  of  Bituminovis  Pavement 
at  Portland,  Me. 

Maintenance  costs  for  three  sections  of  state  highway  con- 
structed in  190S.  1909  and  191  il.  in  the  city  of  Portland,  Me., 
are  given  in  the  annual  report  for  1918  of  Edward  M.  Hunt, 
Commissioner  of  Public  Works  of  Portland.  The  first  sec- 
tion (completed  in  190S)  consists  of  bituminous  macadam 
(penetration  method)  laid  in  Danforth  and  Vaughn  Sts.,  for 
a  total  length  of  2,879  lin.  ft.  and  a  yardage  of  8,657  sq.  yd. 
The  cost  was  $1.13  per  square  yard.  Section  2  covers  2,683 
lin.  ft.  of  bituminous  concrete  (mixing  method)  laid  on 
Vaughn  St.  in  1909  at  a  cost  of  $1.03  per  square  yard.  The 
total  yardage  is  8,807.  Section  3  is  also  bituminous  concrete. 
This  was  laid  in  1910  on  Cumberland  Ave.  at  a  cost  of  $1.31 
per  square  yard.  The  total  length  of  this  section  is  1,702  lin. 
ft.  and  the  total  yardage  is  6.398.  These  pavements  are 
maintained  by  the  city'.  The  unit  cost  of  this  for  the  past  10 
years  has  been  as  follows: 


SECTION    1— BITUMINOUS    MACADAM;    LAID    IN 
INAL  COST,   $1.13  PER  SQ.   TD. 


1909 

1910 

1911 

1912 

191:! 

ini4 

1913 

1916 

1917 

SECTION    2- 

1910 

1911 

1912 

1913 

1914 

3  915 

1915 

1917 

SECTION    3- 


Pepairs. 
%      90 
293 

69 

72 

96 

98 

61 
106 
180 


Sui-face 
treatment. 


246 
158 
97 
100 
127 


233 


Total 
maintenance 
%  90 
600 
315 
230 
193 
199 
18S 
106 
413 


-BITUMINOUS    CONCRETE;    LAID 

IKAL  COST.    $1.03  PER   SQ.    YD. 

$    332                      $ %    332 

100  406  506 

1,340  66  1.407 

1,055  37  1,092 

98  152  250 

50  208  259 


IN 


190S;    ORIG- 

Total. 

Repairs  and 

ma'ntenance 

pei*  sq.  yd. 

$0.0104 

0.0691 

O.0363 

0.0266 

0.0223 

0.0229 

0  0217 

0.0122 

0.0476 
1909;    ORIG- 

$0.0378 
0.0S75 
0.1597 
0.1240 
0.0284 
0.0294 


1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 


24                           89  113  0.O128 
-BITUMINOUS    COI<ICRETE;    LAID    IN    1910;    ORIG- 
INAL COST.   $1.31  PER  SQ.    YD. 
$    105                      $    447  $    552  $0.0863 

449         449  0.0702 

761         761  0.1190 

312           165  478  0.0747 

293           113  406  0.0635 

257           110  367  0.0573 

102           357  459  0.0718 


Prize  Contest  for  Articles  on  Street  Cleaning. — The  Elgin 
Sales  Corporation  of  New  York  and  Chicago  has  offered  a 
first  prize  of  $100  and  a  second  prize  of  $50  for  the  two  most 
interesting  articles  or  stories  on  the  subject  of  street  clean- 
ing. Contributions  of  not  over  800  words  are  preferred.  Un- 
less a  contribution  of  more  than  1,000  words  has  distinct 
merit,  it  will  not  be  considered.  All  manuscripts  must  be 
mailed  to  Geo.  C.  Dodge,  care  Elgin  Sales  Corporation,  501 
Fifth  avenue,  New  York  City,  and  only  those  received  on  or 
before  Feb.  15,  1920,  will  be  considered  in  making  the  awards. 


Recent  Developments  in  Concrete 
Highway  Construction* 

By  A.   N.   JOHNSON, 
Consulting  Highway  Engineer,  Portland  Cement  Association. 

The  subgrades  should  receive  more  attention.  It  is  desir- 
able to  have  the  bottom  of  the  concrete  slab  as  nearly  a  true 
surface  as  the  top.  Where  heavy  clay  soils  are  encountered 
it  is  better  not  to  roll  the  subgrade  to  any  extent  but  shave 
down  the  final  inch  or  two  by  hand  or  with  a  subgrading  ma- 
chine. Evidence  exists  to  prove  that  heavy  rolling  of  many 
soils  results  in  subsequent  disturbance  of  the  pavement;  for 
these  soils,  as  soon  as  any  moisture  reaches  them,  swell  and 
actually  heave  the  pavement. 

Street  corners  should  be  rounded  to  a  radius  of  not  less 
than  20  ft. 

The  construction  of  concrete  streets  makes  possible  the  use 
of  integral  curbs,  which  are  not  only  more  economical,  but 
are  readily  constructed,  present  an  excellent  appearance  and 
avoid  any  chance  of  displacement  which  so  often  occurs  with 
separate  curbs.  The  face  of  the  curbs  should  not  be  perpen- 
dicular but  should  have  a  slight  batter  so  that  the  upper  cor- 
ner will  not  come  in  contact  with  the  rims  of  motor  vehicles. 

Grading  of  Aggregate. — Much  progress  has  been  made  in 
our  knowIed,se  of  the  use  of  variously  sized  aggregates  and 
their  proportioning  for  concrete  mixtures.  This  has  been 
made  the  subject  of  most  exhaustive  study  and  investigation 
by  Professor  D.  A.  Abrams  of  the  Lewis  Institute,  Chicago. 
The  results  that  he  has  obtained  have  shown  that  the  arbi- 
trary divisions  of  fine  and  coarse  aggregate  by  sizes  to  be 
found  in  many  specifications  do  not  necessarily  give  a  grad- 
ing that  will  produce  the  best  concrete  or,  in  fact,  be  even  a 
measure  to  indicate  the  relative  value  of  various  aggregates. 
If  many  of  the  gradings  specified  for  fine  aggregates  were 
strictly  enforced  it  would  result  in  the  rejection  of  much  ma- 
terial from  which  as  good  concrete  could  be  made  as  with 
material  that  would  be  accepted  under  a  particular  specifica- 
tion. Those  who  may  be  interested  to  refer  to  Professor 
Abrams'  work  may  consult  either  the  Engineering  News-Rec- 
ord, April  17,  1919,  or  the  Engineering  and  Contracting.  April 
23,  1919. 

Consistency. — One  point  on  the  subject  of  mixing  concrete 
should  be  mentioned,  which  is,  the  great  importance  that  the 
amount  of  water  exercises  on  the  strength  of  the  resulting 
concrete.  The  less  water  that  is  used,  compatible  with  secur- 
ing a  mixture  that  is  workable,  the  stronger  the  concrete  will 
be.  This  fact,  but  recently  understood,  is  a  further  result  of 
the  investigation  ,of  Professor  Abrams. 

In  order  to  measure  the  consistency  and  make  a  definite 
specification  therefor,  there  has  been  developed  what  is 
known  as  the  slump  test.  This  is  most  satisfactorily  per- 
formed by  the  method  devised  by  Mr.  F.  L.  Roman,  testing 
engineer  of  the  Illinois  State  Highway  Department.  He  uses 
for  the  purpose  a  light  metal  mold  in  the  form  of  a  truncated 
cone  12  in.  high,  having  an  S-in.  base  and  a  4-in.  top,  into 
which  the  concrete  is  placed.  The  conical  shell  is  removed 
by  means  of  handles  attached  to  the  mold  and  the  resulting 
slump  in  the  concrete  is  noted.  This  method,  Mr.  Roman  has 
demonstrated,  gives  very  consistent  results  and  is  a  better 
measure  of  the  consistency  than  if  a  cylinder  is  used  to  make 
the  slump  test.  The  amount  of  slump  for  concrete  to  be 
placed  with  a  finishing  machine  should  be  about  %  in.  to  1 
in.,  a  trifle  greater  allowance  being  made  for  concrete  with 
rounded  pebble  aggregate  than  with  crushed  stone  aggregate. 

Improved  Methods  of  Finishing. — Aside  from  improved 
methods  of  handling  rnaterials  the  developments  in  concrete 
road  construction  have  been  chiefly  Improvements  in  methods 
of  finishing.  Of  these,  the  first  place  must  be  assigned  to  the 
roller.  The  roller  that  is  used  in  finishing  a  concrete  pave- 
ment consists  of  a  light  metal  cylinder  10  or  12  in.  in  diam- 
eter, about  6  ft.  long,  weighing  not  to  exceed  100  lbs.  On 
roadways  18  ft.  or  over  in  width  the  roller  is  most  coni 
veniently  and  effectively  operated  by  means  of  ropes  attached 
to  a  double  bail.  Two  men,  one  on  either  side  of  the  pave- 
ment, pull  the  roller  back  and  forth  over  the  freshly  laid  con- 
crete. This  operation  is  repeated  at  intervals  of  10  to  20  min- 
utes, as  often  as  there  rises  to  the  surface  a  film  of  water 
which  the  roller  squeezes  off  to  the  edges.     This  water,  if  it 


*From  a  paper  presented  at  the  25th  Convention  of  the  American 
Society  of  Municipal  Improvements,  held  Nov.  11-14,  at  New 
Orleans. 
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remained  in  the  concrete,  would  greatly 
lessen  its  strength  and  if  not  removed 
from  the  surface  there  would  form  a  thin 
layer  of  laitance.  which  is  very  apt  to 
scale  and  present  an  undesirable  appear- 
ance. 

After  the  pavement  has  been  rolled 
not  less  than  four  and  possibly  five  times 
it  is  finished  with  a  broad  canvas  belt  or  ""'"■ 
thin  board.  The  belt  or  board  is  drawn 
over  the  surface  with  a  seesaw  motion 
and  leaves  a  uniform  even  finish  to  the 
concrete.  Excellent  results  have  been 
obtained  by  attaching  a  belt  to  a  thin 
board  which  serves  as  a  bow  by  which 
the  belt  is  stretched. 

Previous  to  using  the  roller  a  heavy 
tamping  template  should  be  employed  or, 
in  the  case  of  street  work  which  may  be 
too  wide  to  use  such  a  template,  the 
surface    sTiould    be    hand-tamped. 

An  interesting  point  in  connection  with 
the  development  of  the  use  of  the  roller 

is  the  fact  that  while  the  roller  and  its  effect  upon  newly  laid 
concrete  are  described  by  Mr.  E.  L.  Ransome  in  the  1910  edi- 
tion of  Gillette's  Hand-Book  of  Cost  Data,  its  general  adoption 
as  an  adjunct  to  concrete  road  construction  was  not  until  1917. 

Mechanical  finishers  have  now  been  developed  that  are 
used  very  successfully  upon  roadways  up  to  20  and  24  ft.  in 
width;  and  are  being  constructed  to  operate  upon  even  wider 


Finishing    Machine   for   Concrete   Roads. 

roadways.  These  machines  shape  the  concrete,  at  the  same 
time  tamping  it,  and  are  also  provided  with  automatic  belt- 
ing arrangement.  Concrete  of  a  comparatively  dry  con- 
sistency is  required  if  the  best  results  are  to  be  obtained. 
In  the  event  somewhat  too  large  a  quantity  of  water  is  used 
the  effect  of  the  tamping  is  to  bring  considerable  water  to 
the  surface.  These  machines  should  then  be  followed  with 
a  roller  to  be  sure  that  the  excess  water 
on   the   surface   is   removed   and   not   al  , 

lowed  to  stand  upon  the  fresh  concrete. 
Such  a  machine  to  be  successful  must  be 
easily  reversible  so  as  to  be  operated  a 
number  of  times  over  the  same  area. 

An  important  ob,iect  to  be  gained  by 
using  the  roller  or  finishing  machine  over 
a  given  portion  of  the  concrete  surface 
lor  a  number  of  times  extending  over  a 
period  of  30  or  40  minutes  is  to  keep  the 
concrete  plastic  during  a  long  enough 
period  to  overcome  the  formation  of 
minute  shrinkage  cracks  that  may  occur 
with  the  initial  set  and  which  may  de- 
velop where  the  concrete  is  given  but  one 
application,  either  of  the  roller  or  the 
finishing  machine.  If  it  is  noticed  that 
shrinkage  cracks  still  occur,  then  the 
operation  of  the  machine  or  roller  should 
be  continued  for  a  longer  period. 


Belt    Finishing    Concr-et^    Road. 

Use  of  Machinery  in  Concrete  Road  and  Street  Construction. 
— The  time  is  approaching  in  fact  has  approached,  when  to 
employ  unnecessarily  a  number  of  men  upon  a  given  job  is 
little  short  of  an  economic  crime.  More  than  ever  atten- 
tion must  be  given  to  the  application  of  machinery  and 
labor-saving  devices  In  all  forms  o£  construction;  and  this 
applies  with  special  force  to  paving  work,  where  there  is  op- 
portunity  for   much   improvement. 

The  construction  of  concrete  pave- 
ments lends  itself  very  readily  to  labor- 
saving  devices,  many  of  which  have  now 
been  perfected  so  that  today  it  is  prac- 
ticable to  lay  concrete  pavements  with  a 
minimum  of  hand  work;  that  is,  nearly 
every  man  upon  the  job  will  be  oper- 
ating machinery.  On  the  average  for 
concrete  highway  work  there  need  be 
requiretl  but  four  or  five  men  doing  only 
hand  work, 

A  central  material  plant  where  mate- 
rials are  unloaded  by  power,  transported 
thence  to  the  work  on  a  narrow-gage  in- 
dustrial track,  thence  to  be  lifted  by  der- 
rick to  the  mixer,  constitutes  an  econom- 
ical set  up.  This  method  of  hauling  the 
materials  enables  the  work  to  proceed 
through  bad  weather  when  team  hauling 
would  be  impracticable:  the  number  of 
men  necessary  is  greatly  reduced  from 
the  old  method  of  placing  materials  upon 
the  subgrade  and  shoveling  thence  into  the  mixer;  the  mate- 
rials themselves  are  kept  cleaner,  are  not  wasted  to  the  same 
extent,  and  the  subgrade  remains  in  better  shape.  In  general, 
to  place  materials  directly  on  the  subgrade  is  a  clumsy,  costly 
and  defective  way  of  doing  the  work. 

A  recent  development  is  to  handle  the  concrete  from  a  cen- 
tral mixing  plant,  and  under  many  conditions  this  promises 
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Central    Proportioning    Plant   for   Branch   County.    Michigan.    Roads. 
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to  be  one  of  the  most  economical  and  expeditious  methods 
of  laying  concrete  pavements.  It  should  have  particular  ap- 
plication to  the  laying  of  concrete  streets  when  the  concrete 
may  be  mixed  at  the  railioad  yards  or  nearby  where  ma- 
terials are  received,  and  hauled  to  the  work  in  trucks.  In 
this  way  the  particular  street  to  he  paved  need  not  be  en- 
cumbered by  any  materials,  may  remain  open  to  traffic  up  to 
the  last  minute,  and  kept  closed  for  a  minimum  period. 

To  insure  rapid  prosecution  of  work  the  contractor  should 
be  required  to  assemble  a  sufficient  amount  of  materials  to 
insure  that  no  delays  arise  on  this  account. 

Recent  experience  in  handling  concrete  in  bulk  demon- 
strates that  this  is  not  only  thoroughly  practical  but  is  eco- 


Central    Leading    Plant   for   Street   Paving   at  Spencer,  la 

noniical.  A  good  method  is  to  deliver  the  cement  in  open- 
top  cars  protected  by  tarpaulins.  To  use  cement  delivered  in 
this  manner  economically  it  is  necessary  that  the  .iob  be  of 
such  size  as  to  warrant  building  cement-storage  bins  cap- 
able of  holding  from  25  to  50  cars  of  cement.  The  cement 
is  readily  unloaded  by  means  of  a  clam-shell  bucket. 

The  storage  bins  required  for  the  sand  and  gravel  need 
be  no  larger  than  is  necessary  to  hold  a  sufficient  amount 
to  fill  one  or  two  trains  of  the  small  cars.  The  principal 
storage  should  be  in  storage  piles.  An  excellent  arrange- 
ment tor  these  is  to  depress  the  track  so  that  there  will  be 
a  tunnel  made  beneath  the  storage  pile  and  no  storage  bins 
are  then  necessary. 

Alley  Construction. — An  economical 
method  for  handling  alley  work  is  to  have 
the  materials  delivered  at  the  head  of  the 
alley  on  an  adjoining  street,  where  this 
is  practicable.  The  mixer  is  stationed 
neaiby  and  the  mixed  concrete  delivered 
by  small  gasoline-driven  buggies. 

It  is  a  good  practice  in  laying  an  alley 
that  abuts  upon  buildings  or  high  fences 
first  to  lay  a  form  about  18  in.  from 
either  edge  of  the  alley  and  fill  the  con- 
crete behind  this  form  adjacent  to  the 
buildings  or  fences.  This  strip  on  either 
side  finished,  the  forms  are  removed,  and 
the  center  of  the  alley  is  placed,  the  side 
strips  offering  a  place  for  the  workmen 
to  finish  with  facility  the  center  portion 
of  the  alley. 

Where  it  may  be  necessary  occasional- 
ly to  gain  access  to  pipes  or  conduits  the 

procedure  would  then  be  to  lay  a  narrow 

strip  of  concrete  directly  over  the  line  of 
the  conduit  separate  from  the  remainder 

of  the  pavement.  It  is  assumed  that  this  strip  will  be  at  the 
center  of  the  alley.  First  one  side  will  be  laid,  then  the  other 
and  last  the  IS-in.  or  2-ft.  space  at  the  center.  There  should 
be  no  joint  material  put  in  but  the  edge  of  the  concrete  before 
placing  the  center  portion  may  be  painted  or  oiled,  in  this 
way  assuring  ready  removal  of  the  center  section  whenever  it 
may  be  necessary.     When  finished  the  joints  should  be  prac- 


great  extent  reinforce  the  concrete  slab  in  the  sense  that  a 
concrete  beam  or  girder  is  reinforced  by  steel  rods.  That  is, 
no  great  increase  of  structural  strength  is  produced.  The 
chief  effect  secured  is  not  so  much  the  prevention  of  cracks 
as  to  prevent  ci'acks  that  do  form  from  opening  and  becom- 
ing of  any  appreciable  w-idth;  so  that  the  chief  function  of 
reinforcement  in  concrete  roads  is  to  hold  the  concrete  slab 
together  after  it  may  have  cracked. 

Some  have  contended  that  if  reinforcement  were  used  a 
thinner  slab  might  be  employed  than  if  no  reinforcement 
were  put  in  the  pavement.  If  the  amount  of  reinforcement 
were  10  to  20  times  as  much  as  is  used  there  would  be 
some  ground  for  such  contention,  but  where  the  amount  of 
steel  does  not  exceed  40  to  50  lbs.  per  100 
sq.  ft.,  and  usually  it  is  considerably 
less,  the  increased  strength  given  the  slab 
is  so  slight  that  it  is  practically  negligible 
in  so  far  as  being  able  to  reduce  by  any 
appreciable  amount  the  thickness  of  the 
slab.  The  best  reinforcement  to  increase 
the  strength  of  the  slab  is  added  thick- 
ness. This  not  only  gives  a  much  stronger 
slab  but  also  one  of  greater  weight  and 
therefore  of  greater  inertia,  which  is  of 
importance  when  the  nature  of  the  loads 
and  shocks  produced  thereby  are  consid- 
ered. 

General  practice  today  regarding  rein- 
forcement is  to  use  it  on  those  portions 
of  the  road  where  the  greatest   disturb- 
ance is  expected  in  the  subgrade  as,  for 
example,   on   clay   hills.       It  is   also   the 
general     practice     to     reinforce     streets 
where  it  is  desirable  to  hold  to  a  mini- 
mum in  size  such  cracks  as  may  form.    There  is  also  an  in- 
creasing tendency  to  use  larger  metal  units  of  reinforcement, 
that  is.  larger  bars  spaced  further  apart,  rather  than  smaller 
ones  spaced  closer. 

Reducing  Prices  for  Pavements. — Whenever  a  contractor  is 
in  doubt,  when  he  is  confronted  with  uncertainties,  when  he 
must  assume  certain  hazards,  he  endeavors  to  secure  him- 
self against  possible  loss  and  make  his  bid  price  accordingly. 
At  the  present  in  most  paving  contracts  the  contractor  must 
assume  all  the  hazards  and  in  proportion  to  the  degree  of 
risk  to  be  incurred  does  the  bid  price  increase. 

The  hazards  to  be  encountered  may  roughly  be  divided  into 
two  classifications.     First,  those  which,  although  perhaps  in- 
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tically  unnoticeable. 

Use  of  Reinforcement.— The  function  of  reinforcement  in 
concrete  roads  seems  to  be  a  matter  of  some  confusion.  The 
amount  oi:  reinforcement  which  is  generally  used  and  beyond 
which  amount  it  is   not  practicable  to  go,   does  not  to  any 


Loading    Plant,    Near   Laurel.    Del. 

evitable,  it  is  nearly  impossible,  even  after  the  work  is  com- 
pleted, to  assign  just  to  what  extent  the  cost,  to  the  con- 
tractor has  been  affected.  Under  this  heading  would  fall  the 
hazards  due  to  weather  conditions. 

Of  the  second  class  are  those  hazards  which,  when  they 
occur,  their  financial  effect  upon  the  contractor  can  be  defi- 
nitely calculated.  In  this  class  would  come  a  change  in 
freight  rates  during  the  term  of  the  contract.  Under  such 
conditions  the  contractor  can  readily  show  definitely  how 
much  more  or  less  the  work  cost,  due  to  the  difference  in 
freight  rates  on  the  materials  involved.  These  two  examples 
are  perhaps  sufficient  to  indicate  the  difference  in  the  nature 
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■of  tlie  hazards    which   every   contractor  making   a   bid    must 
consider. 

The  added  price  he  must  charge  is  in  the  nature  ot  in- 
surance. If  the  risk  were  removed  then  there  would  be  no 
need  for  an  insurance  charge  and  the  bid  price  should  be 
that  much  less.  It  is  submitted  that,  certainly  as  to  those 
risks  which  come  under  the  second  classification,  the  public 
can  insure  Itself  to  much  better  advantage  and  assume  it- 
self some  of  the  risks  for  w'hich  contractors  now  make  a 
very  considerable  charge. 

Contracts  should  be  so  drawn  as  to  relieve  the  contractor 
■of  every  uncertainty  and  hazard  that  it  is  possible  to  foresee. 
Surely  every  contract  should  provide  for  an  adjustment  to 
be  made  in  case  freight  rates  are  changed  subsequent  to 
the  execution  of  a  contract:  if  increased  then  additional  com- 
pensation for  the  contractor,  if  reduced  like  advantage  to 
the  public.  If.  in  order  to  hasten  completion  of  the  work  and 
avoid  delays  costly  to  both  contractor  and  the  public,  it  is 
desirable  to  store  quantities  of  materials  ahead,  allow  the 
contractor  a  fair  advance  upon  such  materials.  If  a  con- 
tractor is  required  to  store  materials  but  paid  only  for  com- 
pleted work  he  must  charge  for  this  service  and  the  risk  in- 
curred. And  this  charge  will  be  more  than  the  cost  to  the 
public  to  advance  to  the  contractor  the  money  necessary  to 
pay  for  the  materials  stored. 

But  it  Is  not  so  important  here  to  give  specific  examples 
as  to  call  attention  to  the  genera!  principle  that  lower  bid 
prices  will  be  secured  upon  street  and  highway  work  to  the 
extent  that  the  contractor  is  relieved  of  risks.  The  en- 
gineers in  the  public  employ  could  well  consider  carefully 
every  chance  and  hazard  that  may  arise  during  the  prose- 
cution of  a  given  paving  project  and  so  draw  the  specifica- 
tions and  contract  as  to  relieve  the  contractor  of  every  un- 
certainty possible.  The  method  that  imposes  upon  the  con- 
tractors all  the  risks  and  requires  him  to  do  all  the  guessing 
is  both  costly  and  unbusinesslike. 


gard  to  bituminous  macadam  foundation.  The  cases  that 
have  been  brought  to  the  attention  ot  the  committee  are  so 
limited  in  extent  that  the  committee  was  not  prepared  to 
make  a  definite  recommendation  at  this  time. 

For  pavement  surfaces  the  committee  recommended  that 
pavements  on  trunk  line  highways  be  of  concrete,  brick,  wood 
block,  stone  block,  asphalt  block,  bituminous  concrete  (of  the 
mixed  type)  or  street  asphalt. 

The  committee  suggested  that  all  detours  be  made  ade- 
quate for  the  traffic  that  they  must  carry;  that  they  be  main- 
tained during  the  time  of  detour  and  that  they  be  put  in  pass- 
able shape  at  the  completion  of  the  work.  The  expense  ot 
the  detours  is  to  be  assumed  by  the  governing  body  doing  the 
main  construction  work. 

Where  there  are  two  main  lines  in  the  same  direction  be- 
tween two  centers  of  population  only  one  should  be  improved 
at  the  same  time,  in  order  that  traffic  may  have  one  through 
route  at  its  disposal. 

The  committee  recommended  a  thorough  study  of  line  and 
grade  in  order  that  sharp  turns  and  steep  grades  may  be  elim- 
inated at  the  time  of  reconstruction.  It  was  suggested  that 
greater  safety  may  be  had  by  cutting  back  existing  banks  on 
the  inside  of  curves,  thereby  giving  greater  sight  distance. 
In  all  reconstruction  work  curves  should  be  eased  to  give  a 
greater  sight  distance. 

The  committee  consists  of  H.  Eltinge  Breed,  chairman; 
Professor  T.  R.  Agg.  Major  Fred.  A.  Reinier,  W.  G.  Thompson, 
Lt.  Col.  W.  D.  Uhler.  Chas.  M.  Upham. 


Recommendation  for  Reconstruc- 
tion of  Narrow  Highways  for 
Motor  Truck  Traffic 

Realizing  that  it  would  be  unwise  to  draw  definite  conclu- 
sions from  factors  which  are  still  indefinite  in  the  building  of 
roads  and  pavements,  the  committee  on  "Reconstruction  of 
Narrow  Roadways  of  Trunk  Highways  with  Adequate  Founda- 
tions and  Widths  for  Motor  Truck  Traflic"  submitted  only  a 
report  of  progress  at  the  annual  meeting  Nov.  7  of  the  Amer- 
ican Road  Builders'  Association.  In  the  report  the  committee 
reaffirmed  its  recommendation  on  width:  that  is,  that  the 
paved  surface  of  the  roadway  on  truck  highways  should  be 
at  least  20  ft.  in  width.  For  each  additional  line  of  traffic 
9  ft.  more  should  be  added. 

The  committee  recommended  that  the  minimum  width  of 
the  shoulder  be  5  ft.,  except  in  cases  where  new  right  of  way 
is  to  be  acquired;  then  the  additional  width  shoulder  should 
be  at  least  9  ft.,  in  order  that,  should  additional  traffic  require 
it,  four  lines  of  traffic  may  be  accommodated  without  requir- 
ing additional  right  of  way. 

The  recommendation  that  the  pre^sent  drainage  systems  be 
examined  and  placed  in  such  condition  that  they  will  func- 
tion properly  was  reaffirmed,  and  it  was  suggested  that  where 
under  drains  are  necessary  they  be  placed  alongside  of  the 
pavement,  and  not  directly  under  it.  The  advantage  of  this 
method  is  that  they  can  be  cleaned  without  disturbing  the 
pavement  surface,  and  to  a  large  extent  safeguarded  from 
vibration  which  has  a  tendency  to  fill  them  up.  It  has  been 
found  in  many  cases  that  a  line  each  side  of  the  pavement 
requires  less  linear  feet  of  drain  than  a  single  line  with  spurs 
running  under  the  pavement. 

For  new  pavement  construction  the  committee  reaffirmed 
its  recommendation  that  all  foundations  be  of  concrete  or 
other  suitable  material.  Where  the  present  pavement  can  be 
utilized  the  committee  recommended  that  the  widening  be  of 
the  same  kind  of  construction  as  the  portion  to  be  utilized. 
Where,  however,  it  appears  feasible  to  anticipate  future 
needs,  it  was  recommended  that  the  widening  be  of  a  type 
appropriate  to  them.  It  was  suggested  that  when  widening 
a  pavement,  edging  be  used  to  prevent  lateral  movement. 

No  definite  conclusions  have  been  formed  as  yet  with  re- 


Comparative  Durability  of  Green  and 
Seasoned  Lumber 

Opinions  of  wood  users  have  always  differed  as  to  the  com- 
parative durability  of  untreated  green  and  seasoned  timbers 
when  used  for  poles,  posts,  or  ties.  Recent  experiments  con- 
ducted by  the  Forest  Products  Laboratory  indicate  that  there 
is  practically  no  difference  in  the  relative  durability  of  un- 
treated green  and  seasoned  timbers  when  exposed  to  the 
weather  and  in  contact  with  the  ground. 

The  following  service  records  of  ties  laid  by  the  laboratory 

in   co-operation  with  the   Northern  Pacific  Ry,  bear  out   this 

conclusion: 

LIFE  OF  GREEN  AND  SEASONED  TIES. 

Green  or  Average  life 

Place.                             Species.                 Seasoned  in  years. 

May  wood.     Wash Douglas  Fir                 Green  7.7 

Douglas  Fir              Seasoned  7.8 

Plains.   Mont Douglas  Fir                 Green  7.6 

Douglas  Fir              Seasoned  7.7 

Western  larch            Green  7.3 

Western  larch        Seasoned  7.4 

In  each  of  these  cases  the  average  life  of  seasoned  ties  was 
only  one-tenth  of  a  year  longer  than  that  of  the  green  ties. 
This  difference  is  obviously  so  slight  as  to  be  negligible. 

Periodical  measurements  on  poles  made  by  the  laboratory 
in  co-operation  with  the  American  Telephone  &  Telegraph 
Co.  show  that  the  rate  of  decay  in  green  poles  is  a  trifle  less 
than  in  seasoned  poles. 

The  fact  that  green  and  seasoned  timber  have  the  same 
durability  when  used  in  exposed  places  is  easily  explained. 
Moisture  content  is  the  principal  factor  in  determining  the 
rate  of  decay  of  a  stick  of  timber.  As  soon  as  the  timber'  is 
placed  it  begins  to  take  up  or  gi\ie  off  moisture,  according  to 
its  condition  of  seasoning  and  the  conditions  of  exposure. 
Within  a  relatively  short  time  in  exposed  construction  both 
green  and  seasoned  timber  reach  the  same  moisture  content. 

When  used  in  buildings,  however,  wood  does  not  usually 
dry  out  rapidly  after  being  placed.  Wood  for  interior  con- 
struction must  be  seasoned  before  use;  otherwise  it  is  likely 
not  only  to  shrink  to  a  serious  extent  but  also  to  decay  be- 
fore it  seasons.  Very  expensive  building  repairs  have  been 
necessitated  by  the  use  of  green  timber. 


1-Man  Grading  Outfit  Moves  200  Cu.  Yd.  Per  Day. — In  con- 
structing the  Federal  aid  roads  from  Columbus  to  Norfolk, 
Neb.,  a  2-mile  section  of  the  rough  grading  in  sandy  soil  was 
sub-let  to  a  1-man  outfit.  His  equipment  consisted  of  a  farm 
plow,  a  fresno  and  four  horses.  The  last  6  days  on  the  work 
he  rough  graded  1,400  ft.  of  road,  requiring  the  moving  of 
1,200  cu.  yd.  This  is  an  average  of  200  cu.  yd.  per  day,  which 
at  30  ct.  per  cu.  yd.  gave  the  sub-contractor  an  excellent  day's 
wage. 
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Method  of  Constructing  Macadam 
in  Province  of  Quebec 

Since  1913  the  Province  of  Quebec  lias  been  macadamizing 
tlie  rural  roads  at  a  rate  ot  approximately  400  miles  per 
annum.  At  the  present  time  the  Province  has  approximately 
2,500  miles  ot  macadam  and  gravel  roads.  In  a  paper  pre- 
sented at  the  recent  convention  of  the  Canadian  Good  Roads 
Association  Mr.  A.  Paradis,  Assistant  Engineer,  Provincial 
Department  of  Public  Roads,  gives  an  interesting  description 
of  the  methods  that  are  employed  in  the  construction  of  these 
roads.     An  abstract  of  the  paper  follows: 

Climatic  conditions  and  the  nature  of  available  material 
in  Quebec  differ  so  widely  from  those  of  Europe,  that  al- 
though European  countries  are  ahead  of  us  in  road  building, 
we  cannot  follow  here  the  methods  currently  used  in  France 
and  England.  Even  among  American  and  Canadian  engineers 
we  find  quite  a  diversity  of  opinion  on  this  subject.  This  is 
quite  natural,  as  we  cannot  suppose  that  speaking  from  per- 
sonal experience  the  New  York  engineer  will  have  the  same 
ideas  as  the  man  who  has  been  building  roads  around  Lake 
St.  John.  This  is  due,  of  course,  to  sub-soil  conditions.  The 
autumn  rains  and  the  intense  colds  following  thereafter, 
place  the  Province  of  Quebec  in  an  unique  position  which 
cannot  even  be  compared  with  that  of  the  states  of  Vermont 
and  New  York  close  by. 

The  Quebec  Problems.— Quebec  roads  must  be  studied, 
free  from  all  theories  obtaining  in  other  countries.  The  spe- 
cial conditions  found  in  this  province  are:  Firstly,  the  heavy 
winter  frosts  which  penetrate  several  feet  into  the  earth  and 
cause  heaving.  Secondly,  the  nature  of  the  materials  to  be 
found  locally  and  which  must  be  used  to  the  best  advantage. 
Waterbound  macadam,  having  relatively  little  elasticity  and 
small  resistance  to  shearing  stresses,  suffers  considerably 
from  the  disturbances  caused  by  frosts.  The  only  way  to 
obviate,  to  a  certain  extent,  this  disintegration  is  to  keep 
away  from  the  roads  the  water  resulting  from  the  autumn 
rains. 

Drainage,  therefore,  plays  a  very  important  part  in  this 
work  and  neglect  of  ditches  and  gutters  will  entail  much 
more  serious  consequences  than  is  generally  known.  How- 
ever, in  a  good  many  cases  the  drainage  is  not  sufficient  to 
prevent  infiltration,  and  in  these  cases  means  must  be  taken 
to  catch  the  water  before  it  penetrates  under  the  road.  Water 
penetrates  through  the  shoulders  from  ditches  when  their 
grade  is  poor,  and  even  sometimes  from  the  surrounding  land, 
especially  in  cuts. 

The  construction  of  a  longitudinal  drain  below  the  founda- 
tion will  intercept  the  water  and  maintain  the  road  in  a  suf- 
ficiently dry  state,  and  so  nullify  the  action  of  frost.  The 
cost  of  these  drains  put  down  after  the  method  adopted  by  the 
Department  of  Roads  of  Quebec  is  approximately  25  ct.  per 
lineal  foot,  and  increases  the  cost  of  construction  of  macadam 
roads  approximately  10  or  15  per  cent  for  a  drain  on  one  side 
only.  This  relatively  high  cost  is  probably  the  reason  that 
drainage  has  not  been  more  extensively  adopted  in  municipal 
road  work.  It  is,  however,  recognized  that  under  the  very  un- 
favorable circumstances,  drainage  must  be  used  to  avoid  the 
necessity  of  reconstructing  the  macadam  surface  every  spring. 

Road  Metal. — Field  stone  is  most  usually  employed  in  the 
construction  ot  waterbound  macadam  in  Quebec.  Quarries 
are  not  usually  sufficiently  scattered,  and  the  cost  of  trans- 
portation is,  as  a  result,  too  high  to  permit  the  use  of  quarry 
stone  on  road  construction  in  all  parts  of  the  province.  Be- 
sides, nearly  all  the  quarries  produce  limestone.  These  lime- 
stones are  homogeneous  and  free  from  defects  and  mesh 
very  well,  but  experience  seems  to  show  that  they  are  not 
sufficiently  hard  for  the  necessary  resistance  to  wear  for 
heavy  traffic.  However,  for  roads  of  purely  local  impor- 
tance, these  limestones  should  be  used  wherever  their  cost 
is  comparable  to  that  of  field  stone. 

Despite  the  advantage  of  limestone,  it  can  be  foreseen  that 
field  stone  will  be  mostly  used  in  macadam  roads.  It  can 
be  found  anywhere,  and  the  use  of  it  for  road  work  enables 
the  farmers  to  get  rid  of  the  rock  heaps  often  to  be  found  in 
their  fields,  which  interfere  with  ploughing  and  harvesting. 
Field  stone,  as  a  result,  is  a  mixture  ot  different  crystalized 
blocks,  with  granite  and  gneiss  predominating.  It  is  usually 
hard  but  somewhat  brittle,  and  almost  entirely  lacking  In 
the  mesh  qualities  which  characterize  limestone  and  schist. 
It  would  be  difficult  to  make  a  careful  choice  of  the  various 


kinds  of  field  stones  scattered  in  small  heaps  in  various 
farms,  and  in  order  to  lower  the  cost  of  transportation,  the 
best  procedure  is  to  use  stone  close  to  the  road.  Stone  which 
is  evidently  of  an  inferior  quality  can  be  discarded  before 
crushing.  The  discard  will  usually  be  small  and  comprise 
only  stone  too  soft  to  be  used  for  the  wearing  surface. 

It  is  to  be  hoped  that  the  installation  in  the  various  mu- 
nicipalities of  permanent  up-keep  gangs  and  foremen  will  en- 
able this  selection  of  stone  to  be  made  in  the  winter. 

Hand  and  Machine  Crushing. — The  European  procedure 
cannot  in  every  case  be  applied  to  Canadian  roads.  In  Fi-ance 
the  abundance  and  low  cost  of  labor  enable  the  crushing  to 
be  done  by  hand,  at  least  for  the  surface  course.  They  at- 
tain in  this  manner  carefully  selected  stone,  practically 
cubical  in  shape,  and  varying  in  size  only  from  IV2  in.  to  21/2- 
in.  This  country  is  young,  labor  is  scarce  and  consequently 
to  be  spared  whenever  possible.  We  must  therefore  sub- 
stitute machines.  Even  with  the  high  salaries  latterly  paid, 
the  cost  of  crushing  has  hardly  exceeded  50  ct.  per  cubic  yard. 

We  must  calculate  therefore  on  the  principle  that  w^e  must 
make  the  best  of  the  situation  as  we  find  it,  as  the  aim  is 
to  better  the  crushing  and  so  to  grade  and  crush  stone  as  to 
introduce  here,  as  much  as  they  may  be  applicable  under 
our  conditions,  the  processes  which  experience  has  proven  to 
be  most  efficient  in  other  countries. 

The  three  principal  points  to  be  carefully  watched  in 
crushing  are  the  speed  of  the  machines,  the  renewing  of 
worn-out  jaws,  and  a  proper  arrangement  of  screens  for 
grading.  It  is  easily  seen  that  speeding  up  the  crushers 
means  that  stone  crushed  to  the  proper  size  in  the  upper 
end  of  the  jaw  will  be  crushed  once  again  before  getting  out 
of  the  bottom,  and  this  will  result  in  too  many  small  frag- 
ments. It  is  therefore  necessary  to  choose  a  crushing  speed 
which  will  prevent  this,  and  will  at  the  same  time  be  suffi- 
ciently fast  to  give  an  economical  output.  The  high  price  of 
jaw  blades,  which  has  become  exhorbitant  in  the  last  year, 
has  resulted  in  the  use  of  worn  jaws  by  some  contractors- 
and  foremen  until  the  jaws  are  perfectly  smooth.  Flat 
stones  can  therefore  pass  through  the  crusher  and  make  their 
way  to  the  screen  in  sizes  which  cannot  be  used. 

It  is  essential  that  jaw  blades  be  carefully  inspected,  and 
a  good  foreman  will  not  await  orders  of  the  engineers  to 
replace  these  when  they  are  worn  out. 

Size  of  Broken  Stone. — Careful  attention  to  the  first  two 
points  will  practically  eliminate  the  third.  It  can  easily  be 
seen  that  by  diminishing  the  proportion  of  small  pieces,  nar- 
rower limits  as  to  size  can  be  set  down,  and  we  would  thus 
use  for  the  wearing  surface  nothing  but  stones  from  IV2  to 
214  in.  This  can  only  be  done  provided  that  there  is  not  too- 
much  reject  and  that  the  small  stones  from  %  to  1V4  in-  will 
prevail  only  in  sufficient  quantity  to  be  used  up  as  filling  ma- 
terial in  the  foundation  courses. 

The  undesirability  of  small  stones  is  very  apparent  when 
one  knows  how  difficult  it  is  to  maintain  a  good  bond  on 
roads  macadamized  with  field  stone.  It  is  easily  seen  that 
the  force  exerted  in  macadam  surfaces  by  passing  vehicles  is 
the  resultant  of  two  forces,  one  (vertical)  being  the  weight 
of  the  load,  the  second  (horizontal)  being  the  tractive  effort 
of  the  vehicle.  These  two  forces  are  very  variable.  In  the 
case  of  an  automobile  traveling  at  high  speed,  the  horizontal 
force  becomes  very  high  and  tears  out  the  stone  and  de- 
stroys the  bond  of  the  surface.  In  the  case  of  a  steam 
roller,  the  vertical  force  is  much  more  apparent  and  there- 
fore the  roller  is  employed  to  rebuild  the  surface  which  the 
horizontal  force  destroys. 

H  is  out  of  the  question  to  restrict  the  speed  of  autoh 
mobiles  to  a  point  where  they  will  not  be  harmful.  The  only 
solution  is  to  offer  to  the  pneumatic  tire  the  solid  surface 
with  not  only  the  necessary  hardness  but  also  the  necessary 
weight  and  tensile  strength. 

The  larger  the  stones  composing  the  surface,  the  better 
the  contact  with  adjoining  stones  and  the  more  the  macadam 
will  be  compact  and  massive.  The  means  mentioned  above 
for  reducing  the  proportion  of  small  stones,  will  help  con- 
siderably towards  the  desired  result.  The  limit  as  to  the 
size  of  stone  which  will  permit  a  sufficiently  smooth  surface 
for  present  vehicles  is  approximately  2%  in. 

Limestone  Dust  as  Binder. — Another  method  of  lengthening 
the  life  of  macadam  and  at  the  same  time  diminishing  the 
up-keep  cost  of  field  stone  macadam,  is  to  use  limestone  dust 
as  a  hinder. 

There  is  in  the  Parish  of  St.  .Tean-Chrysostome,  in  Chateau- 
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guay  County,  a  road  buill  in  IMl:;  with  fielil  stone  and  a  lime- 
stone dust  binder.  This  road  has  carried  continually  very 
heavy  traffic,  and  in  addition  carries  the  transportation  of 
stone  for  the  construction  of  surrounding  roads.  In  1918, 
after  5  years  of  continuous  service,  there  were  no  apparent 
ruts  and  no  loose  stones,  although  the  crown  of  the  road  has 
almost  entirely  disappeared  through  wear. 

The  value  of  a  limestone  binder  in  connection  with  field 
stone  is  pretty  generally  recognized,  but  fear  is  often  ex- 
pressed that  the  advantage  to  be  obtained  will  not  be  propor- 
tional to  the  extra  expense  due  to  the  purchase  and  transpor- 
tation, often  for  long  distances  by  rail,  of  this  limestone  dust, 
which  cannot  be  obtained  outside  of  quarries.  If  we  take  it 
that  the  quantity  necessary  for  good  results  is  equivalent  to 
a  layer  %  in.  thick,  the  necessary  quantity  for  one  mile  of  12 
ft.  road  would  be  146.6  cu.  yd.,  and  as  we  may  reasonably 
suppose  an  average  cost  of  $3  a  yard,  the  cost  of  the  road 
would  be  enhanced  by  $440  a  mile,  which  is  an  increase  of 
6.3  per  cent  in  the  cost  of  a  road  costing  $7,000  per  mile. 

If  we  now  take  it  that  by  the  use  of  this  process  we  suc- 
ceed in  lengthening  by  20  per  cent  the  life  of  the  macadam,  it 
will  be  economical  to  use  this  dust.  We  see  in  this  way  that 
the  reduction  in  up-keep  cost  would  more  than  cover  the  in- 
terest on  the  additional  capital  used  up  in  the  construction. 
Limestone  quarries  are  unable  to  furnish  in  large  quanti- 
ties this  binder,  which  consists  of  particles  varying  from 
i/i-in.  to  the  finest  dust.  In  some  parts  of  the  province  this 
dust  may  be  obtained  in  its  natural  state.  The  binder  which 
was  used  on  the  above-mentioned  road  in  St.  Jean-Chrysos- 
tome,  was  found  right  in  the  parish  and  so  close  to  the  road 
itself  as  to  he  quite  economical. 

Mistakes  in  Construction. — Certain  foremen  and  contrac- 
tors have  the  habit  of  considering  in  every  case  crusher  dust 
as  a  binder.  This  error  is  due  to  a  false  idea  of  what  takes 
place  in  the  interior  of  the  macadam  during  rolling.  Under 
the  pressure  of  the  roller,  the  stones  mesh  themselves  as  to 
produce  strong  friction  between  the  surfaces  in  contact.  This 
friction  produces  a  very  fine  dust  which  is  the  best  possible 
binder  when  the  stone  possesses  binding  qualities.  This 
binder  will  be  very  efficient  if  sprinkling  takes  place  at  the 
same  time. 

Stone  which  will  not  bind  without  previously  filling  the 
voids  will  not  bind  any  better  with  its  own  dust.  In  filling 
the  voids  with  dust  before  rolling,  one  may  obtain  a  ma- 
cadam with  an  apparently  compact  and  even  surface  but 
which  will  disintegrate  in  a  few  dry  days.  However  small 
the  proportion  of  binder  in  the  stone,  the  macadam  must  be 
watered  and  rolled,  hut  never  rolled  dry  until  the  macadam 
is  very  compact  and  the  voids  reduced  to  a  minimum.  This 
is  the  time  to  spread  crusher  dust  to  fill  what  voids  may  re- 
main, and  thus  render  the  surface  still  more  compact  and 
sufficiently  impervious  to  water.  We  must,  however,  make 
one  exception.  This  is  wiien  limestone  dust  is  used  as  a 
binder.  Limestone  must  be  applied  in  successive  very  small 
amounts  as  soon  as  the  rolling  begins  in  order  to  enable  the 
limestone  dust  to  penetrate  gradually  between  the  stones. 
This  operation  must  be  watched  in  order  to  prevent  the  ap- 
plication of  an  excessive  dust  at  the  beginning  of  the  rolling. 
We  witnessed  some  years  ago  a  typical  case  showing  the 
undesirability  of  an  excessive  dust  in  the  macadam.  A  con- 
tractor in  perfectly  good  faith  had  gotten  the  habit  of  placing 
all  the  crusher  dust,  including  the  small  fragments  up  to 
%-in.,  in  the  last  layer  of  stone.  In  order  better  to  obtain 
this  result,  the  dust  was  spread  before  any  rolling  over  the 
stone,  which  was  entirely  covered.  Be  it  noted  that  the  stone 
was  of  good  quality  and  contained  sufficient  binder  to  give 
results.  Nevertheless,  it  was  only  after'  prolonged  rolling, 
renewed  at  intervals  after  several  weeks,  that  he  was  able  to 
obtain  a  satisfactory  bond.  One  could,  however,  see  at  the 
same  place  a  piece  of  macadam  built  the  previous  year  in  the 
same  fashion,  which  showed  a  rough  and  uneven  structure 
which  could  not  be  charged  to  wear,  age  or  heavy  traffic. 

One  might  claim  to  upset  this  principle  by  showing  a  new 
macadam  built  after  this  style  and  suflSciently  bonded.  This 
would  merely  show  that  the  stone  employed  was  very  easily 
bonded,  and  in  any  case  the  argument  would  only  last  for 
the  time  necessary  for  traffic  and  wind  to  destroy  the  layer 
of  dust  with  which  the  surface  of  the  macadam  is  cam- 
ouflaged. 

Another  very  common  error  in  construction  consists  of 
carrying    sprinkling    water    a    considerable    distance    in    the 


sprinkler  itself.  This  means  that  sprinkling  is  interrupted 
for  considerable  intervals,  during  which  the  rolling  con- 
tinues under  unfavorable  conditions.  We  must  not  forget 
that  the  water  is  one  of  the  principal  materials  in  the  con- 
struction of  macadam,  and  although  it  may  be  true  that  cer- 
tain limestones  bind  fairly  well  when  dry,  it  is  also  true  that 
this  bond  will  be  much  more  effective  if  treated  with  water 
at  the  proper  time  and  in  suflicient  quantities. 

It  has  often  been  noticed  that  in  clay  regions  the  surface 
of  a  macadam  road  is  deteriorated  for  200  or  300  ft.  at  each 
end  by  the  clay  which  the  wheels  of  vehicles  spread  on  it. 
This  defect  which  everybody  sees  and  which  is  considered  al- 
most inevitable,  could  be  much  diminished  by  proper  precau- 
tions and  principally  by  ending  the  macadam  with  special 
care.  Last  year  there  was  to  be  seen  in  the  Parish  of  St. 
Malachie,  in  Dorchester  County,  a  macadam  two  years  old 
which  had  kept  its  shape  and  surface  without  any  deteriora- 
tion up  to  the  point  where  it  joined  a  clay  road. 

Maintenance  of  Macadam. — The  upkeep  of  macadam  roads 
in  Quebec  began  two  years  ago,  when  the  first  signs  of  de- 
terioration and  of  wear  appeared  in  the  roads  constructed  in 
1912  and  1913.  Two  years  are  very  short  to  study  a  problem 
which  can  only  be  solved  through  experience.  It  is  not  easy 
to  obtain  at  the  present  time  a  general  rule  which  will  apply 
to  the  special  conditions  in  our  province.  There  are,  how- 
ever, certain  causes  of  deterioration  of  macadam  which  leave 
no  doubt  as  to  the  best  measures  to  retard  and  nullify  their 
effects. 

Frost,  for  example,  disintegrates  more  or  less  all  maca- 
dam roads.  This  is  not  surprising,  since  the  effect  of  frost 
can  be  seen  even  on  solid  roads.  We  can.  therefore,  adopt 
the  practice  of  rolling  anew  every  road  each  spring  as  soon  as 
the  frost  has  disappeared.  We  must  not  forget  that  this 
rolling  must  be  preceded  by  the  ordinary  sprinkling.  Some- 
times the  sprinkling  may  be  avoided  if  the  weather  is  rainy 
at  the  beginning  of  the  summer,  but  it  is  not  advisable  to  de- 
lay this  work  too  long  awaiting  rain.  The  cost  of  rolling  and 
sprinkling  might  reach  approximately  $100  a  mile  per  year. 

The  heaving  of  the  soil  produces  blisters  which  are  a  cause 
of  rapid  deterioration.  These  can  be  eliminated  by  drainage. 
If  the  system  of  drainage  employed  during  the  construction 
of  the  road  has  been  insufficient  to  keep  the  road  from  in- 
filtration, some  means  will  have  to  be  devised  to  eliminate 
water  from  the  affected  spots.  Tile  drains  are  usually  ad- 
visable in  these  cases. 

The  cleaning  out  of  the  ditches  and  curbs  is  imperative 
each  year  and  should  be  done  in  the  first  days  of  spring,  be- 
fore vegetation  gets  a  chance  to  take  root.  In  flat  country 
macadam  surfaces  are  damaged  by  the  melting  of  the  snows.- 
It  is  impossible  to  hasten  drainage  in  this  territory,  where 
the  land  has  practicall.\'  no  slope. 

It  has  been  suggested  that  in  the  most  exposed  places, 
the  surface  should  be  rebuilt  with  a  bituminous  binder.  Where 
the  water  crosses  the  road  with  a  strong  current,  a  local 
concrete  pavement  is  usually  recommended.  There  are,  how- 
ever, a  number  of  places  where  the  erosion  is  purely  acci- 
dental, and  in  these  places  it  is  sufficient  to  repair  the  ma- 
cadam surface  in  the  ordinary  way. 

We  must  carefully  distinguish  between  disintergration, 
of  macadam  and  wear.  The  wear  is  natural  and  unavoidable, 
otherwise  we  would  have  roads  with  permanent  surfaces, 
which  is  an  impossibility.  It  is  therefore  not  always  wise 
to  undertake  repairs  at  the  first  sign  of  wear  on  macadam. 
At  other  times,  on  the  other  hand,  wear  can  be  retarded  and 
life  lengthened  by  the  application  of  certain  materials  such  as 
bituminous  binders,  asphaltic  oils  or  even  a  thin  layer  of 
fine,  hard  gravel.  This  last  proposition  especially  provides 
an   economical   cure   for   rough   surfaces. 


Cold  Weather  Concrete  Pavement  Construction. — Our  at- 
tention has  been  called  to  an  erroF  in  the  article  "Precau- 
tions for  Concrete  Pavement  Construction  in  Cold  Weather" 
in  our  issue  of  Nov.  ,5.  Under  the  section  on  page  540,  headed 
"Use  of  Chemicals  to  Accelerate  Hardening  of  Concrete,"  in 
the  second  paragraph  occurs  the  sentence,  "When  the  proper 
mixing  water  ratio  of  more  than  ^Vz  to  6  gal.  of  water  is 
used  for  each  sack  of  cement,  etc."  This  text  was  incorrect 
in  the  original  bulletin  from  which  we  took  the  material. 
The  sentence  should  read  as  follows:  "When  the  proper  mix- 
ing water  ratio  of  not  more  than  5'^  to  6  gal.  of  water  is  used 
for  each  sack  of  cement,  etc." 
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Types  of  Surfacing  for  Light  and 
Medium  Traffic  Roads 

Interesting  information  on  gravel  and  sand  clay  types  ot 
surfacing  as  used  in  Minnesota  was  given  by  Mr.  C.  L.  Motl, 
County  Engineer,  of  Brainerd,  Minn.,  in  a  paper  presented 
at  the  last  annual  convention  of  the  Minnesota  Surveyors  and 
Engineers  Society.     The  paper,  in  abstract,  follows: 

Throughout  Minnesota,  perhaps  95  per  cent  of  the  subgrade 
materials  are  either  heavy  clay  or  black  loam,  as  the  one  ex- 
treme, through  various  intermixtures  and  proportions  with 
sand,  to  loose  sand  as  the  other  extreme. 

The  chief  objectionable  characteristic  of  heavy  soil  is  mud, 
or  in  other  words,  the  effect  of  too  much  moisture,  which  de- 
stroys the  foundation.  The  chief  objectionable  characteristic 
to  sandy  soil  is  loose  sand,  causing  instability  of  roadway. 
Here,  however,  we  find  moisture  to  be  beneficial.  The  ob- 
jectionable characteristics  of  the  intermediate  mixtures  are 
probably  proportional  to  their  relations  to  the  extremes. 
Some  mixtures  are  found  that  make  a  natural  road,  hard  to 
improve  upon  outside  ot  wearing  qualities. 

The  object  ot  surfacing  is  to  protect  or  reinforce  the  sub- 
grade  against  its  weaknesses.  In  heavy  soil  this  means  prin- 
cipally protection  against  water,  or  neutralizing  the  effects  of 
water.  In  sandy  soil  this  means  providing  a  foundation  suit- 
able to  carry  traffic  under  all  weather  conditions.  In  some 
soil  mixtures  it  means  simply  placing  a  suitable  covering 
coat.  In  other  soil  mixtures  it  may  be  found  that  the  sur- 
facing proposed  will  not  improve  the  natural  subgrade  and 
should  be  omitted. 

It  is  readily  seen  that  the  lighter  the  type  of  surfacing  pro- 
posed the  more  important  it  is  to  know  what  is  in  the  sub- 
grade.  This  is  especially  true  where  there  is  a  choice  of 
materials  to  be  used,  with  an  opportunity  to  vary  the  com- 
position placed.  In  every  surfacing  project  an  attempt  should 
therefore  be  made  to  determine  the  reasons  for  surfacing,  and 
estimate  the  quality  of  materials  to  be  used.  Having  inves- 
tigated the  reasons  for  surface  construction,  and  having  esti- 
mated the  quality  of  materials  necessary,  the  next  step  is  to 
locate  and  select  those  materials. 

Where  local  sources  of  supply  are  wanted  they  can  gen- 
erally be  located  by  knowledge  of  vegetation  growing  over 
them;  by  samples  brought  up  by  animals  burrowing  into 
them ;  by  comparing  the  geological  formation  with  places  of 
known  deposits;  by  inquiring  from  local  people,  etc.  In  sandy 
countries,  materials  suitable  for  road  surfacing,  if  near  the 
surface,  usually  carry  a  heavier  growth  of  vegetation  than  the 
surrounding  soil.  In  heavy  soil  localities  materials  suitable 
for  surfacing  are  apt  to  be  less  productive  of  vegetation  than 
the  rest  of  the  land.  In  addition  to  this  there  are  certain 
kinds  of  vegetation  that  grow  over  the  materials  sought,  de- 
pending upon  the  locality.  To  the  experienced  investigator 
these  indications  are  the  quickest  and  most  productive  of  re- 
sults. When  a  body  of  surfacing  is  located,  its  quality  and 
volume  should  be  determined  by  soundings  and  measure- 
ments, otherwise  the  available  supply  may  often  be  over- 
estimated. 

The  search  for  road  surfacing  material  should  be  cease- 
less. New  supplies  are  being  continually  found  in  places 
thoroughly  decided  upon  as  being  hopeless.  Materials  are 
being  hauled  long  distances  while  undiscovered  deposits  may 
be  waiting  close  at  hand.  The  finding  of  these  deposits  is 
of  as  much  importance  to  highway  construction  as  is  the  use 
of  them.  The  selection  of  materials  from  local  sources  is 
usually  a  problem  ot  using  the  best  out  of  each  pit  found, 
rather  than  choosing  between  various  pits. 

The  material  to  be  used,  especially  in  light  type  surfacing, 
depends  considerably  upon  the  nature  of  the  subgrade  ma- 
terials. In  construction  for  light  traffic  for  heavy  soils,  a 
coarse,  sharp  sand  or  gravel  applied  in  thin  layers  gives 
good  results.  Pine  or  inert  sand  should  not  be  used  as  it 
seems  to  make  heavy  soils  more  penetrable  by  moisture. 
For  sandy  subgrade  a  heavy  sand  clay  is  the  best  to  use  for 
intermixture.  It  appears  to  disintegrate  and  mix  in  with  the 
sand  and  bind  it  up  for  a  good  foundation.  Pure  or  ball  clay 
is  very  slow  to  mix  with  sand  and  as  a  whole  is  not  success- 
ful, especially  in  the  light  sands.  Where  the  subgrade  is 
light  inert  sand,  surfacing  under  class  one  should  not  be 
attempted  as  the  inert  sand  makes  a  poor  roadway  even  in 


composition  with  clay  soils.  It  has  little  resistance  to  mois- 
ture and  is  a  poor  wearing  material. 

In  construction  for  medium  traffic  over  heavy  soil  sub- 
grades,  good  self-binding  gravel  is,  of  course,  the  best.  This 
is  seldom  available  and  generally  some  binding  material  must 
be  added.  A  good  sand  clay,  or  a  weathered  pure  clay  that 
will  powder  up  fine  when  di-y.  seems  to  give  the  best  results. 

The  proportion  ot  binding  material  should  be  made  as  small 
as  possible,  especially  over  heavy  soils.  As  the  sand  pro- 
portion in  th-e  subgrade  material  increases  the  binder  con- 
tent can  be  increased.  Over  sand  clay  subgrades  a  light  coat 
of  coarse  sand  or  gravel  is  often  the  only  surfacing  necessary 
to  give  a  good  roadway.  Over  loose  sand  subgrades,  where  a 
foundation  as  well  as  wearing  surface  is  necessary,  a  good 
sand  clay  base,  with  gravel  wearing  coat,  seems  to  give  the 
best  results.  Where  gravel  is  not  available  the  sand  clay 
will  give  good  results;  and  where  the  sand  clay  is  not  avail- 
able, gravel  with  a  high  content  of  binder  will  give  good 
results.  Where  a  good  quality  of  neither  the  above  materials 
is  available,  sandy  surface  soil  will  often  make  a  fine  road 
over  sand,  especially  if  applied  during  a  wet  season,  where 
it  has  an  opportunity  to  compact  before  getting  worked  into 
the  subgrade. 

In  applying  the  surfacing,  no  definite  standards  have  as  yet 
been  established.  The  size  of  the  job  and  the  class  of  con- 
struction usually  control  this  detail.  Under  class  one  work 
with  heavy  soils,  the  material  may  best  be  added  in  thin  lay- 
ers, being  worked  in  by  the  traffic.  Where  gravel  is  placed 
on  sand  clay  subsoil,  the  application  can  be  light  enough  so 
as  not  to  interfere  with  traffic,  and  it  gradually  gets  packed 
in.  There  usually  should  be  a  loose  layer  on  top  during  dry 
spells,  which  works  in  as  needed  during  the  wet  weather. 
Where  sand  clay  is  mixed  into  sandy  subgrades,  it  should  be 
put  on  dry  and  worked  into  the  sand  with  disc  and  harrow. 
Traffic  should  be  kept  off  until  at  least  one  dragging  is  made 
after  a  good  rain. 

Rolling  improves  surface  construction  very  much,  espe- 
cially if  done  while  the  materials  are  damp.  Compacting  by 
hauling  over  the  deposited  materials  is  beneficial  for  heavy 
soil  subgrades;  but  in  loose  sand  subgrades  it  may  be  the 
cause  of  considerable  loss  of  material  if  not  properly  super- 
vised. The  materials  should  be  deposited  in  one  or  two  con- 
tinuous winrows  parallel  to  the  center  line  of  the  road  and 
should  be  spread  as  soon  as  possible  after  being  deposited. 
Any  delay  will  allow  the  material  to  settle  and  cause  tempo- 
rary, if  not  permanent,  unevenness  in  the  road  surface.  Ma- 
terials deposited  from  equipment  in  motion  appear  to  get  the 
most  uniform  distribution. 

The  amount  of  material  to  be  placed  per  mile  must  neces- 
sarily vary  with  the  requirements  of  each  job.  In  any  case, 
it  should  be  put  on  in  two  or  three  applications  with  the 
heaviest  layer  first  and  subsequent  layers  as  needed.  This 
makes  for  a  better  compacted  surface,  allows  for  a  grading 
of  materials,  and  permits  the  work  to  be  reinforced  where 
weak  or  irregular  spots  develop.  Where  there  is  some  ques- 
tion as  to  the  results — when  materials  are  being  applied  in 
mixtures,  such  as  binders  with  gravel,  or  gi-avel  and  sand 
over  surface  bases — it  is  often  advisable  to  reduce  the  initial 
construction  quantities,  and  later  on  add  what  is  needed  by 
heavy  maintenance  or  by  special  construction  provisions. 

On  solid  subgrades,  a  blade  machine  can  be  used  to  good 
advantage  in  spreading  surfacing.  On  loose  sand,  a  heavy 
planer  or  hand  work  is  best,  as  a  blade  machine  cannot  be 
controlled  properly.  Heavy  equipment  such  as  trucks,  trac- 
tors and  trailers,  cannot  be  used  economically  where  surfacing 
is  done  on  loose  sand  or  where  jobs  are  small  and  widely  dis- 
connected. On  heavy  soil  roads,  with  jobs  of  considerable 
magnitude,  and  under  good  management,  economical  results 
can  be  obtained. 


Motor  Truck  Haulage  in  Sand-Clay  Construction. — Eleven 
motor  trucks  are  being  employed  in  building  a  10-mile  sec- 
tion of  sand-clay  surfacing  on  Federal  aid  project  No.  5  be- 
tween Norfolk.  Neb.,  and  Columbus.  The  clay  is  loaded  at 
the  pit  by  means  of  an  elevating  grader  into  the  trucks  which 
have  an  hydraulic  elevator  for  dumping.  The  trucks  then 
take  the  clay  to  the  road,  dumping  their  load  at  the  point 
nearest  the  pit  first  so  that  each  succeeding  load  may  travel 
over  the  clay  and  thus  pack  it  and  partly  mix  it  with  the 
sand.  A  blade  grader  is  kept  constantly  on  the  job  to  keep 
the  road  smooth  and  passable,  removing  the  ruts  caused  by 
the  trucks. 
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One  of  the  Latest  Developnitnts  m.  .  i  ,.jI.  .-...y  Grading.  Fresnoes  Hauled  by  Tid^iun  HiciJdipny  bubyidde  for  the  Fort  to  Fort 
Highway  in  Kansas.  This  Method  Is  Stated  to  Have  Proved  Highly  Satisfactory  Both  as  Regards  Time  Saved  and  the 
Character   of    Work    Accomplished. 


The  Present  Status  of  Impact 

Tests  on  Roadway 

Surfaces 

By  A.  T.  GOLDBECK, 

Testing-    Engineer,    f.    S.    Bureau    of   Public    Roads. 

It  has  been  estimated  that  the  funds  available  for  highway 
construction  in  this  country  during  1920  total  $6.3.1,000,000, 
which  is  more  than  four  times  the  amount  expended  in  any 
other  previous  year.  It  is  likely  that  the  future  will  show 
even  higher  figures  than  these  and  that  road  construction  will 
be  pushed  as  rapidly  as  road  material  resources,  equipment, 
hauling  facilities  and  labor  will  permit.  In  the  face  of  such 
an  enormous  program  it  behooves  us  to  build  wisely  lest  we 
be  e.Ytravagant  either  by  too  much  or  by  too  little  initial 
expenditure  for  our  various  road  systems. 

Unfortunately,  the  necessity  for  such  vast  expenditures 
conies  almost  simultaneously  with  a  new  class  of  traffic  which 
exerts  a  different  kind  of  destructive  effect  on  roads  than 
has  been  exerted  by  traffic  in  the  past.  The  heavy  motor 
truck  has  transformed  the  road  problem  from  one  whose  so- 
lution, in  days  gone  by  depended  upon  precedent,  into  an 
exceedingly  important  problem  of  design.  We  must  be  able 
to  design  our  future  roads  to  carry  known  maximum  loads 
under  known  conditions  of  subgrade  and  weather,  just  as  we 
are  now  able  to  design  our  bridge  structures.  We  must  not 
be  satisfied  with  a  constant  cross  section  irrespective  of  sub- 
grade  conditions,  but  we  must  change  the  design  of  the  road 
as  nearly  as  practicable  with  changing  conditions  of  sub- 
grade.  At  the  same  time  we  must  better  sub-grade  condi- 
tions by  more  careful  drainage.  Recognizing  these  facts,  and 
with  rational  design  of  road  surfaces  as  a  goal,  the  Bureau  of 
Public  Roads  has  begun  experiments  to  find  out  something 
of  the  fundamentals  affecting  road  design.  In  a  paper  pre- 
sented Nov.  7  before  the  North  Atlantic  Division  of  the  Na- 
tional Highway  Traffic  Association  Mr.  A..  T.  Ooldbeck,  Test- 
ing Engineer  of  the  Bureau,  outlined  the  present  status  of  the 
impact  experiments.     The  abstract  of  his  paper  follows. 

Just  as  in  the  design  of  a  bridge  structure,  the  design  of  a 
road  requires  not  only  a  knowledge  of  the  materials  in  the 
structure  and  their  behavior  under  stress,  but  it  also  re- 
quires a  knowledge  of  the  forces  acting  on  the  structure  tend- 
ing to  deform  it  out  of  shape.  Obviously  then,  one  of  the 
fundamental  problems  is  to  determine  just  what  forces  are 
being  exerted  on  roads  tending  to  destroy  them. 

Fibre  Stress  in  Concrete  Road  Slab  Due  to  Truck  Load. — 
Anyone  who  has  stood  on  a  hard  road  surface  during  the  pas- 
sage of  a  heavy  truck  has  noticed  the  vibration  set  up  in  the 
pavement,  indicating  that  the  truck  is  exerting  more  or  less 
of  an  impact  action  even  though  the  surface  be  comparatively 
smooth.     Such  action,  of  course,  is  much   accentuated  after 


the  surface  becomes  worn  in  spots  or  wavy  and  the  impact 
then  becomes  very  noticeable.  Heavy  loads  at  rest  on  road 
surfaces  exert  but  little  effect  except  on  surfaces  which  tor 
some  reason  are  too  soft  to  bear  the  load.  Actual  tests 
have  been  made  on  a  concrete  road  to  gain  some  idea  of  the 
fibre  stress  in  the  concrete  directly  under  a  heavy  wheel 
load  of  a  loaded  truck.  The  indications  are  that  when  a 
wheel  load  of  8,500  lbs.  is  as  rest  on  an  8-in.  concrete  slab 
laid  on  a  rather  wet  clay  subgrade  the  fibre  stress  in  tension 
is  only  about  34  lbs.  per  square  inch  directly  under  the  load, 
and  since  the  modulus  of  rupture  of  the  ordinary  concrete 
road  mixture  is  well  over  400  lbs.  per  square  inch,  and  pos- 
sibly as  high  as  600  lbs.  per  square  inch,  the  danger  of 
serious  cracking  of  the  concrete  under  static  loads  is  prac- 
tically nil  except  at  the  corners  of  the  slabs. 

We  must  turn  to  impact  then  for  an  explanation  of  some 
of  the  past  failures  of  road  surfaces  under  motor  truck  traffic. 
How  great  can  these  impacts  be  as  compared  with  the 
static  weight  of  trucks?  What  impacts  are  likely  to  be  ex- 
erted on  road  surfaces  depending  upon  their  degree  of 
smoothness,  and  what  effect  have  these  impacts  on  different 
kinds  and  thicknesses  of  surface  when  laid  on  different  sub- 
grades?  These  are  some  of  the  questions  we  must  answer 
before  we  can  hope  to  design  a  road  rationally. 

The  impact  tests  now  being  conducted  by  the  Bureau  of 
Public  Roads  aim  to  determine  (1)  The  amount  of  impact  de- 
livered to  road  surfaces;  (2)  The  effect  of  this  impact  on 
different  types  of  surface. 

Measurement  of  the  Amount  of  Impact  Delivered  to  Road 
Surfaces. — The  method  now  being  used  for  measuring  the 
amount  of  impact  delivered  by  trucks  consists  of  delivering 
the  impact  of  a  moving  truck  to  a  small  copper  cylinder,  the 
blow  deforming  the  cylinder  a  definite  amount,  depending  on 
the  intensity.  In  these  experiments,  a  concrete  pit  has  been 
constructed  in  the  road  surface  and  a  hydraulic  jack  has 
been  placed  in  this  pit.  The  plunger  of  the  jack  is  enlarged 
at  the  top  with  a  platform  of  suitable  size  for  receiving  the 
blow  of  one  wheel  of  the  truck.  The  copper  cylinder  which 
measures  the  blow  is  placed  under  the  plunger  of  the  jack 
and  the  blow  is  transmitted  through  the  plunger  to  the  cop- 
per cylinder.  The  cylinders  used  are  turned  from  %-in.  cop- 
per rod  and  are  %  In.  in  length.  A  large  number  of  these 
cylinders  are  prepared  and  are  given  a  special  heat  treat- 
ment to  make  them  uniform  in  their  physical  characteris- 
tics. A  number  of  them  are  selected  from  each  lot  pre- 
pared and  are  subjected  to  pressure  in  a  testing  machine  and 
the  deformation  of  the  cylinder  is  noted  for  each  load  applied. 
In  this  way  it  Is  possible  to  check  up  the  uniformity  of  the 
lot  of  cylinders  and  also  to  determine  how  much  load  is  re- 
quired to  deform  them  to  a  definite  length.  The  impact  de- 
forming the  copper  cylinder  is  stated  in  terms  of  the  static 
load  required  to  deform  it  to  the  same  length. 
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A  little  thought  will  show  that  there  are  a  number  of  dif- 
ferent ways  in  which  impact  can  be  delivered  to  a  road  by  a 
motor  truck  and  the  test  has  been  arranged  to  approximate 
these  different  conditions.  For  instance,  the  truck  while  in 
motion  is  caused  to  fall  through  definite  heights  striking  the 
plunger  of  the  jack.  Again  the  truck  is  made  to  strike  ob- 
structions of  different  heights  placed  directly  on  the  plunger 
of  the  jack.  Several  other  variations  of  impact  also  have 
been  investigated. 

The  speed  of  the  truck  has  been  made  one  of  the  variables 
in  these  investigations  in  order  to  pei'mit  of  determining 
something  of  the  law  of  the  effect  of  speed  on  impact.  Dif- 
ferent sizes  and  makes  of  trucks  loaded  with  different  loads 
are  being  used.  Thus  far  the  tests  have  been  confined  to 
solid  tired  vehicles  but  it  is  the  aim  to  extend  them  to  an 
investigation  of  pneumatic  tires  and  to  special  types  of 
cushioned  wheels  and  special  tires.  The  Impact  of  the  rear 
of  the  truck  only  has  been  investigated  as  this  impact  is 
greater  than  that  of  the  front  wheels. 

In  the  tests,  a  Class  B,  3  to  5-ton  standard  army  truck,  a 
5%-ton  truck  and  1%-ton  truck  have  been  used.  All  of  these 
trucks  were  supplied  by  the  Motor  Transport  Corps  of  the 
War  Department. 

General  Discussion  of  Impact  Pressure  Tests. — Under  cer- 
tain conditions  the  impact  pressure  produced  by  heavy  motor 
trucks  is  very  large,  the  highest  pressure  thus  far  measured 
being  in  the  neighborhood  of  42.000  lbs.  when  the  weight  on 
the  rear  wheel  causing  this  pressure  was  only  7,750  lbs.  The 
unsprung  weight  on  one  rear  wheel  of  this  truck  was  1,837 
lbs.  In  the  case  of  the  5%-ton  truck,  which  has  an  unsprung 
weight  of  1,000  lbs.,  the  impact  pressures  produced  were  very 
much  smaller  than  in  the  case  of  the  Class  B  army  truck-. 
Considering  a  specific  case,  when  the  Class  B  army  truck, 
whose  total  weight  of  7,750  lbs.  on  one  rear  wheel,  unsprung 
weight  1,S37  lbs.  on  one  rear  wheel,  fell  through  a  height  of 
2  in.  at  a  speed  of  15  miles  per  hour,  the  impact  pressure 
produced  was  about  34,500  lbs.  In  the  case  of  the  5%-ton 
truck  loaded  with  a  load  of  S,0CO  lbs.  on  one  rear  wheel,  with 
an  unsprung  weight  of  1,000  lbs.,  on  one  rear  wheel,  and 
under  corresponding  conditions  of  speed  and  height  of  fall, 
the  impact  pressure  produced  was  only  23.500  lbs.,  or  only  68 
per  cent  of  the  impact  pressure  of  the  army  truck.  The  un- 
sprung weight  of  the  5%-ton  truck  was  only  56  per  cent  of 
that  of  the  army  truck,  whereas  the  gross  load  carried  on  the 
rear  wheel  was  slightly  larger  in  the  case  of  the  Class  B 
truck.  The  indications  are,  therefore,  that  a  light  unsprung 
weight  tends  to  lessen  the  impact  of  a  truck  on  the  road 
surface. 

With  a  11/4-ton  truck  having  a  total  weight  of  3,470  lbs.  on 
one  rear  wheel  and  1.065  lbs.  unsprung  weight  on  one  rear 
wheel,  the  impact  pressure  at  a  speed  of  15  miles  per  hour 
and  with  a  height  of  fall  of  2  in.  was  in  the  vicinity  of  14,000 
lbs.  per  square  inch.  It  will  be  noted  that  the  unsprung 
weight  of  this  truck  is  practically  the  same  as  that  of  the 
5%-ton  truck  and  the  impact  pressure  produced  is  very  much 
lower  thjn  in  the  case  of  the  5%-ton  truck,  so  that  it  cannot 
be  said  that  unsprung  weight  alone  influences  the  impact 
pressure  produced  on  the  road  but  the  sprung  weight  also 
exerts  some  influence  on  this  pressure. 

These  facts  are  very  significant  for  they  show  that  the 
gross  load  of  a  truck  is  not  the  only  factor  which  influences 
the  pressure  of  the  wheels  of  the  truck  on  the  road  surface. 
It  is  possible  to  have  vastly  different  impact  pressures 
exerted  on  the  road  by  two  different  trucks  both  having  the 
same  gross  weight  but  having  different  distribution  of  their 
sprung  and  their  unsprung  weights,  and  when  questions  of 
road  design  are  to  be  considered,  the  actual  wheel  pressure 
on  the  road  is  the  all  important  thing  rather  than  the  gross 
load  of  the  truck.  Would  it  not  seem  logical  to  take  these 
facts  into  consideration  in  framing  legislation  dealing  with 
the  restriction  of  maximum  sizes  of  motor  trucks  on  roads 
and  moreover,  do  these  facts  not  open  the  way  toward  a 
more  equitable  system  of  license  fees  than  the  more  or  less 
arbitrary  systems  based  on  gross  load,  carrying  capacity  or 
horse  power  now  in  use? 

The  effect  of  the  speed  of  trucks  on  the  amount  of  impact 
produced  on  road  surfaces  is  indicated  by  these  tests  It 
has  been  stated  that  the  impact  of  vehicles  on  roads  varies 
as  the  square  of  the  speed  but  the  present  tests  indicate  that 
within  practical  speed  limits  this  is  not  the  case  In  the  re- 
sults obtained  thus  far  the  Impact  on  the  road  varies  with 
some  power  of  the  speed,  this  power  however  being  less  than 


two  and  extending  down  as  low  as  one.     The  persent  data  do 
not  warrant  a  close  analysis  to  determine  this  relation. 

At  first  thought  it  would  seem  that  the  impact  should  vary 
directly  as  the  height  of  the  fall  when  a  truck  rolls  off  an 
obstruction  and  falls  on  a  road  surface,  but  these  tests  in- 
dicate that  this  is  not  true,  the  reason  being  that  the  action 
of  the  springs  of  the  vehicle  give  the  unsprung  weight  an  ac- 
celeration above  that  due  to  gravity  and,  depending  upon  the 
spring  action  and  upon  the  amount  of  sprung  and  unsprung 
weight,  the  impact  effects  with  various  heights  of  fall  are 
likely  to  vary  with  different  trucks.  The  amount  of  spring 
deflection  at  the  instant  the  impact  occurs  is  another  factor 
influencing  the  amount  of  impact  on  the  road. 

Having  determined  the  amount  of  impact  exerted  on  sur- 
faces by  trucks  under  these  artificial  conditions,  the  next 
question  arises  as  to  what  impacts  are  actually  produced  on 
road  surfaces  of  different  degrees  of  roughness.  Undoubtedly 
the  road  having  a  rough  surface  will  be  subjected  to  greater 
impact  than  the  smooth  road  and  information  of  this  char- 
acter has  as  yet  not  been  obtained,  but  it  is  hoped  that  It 
will  be  possible  to  obtain  these  results  within  the  coming 
year  by  means  of  special  equipment  now  being  constructed. 
What  use  shall  be  made  of  the  results  of  the  impact  tests 
in  the  design  of  road  surfaces?  The  theory  for  the  design  of 
beams  under  static  loads  states  that  the  strength  of  the 
beam  varies  as  the  square  of  the  depth  and  in  one  instance 
use  has  been  made  of  this  theory  to  place  road  surfaces  of 
dift'erent  kinds  on  an  equal  basis  so  far  as  their  load  carrying 
capacity  is  concerned.  On  the  other  hand,  it  may  be  shown 
theoretically  that  when  loads  are  applied  with  impact  on 
beams  their  strength  varies  directly  as  their  depth  and  not  as 
the  square  of  the  depth.  With  rubber  tired  vehicles  it  is 
a  question  as  to  whether  the  impact  produced  is  of  a  sudden- 
ness requiring  design  by  the  latter  theory,  and  it  would  seem 
to  be  reasonable  that  in  view  of  the  cushion  effect  of  rub- 
ber tires  the  load  carrying  capacity  of  the  slab  will  vary  as 
some  function  intermediate  between  D  and  Dl  When  the 
proper  theory  to  use  is  determined,  knowledge  of  the  amount 
of  load  applied  by  impacts  will  permit  of  actually  designing 
roads  to  properly  sustain  these  loads. 

Determlnatloii  of  the  Effect  of  Impacts  on  Road  Surfaces. — 
Having  obtained  the  amount  of  impact  exerted  by  trucks,  the 
next  question  is  that  of  the  damaging  effect  of  impacts  on  road 
surfaces.  We  are  attempting  to  gain  some  information  on  this 
point  through  a  series  of  tests  now  under  way.  We  have 
constructed  a  number  of  slabs  7  ft.  square  laid  directly  on 
the  subgrade.  Half  of  these  sections  laid  on  a  subgrade  which 
is  purposely  kept  wet  and  half  of  them  are  on  a  well-drained 
subgrade.  The  sections  thus  far  constructed  include  concrete  in 
depths  varying  from  2  in.  to  10  in.  and  brick  constructed  on 
varying  thicknesses  of  concrete  base.  Various  kinds  of  brick 
have  been  used,  including  repressed,  wire-cut  lug  and  vertical 
fibre  brick.  We  have  used  monolithic,  semi-monolithic  and 
sand  cushion  construction:  both  Portland  cement  grout  and 
bituminous  mastic  fillers  have  been  used.  One  section  is  laid 
on  a  bituminous  mastic  cushion  with  a  bituminous  mastic 
filler.  In  other  sections  the  brick  have  been  laid  directly  on 
the  subgrade  and  in  still  others  on  a  prepared  macadam  base. 
We  are  testing  these  slabs  by  means  of  an  impact  machine 
which  is  designed  to  represent  the  conditions  existing  on  the 
rear  wheel  of  a  truck.  This  machine  has  an  unsprung  weight 
of  3,000  pounds  and  will  carry  a  sprung  weight  of  9,000  pounds. 
These  weights  correspond  approximately  to  those  that  would 
exist  on  the  rear  wheel  of  a  7%-ton  truck.  The  lower  end  of 
the  sprung  weight  is  shoed  with  a  solid  rubber  tire  and  the 
whole  weight  will  be  raised  to  a  height  such  that  when  al- 
lowed to  fall,  the  impact  delivered  will  be  one  that  might  be 
delivered  by  a  7y2-ton-  truck.  The  observations  will  consist 
of  noting  the  behavior  of  the  surface  under  repeated  impacts 
of  this  machine  and  will  also  include  measurements  of  deflec- 
tion of  the  surface.  Nothing  can  be  said  of  the  results  at  the 
present  as  the  tests  have  not  progressed  to  that  extent.  We 
aim  to  continue  these  investigations  with  bituminous  sur- 
faces laid  on  concrete  bases  using  a  1:3:6  as  well  as  a  1:114:3 
base.  In  addition,  broken  stone  bases  will  be  used  under  the 
bituminous  surfaces. 

With  the  completion  of  these  tests  it  is  hoped  that  &nffi- 
cient  data  will  have  been  accumulated  to  place  the  design  of 
roads  on  a  much  sounder  basis  than  at  present  and  it  is 
hoped  that  the  results  combined  with  the  results  of  still 
other  investigations  will  finally  lead  to  a  suitable  method  of 
determining  with  certainty  on  road  types  and  cross-sections 
for  definite  subgrade  and  load  conditions. 
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Principles  of  City  Planning* 

By  NOULAN  CAUCHON, 

Consulting-  Engineer  and  Town  Planner,  Ottawa,  Ont. 
The  principal  thing  about  town  planning,  at  any  rate  one 
of  the  things  that  we  must  bear  in  mind— is  that  a  city  can- 
not live  unto  itself  any  more  than  can  an  individual.  That  is 
why  we  have  been  advocating  the  benefits  of  regional  plan- 
ning. The  surroundings  of  a  city  are  what  the  city  depends 
upon;  the  city  is  merely  a  market  of  exchange;  and  trans- 
portation is  the  flux  of  exchange.  By  adopting  the  principle 
of  regional  planning  we  are  endeavoring  to  bring  about  the 
intensive  cultivation  and  development  of  land  around  the 
cities,  from  which  the  cities  derive  their  supplies. 

Now,  in  analyzing  the  town  planning  problem  I  divide  it 
primarily  into  three  main  issues:  Ethics,  economics  and  art. 
These  are  but  different  manifestations  of  natural  law.  of  the 
organic  law  of  life. 

Town  Planning  Fundamentally  a  Question  of  Ethics. — 
Ethics  are  those  customs  of  righteousness  which  become 
necessity  in  the  evolution  of  the  race  in  prevailing  against  ex- 
termination. Ethics  means  the  conservation  of  energ.v — 
above  all,  of  human  energy,  the  most  precious  of  all.  That 
is  the  point  of  view  we  are  taking  in  Canada;  it  is  the  con- 
servation of  human  energy,  the  unit  of  production.  All 
wealth,  after  all.  comes  from  production:  it  is  based  funda- 
mentally upon  the  efficiency  of  the  unit  of  production.  So  we 
are  directing  our  efforts  mainly  to  that  organic  law  of  life, 
production.  We  have  to  abolish  the  slum  and  we  have  to 
eliminate  congestion  for  that  purpose.  Town  planning  is  a 
gospel  of  social  regeneration:  we  are  looking  at  it  altogether 
as  a  matter  of  sociology. 

Economics  are  hut  the  conversion  of  energy  in  the  main- 
tenance of  life — production.  Economics  are  but  the  laws  of 
nature  translated  into  current  terms,  usually  into  dollars  and 
cents  as  the  most  convenient  common  denominator  to  which 
things  different  by  nature  can  be  brought  to  equation  and 
solution.  In  other  words,  to  engineers  I  may  say  in  particu- 
lar, the  economics  by  which  we  compare  everything  by  dol- 
lars and  cents  is,  quite  outside  of  the  matter  of  money,  the 
finest  decimal  scale  that  the  world  has  ever  had  for  a  com- 
mon denominator  to  which  you  can  reduce  things,  as  I  have 
said,  to  an  equation  and  solution  for  the  conservation  of 
energy.  The  values  of  horses  differ,  the  values  of  farms  dif- 
fer, but  when  you  get  down  to  the  decimal  scale  of  dollars 
and  cents  you  get  a  relative  value  for  the  time  being:  you  get 
your  scale  and  you  get  your  perspective.  That  is  why  you 
must  not  think  we  are  always  thinking  of  money  when  we  are 
giving  you  economic  ideas. 

Art  is  simply  expression  sought — I  do  not  always  say  ob- 
tained— sought  through  the  properties  of  mind  and  of  matter, 
of  truth  absolute,  inherent  in  the  nature  of  things.  Technique 
is  but  the  tempered  tool  in  master  hands. 

Factors  In  Organic  Planning. — In  the  matter  of  organic 
planning,  we  are  immediately  concerned  with  two  great  fac- 
tors, land  and  transportation,  productivity  of  the  soil  and  the 
trade  routes.  These  are  the  two  factors  which  from  time  im- 
memorial have  influenced  the  migration  and  the  evolution 
and  the  revolutions  of  mankind.  In  other  words,  our  whole 
hope  of  going  on  as  a  nation  must  be  based  upon  production; 
where  production  fails  you  get  political  disintegration  such  as 
happened  in  the  Roman  Empire,  and  the  city  and  country  go 
to  pieces. 

Therefore,  to  get  the  finest  production  and  the  highest  re- 
sults we  must  have  the  highest  human  unit  of  efficiency;  that 
is  the  ethics  of  the  thing,  and  it  is  upon  that  that  we  found 
our  endeavors  in  the  matter  of  housing.  That  is  why  housing 
is  such  a  very  important  thing  in  the  life  of  the  nation.  It  is 
a  matter  of  what  is  due  to  man  as  his  right;  and  as  a  result, 
the  efficiency  which  that  man  and  his  children  will  attain. 

Now.  under  the  head  of  economics,  two  of  the  most  impor- 
tant things  we  have  to  deal  with  are  under  the  head  of  trans- 
portation. In  other  words,  before  you  begin  to  replan  a  city, 
the  first  thing  you  have  to  deal  w-ith  is  the  matter  of  your  rail- 
way transportation.  I  have  found  that  people  almost  invari- 
ably refer  to  the  railway  as  a  necessary  evil;  as  something 
that  you  have  to  put  up  with.  But  there  is  no  evil  at  all  about 
a  railway.  The  railway  is  a  splendid  means  of  transporta- 
tion, both  of  people  and  of  freight,  at  the  lowest  possible  rate. 
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It  should  seek  to  follow  the  line  of  least  resistance,  but  it  is 
not  by  any  means  an  evil.  I  do  not  say  that  there  are  not 
evils  connected  with  railways;  sometimes  tliey  are  evilly 
located;  sometimes  they  are  mismanaged;  but  fundamentally 
the  railroad  is  the  sinew  of  life  and  is  essential  to  the  trans- 
portal  ion  of  the  country. 

Railway  Facilities  as  Decorative  Feature  of  City.— 1  see  no 
reason  why  your  railway  station  and  your  railway  facilities 
should  not  be  as  fine  a  decorative  feature  of  your  city  as  is 
any  other  of  the  functions  of  life— for  it  is  a  function  of 
community  life;  it  is  inherently  fine  and  beautiful  if  you 
treat  it  so,  if  you  give  it  proper  expression. 

The  trouble  with  the  railways  in  most  of  our  cities  in  this 
country  is  that  the  railway  got  there  first.  In  the.  old  days 
property  was  not  so  valuable  and  the  railways  went  where  it 
was  most  convenient  to  go  and  where  it  was  cheapest  to  build 
the  road;  then  the  cities  grew  up  around  them  an<l  eventually 
there  came  a  condition  of  congestion. 

When  you  are  taking  hold  of  a  city  and  developing  it  and 
planning  it  for  the  future,  you  have  to  ascertain  what  is  the 
path  of  least  resistance  in  which  you  can  put  that  railway, 
because  if  it  is  not  in  the  right  place,  just  to  the  exact 
measMre  that  your  city  is  prosperous  will  there  be  an  induce- 
ment, an  economic  justification,  for  that  railway  leaving  its 
bed  and  goin.?,  like  a  great  stream  in  a  deep  valley,  to  the 
lowest  point  where  the  flow  will  be  uninterrupted.  The  point 
is,  that  the  more  successful  and  the  greater  your  city  be- 
comes, the  greater  will  be  the  danger  of  the  whole  thing  being 
upset  because  the  railway  is  not  in  the  right  place.  Town 
planners  can  see  that  a  railroad  roving  around  is  liable  to 
upset  their  best  laid  plans;  so  you  have  to  get  your  trans- 
portation system  settled  first  and  foremost. 

Separation  of  Grade  Crossings. — Your  next  problem  is  that 
Of  the  arterial  highways.  By  'arterial  highway"  I  am  going  to 
refer  to  highways  reaching  from  the  center  of  the  city  clear 
out  into  the  surrounding  country  from  which  the  city  draws 
its  supplies.  We  are  trying  to  abolish  that  hard  and  fast  line 
between  the  city  and  the  country,  because  one  merges  into 
the  other;    it  is  the  proper  relation  of  things. 

I  am  claiming  that  the  arterial  highway  should  be  located 
and  developed  and  maintained  on  the  same  principle  as  the 
railways,  that  is,  on  the  principle  of  the  ruling  grade.  Motor 
traffic  has  come  to  stay. 

As  I  stated  in  a  report  which  I  made  a  short  while  ago  in 
connection  with  the  separation  of  grades  in  cities,  it  has  been 
the  custom  when  you  come  to  apply  to  the  Railway  Commis- 
sion for  separation  of  grades,  for  the  railway  to  state:  "Our 
grade  is  so  and  so,"  0.5,  0.6  or  1  per  cent  as  the  case  may  be. 
"Of  course,  in  the  separation  of  grades  with  the  street  you  can- 
not depreciate  the  railway  grade  because  if  you  do  you  affect 
the  haulage  capacity  of  the  railway";  and  invariably  the  high- 
way has  had  to  be  sacrificed.  Now,  I  maintain  that  neither 
the  railway  grade  nor  the  highway  grade  should  be  sacrificed. 
In  the  separation  of  these  grades  the  cost  should  be  propor- 
tioned jn  accordance  with  the  importance  of  the  two:  but  the 
fundamental  point  is  that  the  arterial  highway  ruling  grade  is 
just  as  important  as  the  railway  grade. 

We  have  today,  or  we  had  at  the  close  of  the  war,  aboiit 
5,000  locomotives  in  Canada,  which,  taken  at  an  average  of 
about  300  hp.  each,  means  1,500.000  hp.  We  have  also  250,- 
000  motor  cars  on  our  roads,  which,  at  the  low  average  of  20 
hp.,  means  5.000.000  hp.  That  motor  traffic  is  going  to  double. 
treble,  quadruple,  w-jthin  our  easy  knowledge;  therefore  you 
will  have  a  horsepower  of  not  5,000,000,  but  possibly  50,000,000 
in  the  future. 

The  highway  traffic  of  Canada  and  of  the  United  States  is 
going  to  be  a  greater  factor  in  connection  with  our  trans- 
portation than  the  railway  traffic,  because  you  must  recognize 
that  everything  that  is  can-led  on  the  railways  is  first  carried 
over  the  highways,  and  an  enormous  amount  of  the  stuff  that 
is  carried  over  the  highways  never  reaches  a  railway.  So 
your  highway  traffic,  if  you  have  proper  roads,  will  eventually 
be  greater  than  your  railway  traffic  and  this  is  a  matter  which 
will  have  to  be  taken  into  consideration;  you  will  have  to  pre- 
serve your  ruling  grades  for  these  highways  the  same  as  you 
do  your  railway  grades. 

We  have  24,000  level  crossings,  in  Canada,  or  there  abouts, 
so  we  have  some  work  cut  out  for  us  to  separate  these  grades. 
They  are  not  all  equally  dangerous,  but  the  economic  factor 
is  there  of  separating  them  and  at  the  same  time  protecting 
the  grades. 

There  are  two  classes  of  roads,  the  local  development  and 
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the  through  highway  such  as  the  Toronto  and  Hamilton  high- 
way. We  are  expecting  that  the  Toronto  and  Hamilton  high- 
way will  be  carried  through  for  connection  between  Niagara 
and  Hamilton  and  then  on  to  Branttord.  London,  Chatham, 
Windsor,  Detroit  and  through.  But  if  these  roads  are  to  be- 
come "through"  highways,  they  must  be  dealt  with  on  the 
same  principle  as  the  great  railways  of  this  country;  that  is 
to  say,  they  must  go  on  independent  rights  of  way  without 
any  frontage. 

The  Toronto  and  Hamilton  highway  is  the  best  example  of 
the  local  development  road  that  can  be  found  anywhere  in  the 
country,  it  is  fast  becoming  a  village  from  one  end  to  the 
other.  Now  that  very  feature  of  the  local  development  is 
going  to  choke  the  usefulness  of  that  road  as  a  "through" 
highway.  Therefore  we  shall  have  to  have  both;  we  shall 
have  to  have  good  local  highways  as  well  as  ''through." 

Duplication  of  Railway  Terminals. — One  of  the  first  things 
that  was  proposed  in  the  planning  of  Ottawa,  back  in  1909-10, 
was  in  connection  with  these  railways  that  enter  the  city. 
As  is  the  case  in  many  cities  in  the  United  States  and  Canada, 
we  had  a  triplication  of  services;  we  had  three  railways  com- 
ing into  the  city,  each  with  an  independent  entrance.  That 
is  absolutely  unnecessary.  Our  national  waste  is  perhaps 
more  in  the  duplication  of  terminals  than  it  is  in  the  duplica- 
tion of  main  lines,  bad  as  that  has  been.  About  SO  per  cent 
of  the  cost  of  the  land  for  a  railway  running,  say,  from  Ot- 
tawa to  the  heart  of  Montreal,  would  be  in  the  entrances  to 
the  two  cities. 

If  you  enter  three  railroads  by  three  different  entrances. 
you  are  triplicating  not  only  the  service;  160  per  cent  out  of 
.300  per  cent  is  absolute  waste  upon  which  the  public  have  to 
pay  interest.  W^e  have  to  get  down  to  economic  methods,  and 
ont  of  the  most  economic  things  we  can  do  with  a  view  to 
reducing  railway  expenditure  is  to  eliminate  the  duplication 
of  terminals. 

Terminals  as  a  Municipal  Enterprise. — In  other  words,  the 
order  of  the  future  is  union  terminals  in  all  cities,  whether 
those  terminals  be  owned  by  the  railways  or  by  the  respec- 
tive municipalities.  That  is  what  we  are  attempting  to  do 
at  the  present  time  in  Hamilton  and  in  London. 

The  city  of  Hamilton,  as  an  outcome  of  the  scheme  that  has 
been  evolved  there,  has  applied  to  the  Ontario  legislature  for, 
and  has  obtained,  a  special  Act  to  enable  them  to  build  the 
terminals  of  the  city  as  a  municipal  enterprise.  I  believe 
that  Hamilton  is  the  first  city  in  Canada,  possibly  the  first  in 
America,  which  has  undertaken  and  is  preparing  and  author- 
ized to  assume  the  responsibility  of  building  terminals  as  a 
municipal  enterprise.  Of  course,  they  will  be  leased  to  the 
railways  for  operation.  They  are  awaiting  the  outcome  of 
the  Bill  which  is  now  before  parliament  providing  for  the  tak- 
ing over  of  the  Grand  Trunk  Ry.  System;  when  that  is  set- 
tled, the  city  will  be  enabled  to  deal  with  the  companies 
whose  rails  come  within  the  city's  bounds. 

Planning  for  Industrial  Sections. — In  regard  to  zoning,  I 
maintain  that  you  cannot  plan  except  to  purpose;  you  cannot 
plan  unless  you  know  what  you  are  doing  it  for.  It  you  are 
going  to  plan  an  industrial  section,  you  want  great  broad 
streets,  narrow  sidewalks  and  blocks  probably  500  ft.  square. 
You  have  to  provide  for  uninterrupted  traffic;  when  1,000  or 
2,000  men  suddenly  com'e  out  of  a  factory,  they  simply  swarm 
down  the  road,  which  is  at  peak  load  at  certain  hours.  If  you 
are  going  to  develop  a  high  class  residential  district,  you  want 
deep  lots,  broad  frontages  and  boulevards;  they  can  stand  the 
scarrying  charges  of  the  public  improvements.  Then  if  you 
want  a  workman's  industrial  district,  you  must  follow  a  cer- 
tain plan.  I  am  in  favor  of  small  lots  and  small  streets,  be- 
cause workmen's  homes  cannot  stand  the  carrying  charges 
of  a  great  boulevard. 

This  is  the  mistake  the  Germans  made  in  their  town  plan, 
ning.  In  Berlin  they  had  magnificent  boulevards  and  6-story 
tenement  houses  for  their  workmen.  Within  limits  these 
were  architecturally  beautiful;  they  were  fine,  costly  build- 
ings, and  the  effort  to  attain  the  beautiful  was  there  and  also 
in  the  broad  boulevard.  But  the  result  was  that  these  work- 
Ingman  had  to  live  in  G-story  tenement  houses  to  pay  the 
carrying  charges,  with  as  many  as  five  courts  in  these  great 
lots  500  ft,  deep.  Just  befoi'e  the  war,  the  death  rate  from 
tuberculosis  in  these  beautiful  tenements  was  2%  times  as 
great  as  the  death  rate  among  the  children  brought  up  in  the 
gutters  of  English  towns.  The  explanation  is  very  simple. 
Families  live  in  two  rooms.  When  the  head  of  the  house 
goes  to  work  in  the  morning,  he  is  not  going  to  bring  the  chil- 


dren down  and  allow  them  to  play  where  the/  will  be  run 
over  by  motor  cars.  The  mother  has  to  do  the  house  work, 
and  when  the  father  comes  home  at  night  he  is  too  tired  and 
it  is  too  late  to  take  the  children  down  to  play.  Besides,  it  is 
not  satisfactory  nor  sanitary  for  a  family  to  live  in  one  or  two 
rooms  where  they  sleep,  cook,  eat,  do  the  washing  and  every- 
thing else. 

German  statistics  with  regard  to  the  health  of  the  people 
are  based  on  information  respecting  the  efficiency  of  a  man 
tor  military  service  at  the  proper  age.  Their  statistics  show 
that  just  before  the  war  only  20  cent  of  the  young  men  whose 
parents  had  been  born  in  Berlin  were  fit  for  military  service 
at  the  military  age;  .and  that  was  due  to  the  condition  of  liv- 
ing which  I  have  suggested.  Moreover,  it  cannot  be  said  that 
the  German  was  not  an  orderly  man;  he  was  subjected  to 
military  training;  he  was  amenable  to  rules  and  regulations 
with  regard  to  cleanliness.  There  was  never  any  suggestion 
that  these  people  were  not  cleanly;  the  high  death  rate 
among  these  children  was  a  result  of  a  purely  economic  con- 
dition. 

City  Planning  Simply  the  Technique  of  Sociology. — Regula- 
tions as  to  how  high  a  house  should  be,  as  to  how  wide  a 
house  should  be,  as  to  how  wide  a  street  should  be,  and  as  to 
the  distance  between  buildings — these  are  simply  means  of 
ensuring  health;  it  is  simply  the  technique  of  sociology,  the 
ensuring  to  a  man  of  living  conditions  which  will  give  to  him 
and  to  his  children  a  degree  of  efficiency  and  a  state  of  health 
that  will  enable  him  to  go  forward  instead  of  backward. 


Standardization  of  Vitrified  Paving 
Brick 

Recommendations  that  the  brick  paving  specifications  of 
the  American  Society  of  Municipal  Improvements  be  amended 
so  as  to  provide  for  a  standard  vitrified  paving  brick  have 
been  presented  to  the  Brick  Committee  of  the  Society  by  the 
National  Paving  Brick  Manufacturers'  Association,  The  pro- 
posal, which  was  submitted  Nov.  13  at  the  convention  of  the 
Society,  asks  for  the  admission  of  a  specification  providing 
for  the  standard  vitrified  paving  brick  of  the  National  Paving- 
Brick  Manufacturers'  Association  as  the  standard  of  the 
American  Society  for  Municipal  Improvements. 

This  specification  is  as  follows; 

Section  1.  Description:  All  brick  shall  be  the  Number  1  grade 
of  standard  vitrified  paving  brick.  They  shall  be  wire-cut  and 
shall  have  square  edges. 

Section    2.      Size;     The    size    of    standard    vitrified    paving*    brick 

shall  be  3  by  4  by  8%  in.     The  width  shall  be  (..)  inches  and 

the   depth    ....    (..)    inches. 

Section  3.  Variation  in  Size:  Vitrified  paving  brick  shall  not 
vary  from  the  standard  dimensions  more  than  %  in.  in  length  or 
more  than   %   In.   in  width   and   depth. 

Section  1.  Quality:  Vitrified  paving  brick  shall  be  evenly  burned, 
thoroughly  annealed  and  uniform  in  texture.  They  shall  be  hard 
and  tov.gh.  They  shall  show  a  uniform  fracture  when  broken,  free 
rro:n  marked  lamination. 

Section  5.  Shape:  The  wearing  face  of  the  brick  when  laid  shall 
lie  reasonably  straight.     Kiln  marks  shall  not  exceed  Vi  in. 

Section  6.  Test:  Brick  shall  not  lose  of  their  weight  more  than 
2C  per  cent  when  tested  in  the  standard  rattler,  and  in  accordance 
with  the  Standard  Specifications  for  Paving  Brick  of  the  American. 
.Society  tor  Testing  Materials,  Serial  Designation  C-7-15. 

Section  7.  Samples  for  Test:  Samples  for  testing'  shall  be 
chosen  according  to  the  Standard  Specifications  for  Paving  Brick 
of  tlie  American  Society  for  Testing  Materials,  Serial  Designation 
C-7-15. 

Scctii-n  8.  Brands:  The  contractor  shall  name  the  brands  of 
standard  vitrified  paving  brick,  with  the  prices  respectively  upon 
which  he  submits  bids. 

Section  9,  Factory  Inspection:  When  shipments  of  brick  to  any 
one  project,  or  the  combined  shipments  to  separate  projects  under 
the  jurisdiction  of  the  engineer,  are  sufficient  to  be  economical, 
then  the  brick  may  be  inspected  and  tested  at  the  place  of  manu- 
facture. 

The  standard  vitrified  paving  brick  is  a  plain  wire-cut, 
square-edged  brick.  Approximately  36  brick  are  required  for 
each  square  yard  when  laid  flat  (wearing  surface  4  by  SVz 
in.)  and  48  when  laid  on  edge  (wearing  surface  3  by  8^2  ins.). 


Road    Grade   Allowed   to   Stand    1    Year    Before    Paving.— It 

has  been  found  advisable  in  most  Nebraska  counties,  where 
road  paving  was  contemplated,  to  first  secure  federal  and 
state  aid  money  for  the  grading,  and  then  let  the  road  stand 
for  one  or  more  years  in  order  to  permit  the  fills  settling. 
This  insured  a  solid  foundation  for  the  surfacing. 
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Portable   Frame   for  Canvas    Cov- 
ering  for  Concrete   Road 
Construction 

A  simple  portable  frame  for  supporting  the  canvas  cover- 
ing used  in  concrete  road  construction  before  the  earth  pro- 
tection is  applied  is  described  in  a  recent  issue  'jt  The  Con- 
crete Highway  Magazine.  Details  of  the  arrangement  are 
shown  in  the  accompanying  illustrations. 

A  sawhorse  of  the  required  height  was  set  up  in  the  cen- 
ter of  a  completed  section  of  concrete  road  and  1  by  4-iD. 
transverse  members  laid  across  it.     The  ends  were  then  bent 


W  4"Continuous 


-e\6-.ia--4^0-oc.  S,d^  farms ^ 

-  CX&  Continuous 
-e'xGUJ2"-4-0'o.c 

Cross    Section    Showing    Construction    of    Frames    and    Methods    of 
Supporting    Them    on    Side    Forms. 

down  until  they  touched  the  side  forms  and  nailed  to  2  by 
6-in.  longitudinal  runners.  A  1  by  4-in.  continuous  strip  was 
nailed  to  the  truss  members  at  the  top  so  as  to  hold  them 
rigidly  and  uniformly  spaced. 

The  lower  or  horizontal  wire  was  attached  to  one  side  by 
winding  it  around  a  cleat  securely  nailed  in  place.  In  order 
to  spring  the  other  side  into  position,  a  crowbar  was  used. 
The  wire  was  wrapped  around  a  cleat  and  then  attached  to 
the  bar.  which  was  used  as  a  lever  until  the  wire  was  taut 
enough  and  the  cleat  had  been  nailed  down.  This  was  con- 
tinued until  all  horizontal  wires  had  been  placed.  Additional 
strength  and  rigidity  were  obtained  by  connecting  the  crown 
of  the  truss  with  the  horizontal  wire  by  a  vertical  wire. 
Cleats  2  by  6  by  12  in.  were  placed  under  the  side  braces  at 
intervals  of  4  ft,  to  facilitate  handling.  Eight  of  these 
supports  were  made  in  units  25  ft.  long. 

The  cost  of  200  lin.  ft.  of  the  supports  was: 

Lumber.  1.500  ft.  B.  ^l.  at  $50   $  75.00 

"W'ir?.   nailK.   etc    3.00 

Labor.  3  men,  2  days,  at  $4   24.00 


Total  (200  lin.  ft.,  at  51  ct.) $102.00 

The  frame  was  devised  by  G.  J.  Lynch  of  Reagon  &  Lynch, 
■Contractors,  Unlontown.  Pa.,  and  was  used  on  the  construc- 


25   ft.    Section    of   Canvas   Support    in    Position. 

tion  of  a  portion  of  State  Highway  Route  No.  116,  near  Smith- 
field,  Pa.  Mr.  Lynch  gives  the  following  figures  showing  the 
<;ost  of  shifting  the  canvas: 

Eight  men  and  one  foreman  working  one  hour  were  neces- 
sary to  shift  200  ft.  of  canvas  until  these  supporting  frames 
had  been  devised.  Now  the  same  work  is  accomplished  in  15 
minutes.  The  covering  is  moved  three  times  a  day.  The  fol- 
lowing table  gives  comparative  costs  between  old  and  new 
methods: 

Cost  of  shifting-  canvas  without  supports: 

8  men.  3  hours,  at  40  ct $  9.60 

1  foreman,  3  hours,  at  60  ct 1.80 


.Vveraee  daily  yardage   600 

I  nit  cost  per  sq.  yd 1,9  ct. 

Cost  of  .shining  canvas  with  supports: 

S  men,  ^i  hour,  at  40  ct , $  2.40 

1  foreman.  %  hour,  at  50  ct .7 45 

Total   $  2.85 

I'nit  cost  per  sq.  yd 0.475  ct. 


Paved   Railroad   Crossings 

During  the  past  season  the  county  road  commissioners  of 
Wayne  County,  Michigan,  in  cooperation  with  a  number  of 
railroads,  have  been  experimenting  with  three  types  of  paved 
railroad  crossings. 

For  light  traffic  railroads,  street  car  tracks  and  sidings,  the 
method  consisted  in  digging  out  under  the  ties  to  a  depth  of 
1  ft.  below  the  bottom  tie  and  filling  in  with  a  1-ft.  slab  of 
concrete.  Then  new  ties  are  placed  and  new  deep  rails 
spiked  on.  The  job  is  completed  by  pouring  concrete  be- 
tween the  ties  and  over  the  ties  to  the  tops  of  rail,  joining 
with  the  concrete  pavement  on  either  side  and  striking  off 
level  with  the  tops  of  rail.  Flange  way  is  provided  either  by 
allowing  the  car  wheels  to  form  their  own  flange  way  or  by 
placing  a  rail  on  its  side  against  the  inside  of  the  main  rail. 

One  railroad  has  been  progressive  enough  to  allow  an  ex- 
periment with  one  of  its  main  double  track  lines  in  putting 
in  a  premolded  concrete  slab  crossing.  These  slabs  are  ap- 
proximately 2  ft.  by  6  ft.  long,  with  a  depth  the  same  as  the 
depth  of  rail.  They  were  built  at  Wayne  in  the  county  tile 
yard  and  hauled  out  to  the  crossing  and  substituted  for  the 
common  plank. 

The  third  type  of  crossing  was  similar  to  the  first  except 
that  the  surface  has  been  filled  in  with  special  granite  blocks 
along  the  inner  side  of  the  rail,  which  provide  a  flange  way, 
Michigan  Central  Crossing,  With  Concreted  Railroad  Right  of  Way. 


Early  Lettings  for  Wisconsin  Road  Work 

Details  of  S4  Federal  .\id  road  jobs  in  Wisconsin  counties 
that  will  probably  come  up  for  letting  in  December.  January 
and  February  are  given  in  a  bulletin  issued  Nov.  10  by  the 
Wisconsin  Highway  Commission.  In  addition  to  this  there 
will  be  a  considerable  number  of  large  jobs  of  State  Aid  work 
in  the  various  counties  which  have  voted  bond  issues  and 
which  will  vote  bond  issues  during  the  remainder  of  the  sea- 
son. Bond  issues  have  been  voted  in  Rock,  Green,  Jefferson, 
Racine,  Wood,  Outgamie,  Brown  and  Douglas  counties  to  the 
extent  of  about  $12,000,000,  and  bond  issues  are  being  dis- 
cussed in  Dane.  Dodge,  Grant,  Iowa,  Waukesha,  Walworth, 
Pond  du  Lac,  Waupaca,  Portage.  Waushara,  Green  Lake, 
Sheboygan,  Ozaukee,  and  La  Crosse  counties  to  the  extent 
of  $50,000,000.  This  will  mean  there  will  be  an  attempt 
made  to  spend  from  $6,000,000  up  of  this  bonded  work  in 
1920. 


Traffic  Psychology.^ — An  interesting  example  of  so-called 
traffic  psychology  is  cited  by  Mr.  A.  N.  Johnson,  consulting 
Highway  Engineer  of  the  Portland  Cement  Association,  in  the 
Oklahoma  Highway  Bulletin.  On  the  Baltimore-Washington 
road  there  are  two  sections  of  concrete  nearly  adjoining  and 
built  about  the  same  time.  One  of  the  sections  was  laid  half 
width  at  a  time;  the  other  for  the  full  width  of  20  ft.  at  one 
time.  Where  the  pavement  was  built  one-half  at  time,  there 
is  a  joint  at  the  center  plainly  seen  though  not  an  expan- 
sion joint.  This  thin  mark  at  the  center  has  served  to  keep 
traffic  in  either  direction  to  the  right  side  of  the  road  as  is 
plainly  evidenced  by  the  two  lines  of  oil  marks,  while 
scarcely  any  oil  is  spread  over  the  whole  width  and  is  verj' 
noticeable  at  the  middle  of  the  road.  This  instance  shows 
conclusively  the  effect  upon  drivers  of  merely  a  line  at  the 
center  of  a  smooth  road.  Engineer  Mackall  of  Maryland  pro- 
poses to  paint  a  stripe  along  the  center  of  all  sections  on 
the  Baltimore-Washington  road.  When  the  circumstance  was 
brought  to  the  attention  of  Mr. -Upham,  state  engineer  of 
Delaware,  he  decided  to  do  the  same  thing  on  the  Delaware 
state  roads. 


Total    $11.40 


Changes  in  Wayne  County  Concrete  Road  Specifications. — 
Minor  changes  were  made  last  season  in  the  concrete  road 
specifications  of  the  County  Road  Commissioners  of  Wayne 
County,  Michigan.  The  spacing  of  expansion  joints  was  in- 
creased from  25  ft.  to  40  ft.  At  the  end  of  each  day's  work  a 
1-in.  joint  is  now  inserted  in  addition  to  the  %-in.  joint  at  the 
regular  40  ft.  interval. 
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How  a  Nebraska  County  Handles 
Earth  Road  Building 

The  experiences  of  Hall  county,  Nebraska,  in  constructing 
a  32%  State  and  Federal  Aid  eai-th  road  are  related  as  fol- 
lows in  a  monthly  report  of  the  Nebraska  Department  of  Pub- 
lic Works: 

A  year  ago  Hall  county  was  inexperienced  and  without  or- 
ganization or  equipment  to  undertake  modern  methods  of 
road  building.  Today  it  has  a  very  capable  and  experienced 
organization,  one  of  which  any  county  should  be  proud.  It 
has  ample  equipment  in  excellent  condition  for  any  future 
county  work.  The  organization  and  equipment  will  have 
cost  the  county  by  fall  almost  nothing  except  the  chance 
plunge  in  accepting  this  state  and  federal  aid  road  project 
at  30  ct.  a  cubic  yard,  a  figure  well  below  any  that  was  ob- 
tained by  the  state  then  at  an  advertised  letting. 

Grading  was  started  last  fall  with  a  crew  consisting  of  one 
tractor  engineer,  one  grader  man,  four  teams  and  drivers, 
and  the  foreman  who  is  county  supervisor  and  appointed  was 
road  commissioner.  The  equipment  purchased  for  use  con- 
sisted of  an  Aultman  Taylor  30-60  tractor,  one  Gallon  road 
grader,  one  Stroud  elevating  grader,  two  Stroud  fresnos,  two 
Stroud  slips  and  seven  Stroud  dump  wagons,  at  a  total  cost 
slightly  under  $G,200. 

The  6  miles  north  of  Grand  Island  were  put  to  grade  be- 
tween Aug.  13  and  Sept.  7.  No  back  slopes  were  cut  upon 
this  work,  consequently  the  grade  is  lower  and  the  ditch  is 
less  deep  than  it  otherwise  would  have  been.  More  grading 
may  be  required  here,  but  it  is  in  good  condition  for  traffic 
now,  and  it  has  been  considered  best  not  to  do  this  work  this 
fall.  Cutting  back  slopes  with  the  present  heavy  sod  with 
insuiiicient  dirt  to  cover  the  same  would  result  in  a  very 
rough  road  this  fall  and  winter.  Possibly  2  miles  of  this 
road  may  be  accepted  for  graveling  this  tall  without  further 
work. 

Between  Sept.  7  and  Nov.  23,  about  SVa  miles  from  Grand 
Island  west  were  put  to  grade.  Nearly  3  miles  of  this  road 
were  all  sand,  so  a  sand-clay  surface  about  S  in.  deep  and  16 
ft.  wide  was  constructed  over  it.  Observation  this  year 
proved  that  the  surfacing  should  have  extended  over  the  en- 
tire crown.  Also  too  much  clay  was  placed  on  the  surface, 
or  rather  too  little  sand  was  brought  up  from  below  and 
mixed  with  the  clay,  because  the  early  summer  rains  pro- 
duced a  slippery,  soft  road.  It  Is  hoped  to  remedy  this  con- 
dition by  adding  2  in.  of  gravel  this  fall.  The  road  surface  is 
very  good  at  present. 

Practically  all  culverts  of  the  small  circular  concrete  type 
were  laid  last  fall.  Head-walls  were  only  completed  on  16, 
which  was  very  fortunate  for  the  bridge  contractor,  as  he  is 
now  required  to  remove  all  posts  from  last  year's  work  due 
to  insufficient  reinforcement.  No  bridges  were  constructed 
last  fall. 

This  opportunity  should  not  be  overlooked  to  state  that  it 
appears  very  unwise  to  construct  small  culverts  ahead  of  the 
grade.  This  condition  this  year  resulted  in  much  lost  time 
to  the  contractor,  poorer  ditch  lines,  more  team  work,  shifting 
of  many  culverts,  improperly  located,  lowering  other  culverts 
and  the  crushing  about  SO  lin.  ft.  of  18-in.  to  30-in.  pipe  due 
to  incompleted  culvert  filling.  On  the  other  hand,  bridges 
not  yet  built  prevented  the  proper  cuts  and  tills,  and  bad 
looking  spots  in  the  grade  resulted.  All  steel  bridges,  gir- 
ders, slabs,  I-beams,  the  larger  concrete  boxes,  and  smaller 
culverts  under  proposed  heavy  fills  should  certainly  be  con- 
structed to  grade  ahead  of  the  road  work.  Most  other  drain- 
age structures  in  this  flat  level  country  are  for  purpose  of 
equalization  and  could  well  be  left  until  grading  is  completed. 
The  iniS  season  ended  with  the  county  just  a  little  discour- 
aged with  the  result  of  its  grading  contract,  because  receipts 
did  not  begin  to  equal  the  expenditures.  However,  it  did  not 
give  consideration  to  the  facts  that  its  organization  was  new 
and  the  estimates  were  only  approximate,  being  about  60 
per  cent  of  the  preliminary  with  20  per  cent  of  this  60  per 
cent  retained  as  per  contract  agreement.  Also,  the  heavy 
expense  on  sand-clay  manipulation  and  overhaul  had  not  yet 
been  estimated. 

The  1919  season  started  in  April  with  all  old  equipment 
and  in  addition  a  new  Aultman  Taylor  30-60  tractor,  new 
Adams  grader  and  three  new  Stroud  fresnos,  representing  an 
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additional  investment  of  less  than  $5,300.  The  crew  con- 
sisted of  the  same  foreman  with  two  tractor  engineers,  two 
grader  men,  about  four  4-horse  teams  and  drivers,  one  plow 
team  and  driver,  one  sub-foreman  and  four  laborers. 

Work  was  opened  up  west  of  Grand  Island  where  1  mile  of 
sandy  loam  was  put  to  grade.  Pi-om  April  21  to  30,  the  crew 
moved  2,300  yd.  at  a  cost  of  20.9  ct.  or  approximately  $230 
profit.  The  road  several  miles  ahead  of  this  completed  sec- 
tion consisted  of  heavy  clay  loam  saturated  with  water, 
which,  together  with  the  frequent  rains,  made  road  construc- 
tion impossible  here.  Consequently  the  entire  crew  moved 
23  miles  to  Shelton  at  the  extreme  west  end  of  the  road 
where  soil  conditions  made  construction  possible. 

During  the  month  of  May  the  organization  completed 
nearly  6  miles  of  excellent  earth  road.  It  has  been  im- 
possible to  approach  the  standard  first  set  due  to  bad  road 
conditions.  Conditions  were  ideal  in  almost  every  particular 
for  blade  grader  work  this  month.  However,  one-half  the 
cost  of  construction  was  charged  to  team  work.  From  May 
1  to  30,  21,257  cu.  yd.  were  removed  at  a  cost  of  12%  ct.  per 
yd.,  exclusive  of  all  equipment  depreciation,  but  inclusive  of 
all  repairs.     The  county  realized  a  profit  of  $3,750. 

From  June  1  to  30  approximately  4  miles  of  road  were  com- 
pleted with  total  yardage  of  11.616  and  cost  of  21 1/5  ct.  or  net 
profit  to  the  county  of  approximately  $1,030.  Heavy  team  work 
was  encountered  this  month  which  raised  the  yardage  cost. 

The  month  of  July,  1  to  31,  witnessed  the  completion  of 
about  8  miles,  exclusive  of  team  work.  The  yardage  totaled 
18,935,  with  a  cost  of  9.8  ct.  per  cubic  yard,  or  a  net  profit 
to  the  county  of  about  $3,820.  The  team  work  before  com- 
pletion may  perhaps  double  this  cost  per  yard,  but  still  leave 
the  contractor,  or  county,  clear. 

Harvest  and  threshing  took  the  teams  from  the  road,  caus- 
ing considerable  disappointment,  but  another  month  should 
see  the  team  work  completed.  The  blade  grader  will  again 
go  over  all  team  work  and  smooth  the  grade. 


Plan  of  Illinois  Highway  Department  for 
Securing  Early  Shipment  and  Stor- 
age of  Road  Material 

As  a  means  for  obtaining  the  shipment  and  storage  of  a 
large  amount  of  aggregate  during  the  early  part  of  the  1920 
road  building  season,  the  Division  of  Highways  of  the  Illinois 
State  Department  of  Public  Works  and  Buildings  has  an- 
nounced that  it  will  pay  for  such  materials  as  sand,  gravel 
and  stone  as  delivered  without  awaiting  tor  them  to  be  incor- 
porated into  the  work.  Vouchers  will  be  issued  direct  to  the 
railioad  company  for  the  freight  and  to  the  sand,  gravel  and 
stone  producers  for  these  materials.  The  same  will  be  charged 
against  the  contractor  and  the  amount  thus  paid  by  the  de- 
partment will  go  to  reduce  estimates  due  the  contractor  as 
such  materials  are  used.  This  arrangement  will  apply  not 
only  to  contracts  now  uncompleted  but  also  to  the  contracts 
to  be  awarded  in  1920.  In  order  to  make  this  effective  on 
existing  contracts,  a  supplemental  agreement  will  be 'made  by 
the  department  with  the  contractor  and  the  surety  company. 
This  supplemental  agreement  will  be  forwarded  to  the  con- 
tractor for  his  signature  with  the  request  that  he  procure  the 
signature  of  the  surety  company  at  an  early  date. 


Good  Roads  Conference  in  Wyoming. — The  most  impor- 
tant Good  Roads  Conference  in  the  history  of  the  state  of 
Wyoming  was  concluded  on  Oct.  31st.  in  the  forming  of  a 
permanent  State  Good  Roads  Association,  which  adopted 
a  constitution,  elected  officers,  and  prepared  tentative  plans 
for  the  continuation  of  the  good  roads  movement  already  un- 
der way.  The  avowed  purpose  of  the  association  is:  to  co- 
operate with  the  State  Highway  Commissioin  for  the  develop- 
ment of  a  comprehensive  system  of  trunk  lines  for  the  com- 
mercial interests  of  the  state,  and  to  co-operate  with  the 
State  Highway  Commission  and  Good  Roads  organizations  of 
adjoining  states  in  the  development  of  road  connections  in 
forming  of  inter-state  national  highways.  The  association 
perfected  plans  for  the  forming  of  an  individual  association 
in  each  county,  which  would  be  a  part  of  the  state  organiza- 
tion, and  a  representative  was  appointed  in  each  county  to 
further  such  organization.  The  following  officers  were  elected 
to  serve  tor  the  ensuing  year:  L.  L.  Newton  of  Cody,  Presi- 
dent; N.  A.  Pearson  of  Sheridan,  Vice-president;  E.  L.  Emery, 
Chevenne,  Secretarv;   Oscar  Nicholson.  Riverton.  Treasurer. 
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The  Logical  Contractor* 

By  WILLIAM  S.  WOLLNER. 
A  contractor  was  asked  recently  to  bid  upon  a  piece  of 
work  consisting  principally  of  the  erection  of  a  timber  truss 
lift  bridge  with  the  necessary  foundations  and  approaches, 
the  total  cost  of  the  job  being  estimated  in  the  vicinity  of 
$250,000.  The  job  seemed  a  desirable  one  to  the  contractor 
and  he  carefully  prepared  his  bid  which  he  submitted  to  his 
bankers  to  learn  if  they  would  finance  the  work  if  he  should 
be  the  successful  bidder.  The  bankers  referred  him  to  their 
consulting  engineer  who  requested  him  to  leave  his  figures 
for  a  few  days  so  that  they  might  be  checked.  When  the  con- 
tractor returned  for  the  engineer's  decision  he  was  told  that 
while  his  bid  had  been  carefully  and  accurately  figured  it 
would  be  useless  for  him  to  submit  it  as  there  was  no  chance 
of  hi.s  being  awarded  the  work. 

The  contractor  was  disappointed  and  proceeded  to  display 
his  disappointment  in  an  angry  arraignment  of  the  engi- 
neer, who  also  lost  control  of  his  temper  and  instead  of  ex- 
plaining the  reason  for  his  statement  remarked  that  he  could 
even  tell  the  name  of  the  contractor  to  whom  the  work  would 
be  awarded.  Upon  the  accuracy  of  his  statement  being  ques- 
tioned he  named  "Smith,  Jones  &  Company"  as  the  firm  to 
whom  the  work  would  be  awarded  and  showed  the  contractor 
the  door.  When  the  bids  were  opened  it  was  found  that 
Smith,  Jones  &  Company  were  the  lowest  bidders  for  the  job. 
their  figure  tor  doing  the  work  being  many  thousand  dollars 
less  than  that  of  the  contractor  first  mentioned.  This  man 
called  upon  the  engineer,  apologized  for  his  display  of  anger, 
and  remarked  that  if  the  engineer  had  told  him  that  he  was 
upon  the  "inside"  he  would  not  have  questioned  his  judgment 
upon  his  previous  visit.  The  engineer  protested  that  he  was 
not  on  the  "inside"  and  proceeded  to  explain  the  course  of 
reasoning  that  had  led  him  to  believe  that  Smith,  Jones  & 
Company  would  be  the  successful  bidders.  His  explanation 
ran  something  like  this: 

"In  checking  over  the  figures  from  which  your  bid  was 
made  I  found  that  they  took  in  every  contingency  that  might 
arise;  that  you  have  very  properly  figured  upon  the  safe  side 
wherever  there  was  a  question  as  to  what  might  be  encoun- 
tered in  the  course  of  the  work.  In  your  foundation  excava- 
tion, for  example,  you  figured  the  cost  upon  the  expectation 
of  encountering  rock  where  there  might  only  be  mud  and 
shale,  it  being  of  course  impossible  to  determine  this  under- 
water condition  accurately  until  the  work  was  under  way. 
Likewise,  you  figured  upon  using  the  extreme  length  of  piling 
and  upon  paying  the  highest  scale  of  wages. 

"Another  thing  that  I  noticed  was  that  a  large  proportion 
of  your  bid  represented  the  cost  of  getting  your  outfit  onto 
and  off  of  the  job.  You  have  all  the  machinery  necessary  to 
do  the  work  but  it  is  located  far  from  it  and  it  was  necessary 
for  you  to  figure  upon  it  as  well  as  the  cost  of  getting  the 
equipment  to  the  site  of  the  job  and  back  to  the  railroad. 

"From  your  point  of  view  you  had  figured  the  cost  of  the 
job  properly.  That  is,  you  figured  how  much  it  would  cost 
you  to  actually  do  the  work  under  the  worst  conditions  that 
might  prevail,  with  a  moderate  margin  for  profit.  Having 
assured  myself  of  the  accuracy  of  your  figures  from  this  view- 
point I  proceeded  to  the  next  question — What  would  it  cost 
someone  else  to  do  the  work?  In  surveying  the  field  I  learned 
that  Smith,  Jones  &  Company  were  the  logical  contractors  to 
do  this  work.  They  had  done  considerable  work  of  a  similar 
nature  in  the  same  vicinity  and  had  in  fact  constructed  a 
bridge  for  a  railroad  within  a  few  hundred  feet  of  the  pro- 
posed structure  a  few  years  before.  They  did  not  have  to 
back  up  their  guess  of  what  material  would  be  encountered 
by  figuring  upon  encountering  the  most  diflScult  to  handle: 
they  knew  what  they  would  find  and  where  they  would  find  it. 
Likewise,  they  know  almost  to  a  foot  the  length  of  piling  that 
would  be  needed. 

"Then  as  to  wages;  Smith  and  Jones  have  been  working  in 
this  same  territory  for  some  years  and  have  built  up  an  effi- 
cient organization  in  which  they  pay  the  prevailing  scale  but 
from  which  they  get  a  much  larger  return  in  work  than  you 
or  any  other  contractor  not  similarly  situated  could  hope"  to 
get.  Further,  not  only  do  they  not  have  to  pay  freight  on 
their  equipment,  but  as  it  is  located  further  up  the  stream 
that  this  structure  is  to  bridge,  they  have  merely  to  float  it 
down  to  the  site  of  the  work  at  practically  no  expense  for 
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transportation  or  loading.  As  they  have  work  to  do  in  the 
same  vicinity  when  the  job  is  finished,  the  cost  of  removing 
their  outfit  will  be  comparatively  small, 

"Thus  they  had  the  advantage  over  you  or  any  other  con- 
tractor who  might  figure  on  doing  this  particular  p'ece  of 
work,  and  I  was  practically  certain  that  they  would  be  the  suc- 
cessful bidders.  Furthermore,  as  the  logical  contractors  for 
this  job  it  was  right  that  the  work  should  be  theirs." 

As  engineers  sometimes  become  contractors  and  are  often 
called  upon  to  pass  upon  the  bids  of  contractors,  either  as  the 
employe  of  the  contractor  or  as  the  engineer  of  the  project, 
it  is  important  that  they  understand  this  theory  of  the  logical 
contractor.  As  a  contractor  or  a  contractor's  engineer  he 
should  consider  his  position  with  reference  to  other  bidders, 
and  determine  whether  he  is  the  logical  contractor,  and  it 
not,  whether  he  is  willing  to  cut  down  his  bid  to  meet  the  ad- 
vantage that  the  logical  contractor  possesses.  As  a  project 
engineer  he  must  be  certain  to  see  that  the  logical  contractor 
is  not  only  given  the  opportunity  to  bit  but  that  he  is  urged 
to  do  so  in  order  that  the  project  may  have  the  advantage  of 
the  lower  bid  made  jiossible  by  his  strategic  position. 

An  illustration  of  how  an  engineer  may  reduce  the  cost  of 
having  work  done  by  inducing  contractors  who  are  in  a  posi- 
tion to  carry  it  on  at  a  minimum  cost  bid  for  it  was  given  in 
the  recent  letting  of  a  county  highway  job.  A  road  was  to  be 
built  connecting  "A"  with  "B,"  the  construction  cost,  accord- 
ing to  the  engineer's  estimate,  being  divided  about  evenly 
between  grading  and  paving.  The  job  was  just  about  big 
enough  to  attract  bidders  from  a  reasonable  distance  but  not 
big  enough  to  absorb  the  cost  of  transporting  a  complete 
grading  and  paving  outfit  to  and  from  the  work  without  un- 
duly adding  to  the  expense  of  building  the  road.  There  were 
only  two  contractors  in  the  vicinity  of  the  work;  one  at  "A" 
where  he  was  grading  the  site  for  an  industry,  and  the  other 
at  "B,"  where  he  was  placing  a  concrete  and  asphalt  sur- 
face on  an  old  road  for  the  State  Highway  Commission. 
Each  of  these  contractors  had  a  complete  equipment  for  the 
work  he  was  doing  but  was  unprepared  to  do  anything  but 
that.  The  county  ordinance  under  which  the  road  work  was 
to  be  done  called  for  bids  covering  the  entire  job  and  it  was 
therefore  impossible  for  either  contractor  to  bid  for  the  por- 
tion of  the  work  he  was  prepared  to  do. 

Realizing  that  these  men  were  the  logical  ones  to  do  the 
work,  the  county  engineer  invited  them  to  meet  him  in  his 
office  and  pointed  out  to  them  the  opportunity  for  combining 
their  outfits  and  bidding  jointly  for  the  work.  He  pointed 
out  to  them  that  they  had  an  advantage  over  other  bidders  in 
that  their  equipment  was  practically  upon  the  job  and  that 
their  forces  were  already  organized  to  do  the  work.  Being 
convinced,  they  followed  his  suggestion  and  filed  a  joint  bid 
for  the  job  which  proved  to  be  considerably  less  than  any 
other  offer  and  which  saved  the  county  a  part  of  the  cost  of 
building  the  road. 

Of  course  this  engineer  opened  the  way  for  charges  of 
favoritism  toward  these  particular  contractors,  but  the  fact 
that  he  was  serving  the  best  interests  of  his  principal  was 
sufficient  reason  for  the  course  he  took.  It  is  the  manner  in 
which  he  handles  matters  of  this  kind  that  makes  an  engi-  '* 
neer  valuable  or  otherwise  to  his  employer  and  indicates 
whether  he  belongs  with  the  common  run  of  untrained  and 
inexperienced  men  or  is  entitled  to  his  professional  status,  as 
an  engineer.  The  dollars  and  cents  side  of  an  engineers 
duties  may  not  be  the  most  pleasant  feature  of  his  employ- 
ment, but  the  working  out  of  the  business  problems  of  his 
projects  is  an  important  part  of  the  reason  for  his  employ- 
ment and  will  repay  close  study  and  attention. 

Finishing  Back  Slopes  With  Mormon  Scraper. — A  Mormon 
scraper  hung  from  a  pole  on  a  wagon  is  being  employed  with 
good  success  by  Sprague  &  Nisely,  Contractors,  in  finishing 
back  slopes  on  Federal  aid  project  roads  near  Beatrice, 
Neb.  This  method  is  used  where  the  space  between  the 
top  of  the  bank  and  the  fence  line  will  not  permit  the  use  of 
a  team.  The  arrangement  is  as  follows:  A  short  pole  is  at- 
tached to  the  top  of  the  bed  of  the  dump  wagon  so  that  one 
end  will  extend  to  the  side  for  4  to  6  ft.  as  the  conditions  re- 
quire. To  the  end  of  the  pole  the  Mormon  scraper  is  at-, 
tached  with  a  tongue.  The  scraper  is  fastened  with  a  chain' 
or  a  rope  so  that  it  can  be  manipulated  at  any  angle.  By 
driving  along  near  the  toe  of  the  slope  the  scraper  can  be 
handled  so  as  to  smooth  the  slope  in  good  shape  where  the 
ground  is  not  too  hard  and  the  bank  not  higher  than  the  top 
of  the  wagon. 
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Human  Engineering* 

By  PROF.  WALTER  DILL,  SCOTT. 

I  want  to  discuss  with  you  a  new  brand  of  engineers,  the 
human  engineering  type.  I  am  sure  you  are  going  to  hear 
of  him.  I  am  sure  you  want  to  know  about  him.  Let  us  con- 
Bider  together  the  duties  and  the  principles  that  guide  this 
new  species  of  engineer.  I  assume  that  the  aim  of  the  hu- 
man engineer  is  to  provide  a  contented  and  efficient  per- 
sonnel to  the  organization  for  which  he  is  the  human  engi- 
neer. Formerly,  our  emphasis  was  on  efficient.  Now,  I 
think  it  is  on  contented.  In  providing  contented  and  effi- 
cient workers  this  human  engineer  has  a  number  of  du- 
ties.    I  want  to  catalog  some  of  them. 

The  Fundamental  Duties  of  the  Human  Engineer. — The 
first  and  I  think  foremost  duty  is  that  he  shall  place  every 
individual  in  the  organization  so  that  each  individual  will 
have  the  best  chance  to  develop  himself,  to  make  the  most 
of  himself  and  also  to  render  the  greatest  service  to  his 
employer.  Formerly  the  emphasis  was  on  service  to  the  em- 
ployer. I  believe  the  modern  engineer  now  will  switch  the 
emphasis  to  the  individual,  placing  the  individual  where  he 
has  the  best  chance  to  develop  himself.  The  placement  of 
the  man  in  the  organization  I  put  down  as  the  first  duty  of 
the  human  engineer. 

The  second  duty  of  the  human  engineer  is  to  provide  for 
the  training  of  the  men  and  women  in  the  organization.  By  • 
training  1  mean  profiting  by  experience.  The  experience  in 
the  organization  should  be  so  adjusted,  whether  it  be  at  the 
bench,  in  the  office,  or  in  the  school  room,  that  the  individ- 
uals would  profit  most  by  those  experiences.  In  our  busi- 
ness organization  we  should  have  a  better  trained  group  to- 
morrow than  we  have  today. 

A  third  duty  of  the  human  engineer  is  to  see  that  every 
dollar  paid  in  wages  secures  one  hundred  cents  in  service. 
Whether  the  wage  shall  be  on  a  salary,  piece  rate,  or  day 
wage,  whether  it  shall  be  on  bonus  or  profit  sharing,  imme- 
diate or  remote,  the  human  engineer  should  study  the  prob- 
lem of  the  pay,  of  the  wage,  and  adjust  it  so  that  it  will  not 
become  a  commodity  thrown  in  the  pit  which  causes  the 
employers  to  degenerate  into  veritable  bears  and  the  em- 
ployes  into   bulls. 

The  fourth  duty  of  the  human  engineer  is  to  provide  the 
best  possible,  practicable  working  conditions,  whether  that 
be  equipment  or  housing,  an  esprit  de  corps  in  the  organiza- 
tion, or  the  removal  of  distractions.  Whatever  it  may  be, 
the  creating  of  the  conditions  under  which  the  worker  can 
work  to  the  greatest  advantage  to  himself  and  to  the  em- 
ployer is  a  problem  which  needs  the  attention  of  the  engi- 
neer. 

A  fifth  duty  is  that  the  human  engineer  should  see  that 
the  appeal  is  made  to  the  right  motives.  If  we  were  consid- 
ering an  engine  so  complex  that  it  might  be  operated  by 
manpower  or  horsepower,  by  steam  or  electricity,  by  gas  or 
gravitation,  we  would  recognize  the  complexity  and  we 
would  see  the  necessity  of  having  an  engineer  to  decide  what 
sort  and  under  what  condition  these  motive  powers  should 
be  utilized.  The  human  individual  is  more  complex,  re- 
sponds to  more  motive  forces  than  any  engine  that  we  can 
conceive.  In  the  past,  historically,  we  appealed  to  fear,  re- 
cently to  wages,  and  we  largely  disregard  the  appeal  to  the 
fundamental  instincts.  We  think  it  we  appeal  to  the  reason, 
to  the  possibility  of  gain,  we  have  done  all,  but  have  neg- 
lected the  appeals  to  the  heart,  the  appeals  to  the  senti- 
ments, the  appeals  that  are  most  significant  in  the  life  of 
the  worker.  A  human  engineer  is  needed  in  industry  to 
study  the  motives  which  prompt  action  in  the  worker. 

Another  and  last  illustration  of  the  duties  of  the  human 
engineer  is  that  of  supervision.  The  worker  must  be  super- 
vised, but  the  engineer  should  see  that  supervision  is  not 
spying.  It  is  helping;  it  is  not  inhibiting.  It  is  encouraging, 
it  is  not  to  stop  actions  which  are  going  wrong,  but  to  stim- 
ulate actions  which  will  be  right.  Supervision  must  take 
on  a  new  attitude.  It  must  be  a  new  function.  It  must  be 
something  that  the  worker  wants  because  it  helps  him. 

I  have  wanted  to  get  before  you  some  of  the  duties  that 
of  necessity  fall  upon  the  human  engineer.  Whether  he 
knows  he  is  an  engineer,  whether  he  is  one  or  a  group  of 
executives,  makes  no  difference.  The  function,  the  duties, 
are  those  of  the  human  engineer. 


•From  an  address  presented   at  the  5th  annual  convention  of  the 
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Principles  the  Human  Engineer  Should  Have  in  Mind. — In 
all  personal  work  the  principle  that .  1  regard  as  the  most 
significant  is  the  realization  of  the  fact  that  normal  men 
like  you  differ  greatly,  that  men  are  not  equal,  that  differ- 
ences are  greater  than  any  one  has  ever  imagined  they  were 
until  the  discoveries  of  the  last  few  decades.  If  American 
psychology  stands  for  anything,  if  it  has  made  any  advance 
in  the  history  of  science,  it  is  in  the  discovery  of  the  pro- 
found personal  differences  in  normal  men.  When  you  men 
read  your  morning  paper  you  differ  greatly  in  the  rate  at 
which  you  read.  1  -assume  you  are  all  equally  educated, 
that  you  have  all  read  the  same  amount  and  yet  tonight  in 
reading  your  paper  the  fastest  reader  read  four  times  as 
fast  as  the  slowest  reader  in  this  room.  The  man  who  reads 
fast  gets  as  much  out  of  it  as  does  the  slowest  man.  Four 
limes  is  well  within  the  mark.  To  place  a  task  of  reading 
on  the  fast  reader  and  to  place  the  same  task  on  the  slow 
reader  is  an  injustice  to  the  slow  reader  and  results  in  dis- 
satisfaction and  lack  of  accomplishment.  In  any  task  in 
which  you  men  are  engaged  the  best  man  is  many  more 
than  four  times  as  efl^cient  as  the  poorest  in  this  room.  One 
man  stands  high,  possibly,  in  one  thing,  and  low  in  many 
others,  and  the  differences,  I  repeat,  are  so  great  that  any 
one  interested  in  human  engineering,  in  placing  people,  must 
bear  them  in  mind.  We  must  not  lapse  into  the  assumptions 
that  a  day's  wage  and  a  day's  work  are  standard  products, 
or  that  all  the  workers  in  the  field  should  receive  the  same 
wages.  Men  are  different,  and  in  justice  to  the  individual, 
in  the  cause  of  efficiency  and  great  national  progress,  we 
should  recognize  it. 

Second,  the  human  engineer  must  remember  that  voca- 
tional selection,  vocational  guidance,  placement  of  individ- 
uals, is  a  science,  but  not  an  exact  science.  Many  people 
assume  it  is  an  exact  science.  Many  people  as- 
sume -that  they  are  infallible  in  judging  men.  There  are 
many  systems.  Many  people  believe  that  there  is  an  infalli- 
ble system.  On  the  other  hand  just  as  many  people  be- 
lieve that  it  is  all  a  matter  of  luck  or  chance,  and  that  you 
can't  tell  a  thing  about  it.  The  tendency  is  to  drift  to  the  two 
extremes;  either  that  you  are  absolutely  sure  in  judging 
men.  that  there  is  an  absolutely  sure  system,  or  that  there 
is  nothing  in  it;  100  per  cent  sure,  or  all  chance.  The  hu- 
man engineer  must  recognize  the  fact  that  the  truth  is 
pretty  near  halfway  between  those  two  extremes;  and  that 
if  he  can  improve  his  judgment  and  yours  3  or  4  or  5  per 
cent,  he  has  done  a  great  service  to  his  organization. 

The  third  guiding  principle  is  that  if  we  are  to  be  human 
engineers  we  must  analyze  the  men  of  our  organization.  It 
is  not  necessary  to  observe  all  the  elements  in  a  complex 
individual,  hut  there  are  certain  factors  which  we  must 
get  pretty  clearly  before  us  if  we  are  to  place  men  correctly. 
I  have  assum.ed  that  the  factors  that  should  be  analyzed  In 
you,  and  in  the  men  you  try  to  place,  are  as  follows:  You 
should  know  a  man's  history  and  reputation.  You  should,  if 
possible,  have  an  objective  measurement  of  his  skill  or  his 
talent.  You  must  have  a  standardized  subjective  judgment. 
I  v/ill  not  take  your  time  to  discuss  that.  You  must  know  the 
man's  ambition,  what  he  wants  to  be.  Those  five  things  are 
fundamental  in  placing  men  in  the  army,  or  in  industry,  or  In 
any  organization. 

Another  principle  that  the  human  engineer  must  be  guided 
by  is  that  we  must  have  a  job  specification  for  all  the  posi- 
tions in  industry,  the  army  or  any  other  place.  In  your  or- 
ganization you  want  to  see  that  job  specifications  are  started. 
They  probably  are.  They  are  being  started  this  year  in 
most  of  our  big  organizations.  We  ought  to  know  exactly 
the  specifications  for  every  job,  including  yours.  Just  what 
are  the  duties  and  just  what  kind  of  a  man  is  required  to 
perform  those  duties.  Without  discussing  in  detail  the  sig- 
nificance of  job  specifications  I  want  to  lay  it  down  as  one 
of  the  fundamental  principles  that  must  be  in  the  mind  and 
in  the  practice  of  every  human   engineer. 

The  human  engineer  must  have  a  system  of  finding  the 
man  he  wants  when  he  is  wanted.  1  think  primarily  in 
terms  of  divisions  of  the  army,  or  a  camp  of  45,000.  I  think 
in  terms  of  business  having  from  5,000  to  fiO,00O  men.  The 
man  you  want  is  in  the  division.  The  man  you  want  Is  in 
your  company  Why  go  outside  to  find  him?  It  is  harder 
in  many  organizations  to  find  the  man  in  the  company  than 
it  is  to  find  him  at  the  employment  gate.  That  is  all  wrong. 
We  ought  to  have  a  method  in  our  organization  of  discover- 
ing talent  when  it  is.  wanted.     A  man   in   your   organization 
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that  has  the  ability,  a  man  in  your  organization  that  has  the 
skill,  a  man  in  your  organization  that  has  tho  talent,  has 
the  right  to  have  that  talent  brought  to  the  place  where  it 
can  be  used.  I  say,  then,  that  the  human  engineer  must 
have  an  adequate  personnel  file  which  is  practicable  and 
workable.  We  had  one  in  the  army.  We  had  one  for  the 
officers,  about  194,000.  We  had  one  for  approximately  40n,- 
000,000  enlisted  men.  In  several  industrial  organizations  to- 
day, having  from  .5.000  to  40,000  men.  personnel  files  are  being 
established. 

One  more  principle  for  the  human  engineer.  He  should, 
so  far  as  possible,  functionalize  personnel.  He  should  not 
allow  personnel  to  be  incidental.  It  was  incidental  in  prac- 
tically all  organizations  10  or  20  years  ago,  but  now  it  is 
becoming  functionalized,  as  are  finance,  maintenance,  sales, 
and  purchases.  It  is  becoming  functionalized,  and  I  assume 
it  is  never  functionalized  until  one  of  the  responsible  execu- 
tives of  the  organization  is  in  charge  of  it.  If  your  com- 
pany regards  engineering  as  important,  it  puts  an  executive 
in  charge.  If  it  regards  finance  as  important,  it  puts  a  high 
grade  executive  in  charge.  If  your  company  regards  per- 
sonnel as  important,  it  puts  a  high  grade  executive  in  charge. 

Every  man  is  likely  to  be  rather  askew  when  he  comes 
to  perspective  in  connection  with  his  own  hobby.  I  assume 
the  greatest  advance,  in  human  history  has  been  made  in 
physical  science  in  the  last  100  years.  The  great  things 
in  the  business  world  have  been  in  finance,  in  the  handling 
of  equipment,  and  in  processes  in  connection  with  physical 
things.  I  believe  in  the  next  century  the  greatest  advance 
is  to  be  in  human  engineering,  in  giving  the  individual  a 
chance,  in  making  the  most  of  him,  and  I  believe  that  in 
100  years  from  now  we  will  have  the  best  brains  engaged  in 
this  task,  which  I  regard  as  most  important,  most  complex 
and  most  difficult  to  hand'e.  I  encourage  you  gentlemen- 
who  are  engineers  to  take  seriously  the  problem  not  so 
much  of  placing  machines  and  the  forces  of  nature  as  you 
do  in  placing  men,  and  I  include  you,  yourselves.  In  com- 
ing years  the  individual  in  business,  the  individual  in  indus- 
try, the  individual  as  a  great  thing  in  America,  is  the  topic 
which  I  hope  you  and  I  and  all  of  us  in  America  will  appre- 
ciate, and  to  which  we  will  turn  our  attention. 


Light  Weight  Tractor  for  Road  Work 

A  light  weight  tractor,  equipped  with  crawler  type  wheels, 
that  is  claimed  to  be  especially  adapted  for  road  grading  and 
maintenance  work  is  illustrated.  The  tractor  weighs  only 
6.500  lbs.  and  has  a  tractive  surface  of  1,500  sq.  in.  The  en- 
gine is  of  the  heavy  duty  4-cylinder  type,  with  a  5-in  bore, 
7%  in,  stroke  and  a  speed  of  750  revolutions  per  minute.  The 
transmission  is  of  the  selective  type  sliding  gear.     The  speed 


Leader   Crawler   Tractor    Pulling    Road    Grader. 

on  reverse  2  miles.  The  crawler  wheels  are  rugged  in  design. 
The  shoes,  frames  and  wheels  are  of  cast  steel,  the  shoes 
being  linked  together  with  large  steel  pins,  forming  a  flat, 
flexible,  chain-like  track  50  in.  long  and  15  in.  wide.  The 
tractor  has  a  length  over  all  of  153  in,  and  a  wheel  base  of 
94  in.  The  over  all  height  is  96  in.,  and  the  machine  width 
is  64  in.  The  tractor  uses  as  fuel,  kerosene,  gasoline,  naphtha, 
alcohol  or  distillates  of  42°  B.  or  higher  and  flash  point  not 
over  120°  F.  The  tractor  is  manufactured  by  the  Dayton- 
Dowd  Co.,  .325  York  St.,  Quincy,  111. 


Drainage   Ditch    Carried    Alongside  High- 
way in  5-ft.  Pipe 

A  somewhat  novel  method  was  employed  by  the  County 
Road  Commissioners  of  Bay  County,  Michigan,  for  taking 
care  of  a  drain  of  the  open  ditch  type  which  extended  through 
a  cut  alongside  a  graveled  highway.  The  soil  at  this  point 
was  exceptionally  soluble,  causing  the  banks  to  break,  there- 
by narrowing  the  roadway  and  at  the  same  time  filling  the 


Pipe   Installation   at  Side  of  Bay  County   (Michigan)   Highway. 

ditch,  causing  a  stoppage  in  drainage  with  a  result  that  acres 
of  land  became  covered  with  water  above  this  point.  This 
particular  place  had  been  a  constant  source  of  trouble  for 
years.  The  township  and  county  officials  have  used  wooden 
walls  to  keep  the  banks  back  but  this  plan  proved  unsatis- 
factory. The  difficulty  was  overcome  by  the  installation  of 
700  ft.  of  5-ft.  Armco  iron  pipe  for  carrying  the  water  from 
the  drain. 


Order  Road  Materials  Early 

While  the  expenditures  during  1919  for  hard-surface  high- 
ways, according  to  estimates  of  the  Bureau  of  Public  Roads 
of  the  United  States  Department  of  Agriculture,  will  set  a 
new  record  with  a  total  ot  $138,000,000,  this  figure  is  small  in 
comparison  with  the  computed  available  total  for  1920  of 
$633,000,000,  the  spending  of  which  promises  to  he  dependent 
chiefly  on  the  quantity  of  inaterials  the  present  limited  rail- 
way facilities  can  transport. 

The  items  entering  into  next  year's  estimate  are:  Brought 
forward  from  unfinished  work,  1919  contracts,  $165,000,000; 
funds  available  from  state  and  county  taxes  and  Federal  Aid, 
$273,000,000:  one-fifth  state  and  county  bond  issues  not  before 
available,  $50,000,000:  one-third  unexpended  balance  of  state 
and    county    bond    issues    previously    available,    $45,000,000; 
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available  from  new  bond  issues  to  be  voted  on  in  the  fall  of 
1919  and  spring  of  1920,  $100,000,000. 

Unless  the  available  open-top  cars,  many  of  which  normally 
lie  idle  in  the  late  winter,  are  utilized  in  that  slack  season  the 
work  which  can  be  done  will  necessarily  be  curtailed  for  lack 
of  materials.  The  total  for  1920  is  more  than  four  times  the 
amount  that  has  been  expended  during  any  previous  year  for 
like  purposes.  Therefore  there  must  be  a  tremendous  in- 
crease not  only  in  the  material  supplies  and  shipping  facil- 
ities but  also  in  the  labor  supply,  and  an  enlargement  of  con- 
tractors' organizations.  First  of  all,  according  to  Thomas  H. 
MacDonald,  Chief  of  Bureau  of  Public  Roads,  the  attention  of 
all  state,  county  and  city  road-building  interests  should  be 
directed  to\vard  overcoming  this  car  shortage.  To  this  end  it 
is  recommended  that  the  shipping  of  materials  begin  earlier 
than  usual.  The  first  step  in  accomplishing  this,  Mr.  Mac- 
Donald  points  out,  is  to  place  under  contract  during  Decem- 
ber and  January  as  great  a  mileage  of  roads  as  possible. 

It  has  been  customery  to  wait  until  contractors'  or.ganiza- 
tions  were  ready  to  begin  work  before  starting  the  shipment 
of  material.  Under  these  conditions  many  thousands  of  open- 
top  cars  lie  idle  during  the  latter  part  of  February,  all  of 
March  and  the  earlier  part  of  April.  During  the  past  spring 
the  number  of  open-top  cars  that  were  idle  totaled  more  than 
2.50,000.  This,  of  course,  was  partly  unavoidable  owing  to  the 
late  date  at  which  work  got  under  way,  following  the  signing 
of  the  armistice.  By  awarding  contracts  as  early  as  possible, 
contractors  will  be  able  to  ascertain  their  material  require- 
ments at  different  points,  and  so  will  be  in  position  to  place 
orders  dependent  on  rail  transportation  a  considerable  time 
in  advance. 

While  the  placing  of  material  in  storage,  which  may  result 
from  such  a  course,  involves  some  expenses,  it  will  be  small 
compared  to  the  loss  that  will  result  if  contractors  or  not  in  a 
position  to  go  ahead  with  the  work  because  of  lack  of  mate- 
rials. In  view  of  the  experience  of  1919  and  the  greatly  in- 
creased program  for  next  year,  it  seems  probable,  according 
to  the  Bureau  of  Public  Roads,  that  contracts  which  are  not 
awarded  during  the  winter  months  will  have  little  opportu- 
nity for  being  supplied  with  materials  which  require  rail 
transportation. 


Asphalt  Filler  for    Vertical    Fiber 
Brick    Pavement* 

By  CLARK  R.  MANDIGO, 

Consulting    Engineer.    Western    Paving    Brick    Manufacturer^^' 
Association. 

"While  this  paper  is  intended  as  a  discussion  on  vertical- 
fiber  paving  prick  rather  than  on  vertical-fibre  brick  pave- 
ments, the  asphalt  joint-filler  almost  universally  used  at  pres- 
ent with  this  type  of  brick  has  been  so  interwoven  with  the 
success  of  vertical-fibre  brick  pavements,  that  at  least  a  brief 
mention  must  be  made  of  it.  Four  items  affecting  the  pave- 
ment have  contributed  to  the  success  of  asphalt  filler  in  brick 
pavements:  (1)  the  method  of  application,  (2)  the  shape  and 
texture  of  the  brick,  (3)  the  quality  of  the  filler,  and  (4)  the 
changed  character  of  traffic.  Taking  these  items  up  in  order, 
first,  the  bituminous  filler  is  heated  to  a  temperature  below 
its  flash  point,  is  flushed  over  the  surface  of  the  brick  pave- 
ment and  squeegeed  back  and  forth  until  the  joints  are  full, 
leaving,  necessarily,  a  slight  surplus  on  the  surface.  It  is 
impossible  to  get  the  joints  properly  filled  by  the  old  method 
of  pouring-cans.  No  matter  how  carefully  the  work  was  done 
there  was  settlement  of  joints  in  hot  weather.  By  flushing 
the  hot  asphalt  over  the  brick  a  saving  in  labor  is  efilected 
which  more  than  offsets  the  slight  additional  amount  of  filler 
used.  A  coating  of  sand  on  the  surface  of  the  filled  brick 
absorbs  the  surplus  and,  working  into  the  asphalt,  makes  a 
good  mastic. 

In  the  second  place,  the  wire-cut  surface  of  the  vertical- 
fiber  brick  which  is  uppermost  in  the  pavement  aids  in  re- 
taining the  thin  asphalt  mastic  on  the  surface  so  that  it 
doesn't  scale  off  causing  a  dirty  street.  Without  lugs  the 
brick  set  up  close  and  the  square  edges  give  a  minimum 
•width,  even  joint  at  the  surface.  The  asphalt  retained  on  the 
surface  is  only  an  incident  to  the  proper  filling  of  the  joints 
and  is  not  designed  to  he  maintained.  It  remains,  however, 
from  3  to  5  years  and  during  that  time  acts  as  a  reservoir  for 


filling  joints  that  settle,  so  that  by  the  time  it  has  worn  off, 
all  joints  are  packed  tight  with  a  solid  asphaltic  mastic. 

In  the  third  place,  only  the  best  quality  of  asphaltic  cement 
is  recommended  as  a  filler,  as  this  has  proven  to  be  the  least 
susceptible  to  changes  in  temperature,  possesses  a  long  life, 
great  adhesiveness,  elasticity  and  malleability,  and  resists 
wear  and  rubber-tire  suction.  A  grade  of  asphalt  cement  of 
about  the  consistency  and  requirements  that  would  be  speci- 
fied in  the  best  sheet  asphalt  pavements  for  an  asphaltic 
base  manufactured  asphaltic  cement  has  proven  very  satis- 
factory. Refined  tar  has  been  used  in  some  instances,  but 
does  not  at  present  seem  to  fill  all  the  requirements. 

In  the  fourth  place,  the  preponderance  of  rubber-tired  traflic 
on  the  modern  pavement  has  practically  eliminated  mainte- 
nance of  joints  where  soft  filler  has  been  used.  When  asphalt 
filler  began  to  be  used  some  S  to  10  years  ago,  it  was  ex- 
pected that  the  joints  would  require  refilling  on  dense  traffic 
streets  every  5  to  7  years,  but  the  changed  traffic  conditions, 
which  have  practically  eliminated  the  horse-drawn,  steel-tired 
vehicle  and  substituted  the  rubber-tired  automobile  and  truck, 
have  not  made  this  necessary.  In  fact,  the  droppings  of  oil 
and  kneading  action  of  the  tires  seem  to  keep  the  filler  alive 
and  prevent  any  signs  of  disintegration,  or  working  out  of 
the  top  of  the  joints. 


Registration  of  Engineers. — Engineering  Council's  commit- 
tee of  fifteen  representative  engineers  from  all  parts  of  the 
United  States  has  been  giving  careful  study  for  many  months 
to  the  matter  of  licensing  or  registering  of  engineers.  A  pre- 
liminary draft  of  a  model  law  was  circulated  in  manuscript 
for  criticism.  Up  to  this  stage  the  committee's  work  was  nec- 
essarily done  by  correspondence.  October  13  to  17  the  com- 
mittee met  in  Chicago,  and  devoted  five  days  and  evenings 
to  a  thorough  discussion  of  the  information  and  comments 
collected,  and  the  drafting  of  a  revised  form  of  the  present 
model  law.  This  revised  draft  has  been  submitted  to  the 
members  of  the  committee  for  final  consideration  and  editing. 
It  is  expected  that  the  results  of  the  committee's  work  will 
be  presented  to  Engineering  Council  at  its  December  meet- 
ing, and  that  subsequently  the  model  law  can  be  made  known 
to  engineers  throughout  the  country,  through  the  publications 
of  the  societies  and  the  technical  journals. 


*Fi-om  a  tiaper  presented  at  the  ?5th  Convention  of  the  American 
Society  for  ^Tunicipal  Improvement. 


Personals 

S.  Herbert  Griffith  has  resiBnctl  a.s  road  engineer  of  Talbot 
County,  Maryland. 

J.  Henry  IVIiller,  a  contractor,  has  been  elected  chairman  of  the 
ii?\\    building  code  commission  of  Baltimore,  Md. 

Arthur  G.  McKee  &  Co.,  engineers  and  contractors,  have  moved 
tVr''r  offires  from  the  Rockefeller  BIdg'.,  Cleveland,  O..  to  2422 
Euclid  Ave. 

A.  H.  Hinkle,  deputy  state  highway  commissioner  of  Ohio,  in 
charge  of  road  maintenance,  has  resigned  to  take  charge  of  the 
maintenance  bureau  of  the  Indiana  state  highway  commission. 

Thomas  F.  Bowe,  Inc.,  consulting  engineer  of  New  York  City, 
have  established  ofTices  in  the  Murrah  Bldg..  Columbus,  Ga.  The 
oftlcc  will  be  under  the  direction  of  Captain  Dudley  Chiplev,  vice 
president. 

Prof.  H.  S.  Dickerson,  head  of  the  mechanical  department  of 
the  Missouri  School  of  Mines,  has  resigned  to  accept  the  professor- 
ship of  engineering  in  the  Government  Institute  of  "rechnology  at 
Shanghai.  China. 

Alfred  E.  Strobel,  structural  engineer  engaged  'oy  the  engineer 
of  buildings,  C,  B.  &  Q.  R.  R.,  on  the  design  of  the  Harrison  St. 
Freight  Terminal,  Chicago,  will  be  connected  with  the  Kniskern 
Construction  Co.,  Marquette  Bldg..  Chicago,  111.,  after  Dec.  4,  1919, 

Isaac  C.  Willis,  Washington;  H.  A.  Miller.  Indiana:  P.  M.  Jones, 
Xehraska:  A.  W.  Longacre.  Pennsylvania,  and  ,1.  O.  Wanzer,  Cali- 
fornia, have  sailed  for  Liberia  to  supervise  the  expenditure  of 
$5,000,000  lent  that  country  by  the  United  States  for  the  improve- 
ment of  harbors  and  other  public  works. 

E.  A.  Wood,  resident  engineer  at  Haskell.  Tex.,  for  the  Texas 
Highway  Commission,  has  been  made  aivision  engineer  at  San 
Antonio,  vice  J.  A.  BloQk,  transfen-ed  to  Fort  Worth  to  succeed 
W.  M.  A.  Obenchain,  division  engineer,  who  resigned  to  enter 
private  employment.  Fred  L.  Hargett  of  Texarkana  was  appointed 
to  succeed  Wood.  All  are  returned  soldiers,  (ibenchain  and  Wood 
having  been  majors.  Block  a  captain  and  Hargett  a  lieutenant. 

G.  R.  Solomon  and  P,  H,  Norcross,  for  t'ne  past  12  years  en- 
g.aged  in  .a  consulting  engineering  practice  under  the  firm  name 
of  the  Solomon-Norcross  Co.,  have  dissolved  partnership  and  the 
work  of  the  firm  will  be  continued  under  the  name  of  P.  H.  Nor- 
cross, with  offices  at  Atlanta,  Ga.  Colonel  Solomon  will  remain  in 
the  Army  for  a  short  while  and  upon  discharg'e  hopes  to  return  to 
Atlanta.  Tho  firm  of  Solomon,  Norcross  &  Keis  of  Watervliet. 
N,  Y.,  also  has  been  dissolved,  and  Mr.  Norcross  and  Mr.  Keis 
will  continue  their  work  as  consulting  engineers  with  headquarters 
in  .Vtlanta-  Both  of  those  firins  were  di.^solved  as  of  date  of  .Tan. 
1,  191<9.  at  which  tiiue  Colonel  Gabriel  R.  Solomon  became  identified 
with  the  Construction  Division  of  the  United  States  Army.  Cer- 
tain contracts  then  on  the  books  were  carried  to  completion  tmder 
the  old  firm  names.  The  partnership  between  Colonel  Solomon 
and  Mr.  Norcross  was  formed  in  19flfi,  and  that  of  Solomon.  Nor- 
cross it  Keis  in  the  year  1911.  Between  these  dates  and  the  be- 
ginning of  the  war  the  firms  did  work  in  17  states,  amounting  in 
value  to  some  $30,000,000,  and  involving  every  class  of  engineering. 
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Roads    and   Streets — 1st    Wednesday 


(a)    Roads 
>b)   Streets 


(c)  Street   Cleaning 

(d)  Municipal    Miscellanies 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani 

tation 

(e)   Management  and  Office 
System 


(c)    Iriiga'ion    and    Drainage 
td)   Power    and    Pumping 


Railways    and    Excavation — 3rd    Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  (d)   Railways.   Steam   and 

(b)  Rivers  and  Canals  Electric 

(ei    Management    and    Office 
System 

Buildings  and  Structures — 4th  Wednesday 

(ai    Buildings  <c)   Harbor   Structures 

(b)   Bridges  (d)   .Miscellaneous    Structures 

(e)   Properties    of    Materials 
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The  University  of  Texas  Leads  the 

Way  in  Giving  a  Special  Short 

Course   for  Waterworks 

Operators 

Many  engineering  colleges  give  special  courses  in  road 
work  for  the  benefit  of  county  highway  superintendents  and 
other  public  servants  that  have  not  had  the  benefit  of  an 
engineering  training.  The  University  of  Texas  is  about  to 
give  a  short  course  in  the  chemical  purification  of  drinking 
water  and  has  invited  all  city  waterworks  men  in  Texas  to 
take  the  course  in  February,  free  of  charge. 

This,  we  believe,  is  the  first  time  that  a  university  has  un- 
dertaken to  provide  special  training  for  men  engaged  in  the 
operation  of  waterworks.  We  quote  from  a  Texas  news- 
paper: 

This  course  will  include  the  chemical  treatment  of  such  water 
as  needs  this  treatment,  and  will  enable  tlie  plant  operators  to 
treat  the  water  witli  their  present  arrang-ements  by  the  latest 
and   most   sanitary  methods. 

Letters  have  been  sent 
out  to  the  mayors  and 
city  councils  throughout 
the  state  advising  them 
of  the  course  as  planned. 
and  urging  these  cities 
and  towns  to  take  ad- 
\'antage  of  the  course  hy 
sending  their  operators 
here  to  take  the  course  of 
instruction,  and  the  re- 
plies to  these  letters  that 
are  being  now  received 
indicate  that  there  will 
be  a  large  attendance. 
The  series  of  lectures 
will  be  given  by  ex- 
perts from  the  university 
faculty  and  engineers  of 
the  state  board  of 
health. 

The  winter  months 
liave     been      selected      lo' 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
2md  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  lairge  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


the  State  Board  of  Health  as  being:  the  proper  time  to  give  this 
ccurse  so  that  the  operators  may.  by  taking  advantage  of  the 
instruction  received,  prevent  the  annual  outbreak  of  typhoid  fever 
and  intestinal  diseases  that  are  transmitted  through  an  impure 
water  .supply  througli  the  spring  and  summer  months. 

We  trust  that  this  excellent  plan  will  be  followed  by  every 
state  university  in  America,  for  there  is  an  appalling  ig- 
norance among  waterworks  operators,  particularly  in  the 
smaller  cities  and  villages,  as  to  the  necessity  of  chlorinat- 
ing water  to  prevent  typhoid  and  other  intestinal  diseases. 
Many  of  these  waterworks  operators  are  political  appointees 
who  are  not  given  to  reading  articles  or  books  relating  to 
waterworks.  We  believe  that  the  professors  of  engineering 
of  the  state  universities  can  make  many  such  men  see  the 
importance  of  reading  engineering  literature  of  a  practical 
nature. 

Certainly  the  professors  of  our  state  agricultural  colleges 
have  found  it  possible  to  develop  in  millions  of  farmers 
the      habit     of      reading      scientific     matter     relating      to 

agriculture.  This  they 
have  accomplished  by 
going  into  farming  dis- 
tricts and  lecturing  to 
farmers  in  such  a  way 
as  to  convince  them 
that  science  is  of  much 
practical  utility,  and 
that  any  man  can  learn 
a  great  deal  of  the 
science  that  relates  to 
-  his  daily  work  if  he  will 
read  the  right  sort  of 
articles  and  books. 

Among  technical  pub- 
lishers it  has  long  been 
notorious  that  city  wa- 
terworks operators,  as 
a  class,  are  very  poor 
buvers  of  books  on  wa- 
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terwoiks  operation,  and  that  they  are  not  easily  persuaded 
to  subscribe  for  periodicals  relating  to  their  specialty.  The 
combined  membership  of  the  American  and  the  New  England 
Waterworks  Associations  is  only  a  small  fraction  of  what  it 
would  be  were  those  societies  to  secure  as  members  all  who 
would  benefit  thereby. 

We  believe  that  is  clearly  "up  to"  civil  engineers  in  gen- 
eral and  professors  of  civil  engineering  in  particular,  to 
bring  about  a  rapid  change  either  in  the  personnel  or  in  the 
reading  habits  of  many  waterworks  operators.  If  a  water- 
works man  in  a  responsible  position  can  not  be  persuaded 
to  study  his  problems,  he  should  be  replaced  by  some  one 
who  will.  But  before  discharging  a  waterworks  superintend- 
ent, for  example,  an  attempt  should  be  made  to  interest  him 
in  the  scientific  management  of  waterworks.  If,  however,  he 
persists  in  not  keeping  abreast  of  scientific  progress  In  his 
field,  he  deserves  no  mercy.  Already  hundreds  of  thousands 
of  lives  have  been  lost  in  America  because  waterworks  su- 
perintendents have  been  too  ignorant  to  chlorinate  the  water, 
and  every  year  thousands  of  additional  lives  are  sacrificed  to 
this  inexcusable  ignorance. 

This  must  be  ended  within  the  next  few  years,  and  civil 
engineers  must  end  it. 

Having  begun  the  sanitary  education  of  waterworks  opera- 
tors in  small  cities  and  villages,  we  expect  to  see  the  profes- 
sors of  civil  engineering  undertake  the  task  of  giving  economic 
courses  to  the  same  operator.  Only  a  small  percentage  of 
these  operators  are  now  qualified  to  do  their  duties,  ecom- 
ically. 

Thousands  of  Ions  of  coal  are  annually  wasted  in  pump- 
ing city  water,  because  those  in  charge  are  incompetent 
either  to  select  or  to  operate  the  machinery.  This  holds  true 
of  the  majority  of  waterworks.  Similarly,  other  thousands 
of  tons  of  coa!  are  wasted  in  pumping  water  that  should  not 
be  pumped  at  all.  If  all  services  were  metered,  water  waste 
would  be  greatly  reduced,  but  the  average  waterworks  super- 
intendent is  either  ignorant  of  this  fact  or  is  indifferent  to 
it.  If  he  is  ignorant,  he  should  be  taught;  and  then  if  he 
remains  indifferent  to  water  waste  he  should  be  "fired." 

Professors  of  civil  engineering,  it  is  one  of  your  functions 
to  "carry  the  message  to  Garcia."  In  this  case  the  typical 
waterworks  operator  of  the  small  town  is  Garcia,  and  the 
message  is   "study  practical  waterworks  literature." 


of  several  hundred  heatings  and  coolings.  It  is  this  pro- 
gressive elongation  of  cast  iron  that  causes  furnace  grate 
bars  to  distort  if  they  are  not  free  at  the  ends. 

It  is  not  improbable  that  the  occasional  buckling  of  old 
pavements  may  be  due  to  progressive  expansion,  out  this 
remains  to  be  proved.  At  any  rate,  we  have  in  this  phenom- 
enon of  progressive  expansion  of  certain  materials  under 
fluctuating  temperature  an  explanation  of  many  effects  that 
have  not  been  very  clear.  It  is  not  improbable,  for  exam- 
ple, that  the  "weathering"  of  granite  and  other  tough  rock 
is  largely  the  result  of  a  progressive  expansion  of  the  outer 
parts,  thus  causing  it  to  "shell  oft."  It  is  certain  that 
"Cleopatra's  Needle,"  the  Egyptian  obelisk  in  Central  Park. 
New  York,  is  slowly  disintegrating.  When  this  disintegration 
was  first  observed  20  years  ago,  it  was  attributed  to  the 
freezing  of  water  within  the  pores.  Accordingly  it  was 
given  a  coat  of  hot  parafflne.  That  this  had  been  ineffec- 
tive the  editor  pointed  out  a  good  many  years  ago,  and  he 
also  called  attention  to  the  fact  that  the  disintegration  had 
been  greater  on  the  south  and  west  faces  of  the  obelisk 
than  on  its  north  and  east  faces.  This  is  clearly  due  to  the 
fact  that  the  south  and  west  faces  are  heated  by  the  sun 
to  a  higher  temperature  than  are  the  north  and  east  faces. 
The  subsequent  rapid  cooling  of  these  faces  during  a  winter 
night  undoubtedly  sets  up  temperature  stresses  which  may 
fully  account  for  the  rapid  disintegration  of  a  stone  that 
had  endured  for  centuries  in  Egypt  where  great  and  sudden 
changes  of  temperature  do  not  occur.  But  it  may  also  be  a 
fact  that  these  great  and  sudden  changes  of  temperature 
effect  a  progressive  expansion  of  the  "surface  layer"  of  the- 
stone,  thus  assisting  the  diurnal  effect  of  temperature  stress. 

As  is  well  known,  earth  near  the  surface  is  less  dense 
than  deeper  down,  other  things  being  equal.  This  has  been 
attributed  to  (1)  frost,  (2)  leaching  action  of  rain,  (3)  ex- 
pansive force  of  roots,  (4)  the  action  of  earth  worms  and 
other  organisms,  and  (5)  the  effect  of  surface  tension  of 
water. 

The  editor  has  observed  that  small  retaining  walls  may 
not  be  displaced  appreciably  for  several  years,  and  then  begin; 
to  be  pushed  out  at  the  top,  becoming  progressively  more 
out  of  plumb.  May  not  this  be  the  effect  at  least  in  part, 
of  the  progressive  expansion  of  the  mineral  components  ot 
the  soil  duo  to  alternate  heatings  and  GOoHngs? 


The  Progressive  Expansion  of 
Stone,  Iron  and  Soil 

Although  it  is  well  known  to  engineers  that  stone  expands 
almost  as  much  as  steel  when  its  temperature  is  raised,  very 
few  know  that  some  kinds  of  stone  expand  progressively 
when  subjected  to  alternate  rise  and  fall  of  temperature 
during  a  period  of  years.  That  there  are  stones  that  grow 
slowl>  larger  is  proved  conclusively  by  the  fact  that  thin 
vertical  slabs  of  stone  in  the  old  tonibes  of  the  St.  Louis  Ceme- 
tery in  New  Orleans  have  bulged  out  several  inches  while 
their  upper  and  lower  ends  remain  in  the  very  spots  they 
occupied  originally.  We  refer  to  the  slabs  on  which  the 
uames  of  the  dead  are  inscribed.  These  tombs  or  burial 
vaults  are  built  entirely  above  ground,  because  graves  can- 
not be  dug  in  the  water-soaked  earth.  Many  of  fhem  are 
more  than  1.50  years  old.  The  marble  inscription  slabs,  1  in. 
to  2  in.  thick  and  about  3  ft.  long,  were  originally  set 
in  recesses  in  the  masonry  of  the  tombs.  The  upper  and 
lower  edges  of  these  slabs  still  abut  against  the  masonry, 
whereas  the  middle  part  of  the  slabs  bows  out  away  from 
the  old  masoiny,  showing  that  the  slabs  have  elongated 
since  they  were  put  in  place  a  century  or  more  ago. 

In  St.  Paul's  churchyard.  New  York  City,  at  the  right  of 
the  church,  there  is  an  inscription  slab  that  was  originally 
horizontal.  Its  two  ends  rest  on  stones,  but  otherwise  it  is 
not  supported.  The  slab  is  about  6  ft.  long  and  its  middle 
sags  fully  6  in.  below  the  level  of  the  ends.  This  also  is  a 
very  old  stone,  which,  as  we  recall  it,  is  about  6  in.  thick 
and  3%  ft.  wide.  Evidently  the  slab  has  elongated  in  the 
course  of  time,  and  gravitation  has  pulled  it  downward  dur- 
ing the  process  of  elongation. 

About  15  years  ago  it  was  discovered  that  the  alternate 
heating  and  cooling  of  cast  iron,  through  a  wide  range  of 
temperature,  causes  the  iron  to  grow  larger  in  every  direc- 
tion. The  editor  saw  a  specimen  of  cast  iron  that  had  origin- 
ally been  12  in.  long  and  had  become  16  in.  long  as  a  result 


Depth  of   Frost  Penetration 

To  the  Editor:  In  your  issue  of  Nov.  12.  page  5.56.  you  cite 
instance  of  frost  penetration  of  5  ft.  to  6i/i  ft.  in  Massachu- 
setts and  Connecticut  during  the  winter  of  1917-18.  In  Newing- 
ton,  N.  H.,  during  that  winter  I  never  found  the  ground  frozen- 
below  .10  in.,  and  it  was  propably  colder  there  than  it  was 
farther  south  in  Massachusetts  and  Connecticut.  Quiet  water 
in  a  trench,  undisturbed  during  the  winter,  would  probably 
have  frozen  to  a  depth  of  6  ft.  Newburyport,  Mass.,  reports 
water  soaked  ground  around  a  hydrant  frozen  to  a  depth  of 
5  ft.  Frost  penetration  varying  from  2i/^  to  6%  ft.  in  depth 
in  New  England  during  the  same  winter  means  nothing  unless 
the  conditions  are  stated  in  the  reports. 

The  soil  at  Newington  was  mostly  clay  and  the  instances 
of  examination  cited  were  always  made  in  newly  opened 
trench. 

WALTER  S.  WHEELER. 

Dover,  N.  H. 


One  Man  Reader  for  Water,  Light  and  Gas  Meters. — A  plan 
for  co-ordinating  the  reading  of  meters  and  distribution  of 
bills  has  been  suggested  by  Wilbur  Stanfield,  Commissioner 
of  Water  and  Light  for  the  city  of  Topeka,  Kans.,  to  the 
local  companies  furnishing  light,  electricity  and  gas.  His 
plan  calls  for  the  employment  of  one  meter  reader  tor  the 
three  utilities.  Twelve  men  at  $3  each  per  day  are  now  em- 
l)loyed  in  this  work.  In  addition  to  the  saving  of  money  in 
the  meter  reading,  a  co-ordinated  system  of  hill  distribution, 
it  is  believed,  also  would  make  a  great  saving  to  the  city  as 
well  as  to  the  other  two  companies. 


A  100,OOO.HP.  Development  In  Arkansas.  —  Engineering 
work  is  under  way  for  a  hydro-electric  development  on  the 
White  River  in  Arkansas  that  will  provide  100,000  HP.  The 
dam  will  be  240  ft.  in  height  and  2,300  ft.  in  length. 
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A  Page  from  Recent  Waterworks 
Reports 

Cost  and  Revenue  of  Waterworks  of  Providence,  R.  I. — The 

water  receipts  of  191 S  by  the  Water  Department  of  Provi- 
dence, R.  I.,  amounted  to  $883,752.  The  net  cost  of  mainte- 
nance and  operation  was  |429,570.  Tlie  net  cost  of  the  water- 
works construction  from  Nov.  8,  1869,  to  Jan.  1.  1919,  was 
$7,S19,96T.  upon  which  there  has  been  a  revenue  for  water 
sold  of  $22. (Ho, 411.  The  population  of  the  city  on  Jan.  1,  1919, 
was  estimated  at  263,218.  and  the  total  population  supplied 
lincludes  suburbs),  294,550. 


Water  Consumption  at  Newton,  Mass.— The  average  daily 
water  consumption  at  Newton,  Mass..  in  1918  was  3,420,153 
gal.  This  amount  exceeded  that  of  any  previous  year  and 
was  caused  in  large  part  by  the  leakage  from  frozen  and 
turst  pipes  and  the  running  of  water  by  consumers  to  pre- 
vent freezing  in  the  first  three  months.  The  smallest  con- 
sumption was  2.616.146  gal..  July  14.  and  the  largest  4,400.202 
gal..  June  3.  with  per  capita  use  of  74  4  10  gal,,  as  compared 
with  67  gal.  the  previous  year. 


1-ln.    Pipe    Used    for   Temporary    Water    IVIain    Extension. — 

During  1918  there  was  but  little  demand  at  Newton.  Mass.. 
•either  for  extension  of  mains  or  for  house  connections,  build- 
ing construction  being  practically  at  a  standstill.  The  length 
of  main  pipe  added  was  inconsiderable  with  fewer  new  serv- 
ices than  in  any  year  since  introduction  of  water.  In  a  num- 
ber of  cases,  instead  of  mains  6-in.  or  larger  in  diameter,  1  in. 
pipe  capable  of  supplymg  two  or  three  houses,  was  laid  in 
street  and  this  size  likely  will  prove  sufficient  for  some  years. 


Leaks  in  Water  Mains  at  Providence.  R.  I.— On  Jan.  1.  1919. 
the  city  of  Providence.  R.  I.,  had  426.(i(;  miles  of  cast  iron  pipe 
in  its  wa'ter  distribution  system.  The  number  of  leaks  in 
1918  was  47.  as  follows:  Thirty-five  in  joints  from  unknown 
causes,  3  in  joints  caused  by  settling  in  sewer  trenches.  2  in 
joints  on  railroad  bridges.  4  cracked  pipes,  unknown  causes,  1 
broken  pipe,  unknown  cause,  1  broken  pipe  caused  by  settle- 
ment. 1  plug  blown  out  of  branch,  repairs  costing  $866.79.  In 
addition  to  the  above  there  were  200  more  or  less  broken 
mains  in  various  streets  caused  by  frozen  mains. 

Cost  of  Icing  Public  Drinking  Fountains.— The  city  of  Cam- 
bridge. Mass..  maintains  25  public  drinking  fountains.  Of 
this  number  eight  are  ice  water  fountains,  nine  are  equipped 
with  faucets  only,  and  eight  are  small  "bubble"  drinking  foun- 
tains. The  cost  of  furnishing  the  fountains  with  ice  during 
the  summer  months  for  a  period  of  13  years,  according  to  the 
annual   report  of   the  Water   Board,   for   the   ending   April   1, 

191S,  has  been  as  follows: 

Total  cost 


per   year,    > 
fountains. 
$460 
514 


1901 

1305 

•1906 

1907 

190S 

1909,.    

1910 

1911 

1912 

T1913 

1914 

1915 

1916 

tl917 

•Ice  prices  in   1906   were   25  ct.   and   40  ct.   per  100   lb.:    in  other 
vears.  12V.  ct.  and  15  ct.  per  100  lb 
TAgain.  in  19ir.  and   WIT    •'- 


795 
655 
705 
S23 
712 
734 
918 
970 
747 
719 
623 


Average   cost 
per  clay  per 
fountain. 
$1.20 
.94 
1.57 
1.09 
1.04 
1.15 
1.24 
1.34 
1.25 
.97 
.78 
.74 


1.37 


the  price  of  ice  was  25  ct.   per  100  lb. 


Ions  of  water  treated  was  about  26  per  cent  higher  than  in 
1917.  The  chemical  and  bacterial  composition  of  the  water 
was  approximately  the  same  as  the  previous  year,  having 
cnly  about  10  per  cent  higher  turbidity  and  bacteria.  Chlorine 
gas  was  used  throughout  the  year  with  very  satisfactory  re- 
sults. The  cost  of  operating  the  CarrolUon  plant  was  as 
follows: 

Total 
cost. 

Lalmr.  attendance  and  supervision $36,431 

Labor  (unloading,  crushing  and  storing  chemicals)       3.36S 
Lim.?   14.450 


Operations  of  Water  Purification  Plants  of  New  Orleans  in 
1918.— During  the  year  11.854  million  gallons  of  water  were 
treated  at  the  CarrolUon  plant  and  679  million  gallons  at  the 
Algiers  plant.  This  water  carried  some  30,700  tons  of  sus- 
pended matter  all  of  which  was  removed,  and  6.500  tons  of 
liardening  constituents,  about  one  halt  of  which  was  removed. 
The  increase  in  daily  consumption  at  New  Orleans  was  10 
per  cent,  while  the  daily  consumption  in  Algiers  increased 
33  per  cent,  due  mainly  to  war  activities  at  the  Naval  Sta- 
tion. The  average  daily  amount  of  water  treated  at  both 
plants  was  34.4  million  gallons  as  against  30.9  million  gallons 
in  1917.  The  gross  cost  of  operation  for  1918  was  about  39 
per  cent  higher  than  in  1917.  while  the  cost  per  million  gal- 


Cost 
per  M.  (J. 
$3.07 
0.28 
3.75 
0.75 
O.U 


0.20 
0.03 


0.24 
$».43 


Iron     8,830 

Liciuid  chlorine    1.271 

Supplies,    tools,    petty   cash,    car   fare,    telephone. 

ice.  stainps.  bond  premiums,  etc 2,391. 

Machinists'  labor  furnished  by  pumping  station 406 

L,abor  and  material  furnished  by  pumping  station 

for  power,  heating  and  lighting 2,800 

Total   cost   of  operation $99,950 

The  cost  for  the  Algiers  plant  was: 

Total 
cost. 

I^ibor.  attendance  and  supervision $11,618 

Ume     2.75S 

Iron 1,034 

Hypochlorite  of  lime    219 

Tools,   supplies.    pett>'   ca.sh.   etc 399 

I^bor  and  material  furnished  by  pumping  station 

for  power,   heating   and  lighting 500 

Machinists'   labor  furnished  by  pumping  station..  187 

Total    $16,718       $24.61 

Operating  Results  of  Slow  Sand  Filtration  Plant  at  Provi- 
dence, R.  I.,  in  1918.— The  following  tables  from  the  annual 
report  for  1918  of  M.  H.  Bronsdon,  City  Engineer  of  Provi- 
dence. R.  I.,  give  some  results  of  the  operation  of  the  city 
filtration  plant  for  last  year: 


Cost 
per  M.  G. 

$17.10 
4.06 
1.52 
0.32 
0.59 

0.74 
0.28 


or  \XTrrv   of  w.vtkr   filtkkp^d   between 

I.V  G.\I>LO.N"S  FOR   1918'. 


No.    of   niter.       .\hi.\imum.  .Minimum.  Average. 

1  113  790.000  24.860,000  51.590,000 

2..;.','....  135,960,000  29,760,000  51.770,000 

3  ...        85,070.000  27.950,000  45.810,000 

4  .  160.110,000  24.870.000  47.080.000 

5  ■'..  72.500,000  25.920,000  43,740,000 
6"  ....  113.770.000  29.370.000  46.030.000 
t"  139.600,000  28,080,000  55.160,000 

8 136.7,=i0,000  29,910,000  51.940.000 

9 93.860.000  26.450.000  43.200.000 

10. '.'..'. '.'..'.  117.150.000.  ,29.680.000  .52,310.000 

Whole    plant...'  )H0. no, OOO'  24.860.000  48-.570,000 

OPERATION  OF    FILTERS    IN    1918. 


SCRAPINGS 

Average 

maximum 

loss  of  head 

In  feet. 

4.31 

4.17 

4.37 

4.21 

4.44 

4.26 

4.27 

4.18 

4.19 

4.23 

4.27 


9. 
10. 


.  Total     

Av.  of  plant. . 

Length    of 
average.  20.44: 


16 
16 
18 
17 
IS 
18 
15 
16 
19 
16 


s> 

o  ^ 


338 
325 
281 
828 
131 
332 
318 
334 
218 
370 


.     16. 
runs 


8.292.9 
1    days: 


*-  t,  1, 

ill- 

825.260.000 
828.240.000 
S24.S«0.000 
800.170.000 
787.430.000 
828.570.000 
827.360.000 
831.O60.000 
821,040.000 
837,020.000 

8,211,030.000 


48.570.000         2,375.000 

Maximum.    69.54:    minimum,    10.13: 


c     3-  c 

-  di  S  3  *  fc. 

-SC    ■  O'S* 

SCO,—  ?  o  ? 

51.590.000  2.380.000 

51.770.000  2.390.000 

45.810.000  2.390.000 

47  080.000  2.320.000 

43.740.000  2.320.000 

46.030.000  2.390.000 

55.160.000  2,390.000 

51.940.000  2.390.000 

43.200.000  2.400.000 

52.310.000  2.400.000 


COST    OF    FILTERING    AND    PUMPING 
CONSET    PER    1.000,000 


W.\TER 
GAL. 


1907. . 
1908.. 
1909.. 
1910.. 
1911. . 
1912. . 
1913.. 
1914.. 
1915.. 
1916.. 
1917.. 
1918.. 


bs 


S:!.28 
3.48 
3.23 
3.20 
2.98 
2.72 
3.0O 
3.15 
3.07 
2.79 
3.70 
3.71 


o^ 
fe,.a 
$4.20 
2.03 
2.05 
1.78 
1.59 
1.56 
1.59 
1.71 
1.66 
2.13 
3.65 
3.08 


"  c  ^ 


«og.=" 


2=i       ~~vi 


E-£  = 
$7.48 
5.51 
5.28 
4.98 
4.57 
4.28 
4.59 
4.86 
4.73 
4.92 
7.35 
6.82 


—  5v:  £1 
$5.63 
5.03 
5.14 
4.74 
4.95 
5.05 
4.98 
4.7S- 
5.67 
5.40 
6.88 
8.84 


.\T    PETTA- 


Reniarks. 


Open  beds 

Covered    beds 

Covered 

Covered 

Covered 

Covered 

Covered 

Covered 

Covered 

Covered 

Covered 

Covered 


beds 
t>eds 
beds 
beds 
beds 
beds 
beds 
beds 
beds 
beds 


The  average  color  of  the  raw  river  water  was  47 
water  24.  giving  a  percentage  of  removal  of  48.9. 


of  filtered 
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Cost  of    595x340   Ft.   Out    Door 

Swimming     Pool    at 

Baltimore,  Md. 

The  Clifton  Park  swimming  pool  in  Baltimore.  Md.,  is  one 
of  the  large.»t  artificial  pools  in  the  United  States.  It  wa.s 
constructed  in  1915  under  the  plans  of  the  engineer  of  the 
City  Plant  Department,  which  has  charge  of  the  operation  of 
the  pool.  A  recent  issue  of  the  official  journal  of  the  city  of 
Baltimore  gives  the  following  information  regarding  the  con- 
struction features  and  cost  of  the  pool: 

Site  of  Pool. — The  area  selected  for  the  pool  construction 
was  triangular  in  shape,  hounded  on  two  sides  by  city  streets 
intersecting  at  right  angles,  with  a  high  railroad  embankment, 
along  the  other  side,  containing  about  9  acres.  The  construc- 
tion of  the  highways  was  upon  filled  ground  similar  to  the 
railway  embankment,  but  of  much  less  elevation,  so  that  the 
area  without  drainage  would  have  formed  a  natural  pond  or 
pool. 

General   Features  of  Pool. — The  pool  is  elliptical  in  shape. 


l.l.'!l!  liibor  hour.s  at  25   ct ■ .M.OB" 

.■>5li  team  hire  hours  at  62J^  ct '222 

:i30  n    (J-in.   terra   cotta   pipe   with   fittings 69 

11.727  cu.  yd.  of  earth  at  10  ct 1,172 

Total    $2,522 

Plans  and  specifications  were  prepared  by  the  Park  Engi- 
neer and  contract  awarded  by  the  Municipal  Board  of  Awards 
at   an  expense  of — 

$  40.00  for  design 
62.45  for  printing- 
25.65  for  advertising- 
Total $128.10 

Contract  Work. — The  contract  work  was  commenced  about 
the  iiiidrlle  of  April,  1915,  and  completed  in  94  working  days. 
The  time  allowance  in  the  contract  was  120  working  days, 
with  a  bonus  of  $10  per  day  for  completion  in  less  time,  so 
that  the  bonus  earned  was  $260. 

The  items  of  work,  done  under  contract,  cost  as  follows: 

Excavation.   4,651   cu.  yd.  at  35  ct $  1.627 

Filling-  and  replacing,   S.SS.S  cu.   yd.  at  23  ct '     1472 

Trench  excavation  and  backfill.   1.014  lin.  ft.  at  45  ct '456 

10-in.   vitrified  pipe.   1.014   liii.  ft.   at  33  ct 334 

Lumber  placed  under  drains,  410  B.  M.  ft.  at  3  ct IS 

Concrete   drain    inlets.   7  at   $35   each '45 


Public   Actificial    Outdoor   Swimming  Pool    at    Clifton    Park,    Baltimore.   Md. 

with  a  maximum  diameter  of  S9.';  ft.  and  a  minimum  diameter       riuUr.lrain.s  m  place.  4S3  lui.   ft.  at  75  ct 362 

of  340  ft.  I'cinirete    pit   and    drainage   outlet -^O 

The   deep    water   section    of   the    pool    is    also   elliptical    in       il'-u;;^;;:  ^  SI^Lge'U^'"'''."^.  .'"':"''°^^        'Z 

shape,   with  a   minimum   diameter  of   170   ft.   and   a   maximum  Excavation  and  backfill,   -water  supply.   Hi  lin.   ft.   ;u   .".6   ct.        2S5 

diameter  of  356  ft.     This  deep  water  ellipse  is  at  one  side  of  ""J^^-go'^^^';'™"  ^^'^t^--  PiPe  with  connections.   5111  lin,   ft.  at       _^_ 

the  pool  area,  and  from  the  line  of  this  ellipse  the  depth  in-  '■"'"•  supply  valve  '..'.'.'.'. '.  '. '. '. '. '. '.'.'.'. '.  ]  [  [ '. ' .' '. .'.','. .' .' .' .' .' ; .' .' ; ;   .' ; .' .' .'        '  25 

creases   at   a   10   per   cent   grade      Fi-om   the   shallow   prt^e   of  I'-^f'avation   and  backfill  for  pool  drain.   100  lin.   ft.  at  75  ct.          75 

..„           ,    ,      ,,       /                    gidue.      riom    me    snaiiow    edge   01  ,|-in.  iron  drajn  pipe  with  connections.  100  lin.  ft.  at  $2.40,.        240 

tne  pool  to  the  deep  water  ellipse,  the  grade  one-half  of  the      it-in.  drainage  valve  in  place 55 

way  is  1  per  cent  and  for  the  balance  of  the  way  1%  per  cent.  Hff^  ^^^^^  ;2^'r-^n'pl=^noo'im    n'  "-ofef  "'■■■       'J^ 

Ihe  maximum  depth  is  9  ft.  and  the  minimum  3  in.     The      JAnht  post  foundations   7  at  «24  each     .'. .    '        ~        1.58 

liTw"^'  o^^r''  "'  '•'""■""'  ^''-  ""'^  '"  '''^'''  '''^^'  ^''^^       bl^^nt^^^^oy'i^.'L'^,  \^:fo  lach l-M 

iiuea.  or  6  l/W  acres.  Kxcavation    and     backfill    for    concrete    wall    alongside     of 

The    water   supply    is    obtained    through    tlie    cilv    reservoir        _,  Pool  at  deepest  point.  539  cu.  ^d.  at  50  ct 260 

and    filtratinn    nlnnt    fi-,^m    tho,   n„„,,„„„i„      d-  'mi,  ..  toncrete  m  wall,  furnished  and  placed,  332  cu.  yd.   at  $8 2.656 

ana   niiiation   plant   tiom  the  Gunpowder  River.     The   water  steel  reinforcement   rods   for  wall  and   pool   bottom,    6S  24'i 

IS    supplied    through    one    S-in.    inlet    pipe    and    through    one      „.lh.  at  2.6  ct.  per  lb.  in  place 1.774 

needle  shower  with  iy.-in.  supply  pipe.     There  is  one  outlet  C^:^^l:^1^'^!Zn!\^'iZ^^I^  !l%t.i-.^M:V  V '   ,?,'??^ 

or  dram  pipe  14  in.  in  diameter.     Bv  regulation  of  inlet  and      Concrete  walk  around  pool.  15.473  sq.  ft.  at  0.6  ct 1.4.S5 

drain  valves  there  is  a  constant  circulation  of  water,  and  the      .^prml^xiards'"  n ''Sfac''°''f '  a\  %T''  ^"^^  ""'  "'  °^  '"'" 'Iq 

pool   is  emptied   and  cleaned  annually.     The   citv  filtration  is  Concrete    structure    for    sliding'   hoards,    wi'tii    t-ivo   "concrete 

depend^l  on  for  the  purity  of  the  water  and  chemicals  are      AiS^^-toneoi^s  Vxtra'work' ! ! ! ! : ^'siS 

not  used.     Bacteriological  tests  of  the  water  have  never  been  

made.  $27,564 

Preliminary  Work.— A  4S-in.  combination  storm  water  sewer  Electric  Lighting  and  Water  Supply  Pipe.— Electric  light- 
line  from  a  residential  section  north  of  Clifton  Park  had  been  '"'^  ^^'^^  installed  by  park  electrician  on  force  account,  at  a 
carried  to  and  under  the  railroad  embankment  into  the  tri-  '^"^*  ^°'"  "'-^terial  and  labor,  as  follows: 

llTrcor7,""T  '"'I'T  '''r,  ''"■"^  "'''"'''''■  '^'^^'•^  "^^  ''"^  n"^^rSf'^^e'yl^^^^rio'ct--per-ft::::::::;::;;:::*  tl\ 

also  a  considerable  wash  from  the  railroad  embankment,  and  is  lamps  at  $4.14  each...' 74 

by  way  of  preparation  for  the  pool  construction  considerable  Js  tran«?o;me?l'"a\  $0  '^n'Jach H 

grading  and  tilling  was  necessary.     The  cost  of  this  work  was  is  switches  at  $4.50  each SI 

as  follows:  

SI. 202 
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The  cost  of  water  supplv,  connection  made  by  the  Munici-  T       '^     •<-■  1"> 

pal  Water  Department,  was  as  follows:  irrigation     KeqUiremeiltS     ()f      Wild 

iS'Leiiai  ::::;:::::::::::::::::::::::::::::::::::;:::::::::::::^li9;2o       Hay  Meadows  and  Tule  Lands 

Total  , $268.93  Few  definite  data  have  been  obtainable  regarding  the  duty 

The  total  cost  of  the  pool,  including  lighting  equipment,  but  of  water  or  improvement  of  swamp  land  and  wild  hay  mead- 

not  including  showers,  diving  rafts,  dressing  rooms  or  other  „«•«     Thnao  i..ii,it.  „,t,i,,.„„„ .,„_  ,       -i,-  ,    ."     . 

equipn.cnt    was  $:n  946  '  emb.ace  several  million  acres  of  the  inter- 

Operation  of  Pool.-All  bathers  are  required  to  pass  under  "i°"°tain  great  basins  region.     More  than  one-third  the  irrl- 

showers   before   entering   the   pool,   and    the   use   of   soap   is  gated  land  in  Oregon  is  wild  meadow. 

strictly  forbidden.     The  average  daily  attendance  during  100  Interesting  information  on  the  irrigation  of  these  lands  is 

days  of  operation  in  191 S  was  900  persons,  and  the  average  given  by  Prof.  W.  L.  Powers  of  the  Oregon  Agricultural  Col- 

during  the  first  50  days  of  operation  in  1919,  1,400  persons.  ,„,„  Tp..,>c,.!,„„.,t   o.  »••.!.»,  ,       „ 

The  maximum  dailv  use  of  the  pool  in  1918  was  4,254  persons  '"^^  K-M.enment  Station  in  the  November  Reclamation  Rec- 

on  August  6th,  and  in  1919  4.674   persons  on  July  5th.     The  "'"•  *™'"  ""'^'h  the  matter  following  is  abstracted: 
pool  is  opened  during  the  first  week  in  .June,  and  is  continu-  A  system    of   wild  flooding  has  been  practiced  for  distributing 

ously  operated  tor  a  period  of  approximately  100  days.  the  water  over  the  wild-hay  meadows.    This  primitive  method  of 

During  the  winter  months  the  pool  is  available  for  skating  irrigation  has  been  persisted  in  throughout  much  of  the  area 

when  ice  freezes  a  sufficient  thickness,  which  is  very  seldom.  !.,,.„„,„  ,,„„  .     4,,     ,     ,      „  ,  .        , 

There  is  a  concrete  pool  building  constructed  at  a  cost  of  '^'^^^'^  ''"^  '°  ^^^  '^^l^  "f  transportation,  large  holdings  land. 

$45,000,  in  which  there  are  four  showers  and  949  steel  lockers  application  of  abnormally  large  amounts  of  water,  and  the    de- 

of  the  best  grade,  with  toilet  facilities,  and  with  ample  ac-  sire  to  maintain  a  low  cost  of  production.    Improvements  of 

commodations  for  handling  bathing  suits,  etc.     The  building  these  lands  will  necessitate  levees  or  outlet  drainage  ditches 

contains  a  steam  laundering  and  drying  plant,  with  the  most  ;„   pj^ces  and   better   storage  and   control  of  the   irrigation 
up-to-date   equipment.     There   are  two  frame  wing  additions  .v,   ^  ..,  ^  ,.  .neai"'" 

to   the  concrete  building,   in  which  there  are   dressing  com-  ^'^^'^'^  ^^  ^^^^  '*  "^"^  ^^  applied  in  periods.     This  will  make 

partments  and  racks,  in  which  boxes  are  used  tor  checking  ''  possible  to  replace  the  wild  grasses  with  more  digestible, 

clothing  as  a  substitute  for  steel  lockers.     These  two  wings  higer  yielding,  domesticated  clovers  and  grasses  and  it  will 

cost  $10,000,  and  will  accommodate  at  one  time  2,400  persons  afford  a  means  of  controlling  the  alkali. 

or  a  maximum  of  24.0(10  persons  on  any  one  day.     The  oper-  Fvnerimont    fi£.iHo    h„o    k  „■*-,■,. 

.     ^.  j^,     f,         •   t      ,     .    er^^-et r> 1,  tLxperiment    fields    has    been    maintained    in     hree    marsh 

ating  organization  IS  under  the  Superintendent  of  Clifton  Park,  .  mice    maicii 

and  the  employes  are  classified  and  paid  as  follows:  '''''^^^  '"  south-central   Oregon,  and   tor  the  past   four  years 

Per  week.  water-variation   trials   have   been   conducted   under   field   con- 

1  elfgineer  Oaundry  machine) ! '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.      20.00  ditions  and  checked  by  the  use  of  large  soil  tanks  arranged  to 

8  Mfe V.afar.''.''.''. . '. ". '. '. '. '. '. '. '. '. '. '. '. '. '. '. ". '. '. '. '. '. '. '. '. '.'.'■'. '■  '.'■'.'. '■  '■  '■  '■'■'■'■      wioo  ^^°'^  the  most  economical  yield  per  unit  of  water  and  the 

s  iockermen  ........   16.00  maximum  yield  per  unit  of  land.     The  results  show  that  an 

1  ucketTaThier''."^"''.'^"!:  i  .•;:.•;: ; : : : : : : ; :.•::;.•::;;::::::::    i":""  average  depth  of  is  m.  of  water  on  the  neid  couw  produce 

7  women  helpers  lo.oo  maximum  yields  at  present  secured  or  a  little  more  than  the 

The  annual  cost  of  operating  the  pool  is  something  in  ex-  most  profitable  yields  of  hay  crops  on  the  marsh  lands.  The 
cess  of  $12,000  per  year.  The  exact  cost  is  not  known,  owing  greatest  yields  of  wild  hay  per  acre  inch  have  been  secured 
to  the  fact  that  the  pool  has  not  been  in  operation  under  park  frequently  with  a  net  use  of  12  in.  depth  of  water  per  acre, 
management  long  enough  to  show  the  depreciation  cost  of  The  yield  per  acre-Inch  becomes  more  important  where  water 
towels  and  bathing  suits.  The  receipts  from  the  Clifton  pool  is  limited  and  the  land  area  available  for  irrigation  is  In  ex- 
In  1918  (the  first  year  of  park  operation)  were  $4,576.96,  and  cess  of  the  water  supply.  In  such  cases  it  is  more  important 
the  total  patrons,  not  counting  free  entries  from  charitable  to  use  tame  grasses,  which  require  less  water  per  pound  of 
institutions,  83,865  persons.  dry  matter  produced.  A  small  portion  of  these  wild  meadow 
The  Park  Department  has  two  other  outdoor  pools,  and  the  lands  can  be  cultivated,  using  hardy  grain  crops  and  row- 
number  of  bathers  and  the  amounts  collected  at  each  for  the  crops  with  some  rotation,  and  an  occasional  loosening  up  of 
season  of  1919  were  as  follows:  the  soil  to  give  a  better  distribution  and  more  efficient  use  of 

Total  Total  the  water. 

Pauirson  ''n5,°4"8'  """fi^Sf'  ^he  quantity  of  flood  water  pumped  from  two  dyked  tracts 

Clifton  ...'.'.'.'.'. .'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.v. 118!694  7,189  in   Klamath   ranged   from    none   to   3%    acre-inches   an   acre. 

-Gwynn's  Falls  ■ ^"t'^ts                ^'^^^  while  the  quantity  pumped  on  for  irrigation  later  in  the  sea- 
Total  for  99  days  of  operation 268,738            $13,743  son   ranged   from   6  to    12   acre-inches.     From   the  quantities 

rv^  ,■        c  f  „  *i,„  „„t^^^,.  nnni   r.r.o,-atinr,^  pumpcd  On  and  off  thcse  dyked  marsh  areas  and  containing 

The  corresnondma  figures  tor  the  outdoor  pool  opeiations  iii,  .  ,  ,...,„ 

J  lie  coiiebpumunB  "S"'"  f  several  hundred  acres  in  each  case  and  fairly  free  from  sub- 

nn  19K  and  1918  are  as  follows^^^^^  ^^^^^  ^^^^^^^^^  „„    .,  ^.„„„  ^^^^  ^,^^,  ^^.^^^^^  ^^^^  ^^^^^^  ^.^^^^  .^  ^^^ 

1917.  191S.         1917.         1918.  be  drawn  off  at  the  beginning  of  the  drawing  season,  leaving 

P.atterson    ^^^-Hi        HV^ll        H'^lo        *?'c"c  the  soil  in  a  very  moist  condition,  it  would  not  be  necessary 

■Clifton  ..  92,36d  83.865  2.733  4.5i6  .  ,  i,.         ,  „  •      , 

Gwynn's  Falls   76.554  45,374  1,494         1.570  to  apply  more  than  12  acre-inches  per  acre  as  supplemental 

— irrigation   later   on   in    the   season.     T'nder   this   conditioil   a 

'^°lon*°'"."!'.^!^i^.''.°.'^. ".".''.""  307.460  242.9.10  $7,753  $9,721  Pumping  plant  Serves  a  dual  purpose.  Some  alkali  is  re- 
moved  in  this  irrigation  and  the  drainage  process.  The  sup- 
Wrapping  Garbage  in  Paper. — Minneapolis  was  probably  plemental  irrigation  late  in  the  season  provides  a  favorable 
the  first  city  to  institute  wrapping  of  garbage.  Burning  has  moisture  condition  for  the  feeding  roots  in  the  surface  soil 
now  been  discontinued  and  pig  feeding  substituted,  but  the  layers  where  the  most  available  plant  food  is  to  be  found  and 
people  continue  wrapping  for  their  own  convenience,  though  forces  growth  during  the  best  growing  weather.  It  also 
the  contractor  prefers  that  this  should  not  be  done.  Trenton,  serves  to  some  extent  as  a  protection  against  fire  on  the  peat 
N.  J.,  maintains  the  practice  and  finds  that  it  increases  the  marshes  in  extremely  dry  seasons  and  keeps  any  alkali  salts 
•effective  capacity  of  the  incinerator,  resulting  in  a  saving  of  distributed  through  the  soil. 

about  20  per  cent  of  the  coal  required  for  burning.     This  is  The  average  water  cost  per  pound  of  dry  matter  for  alsike 

due  chiefiy  to  the  absence  of  water  from  the  garbage.  and  timothy  firown  on  these  meadowie  under  good  conditions 

^ averaged  about  600  lb.  per  pound  of  dry  matter,  while  for  na- 

Clearing  Land  with  Road  Machine. — A  12-ft.  blade  road  ma-  live  or  wild  grasses  it  runs  from  1,000  lb.  per  pound  of  dry 

chine  hauled  by  a  farm   traction  engine  was  employed  by  :i  matter  upward.     The  average  yield  of  wild  hay  is  about  % 

settler    on    the    Milk    River    irrigation    project    in    clearing   a  ton  per  acre,  whereas  the  alsike  and  timothy  have  averaged 

heavy   growth   of   sage   brush   from   140   acres   of   land.     The  about  3  tons  an  acre,  or  have  given  twice  the  yield  with  about 

v.'ork  was  done  when  the  ground  was  frozen,  a  condition  that  half  the  water  commonly  used  on  the  wild  hay  land.     In  the 

probably  contrihuted  to  the  success  of  the  method.     After  the  Klamath  region,  about  5.000  acres  of  wild  meadow  lands  have 

brush  had  Ijeen  cut  it  was  raked  up  into  piles  with  a  horse  been  converted  to  alsike  and  timothy  and  are  producing  twice 

rake  and  burned.     About  20  acres  were  cleared  per  day  at  :i  as  much  forage  and  of  a  higher  quality  than   was   formerly 

cost  of  about  $4  per  acre.  secured. 
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Effect  of  Installation  of  Drainage, 
Sewerage  and  Water  Pur- 
ification on  Com- 
munity Health 

The  effect  of  the  installation  of  sanitary  utilities  on  com- 
munity health  is  strikingly  illustrated  by  a  table  accompany- 
ing the  report  of  the  Committee  on  Water  Supply,  submitted 
at  the  recent  convention  of  the  American  Society  of  Munic- 
ipal Improvements.  The  table  which  is  reprinted  below 
shows  the  experience  of  New  Orleans  following  the  introduc- 
tion of  effective  drainage  in  1900,  of  sewerage  starting  in 
1907,  and  water  purification  in  1908. 

EFFECT  OF  DRAINAGE  jVST>  SEWERAGE  AND  WATER  PtTR- 
IFICATION  ON  DEATH  R.\TE  AT  NEW  ORLEANS,  LA. 

Percentage  s     Main  drain-  Deaths  per 

of  premises  §     age  system.   o=;  100,000 

at  end  of  =  S  °^       PP-r  annum 

vear  con-    ^^  S  "-^  E  ■ 

nected  with  •~'g      ■„  §  d  i-gSi- 

I  I:  o»  -o^    a 

d 


0)  c ; 


^  ^  >  .^  X 

MB        ojE.,^—        tcPt.  gl. 


■^  o 

S  oa  o      ^ti     2.^      Sa 

!"  t^^  B     ^^     S"-      ,2;- 

1881  219       

1SS9  242       

18J1  245       

1899  284       

1900  287       

1901  292       

1902  297       

1903  302       ..        ..        ■■' 

1904  307  . .        . .       115 

1905  312  ..        ..       160        '.. 
190fi  318  1..        ..       224         35 

1907  323         1       00       273       160       ....     

1908  328  5         3       302       485       ....     22.000       75       22.4       20         33 

1909  333  13      ^22       322       508       ....     22.000     132       20.3       13.        29 

1910  339  2C       3S       353       512       ....      22.000     154       21.4         9         32 

1911  345  28       50       393       518       15.7     22,000     170       20.4         9         31 

1912  352  38       65       42«       530       16.6      22.000     181       20.1         S          14 

1913  35S  55       78       462       547       19.2     23.000     190       19.8         6         17 

1914  365  67       85       477       565       22.7     24,000     233       20.3         9         21 

1915  372  86       90       486       581       25.1     25,000     265       20.8         9         21 

1916  378  92       93       496       591     t27.S     25.000     293       18.1         7         23 

1917  384  93       94       501       591     t29.7  ♦■28.000     303       19.6         4         23 

1918  389  94       96       505       594     t33.2  *'30,000     325     t25.5         4         20 


5 

.   28.6 

156 

21 

8 

;   27.2 

164 

39 

7   ' 

25.9 

68 

40 

20,660    '.  '. 

22.2 

40 

48 

21,000    .  . 

.   22.1 

33 

45 

21,000    .. 

.   22.2 

27 

38 

21,000    .. 

22.2 

22 

36 

22,000    .  . 

.   23.5 

15 

32 

22,000    .  . 

21.4 

13 

30 

22.000  .. 

23.6 

12 

55 

^■Not  including-  11,000  acres  agricultural  land  draining  to  Jeffer- 
son-Plaquemines Drainage  Station  and  7,700  acres  agricultural  land 
draining  to  Citrus  Draining  Stations. 

tWater  sterilized  with  cl. 

JDeath  rate  per  1.000  from  influenza,  4.5;  death  rate  per  1,000 
from  pneumonia,  3.4;  death  rate  per  1,000  from  other  causes,  17.6; 
total,    25.6. 

'Started  to  connect. 

-Supply  of  filtered  water  began. 

"Started    building   sewers. 

^Started  laying  water  mains. 

'■10,000  acres  very  poorly  drained. 

"15.000  acres  poorly  drained. 

■.Started  operating. 

The  results  shown  in  the  table  are  discussed  in  the  re- 
port as  follows: 

To  the  end  of  1899  the  city  of  New  Orleans  was  very  poorly 
drained,  its  soil  was  saturated  with  water,  and  what  drain- 
age existed  was  entirely  on  the  surface.  In  1900  the  new 
drainage  system  commenced  to  effect  substantially  the  whole 
populated  area,  and  there  was  at  once  a  very  marked  anJ 
progressive  decrease  in  the  general  death  rate  and  a  still 
more  marked  decrease  in  the  death  rate  from  malaria,  but  no 
effect  on  the  typhoid  fever  death  rate. 

The  tablulation  shows  the  rate  of  utilization  of  the  new 
sewerage  and  water  supply  systems  in  percentage  of  premises 
served  from  1908  when  these  systems  started  in  operation, 
and  the  progressive  extension  of  the  drainage  system  to  elim- 
inate soil  saturation  to  surface  or  water  standing  on  surface 
and  to  permit  of  the  drying  out  of  the  upper  soil  strata  in 
outlying  areas  of  the  city. 

The  combined  result  with  all  three  systems  shows  a  re- 
duction of  total  death  rate  from  1899  to  1918,  eliminating  the 
influenza  epidemic  of  1918,  of  from  27  to  about  19  per  1000; 
a  reduction  of  the  death  rate  from  malaria  of  from  104  to  1 
per  100,000,  and  a  reduction  of  the  typhoid  death  rate  of 
from  39  to  about  18  per  100,000. 

All  of  the  above  figures  include  deaths  in  the  Charity 
Hospital,  a  very  large  institution  which  receives  patients 
from  several  states  surrounding  Louisiana,  as  well  as  from 
Louisiana  and  a  considerable  percentage  of  the  total  deaths, 
and  probably  a  larger  percentage  of  the  deaths  from  typhoid 

(1 


fever,  are  of  non-residents,  at  this  and  other  city  hospitals. 
It  is  a  fact,  however,  that  within  the  city,  in  deaths  from 
residents  of  the  city,  there  appears  to  be  no  evidence  that 
the  general  water  supply  has  now  or  ever  has  had  any  in- 
fluence on  the  typhoid  fever  death  rate,  and  it  is  with  a  view 
of  emphasizing  the  necessity  of  guarding  other  sources  of 
typhoid  infection  and  other  means  of  its  dissemination  that 
It  is  believed  the  experience  at  New  Orleans  is  especially 
valuable. 

Until  1912,  when  38  per  cent  of  the  premises  of  the  city 
were  served  by  sewers  and  6.5  per  cent  by  filtered  water, 
there  was  no  marked  decrease  in  typhoid  death  rate  which 
averaged  '59  per  100,000  for  the  decade  ending  1899,  and  aver- 
aged over  37  per  100,000  to  the  end  of  1912. 

Since  1912,  the  average  typhoid  death  rate  has  been  less 
than  18  per  100.000,  but  it  has  averaged  22  per  100,000  during 
the  last  three  years  when  over  90  per  cent  of  the  premises 
of  the  city  were  connected  with  the  sewers  and  furnished 
with  filtered  v/ater  and  when  in  addition  to  especially  effi- 
cient filtration  the  water  after  filtration  was  sterilized  with 
chlorine,  whereas  it  only  averaged  IS  per  100.000  for  1912 
to  191.5  inclusive,  where  a  less  number  of  premises  were 
served  with  water  on  sewerage  facilities  and  when  there  was 
no  sterilization  of  the  water  alter  filtration. 

It  is  believed  that  the  influences  which  have  effected  ty- 
phoid in  New  Orleans  are:  Importation  of  actual  cases,  and. 
the  spread  of  this  infection  by  means  of  flies  or  similar 
means. 

The  noticeable  increase  in  typhoid  for  the  1890  decade,  as 
above  the  1880  decade,  was  in  all  probability  in  some  de- 
gree associated  with  the  introduction  in  the  best  sections  of 
the  city  of  water  closets  which  discharge  into  cess-pools, 
which  in  turn  often  overflowed  to  open  street  gutters,  being 
more  dangerous,  possibly,  than  the  old  time  closed  vaults 
which  were  mostly  used  until  sewers  were  introduced.  The 
water  supply  in  those  days  was  unflltered  from  the  Mississ- 
ippi river  and  very  muddy,  but  only  about  8  per  cent  of  the 
population  were  connected  with  it,  and  only  part  of  those 
who  had  connections  used  it  for  drinking.  The  rest  of  the 
population  depended  for  their  water  supply  upon  wooden  cis- 
terns built  upon  foundations  well  above  the  ground  sur- 
face which  caught  and  stored  rain  water  from  slate  roofs  of 
the  houses,  and  there  is  little  possibility  of  the  contamina- 
tion of  such  cisterns  generally,  if  at  all,  with  typhoid,  and 
no  evidence  that  the  raw  river  water  was  ever  so  contam- 
inated at  New  Orleans. 

Every  agency  likes  to  claim  credit  for  every  possible  bene- 
fit toward  which  it  contributes,  but  the  New  Orleans  water 
and  sewerage  authorities  do  not  believe  that  filtration  of 
the  water  supply  or  its  sterilization  has  been  at  all  a  factor 
in  this  direction,  but  rather  that  the  elimination  of  vaults 
and  especially  of  cess-pools  receiving  the  flow  from  water 
closets  and  overflowing  to  open  street  gutters,  through  the 
substitution  of  sanitary  sewers  with  an  abundant  water  sup 
ply  for  the  immediate  removal  of  all  contaminated  matter, 
and  the  adequate  cleansing  of  all  containers  and  other  pos- 
sibly contaminated  articles  constitute  the  only  factors  which 
they  have  contributed  toward  the  elimination  of  typhoid. 

Steps  in  other  directions,  especially  in  action  by  the  Board 
of  Health  authorities-  looking  to  the  safeguarding  of  the  milk 
and  raw  vegetables  or  other  food  supplies  and  the  preven- 
tion of  flies,  and  the  more  general  screening  of  markets  and 
houses,  and  finally,  the  searching  out  and  remedying  of  local 
causes  whenever  and  wherever  typhoid  appears,  are  be- 
lieved to  be  in  great  measure  the  cause  of  the  reduction  in 
typhoid  death  rate  thus  far  accomplished  and  to  constitute 
the  main  liope  of  further  reduction.  Those  cases  which  are 
contracted  by  people  residing  outside  of  the  city  and  brought 
to  the  local  hospitals,  or  by  residents  of  the  city  while  on 
vacation  or  business  trips  elsewhere,  constitute  a  very  large 
percentage  of  the  total  present  typhoid  fever  death  rate  of 
New  Orleans  and  the  chief  danger  of  the  establishment  of 
local  foci  of  the  disease.  It  appears,  therefore,  that  the 
present  typhoid  death  rate  of  New  Orleans  which  has  aver- 
a.sred  about  IS  per  100,000  during  the  last  seven  years  rang- 
ing from  11  to  23  per  100,000  is  the  result  of  very  broad  sur- 
rounding conditions  and  of  local  conditions  not  in  any  way 
associated  with  the  water  supply  and  that  the  general  les- 
'  son  as  to  the  importance  of  such  broad  surrounding  and 
local  conditions  other  than  water  supply  in  its  bearing  on 
the  ultimate  eradication  of  typhoid  is  most  strongly  indicated. 

42^ 


Engineerlnfi  (ind  Cnnt nicting  for  December  10,  1919. 


667 


Use  of  Steam  Shovel  for  Small 
Diameter  Sewers 

By  GEORGE  M.  SHEPARD. 

On  one  piece  of  work  of  which  the  writer  has  had  charge 
this  season,  the  contractor,  rather  than  use  hand  labor,  has 
■employed  a  steam  shovel  for  laying  water  main  with  7-ft. 
cover,  and  Sin.  to  12-in.  sewer  lor  depths  varying  from  8  to 
22  ft.  The  soil  consisted  of  a  loose  sand  with  occasional 
layers  of  gravel  and  irregularly  mixed  with  boulders.  A  slight 
am.ount  of  water  was  encountered  at  depths  varying  from  11 
to  14  ft.,  gradually  increasing  to  greater  depths. 

Two  shovels  with  %  cu.  yd.  buckets  were  used  on  the  work. 
The  excavation  was  carried  to  within  several  inches  of  grade 


Fig.   1 — Steam  Shovel   Excavation  for  Small   Se»;ers. 

and  the  remainder  finished  by  hand.  The  material  as  exca- 
vated was  deposited  over  the  completed  sewer  in  the  rear  of 
the  shovel.  The  sides  of  the  cut  were  carried  up  at  slope 
•that  would  stand  without  sheeting,  which  for  the  soil  encoun- 
tered averaged  slightly  less  than  1:1.  For  depths  greater  than 
\:,  ft.  the  lower  portion  was  sheeted  as  shown. 

From  the  engineering  viewpoint  the  use  of  a  steam  shove! 
for  small  sewers  is  objectionable  on  account  of  the  greatei 
difficulty  in  setting  line  and  grade  than  with  ditching  ma- 
chine or  hand  work.  This  objection  can  be  overcome  by  care 
and  experience  in  the  method  used.  For  grade  setting  ver- 
tical bars  of  flat  iron.  H  in.  by  2  in.,  are  set  in  the  ground 
ahead  of  the   shovel  at  each  2.5-ft.  station,  so   that  a  corre- 


Figure  2  shows  the  laying  of  water  main  and  sewer  in  the 
same  trench,  as  was  permitted  on  certain  streets.  This  ac- 
complished a  saving  for  the  city,  as  arrangements  were  made 
to  deduct  a  considerable  amount  from  the  unit  price,  thus 
providing  funds  for  fuither  extensions  than  would  have  other- 
wise been  possible. 

For  depths  of  from  18  to  22  ft.  where  sheeting  was  used  for 
the  lower  -4  to  6  ft.,  progress  was  made  at  the  rate  of  from 
18  to  25  ft.  per  day  of  10  hours,  which  of  course  left  the  shovel 
idle  for  a  large  portion  of  the  time.  For  depths  of  from  9 
to  12  ft.  a  maximum  of  145  ft.  of  pipe  daily  was  laid,  the  prog- 
ress here  depending  on  the  shovel.  The  force  required  for 
each  shovel  and  their  wages  per  10-hour  day  were: 

One    foreman $  7.50 

Onij   shovel    man 9.00 

T.vo    pipe    layers 6.50 

One    fireman G.50 

Two     laborers n.80 

Ma:i    and    team 10.00 


Fig.   2 — Water    Mains    and    Sewer   Laid    In    Same   Trench. 

.sponding  edge  of  each  bar  is  aligned  with  the  center  line  of 
the  sewer.  Short  horizontal  wooden  strips  are  clamped  to 
these  bars  at  a  fixed  height  above  grade.  The  grade  rod  is 
set  by  sighting  back  over  these  strips,  the  grade  being 
checked  occasionally  by  instrument.  Alignment  is  obtained 
from  a  plumb  bob  suspended  from  one  of  the  timbers  sup- 
porting the  shovel  and  in  line  with  the  row  of  Iron  bars 
ahead.  A  further  objection  is  that  when  a  sewer  is  run  down 
the  center  of  a  street  practically  the  entire  street  is  torn  up 
and  will  require  some  time  to  settle.  This  objection  is  not 
serious,  for  in  sandy  soil  where  the  above  use  of  the  steam 
shovel  is  best  adapted,  the  sand  is  compacted  when  dropped 
'  from  the  bucket. 


Cost  of  Water  Main  Construction 
in  Mason  City,  la. 

In  a  paper  presented  last  April  before  the  Iowa  Section  of 
the  American  Water  Works  Association,  Mr.  W.  A.  Judd,  su- 
perintendent of  the  Mason  City  Water  Co.,  gave  the  following 
data  on  water  main  construction: 

In  1915  and  191  (i,  labor  was  plentiful  with  the  Mason  City 
Water  Co.  at  22%  ct.  per  hour.  In  1917  and  1918  it  was 
scarce  at  any  price  and  part  of  the  time  the  company  had 
only  its  emergency  crew  of  five  men  to  work  with.  In  1915  a 
half-mile  stretch  of  10-in.  pipe  was  laid  in  good  clay  digging, 
with  some  shale.  The  weather  was  hot  and  the  laborers,  ex- 
cept the  pipe  gang,  were  not  working  up  to  usual  efficiency. 
The  earth  excavation  costs  ran  up  to  37  ct.  per  cubic  yard, 
loose  rock  88  ct.,  back  filling  11  ct.,  and  the  Klin  pipe  only 
cost  5  ct.  per  foot  to  lay.  Part  of  this  low  laying  cost  is  due 
to  the  fact  that  the  ditch  stood  up  well,  and  50O  or  GOO  ft. 
would  be  laid  in  one  day.  Contrast  this  laying  cost  with  an- 
other job  the  same  year,  which  was  scattered  in  little  bits 
for  half  a  mile,  laying  intersections  preparatory  to  paving. 
The  laying  cost  here  for  6-in.  pipe  was  7  ct.  per  foot,  but  ex- 
cavation prices  were  lower  than  on  the  longer  Job.  no  doubt 
due  to  the  cooler  weather  which  prevailed.  In  191G,  one 
block  of  10  in.  pipe  laid  in  a  rock  ditch  a  little  at  a  time  cost 
16  ct.  per  foot  with  labor  at  22%  ct.  per  hour.  On  this 
job  the  cost  of  back  filling  jumped  to  22%  ct.  due  to  the  rock 
present.  On  another  very  similar  job  in  1915  a  large  amount 
of  rock  made  the  cost  of  back  filling  run  up  to  24%  ct.  per 
cubic   yard 

In  1915,  a  string  of  8-in.  pipe  was  laid  in  sandy  clay  during 
hot  weather.  Earth  excavation  cost  32  ct.  per  cubic  yard; 
back  filling  13  ct.  per  cubic  yard,  and  laying  3.7  ct.  per  foot. 
A  similar  job  in  1916,  when  a  new  pipe  gang  w-as  broken  in, 
showed  earth  costs  40  cents.,  back  filling  16  ct..  and  pipe  lay- 
ing 7.7  ct.  During  very  hot  weather,  that  year,  a  string  of 
8-in.  pipe  was  laid  following  a  trenching  machine  at  a  cost 
of  7.1  ct.  per  foot.  The  same  pipe  gang  followed  the  same 
machine  with  a  string  of  10-in.  pipe  for  7.8  ct.  per  foot,  and 
another  string  of  10-in.  pipe,  in  caving  clay  and  under  rather 
difficult  circumstances,  for  8.9  ct.  per  foot. 

The  influence  of  weather  and  soil  conditions  is  shown  very 
well  in  some  6-in.  jobs  following  this  machine.  One  job  in 
wet,  sticky  clay  cost  8.9  ct.  per  foot.  Bracing  was  needed 
here  right  behind  the  machine.  Another  job  in  wet  clay  but 
with  weather  conditions  more  favorable  cost  6.4  ct.  per  foot, 
while  in  a  good  clay  ditch  with  favorable  weather  the  cost 
ran  4.0  ct.  and  with  the  best  weather  of  all,  6-in.  pipe  laid  in 
a  sandy  ditch  only  cost  3.2  ct.  per  foot.  In  1917.  with  a  small 
gang  at  :;0  ct.  per  hour,  earth  excavation  cost  close  to  42  and 
47  ct.  on  two  representative  jobs.  A  little  rock  in  one 
caused  back  filling  to  cost  16  ct.,  while  the  other  cost  12%  ct. 
Pipe  laying  on  these  jobs  ran  about  7  ct.  per  foot,  which  wa.s 
approximately  the  cost  also  of  laying  pipe  in  a  rock  ditch  dug 
by  contract. 

In  1918  earth  costs  varied  from  42  to  66  ct.  and  rock  excava- 
tion in  small  quantities  went  as  high  as  $5.50  per  cubic  yard. 
The  cost  of  pipe  laying  was  very  consistent,  however,  being 
nearly  S%  ct.  per  foot  for  6-in.  pipe  on  all  jobs.  The  old.  de- 
pendable emergency  gang  was  responsible  tor  keeping  the 
pipe  laying  price  so  reasonable. 
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Present  Conditions  in  the  Water- 
works Field 

In  its  report  submitted  at  the  recent  convention  of  the 
American  Society  of  Municipal  Improvements,  the  Commit- 
tee on  Water  Supply,  of  which  Mr.  Geo.  G.  Earl  is  chairman, 
gives  an  interesting  summary  of  present  conditions  in  the 
waterworks  field.    An  abstract  of  the  report  follows: 

Within  the  last  few  years  all  material  and  labor  required 
for  the  construction,  maintenance  and  operation  of  water- 
works systems  have  advanced  very  greatly  in  cost;  and  in 
addition,  it  is  the  general  experience  that  the  amount  of 
labor  output  per  man  in  most  occupations  has  decreased, 
all  resulting  in  a  very  much  higher  cost  per  output  of 
service  than  existed  before  the  war,  which  has  left  in  Us 
wake  many  problems  of  readjustment  and  reorganization. 
These  increased  costs  exist  not  only  in  water  supply  systems 
but  in  all  public  utilities. 

Public  utilities  generally  are  a  most  important  factor  in 
our  daily  lives,  ministering  directly  to  our  comfort  and  con- 
venience and  effecting  our  health.  Everyone  of  them  is  es- 
sential, and  rather  than  eliminate  any  of  them,  we  could  af- 
ford to  pay  for  the  services  which  they  render  a  gi-eat  deal 
more  than  their  present  cost. 

Inadequate  Returns  for  Public  Utility  Service.— Utility 
charges  have  not  increased,  because  of  contract  or  other  legal 
limitations,  or  because  of  public  opposition,  in  anything  like 
the  proportion  that  the  cost  of  the  service  which  they  render 
has  increased.  Many  of  them  which  are  privately  owned  are 
in  the  hands  of  receivers;  many  others  are  struggling  for 
their  lives,  and  very  few  of  them  are  in  a  position  to  extend 
and  maintain  their  services  as  they  would  be  if  they  could 
always  be  assured  of  adequate  return  for  the  service  which 
they  render. 

Years  ago.  public  utility  corporations  working  under  fran- 
chises of  various  kinds  were  regarded  as  splendid  invest- 
ments, and  companies  obtaining  such  franchises  often  took 
advantage  of  their  opportunities  to  over-capitalize  such  en- 
terprises and  to  exploit  the  public,  either  directly  in  rates 
or  indirectly  by  the  sale  of  securities  at  fictitious  values  based 
upon  the  anticipation  of  earning  power  in  excess  of  thai 
which  has  finally  been  allowed.  Because  communities  have 
retained  their  police  powers  and  their  taxing  powers  and 
have  established  authoritative  bodies  for  the  government  of 
rates  charged,  and  the  establishment  of  regulations  con- 
cerning utility  enterprises  much  hope  of  gross  public  ex- 
ploitation in  rates  has  disappeared,  and  capital  is  not  now  to 
any  great  extent  seeking  utility  enterprises,  since  there  is 
no  longer  a  gambling  chance  of  excessive  profit  in  them,  and, 
at  present,  no  assurance  of  even  a  fair  return.  As  a  general 
thing,  the  bodies  created  tor  the  supervision  and  regulation 
of  utility  enterprises  intend  to  treat  them  fairly,  but  there 
are  so  many  complicating  conditions,  due  to  existing  contract 
rates,  to  franchise  conditions,  to  valuations  and  taxations, 
and  to  various  legal  complications,  and  finally  to  a  general 
public  sentiment  based  on  the  assumption  that  private  utility 
corporations  have  been  exploiting  the  public,  for  essential 
readjustment  to  be  made  promptly  or  adequately,  and  even 
in  the  case  of  municipally  owned  utilities,  there  is  always  the 
desire  on  the  part  of  the  public  to  avoid  rate  increases,  and 
because  of  this  public  desire,  public  authorities  avoid  or  de- 
lay rate  increases,  or  are  forbidden  by  law  to  make  them, 
and  find  themselves  often  in  just  as  difficult  situations  as 
private  corporations. 

The  fact  is  that  neither  publicly  owned  nor  privately  owned 
utilities  can  be  conducted  to  best  advantage  until  the  public, 
as  a  whole,  grasps  the  idea  that  every  service  must  earn  its 
cost  and  that  the  recipient  of  every  item  of  service  should 
always  pay  the  full  average  cost  of  the  items  of  service 
which  he  absorbs,  leaving  no  portion  of  said  cost  to  be  car- 
ried by  any  who  do  not  receive  a  service  of  some  character 
from  said  utility.  Once  this  idea  is  generally  admitted,  it 
will  be  easy  to  induce  capital  to  invest  in  privately  owned 
public  utilities  and  to  maintain  them  as  well  as  publicly 
owned  utilities  up  to  any  standard  of  service  which  the  pub- 
lic desires  and  is  willing  to  pay  for. 

Study  Needed  for  Proper  Classification  of  Service  of  Util- 
ties. — Much  more  careful  study  than  is  usually  given  is 
needed  for  the  proper  classification  of  the  actual  Items  of 
service  which  utilities  perform,  and  there  is  a  wide  scope 
of  discretion  or  option  as  to  the  basis  of  such  classifications. 


especially  in  publicly  owned  utilities.  For  instance,  cities 
now  are  tending  to  a  great  scattering  of  population  in  sur- 
rounding suburbs,  the  cost  of  a  water  service  for  the  well 
built  portion  of  the  city  for  adequate  domestic  and  fire  sup- 
ply for  its  whole  population  will  be  met  by  a  certain  definite 
service  charge  per  meter,  and  price  per  1000  gal.  of  water 
supplied  and  tax  on  assessed  values  for  surplus  capacity  for 
fire  protection  and  increased  demand,  but  if  you  extend  your 
system  to  double  the  mileage  of  mains  required  to  give  ade- 
quate service  to  the  reasonably  well  built  portion  of  the  city 
in  order  to  give  possibly  one-fifth  as  many  scattered  prem- 
ises thfl  same  character  of  domestic  supply  and  fire  protec- 
tion, it  is  obvious  that  your  rates  per  these  various  units 
must  be  bighei-  for  all,  or  else  that  you  must  have  two  or 
more  rates,  the  one  covering  the  actual  cost  for  the  well  built 
sections  of  the  city,  and  the  others  the  very  much  higher 
costs,  due  to  the  scattering  of  population  in  outlying  areas. 

Because  of  the  great  tendency  to  scatter  population,  leav- 
ing much  unused  property  sandwiched  between  occasional 
improved  areas,  the  actual  cost  of  all  municipal  improve- 
ments and  utilities  is  enormously  increased,  and  property  in 
the  well  built  and  thoroughly  served  sections  of  many  cities 
is  allowed  to  depreciate  in  value  and  usefulness.  More  care- 
fully and  justly  arranged  schedules  of  utility  rates  and 
schemes  of  taxation  for  municipal  improvements  based  al- 
ways upon  the  idea  that  every  beneficiary  of  every  service 
should  pay  as  far  as  possible  the  cost  of  such  service,  and 
that  the  service  should  only  go  to  those  who  do  pay  their 
share  of  its  cost,  would  tend  strongly  toward  the  checking 
of  premature  development  of  outlying  and  unnecessary  areas, 
and  thus  allow  the  more  consistent  and  thorough  develop- 
ment of  all  services  within  such  areas  as  are  actually  re- 
quired for  the  comfortable  accomodation  of  the  whole  pop- 
ulation. 

Undue  Delay  in  Waterworks  Improvements. — For  several 
years  now  conditions  have  precluded  anything  more  than  the 
most  essential  extensions  and  developments  of  water  supply 
systems,  and  today  the  cost  of  material  and  labor  for  im- 
provements is  in  many  cases  out  of  all  proportion  to  the 
rates  which  are  charged  for  service,  with  the  result  that  ex- 
tensions and  improvements  which  the  growth  and  develop- 
ment of  our  cities  really  require  are  being  unduly  delayed. 

Such  delays  often  show  no  obvious  depreciation  of  service 
up  to  a  certain  maximum  demand  or  breaking  point,  and  the 
people  who  are  getting  all  the  service  they  desire  are  always 
skeptical  of  the  necessity  for  improvements,  of  which  the 
plant  management  is  painfully  aware.  Eventually,  however, 
a  big  fire,  with  inadequate  water  supply  to  provide  proper 
fire  pi'otection.  or  a  general  increase  in  insurance  rates,  or 
deterioration  in  the  character  of  the  water,  because  of  the 
overload  imposed  upon  the  purification  system,  and  possibly 
an  outbreak  of  typhoid  brings  the  public  to  attention,  and  it 
is  found  that  large  expenditure  in  improvements  are  a  few 
years  past  due  and  will  require  that  many  years  to  complete 
in  the  face  of  a  depreciation  service  due  to  the  further  in- 
creasing demand  while  the  improvements  are  in  progress. 

AVater  works  especially,  and  other  public  utilities  as  well, 
are  essential,  economical  and  vital  factors  in  public  com- 
fort, ^\  ell  being  and  health  that  it  pays  to  keep  them  up  to  the 
maximum  state  of  efficiency  which  the  community  which  they 
serve  can  afford  to  pay  for,  and  that  both  public  owned  and 
privately  owned  utilities  must  fail  in  service,  and  eventually 
cease  to  serve  at  all.  if  they  are  not  sufficiently  compensated 
for  the  service  which  they  render,  to  permit  them  to  pay 
living  wages  to  the  large  number  of  employes  who  are  en- 
gaged in  their  service,  to  provide  generally  better  conditions 
of  employment  and  compensation  for  their  employes  than 
they  have  heretofore,  and  to  earn  their  reasonable  interest 
and  depreciation  and  operating  costs. 

Efficient  Public  Utilities  Are  Vital. — Conditions  since  191^ 
have  changed  enormously,  a  new  price  level  has  been  reached 
and  is  tending  toward  stabilization  on  a  much  higher  levle 
than  then  existed.  Labor,  especially,  is  and  will  remain 
higher;  improved  methods  of  production  or  building  and 
economies  or  substitutions,  it  is  reasonable  to  hope,  will,  in 
some  degree,  lower  the  general  cost  of  living  from  its  pres 
ent  scale,  and  the  cost  of  utility  development  as  well,  but  it 
anything  is  manifest,  it  is  the  common  belief  that  the  aver- 
age man  must,  in  the  future,  obtain  a  better  opportunity  and 
a  better  share  of  the  comforts,  luxuries  and  security  of 
life  for  the  service  which  he  renders  than  heretofore,  and  ii 
this  is  to  be  obtained  general  wages,  relatively,  must  remain 
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higher  than  heretofore.  It  js  essential  that  all  available  hu- 
man effort  be  devoted  economically  to  the  production,  trans- 
portation and  distribution  of  those  things  which  we  all  need 
and  desire  in  order  that  the  maximum  amount  thereof  may 
be  available  for  general  use.  To  the  attainment  of  this  end, 
efficient  public  utilities  of  all  kinds,  earning  and  guaranteed 
to  each,  the  full  cost  of  the  adequate  services  which  they  are 
required  to  render,  and  paying  a  fair  wage  to  those  engaged 
in  their  work,  are  vital,  and  since  we  are  a  democracy  in 
which  the  voice  of  the  ma.iority  must  dominate  it  is  essential 
that  the  voice  be  tuned  to  demand  a  square  deal  all  around, 
and  nothing  will  tend  more  in  that  direction  than  a  general  ef- 
fort to  determine  the  actual  items  of  service  which  public  util- 
ities render,  and  their  cost,  aggregating  the  whole  cost  of  the 
service;  to  whom  they  are  rendered,  and  see  to  it  that 
every  item  of  such  service  is  paid  for  in  full  by  its  recipient. 
Failure  to  reach  this  result,  as  nearly  as  is  humanly  possible, 
means  the  exploitation  of  some  for  the  benefit  of  others  with 
incessant  contention  and  a  depreciated  service. 

Pollution  of  Public  Supplies  by  Entrance  of  Water  from 
Fire  Protection  Systems. — In  Appendix  4  of  the  report  of 
the  Ccmmittee  on  Fire  Protection  to  the  American  Water- 
works Association  at  the  1919  convention  of  the  Association, 
there  is  a  summary  of  cases  in  which  the  public  water  sup- 
plies are  believed  to  have  been  polluted  by  the  entrance  of 
water  from  other  sources  of  supply,  usually  through  fire  pro- 
tection systems  to  particular  plants  which  have  been  con- 
nected with  the  public  water  supply,  and  also  with  other 
sources  of  supply,  in  such  manner  as  to  permit  of  the  possi- 
bility of  the  water  from  other  sources  finding  its  way  into  the 
general  distribution  system. 

Many  cases  of  this  kind  are  recorded  which  are  known  or 
believed  to  have  caused  considerable  outbreaks  of  typhoid  or 
dysentery,  or  both. 

In  the  body  of  the  report  of  this  same  Committee  is  a  dis- 
cussion as  to  the  regulations  variously  adopted  to  prevent 
pollution  of  this  character.  The  least  precaution  suggested 
is  that  wherever  dual  sources  of  supply  are  used,  one  of  which 
is  from  the  general  city  supply  the  connection  w-ith  the  city 
supply  should  be  made  with  two  successive  especially  well 
designed  check  gates  to  prevent  the  possibility  of  any  back 
flow,  said  check  gates  to  be  placed  in  a  position  where  they 
are  easily  accessible  for  inspection  and  repair  and  to  be  so 
arranged  that  they  can  be  cut  off  from  pressure  in  either  or 
both  directions  by  positive  valves  on  either  side  of  them, 
so  that  each  can  be  independently  tested  for  tightness  against 
back  flow  by  means  of  proper  pressure  gage  and  tap  connec- 
tions, and  that  such  tests  for  tightness  should  be  made  at  fre- 
quent intervals.  There  are  many,  how'ever,  who  advocate 
that  no  such  dual  connections  should  exist,  but  that  if  the 
city  supply  is  to  be  utilized  at  all.  in  connection  w-ith  other 
sources  of  supply,  it  should  be  drawn  into  supply  tanks 
through  pipe  connections  discharging  freely  into  the  top  of 
tanks  with  no  physical  connection  whatever  between  the  city 
supply  and  other  sources  of  supply. 

There  is  considerable  sentiment  even  that  no  possibly 
polluted  supply  should  be  piped  into  or  used  for  any  purpose 
about  any  plant,  because  there  is  always  the  danger  that  cross 
connections  may  be  made  somewhere  inside  of  the  plant  in- 
advertently or  that  employes  or  others  about  the  plant  may 
use  water  from  the  wrong  source. 

It  is  quite  possible  that  the  difference  between  local  con- 
ditions in  different  localities  would  fully  warrant  the  above 
noted  divergence  of  views,  for  instance,  if  the  source  or 
sources  of  secondary  supply  were  just  as  attractive  in  ap- 
pearance or  taste  as  the  city  supply,  but  known  to  be  dan- 
gerously polluted,  the  most  extreme  precautions  would  prob- 
ably be  warranted,  whereas,  it  the  source  or  sources  of  sec- 
ondary supply  were  a  highly  colored  or  very  muddy  water 
so  that  it  would  be  at  once  noticeable  as  compared  with  the 
city  supply,  even  in  a  very  small  admixture  therewith,  and 
especially  if  said  secondary  sources  of  supply  were  not  pol- 
luted and.  therefore,  not  dangerous  to  public  health,  it  would 
appear  that  it  would  be  a  great  hardship  and  most  uneconom- 
ical to  prohibit  their  use  for  such  uses  as  they  may  be  even 
better  adapted  for  than  the  city  supply,  or  to  condemn  those 
who  use  them  to  the  repumping  of  the  city  water  whenever 
they  desire  to  use  the  two  waters  together  or  interchange- 
ably under  a  pressure  not  greater  than  the  city  pressure  as 
is  often  the  case  in  a  fire  protection  svstem  or  in  plants  in 
which  arrangements  for  dual  sources  of  supply  for  other  uses 
are  found  desirable. 


Results  of  1918  Operations  of 
Testing  Station  of  Mil- 
waukee  Sewerage 
Commissions 

Experiments  conducted  in  1918  at  the  Sewerage  Testing 
Station  of  the  Sewerage  Commission  of  .Milwaukee,  Wis., 
(ienionstrated  that: 

A  revolving  screen  with  slots  2  in.  x  '/»  in.,  working  under 
a  2in.  loss  of  head,  handles  .■5.000,000  gal.  of  Milwaukee 
sewage  upon  27  sq.  ft.  of  wet  screen  area  per  day,  and  re- 
moved 150  lb.  of  dry  solids  per  1,000,000  gal. 

Activated  sludge  tanks,  15  ft.  deep,  treated  the  affluent 
irom  such  a  screen  at  the  rate  of  16.5  million  gallons  per 
acre  per  day. 

The  above  are  the  conclusions  of  the  report  of  W'm.  R. 
Copeland,  Chief  Chemist  of  the  station,  as  given  in  the  5lh 
annual   report   of   the   Milwaukee   Sewerage   Commission    for 


Fine    Screen    for    Testing    Station    of    Milwaukee    Sewerage    Com- 
mission. 

the  year  ending  .Ian.  HI.   1919.     Other  information  from   Mr. 
Copeland's   report  follows: 

Fine  Screen. — The  fine  screen  is  made  with  38  bronze  plates 
32  in.  by  IS  in.,  each  plate  having  28  per  cent  of  open 
.space  in  the  form  of  slots  %  in.  wide.  The  screen  resembles 
the  Hamburg  type  in  its  general  form,  but  the  screenings 
are  swept  off  by  a  system  of  revolving  brushes.  The  slots 
are  much  narrower  than  the  openings  in  the  bar  screens; 
therefore,  it  may  be  described  as  a  fine  screen.  The  screen 
was  made  in  Milwaukee  by  the  Chain  Belt  Co.  and  installed 
for  two  purposes: 

1.  To  protect  the  aeration  tanks  from  the  coarse  debris 
which  has  proved  to  be  a  serious  detriment  in  the  previous 
experiments   upon   aeration. 

2.  To  get  data  upon  the  relative  volumes  of  liquor  passed, 
quantities  of  suspended  matter  removed,  and  losses  of  head 
developed  by  slots  of  several  sizes. 

The  coarse  bar  screen  and  the  grit  cnamber.  through 
which  the  sewage  flows  before  reaching  the  fine  screen,  re- 
moves much  coarse  material,  such  as  rags.  etc.  Neverthe- 
less, quantities  of  leather  scraps,  garbage,  waste  and  hair 
reaches  the  .icreen.  and  some  of  this  heavy  matter  passes 
through.  The  sewage  varies  in  strength  from  hour  to  hour, 
but  no  attempt  Is  made  to  vary  the  flow  to  correspond  with 
the  increase  or  decrease  in  the  volume  of  liquor  which  ap- 
pears in  the  interceptor  at  different  hours  of  the  day.  Some 
variations  of  flow  through  the  screen  develop,  however,  as 
the  loss  of  head   changes. 

The  data  given  in  a  following  table  show  that  the  quanti- 
ties of  sewage  handled  varied  from  about  2,600,000  gal.  with 
a  2-ln.  loss  of  head  to  more  than  12,700,000  gal.  with  a  6.7 
in    loss  of  head. 
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Data  obtained  while  operating  the  screen  with  various 
losses  of  head  are  given  in  Table  I. 

The  data  given  in  this  table  show  that,  whereas  the  vol- 
ume of  liquor  treated  per  square  foot  of  wet  area  increased 
with  increasing  losses  of  head,  the  pounds  of  screenings  re- 
moved per  million  gallons  of  sewage  treated  decreased.  An- 
alyses of  these  screenings  are  given  in  Table  II. 

Operation  of  Aeration  Tanks. — After  passing  through  the 
fine  screen,  the  effluent  is  forced  by  centrifugal  pumps 
through  the   venturi  meters   into  the  aeration  tanks. 

The  tanks  may  be  described,  briefly,  as  follows:  All 
taoks  had  a  net  weight  of  liquid  area  of  284  sq.  ft.  and  con- 
tained filtros  (aerating)  plates,  type  "S,"  guaranteed  by 
the  manufacturer  to  pass,  when  dry,  10  cu.  ft.  of  air  per 
minute  under  a  pressure  equal  to  2  in.  of  water.  One  tank 
15  ft.  deep,  contained  64  of  these  plates;  a  second  tank,  15 
ft.  deep,  contained  48  plates;  one  tank,  10  ft.  deep,  con- 
tained 64  plates,  and  a  second  tank,  10  ft.  deep,  contained 
48  plates. 

Standard  of  Purification.— Owing  to  the  fact  that  the  ef 
fluent  from  the  sewage  disposal  works  will  enter  Lake  Mich- 
igan— the  source  of  the  city  water  supply — the  sewage  must 
be  purified  to  a  high  degree,  much  more,  in  fact,  than  is 
customary  in  most  American  cities.  Experiments  conducted 
at  this  station  during  1916  and  1917  established  the  fact  that 
activated  sludge  will  remove  90  per  cent  of  the  bacteria  anri 
95  per  cent  of  suspended  matter.  In  view  of  the  Milwaukee 
situation,   the  following  standard  was,  therefore,  adopted: 

Removal  of  bacteria   !I0  per  cent 

Removal  of  suspended   matter 95  per  cent 

Stability  of  effluent    3  days 

Rate  of  Sewage  Purification. — Experiments,  carried  out 
with  Imhoff  tanks  and  sprinkling  filters  in  1915,  showed 
that  it  was  possible  to  purify  Milwaukee  sewage  at  a  rate 
2,500,000  to  3,000,000  gal.  per  acre  per  day.  This  rate  was 
I'aised  in  1917  to  7,000,000  gal.  by  adopting  the  activated 
sludge    process.      The   testing    station    was    reconstructed    in 

TABLE  I— DATA   OBTAINED  IN  APRIL.  AND  MAY.   1918,  WITH 
VARIOUS   LOSSES  OF  HEAD   ON   THE   FINE 
SCREEN  WITH  V4-IN.  SLOTS. 

Loss  of  head  2  in.  4  in.         5.7  in.         6.7  in. 

No.   sq.   ft.   of  wetted   screen 

area     22.7  26.2  27.5  28.1 

N"o,' g-al.  sewage  treated 26,156.000  42,217,000  55,640,000  89.540.000 

Tocal  average  per  day   3.737,000     7.036.000     7,950.000  12.793,000 

Average    per    sq.    ft.    wetted 

.screen  area    115,200        161,100        202.300        318.700 

No.  of  pounds  of  screenings 

collected    24,485  27.030  36,271  38.837 

Total  average  per  day  3,498  4.500  5,181  5.548 

Average    per    sq.    ft.    wetted 

screen  area    1,079  1,032  1,320  1,3S2 

Average  per  million  gallons.  953  655  650  441 

Per  cent  moisture  in  drained 

screenings    8R'.l  89.0  88.5  88.5 

Per     cent     rough     suspended 

matter  removed    6  9  6  5 

Total    suspended    matter    in 

sewage — parts  per  million.  239  210  249  250 

Coarse    suspended   matter   in 

sewage  P.  P.  M 193  157  143  127 

Coarse   suspended    matter   in 

screened  liquor  P.  P.  M. . .  181  149  134  119 

TABLE  II— PER  CENT  OF  NITROGEN  IN  SCREENINGS. 

Dry  basis  Basis  10%  moisture 

total  nitrogen  figured  nitrogen  fi*^red  as 

Date.  as  ammcnia 

Regular        Nitrotjen.       Ammonia.  Total.  Available. 

Deo.  2  fi.SO  8.26  7.43 

4  7.43  9.02  8.12 

5  '  'R  R.84  7.95 

7  5.50  6.68  6.01 

8  6  16  7.48  ci.TS 

9  6.13  7.44  6.69 
IC  6. 58  7.99  7.20 

12  5.32  6.46  5.81 

13  .1  71  R  7ti  .>;  IS 

14  4.69  5.69  5.12 

1=^  !^  4fi  CB^  5  9fi  1.82% 

19  6.07  7.37  6.63  1.70% 

20  6.02  7.31  6.58 

21  6  '■■0  7  so  7  10 

22  4.61  5.59  5.03  1.64% 
24  5.74  6.97  6.27  2.26% 


Total    .  .  . 
Avera-ic 


...    95.03                   115.3S  103.81  7.42% 

...      5.94                      7.21  6.49  l.SG% 
TABLE   III— STAND.\RD   .AND  SUMMARY  OF  DATA. 

North  South        North  South 

15  ft.  15  ft.          10  ft.  10  ft. 

tank.  tank.         tank  tank. 

1918                                      St.md-  Nov.  4  to  Nov.  4  to  Nov.  4  to  Nov.  4  to 

Period.                                       ard.     Dec.  29.  Dec.  29.     Dec.  29.  Dec.  29 

Depth  in  feet    15       15  15                10  10 

Millions    of    gallons    of    sew- 
age   treated    per   acre    per 

day    15       16  16                10  10 

Per    cent    suspended    matter 

removed    ..95       99  plus  99  plus       99  plus  99  plus 

Per  cent   bacteria  removed. 90       95  plus  95  plus       95  plus  95  plus 

Stability  of  effluent  in  hours.72     120  plus  105  plus     100  plus  95  plu.s 

(1 


1918  for  the  purpose  of  proving  that  its  city  sewage  could 
be  treated  on  Jones  Island,  economically  and  efficiently,  at 
a  rate  of  15,000,000  gal,  or  more  per  acre. 

The  present  plant  was  put  into  operation  on  Nov.  4  and 
the  results  obtained  are  indicated  by  the  data  in  Table  III. 

From  the  data  given  in  this  table,  it  is  evident  that  both 
the  15.  and  10-ft.  aeration  tanks  met  the  requirements  of  the 
standard  with  a  margin  to  spare.  Moreover,  the  volume  of 
eludge  produced  per  1,000,000  gal.  of  sewage  treated  was 
."mailer  in  the  15-tt.  tanks  than  in  the  10-ft.  tanks. 

Development  of  Activated  Sludge. — In  order  to  obtain  the 
activated  sludge  required  for  treatment,  all  of  the  tanks 
were  filled  with  screened  sewage  on  Oct.  15.  Every  day 
or  two  thereafter,  from  1,000  to  5,000  gal.  of  freshly  screened 
sewage  were  run  into  each  tank,  replacing  an  equal  volume 
of  tank  liquor  drawn  off.  Air  was  applied  continuously  day 
and  night,  at  rates  ranging  between  130  and  135  cu.  ft.  per 
minute  per  tank. 

Within  96  hours  after  the  first  filling,  the  tanks  assumed 
the  golden  brown  color  which  is  characteristic  of  activated 
sludge  in  Milwaukee.  Within  15  days,  more  activated  sludge 
had  accumulated  in  each  tank  than  was  required  for  purifi- 
cation purposes. 

Cleansing  of  Air. — Experience  has  shown  in  former  experi- 
ments that  the  air  on  Jones  Island  is  very  dirty.  It  con- 
tains great  quantities  of  coal  soot.  Such  material,  when  in- 
troduced beneath  the  filtros  plates,  chokes  up  the  pores  and 
( uts    off   the   air. 

To  prevent  this,  all  of  the  air  used  in  November  and  De- 
cember, 1918,  was  cleansed,  first  by  filtering  through  a  layer 
of  12  ounce  duck,  then  through  a  layer  of  canton  flannel,  and 
was  finally  washed  in  a  Nash  hydro-turbo  blower.  These 
treatments  removed  most  of  the  soot. 

Dorr  Thickeners. — The  mixed  liquors,  discharged  by  the 
aeration  tanks,  flowed  to  settling  tanks  equipped  with  de- 
\  ices  known  as  Dorr  thickeners.  The  principal  features  of 
importance  in  these  tanks  lie — 

First,  in  power-driven  mechanical  scrapers  which  travel 
over  the  surfaces  of  the  sli^tly  cone-shaped  tank  bottoms 
and  force  the  heavy,  settled  sludge  out  through  a  central 
drain. 

Second,  in  the  air  lifts  which  raise  the  heavy  discharged 
sludge  to  measuring  devices  described  elsewhere  as  "tipping 
trays." 

Third,  in  the  efficient  weir  troughs  by  which  the  purified 
sewage  is  drained  off  from  the  surfaces  of  the  tanks  and  dis- 
charged into  measuring  boxes. 

The  Dorr  thickeners  were  installed  for  two  purposes — to 
serve  as  settling  basins  for  separating  purified  sewage  from 
sludge,  and  to  condense  the  sludge. 

The  effluents  contained  less  than  5  parts  per  million  of 
suspended  matter,  on  an  average,  and  the  sludge,  at  times, 
contained  less  than  98.5  per  cent  of  moisture.  Therefore, 
the   Dorr   thickeners   gave   good   service. 

The  aeration  tank  effluents  entering  the  thickeners  were 
applied  at  an  approximate  rate  of  1,000  gal.  per  square  foot 
of  surface  area  per  day.  At  this  rate,  the  tanks  contained  a 
layer  of  heavy  sludge  at  the  bottom  from  2  ft.  to  3  ft.  thick, 
iind  the  top  of  the  sludge  blanket  was  about  8  ft.  above  the 
bottom.  The  scrapers  made  one  revolution  in  four  minutes 
and  moved  the  sludge  from  the  outer  edge  to  the  center  in 
10  minutes. 

Analyses  of  the  sludge  discharged  show  that  it  varied  in 
moisture  from  97  to  99.5  per  cent.  The  amount  of  moisture 
contained  is  affected  to  a  large  degree  by  the  quantity  and 
character  of  the  sludge  in  the  mixed  liquors  which  enter  the 
tanks  and  by  the  manner  in  which  the  sludge  is  drawn  off. 

\\nien  the  areation  tanks  contain  much  sludge,  as,  for  in- 
stance, 25  to  30  per  cent  (on  one-half  hour  settling),  the 
moisture  in  the  sludge  escaping  from  the  Dorr  thickeners 
will  range  between  97  and  98  per  cent;  when  the  aeration 
tanks  contain  15  per  cent  or  less  of  sludge,  the  Dorr  thick- 
eners will  discharge  sludges  with  99  to  99.5  per  cent  of  water. 
If  the  sludge  is  drawn  off  rapidly,  top  water  breaks  through 
ond  raises  the  moisture  by  dilution.  If  the  sludge  is  drawn 
off  slowly  and  continuously,  a  layer  of  thick  sludge  2  ft.  to 
'A  ft.  deep  remains  on  the  bottom  all  of  the  time  and  prevents 
top  water  from  breaking  through. 

When  sludge  is  drawn  off  continuously  at  a  rate  of  13  per 
cent  of  the  sewage  flow,  the  sludge  will  carry  98  per  cent 
(or  less)  of  moisture.  When  the  sludge  is  drawn  off  con- 
tinuously at  a  rate  of  from  18  to  20  per  cent  of  the  sewage 
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TABl  K    IV— EFFECT    TMIODUCKD    IN    DFI'TII    OK    SIA'DGE    IX 
THICKENERS    BY    CONTIXUOUS    VERSUS    INTER- 
MITTENT   DRAW    OFF. 
Deuth  above  bottom  in  feet...    1234567S9     10 

Per  Cent  of  Sludge  by  Volume. 
Method  of  draw  off. 

Tank  No.  7. 

Continuous     94     93     86     49     13       5       4       4       2       1 

Intermittent: 

Bofore    S4     6.i     43       9       S       3       2       1        0       0 

After     24     10       5       4       3       2       1       0       0       0 

Tank  No.  15. 

Continuous    77     50     22       4       3       3       2       1       0      0 

Intermittent: 

Before    70     35     15       9       6       5       3       1       n       0 

After    12       4       3       3       2       2       1       0       0       0 

Xote — Tank  No.  7  received  tlie  nii.xed  liiiuors  from  the  Nortli 
l.">-foot  aeration  tank.  Tank  No.  15  received  the  mixed  liquors 
from  the  north   10-foot  aeration  tank. 

Qi.ian;iti'5s  of  sludge  are  expressed  in  pel-  cent  by  volume  after 
one-halt  hour  sedimentation. 


flow,  the  sludge  will  carry  98.5  per  cent  of  moisture  When 
ihe  sludge  is  drawn  off  continuously  at  a  rate  of  from  30  to  35 
per  cent  of  the  sewage  flow,  the  sludge  will  carry  99  per 
cent  (or  more)  of  moisture,  but  when  the  sludge  is  drawn 
off  at  a  rate  of  50  per  cent  of  the  sewage  flow,  the  sludge 
will  carry  99.5  per  cent  or  more  of  water. 

The  sewage,  flowing  into  the  aeration  tanks,  deposits 
fresh  sludge  continually.  A  portion  of  this  material  has  to 
be  wasted  in  order  to  keep  the  aeration  tanks  operating  in 
a  proper  manner.  The  waste  sludge  may  be  drawn  off  in- 
termittently or  continuously,  but  the  effect  produced  upon 
the  volume  of  sludge  in  the  Dorr  thickeners  and  upon  the 
character  of  the  waste  sludge  will  be  radically  different. 

Aeration  by  Perforated  Pipes. — Owing  to  the  fact  that 
filtros  plates  are  rather  expensive,  a  tank  was  equipped  with 
grids  of  perforated  black  iron  pipes  as  air  dusters.  Sludge 
and  rust  filled  the  pipes  and  holes  up  quickly,  making  it 
necessary  to  draw  the  liquor  out  of  the  tank  and  clean  the 
grids  within  two  days  after  starting  up  the  run. 

As  such  procedure  would  be  entirely  impractical  in  a  large 
municipal   plant,   the  grid  diffusers  were  abandoned. 

Filtros  plates,  set  in  cast  iron  containers  and  fed  by  black 
iron  air  lines,  had  to  be  torn  out  after  a  few  months  of  serv- 
ice because  iron  rust  gathered  on  the  under  side  of  the  plates 
and  shut  off  the  air.  , 

Air  lines,  feeding  the  filtros  plates,  should  be  made  of  some 
non-corrosive  metal— such  as  galvanized  iron— in  order  to 
prevent  scales  of  iron  rust  from  choking  the  lines  feeding  the 
filtros  plates. 


Swimming  Pool  Management 

Swimming  pool  management  is  a  subject  that  has  received 
recognition  in  very  few  states,  California  and  Florida  being 
the  principal  ones  to  pass  official  regulations.  Mr.  William 
P.  Mason,  Professor  of  Chemistry,  Rensselaer  Polytechnic 
Institute,  recently  presented  a  paper  on  the  subject  before 
the  3Sth  Annual  Convention  ot  the  New  England  Waterworks 
Association,  from  which  the  following  notes  are  taken. 

Many  swimming  pools  are  poorly  designed  or  constructed. 
The  pool  outlets  are  sometimes  placed  on  the  side  which  is  in- 
correct. They  should  be  on  the  bottom  so  that  all  settled 
matter  may  he  drained.  Frequently  this  may  be  accom- 
plished by  a  few  turns  of  the  outlet  valve  and  the  sediment  is 
flushed  out.  Gutters  should  receive  proper  care  in  the  de 
sign.     They  should  be  accurately  located. 

Experience  has  demonstrated  that  the  temperature  of  the 
water  should  be  about  76°  F.  for  the  average  swimmer  but 
may  be  reduced  to  about  72°  F.  for  match  swimming.  Tur- 
bidity is  unsightly  and  frequently  dangerous  especially  if  the 
bottom  is  not  visible.  Many  methods  of  treatment  are  avail- 
able. Sometimes  the  water  is  renewed  every  week,  but  where 
water  is  expensive  other  methods  are  used.  Alum  treatment, 
ozone  or  ultra-violet  are  used.  When  filters  are  used  the 
water  is  circulated  through  the  filter  and  used  for  as  long 
as  a  year.  The  continued  use  of  alum  reduces  the  alkalinity 
so  that  it  Is  necessary  to  renew  it  at  intervals  with  soda  ash. 

Outdoor  pools  are  used  to  advantage  in  some  places  but 
are  frequently  troubled  with  algae  growths  when  exposed  to 
the  sunlight.  Copper  sulphate  will  generally  remedy  this 
defect.  Public  baths  should  not  be  in  polluted  waters  and 
care  should  be  exercised  in   selecting  their  location. 

Few  states  have  adopted  any  bacterial  standard  for  the 
water  in  swimming  pools.  Chlorination  generally  is  used  to 
control  and  reduce  the  bacterial  content.  The  standard  for 
bacterial  content  adopted  by  California  is  below  1000  per  C.C. 


Disposal  of  Nightsoil,  Sewage  and 
Garbage  in  Rural  Districts 

Rural  sanitation  as  applied  to  the  collection  and  disposal 
of  nightsoil,  sewage  and  garbage  is  the  subject  of  the  Re- 
port of  the  Committee  on  Sewerage  and  Sewage  Disposal 
made  before  the  recent  New  Orleans  Convention  of  the 
American  Public  Health  Association.  The  more  important 
points  of  this  report  are  here  noted.  The  methods  ot  dis- 
posal are  typical  and  comparatively  inexpensive. 

Dry  Disposal. — The  principal  methods  of  dry  disposal  are, 
the  straddle  trench,  the  pit  privy,  the  receptacle  privy  and 
the  chemical  closet.  They  are  limited  in  the  number  of  per- 
sons accomodated  and  in  extreme  care  necessary.  Rural  dis- 
tricts are  frequently  forced  to  rely  on  these  methods  alone. 
No  privy  should  be  located  within  20  ft.  of  a  house:  within 
;"0  ft.  of  sleeping  or  eating  quarters  in  a  camp  or  cantonment; 
within  50  ft  of  a  stream;  or,  if  leaching  into  the  soil  is  pos- 
sible, within  20it  ft.  of  any  body  of  water  that  may  be  used 
for  household  nurposes,  or  upon  land  draining  directly  toward 
a  well,  spring  or  stream  thus  used. 

Wet  Disposal. — The  cesspool  is,  in  effect,  a  deep  pit  privy 
with  a  pervious  lining. 

Cesfpools  are  usually  from  7  to  12  or  more  feet  in  depth 
and  the  minimum  capacity  may  be  placed  at  about  So  cu.  ft. 
They  permit  gross  pollution  of  the  subsoil  and  so  should  be 
only  used  in  remote  regions  and  where  the  water  supply  Is 
brought  from  a  higher  level  and  from  a  considerable  dis- 
tance, depending  on  the  formation.  They  should  not  be 
used  where  the  ground  water  stands  within  10  ft.  of  the  sur- 
face, or  where,  as  in  limtstone  regions,  natural  underground 
channels  may  exist. 

The  cesspool  should  be  cleaned  when  filled  to  within  not 
less  than  2  ft.  of  the  top. 

The  Septic  tank  is  generally  to  be  recommended  for  iso- 
lated houses  having  a  public  water  supply  and  a  soil  favorable 
for  subsoil  irrigation  for  the  effluent. 

VoT  single  houses  the  capacity,  including  space  for  sludge. 
should  equal  the  volume  of  sewage  to  be  received  in  about 
36  hours,  or  say  10  cu.  ft.  for  each  person. 

The  tank  should  be  cleaned  annually.  To  promote  bac- 
terial activity  a  few  pints  of  sludge  from  a  neighboring  tank 
or  a  little  stable  manure  should  be  placed  in  the  tank  when 
first  used. 

The  Imhoff  tank  is  to  he  preferred  to  the  septic  tank  for 
larger  installations,  such  as  institutions,  hotels,  etc..  as  there 
is  less  liability  to  offense  In  the  disposal  of  the  sludge.  The 
period  of  retention  should  be  from  5  to  20  hours,  depending  on 
the  number  of  persons  served. 

The  eflluent  from  either  type  of  tank  may  pass  to  a  body 
of  water  that  is  not  used  for  drinking  purposes  if  conditions 
for  dilution  ai'e  otherwise  favorable,  but  in  most  cases  it 
should  be  first  oxidized  in  some  other  way. 

If  it  is  df:sired  to  effect  a  greater  degree  of  purification 
than  the  mere  removal  of  suspended  solids,  the  tank  efflu- 
ent should  be  subjected  to  one  of  the  following  "oxidizing" 
processes. 

Trickling  filters  and  contact  beds  are  adapted  in  particular 
to  large  installations  where  the  services  of  an  expert  are  re- 
quired both  in  the  design  and  operation. 

Surface  irrigation,  unless  under  expert  supervision,  is  not 
recommended,  as  offering  too  many  opportunities  for  the  pro- 
duction or  odors  and  mosquitoes  and  for  infection  through 
flies. 

Subsurface  irrigation  by  lines  of  open  joint  tile  laid  from 
•S  to  13  in.  below  the  surface  may  be  the  best  method  to  em- 
ploy provided  the  soil  is  not  water-soaked  or  too  impervious. 
The  former  difiiculty  is  sometimes  overcome  by  embedding 
the  tile  in  a  light  fill  of  sandy  soil.  The  irrigated  area  shoulrt 
be  at  least  150  ft.  from  any  habitation. 

To  prevent  clogging  the  soil  the  sewage  should  pass  through 
a  grease  trap  at  the  house  and  to  promote  aeration  in  the 
soil  it  should  be  delivered  intermittently  from  3  to  6  times  a 
day  (somewhat  less  if  the  soil  is  dense)  by  a  siphon  con- 
tained in  a  dosing  chamber  after  leaving  the  tank.  This  de- 
vice may  usually  be  omitted,  however,  where  the  house  is 
only  occupied  during  the  summer. 

The  tile  should  generally  be  3  or  4  in.  in  diameter,  laid 
with  a  piece  of  tar  paper  over  the  joint  and  with  a  gradient 
of  from  2  to  6  in.  per  100  ft.  The  length  depends  upon  the 
volume  of  sewage  and  character  of  the  soil,  varying  from  50 
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to  100  ft.   for  an  ordinary   family.     Where  more  than   100  ft  jj                  4.      O            .<-*              *           /^        t-     ^ 

is  requireti  in  all  it  is  generally  desirable  to  lay  two  or  mor^  KeCeilt      r  raCtlCe      111      (jarDage 

lines  of  tile.     The  arrangement  may  vary  with  the  topography  r>icr»o«cil       h-vr       T\Cit^A\rn% 

but  parallel  lines  should  be  more  than  6,  and  preferably  10  ft.  l-'lSpUSai       U  >        reeUlIl^ 

apart  ^q      pjgg 

Unless  the  conditions  are  favorable  and  other  satisfactory 

methods  are  not  feasible,  subsurface  irrigation  is  not  recom-  ^''^  method   of  disposing  of  garbage  by  feeding  to  swine 

mended.        '  seems  to  be  growing  in  popular  favor.     Several  reasons  ac- 

Sand  filtration  may  be  used  for  tank  effluents  where  more  count   for  this:     First,  war  economy  agitation;    second,  low 

than  2T>  persons  are  served  and  where  the  laud  is  suitable.  initial  investment;   third,  adaptability  to  small  cities  and  vil- 

For  this  number  of  persons  an  area  of  about  1,500  sq.  ft.  of  laggg.    f^^rth.    conservation    of   waste    materials;    fifth,    high 

bed  is  required.     The  filters  require  careful  design  and  main-  .       .            ^       ^.           1.        ,      , .           ,                 ,    ,  .  , 

V,         •       ■             ,,          J     •     V.1        ri     ■         u     ij  V,  cost   of   construction    ot    reduction   plants   and   high   cost   of 

tenance.     Cropping  is  usually  undesirable.     Dosmg  should  be  v^a^^^   a.iu   msu 

intermittent  and  applied  in  rotation  to  a  depth  of  from  3  to  construction   and  operation  of  incinerators.     Recent  data  on 

6  in.  to  two  or  more  beds.     In  winter  the  beds  should  be  fur-  this  method  of  disposal  are  given  in  the  report  of  the  Com- 

rowed  to  prevent  freezing.  mittee  of  Refuse  Disposal  submitted  at  the  recent  convention 

Sludge   from   tanks   should   be   dried   on   porous   soil  or  on  of    the    American    Public    Health    Association.      The    matter 

specially   prepared   beds      It   should   be   placed   in   layers   of  j„  ,|^j^  .^^.^.^^^  .^  ^^^^^  ^^^^  ^^^  ^ 
from  i   to   10  in.  m   thickness — the  thinner  the  better — until 

sufficiently  dry  to  be  spaded,  when  it  can  be  buried,  plowed  ''  *«  impossible  to  state  how  many  of  the  smaller  munici- 

uuder  or  used  as  fertilizer.  palities  have  taken  up  feeding  during  the  year  but  there  are 

Disposal  of  Garbage. — Garbage  should  be  collected  without  some  notable  instances  in  large  cities  and,  in  these,  several 

admixture  of  ashes  or  other  material  in  metal  cans  having  points  that  stand  out  prominently  as  indicating  that  substan- 

tight  covers,  with  one  always  available  while  the  others  are  fja,  progress  is  being  made  in  treating  such   problems  in  a 

being  emptied.     The  cans  should  be  scalded  with  hot  water  ..,.<.                       ,^          ,,               ,                  ,,    ,   ., 

ft    •     mntvn"  scientific  manner.     It  would  seem,  however,  that  the  careful 

^  Garbage  from  households  may  be  satisfactorily  disposed  of  'h""«'^'    necessary   to   put    the   method   on   a   sound   sanitary 

by  burial.  '""'  economic   basis  has  only  begun  to  be  applied  and  that 

If  without  too  large  a  proportion  of  moist  vegetable  mat-  much    more   study   of   the   economic   factors   and    experience 

ter  a  moderate  amount  can  be  safely  consumed  in  the  kitchen  with   structural  features   at  the  piggeries  is   required  before 

range,  although  at  the  risk  of  odor;   while  if  the  quantity  is  feeding  can  be  regarded  as  a  competitor  in  all  respects  with 

sufficient,  as  in  a  construction  camp  or  a  military  cantonment,  n,       , ,            ,               j.^           ui     *  •    i         *v,    1        t-.i-     • 

,,  ',             ,,    ,     .        ,    .     .         X          .,,     ,r    .     i             J  trie   older  and   more   thoroughly  tried  methods.     Elimination 
a  small   but  well   designed   incinerator   will   eliminate   much 

cf  this  obiection  '''■   "H'Sfi'T^es  is  doubtless  the   greatest  difficulty  with   which 

Probably  the  most  economical  method  for  the  farmer  and  P'S  feeding  is  beset,  and  until  some  means  of  handling  both 

for  towns   of  moderate   size  is  in   feeding  to  hogs,  due  care  the   feed   and   the   swine   so   as   to   restrict   conditions   objec- 

being  taken  to  maintain   cleanly  conditions  about  the  pens.  tionable  to  sight  and  smell  to  the  smallest  possible  area  are 

The  garbage  should  not  be  kept  more  than  48  hours  in  any  standardized  this  method  of  disposal  can  not  be  expected  to 

case   before   feeding.     On   account   of   the   possible   nuisance  .^  ^,              ,     .       ^        .  .  ,    .^  .         ^.,,    , 

-                  ,,          J  a-       .1,                  1       ij  u     1        *  J    -c           -ui^  merit  the  popularity  to  which  it  is  entitled, 

from  smells  and  flies  the  pens  should  be  located,  if  possible,  '^  '            -                . 

at  least  a  quarter  of  a  mile  from  dwellings.  '"  T.ible  I  the  arrangements  at  Newark,  N.  J.,  Baltimore, 

Disposal   of   Manure.-Fiftv  horses  will  produce  a  cartload  ^^'^■-  ^"d   Buffalo,  N.   Y.,  are  compared  in  as  much   detail  as 

ot  manure  a  dav.     Fly  breeding  may  be  prevented  by  an  appli-  *«  has  been  possible  to  obtain.     It  will  be  noted  that  the  cost 

cation  of  borax,  using  not  over  one   pound   to   IG  cu.  ft.  of  <"'  lecuiction  plants  has  been  an  important  factor  in  influenc- 

iiianure  if  the  latter  is  to  be  used  as  a  fertilizer,  but  a  better  ins  the  decisions  to  resort  to  feeding.     In  each  instance  an 

plan  is  to  sprinkle  with  a  solution  of  2  lbs.  of  copperas  per  attempt   has   been   made  to   eliminate  chance  by   basing  the 

gallon  of  water,  or  with  a  solution  of  hellebore  mixed  in  the  V>r\<:e  paid  for  garbage  on  the  market   value  of  killing  hogs, 

proportion  of  1  lb.  to  20  gal.  of  water  and  applied  at  the  rate  Chicago  being  taken  as  the  standard.     There  seems  to  be  in- 

of  a  gallon  of  the  solution  to  each  cubic  foot  of  manure.    By  dicated   an   effort  to   eliminate   nuisance   and   to   provide  for 

consolidating  the  exposed  surface  of  the  manure  by  batten-  keeping  the  hogs  in  good  physical  condition  by  giving  some 

ing  with  a  spade  it  will  prevent  to  a  considerable  extent  the  attention  to  housing  and  feeding  conveniences. 

breeding   of   flies.     The  heat  generated  just  below   the   sur-  Primary  separation  has  been  forced  upon  the  cities  by  the 

face    by    decomposition    is    then    such    that    the    larvae    are  nature  of  the  disposal  adopted  and  efforts  will  be  made  to 

largely  destroyed.  obtain    hotel   and    restaurant   garbage   by   restriction    against 

The   most   natural   use    for   manure   is   as   a   fertilizer,   but  unauthorized  collectors, 

where  this  is  impracticable  it  may  be  piled  in  windrows  about  It  is  assumed  that  the  stock  will  be  protected  against  dis- 

2  ft.  high,  saturated  with  oil  and  burned.  ease   by   inoculation.      Baltimore   will   employ   a   veterinarian 

Of  the  safeguards  against  disease  in  our  rural  communities  for  continuous  supervision  and  inspection  of  the  work  of  the 
those  relating  to  the  protection  of  water  supplies  and  to  the  piggery.  It  is  said  that  garbage  should  not  be  fed  to  grow- 
transfer  of  disease  germs  by  flies  are  by  far  the  most  im-  ing  Pigs  under  four  months  old  or  100  lbs.  weight,  and  that 
portant:  so  that,  whatever  method  of  disposal  is  adapted  to  a  brood  sows  thrive  on  garbage  but  should  be  removed  and 
given  situation  it  should  be  such  that  no  excretal  matter  can  given  better  feed  shortly  before  the  birth  of  the  pigs, 
find  its  way,  either  by  percolation  through  the  soil  or  by  At  Pontiac.  Mich.,  the  loss  from  inoculation  and  cholera 
surface  wash  during  storms,  to  wells  or  streams  used  for  has  been  negligible,  but  from  pneumonia  ?,  per  cent  to  4 
drinking  purposes,  and  that  all  such  excretal  matter  shall  be  per  cent.  Pens  of  stock  dead  from  this  cause  should  be  dis- 
so  protected  by  screening  or  otherw^ise  that  flies  cannot  find  infected  with  lime  and  coal  tar  products  and  the  ground 
access  thereto.  plowed.  New  pigs  should  be  cleaned  and  disinfected  for 
ilice.     Bight  to   ten   acres   are   in   use   for   100   to    150   hogs. 

Engineering   Students  at   University  of  Illinois. — The  num-  Part  of  the  area   should   be  cropped  each  year  and  the  rest 

her   of  undergraduate   students   registered   in  the   College   of  thoroughly  cleaned  and   plowed   at  intervals  of  two  or  three 

Engineering  of  the  University  of  Illinois  on  Nov.  1,  1919,  was  months.     The  material  cleaned  up  may  be  composted  for  fer- 

as  follows:  tilizer.     The  population  of  Pontiac  is  about  40,000.     It  is  esti- 

Architecture 127  mated  that  about  400  hogs  could  be  supported. 

Architectural   Engineering-    147 

Oer.amic  Eng^ineering   ,47  St.   Louis,   Mo.,   has   made   a   temporary   one   year   arrange- 

EiIcWk^^E^nginlering':::::::::::::::::::;:::::::::::::;;::::^  mem  whereby  garbage  from  the  outskirts  win  be  som  to  va- 

General  Eng-ineering  Physics 2  rious  hog  farmers   for  25   ct.   per  ton.     Thev   will  take   from 

m^nK'^^e^lin^f '^.^.::: :::::::::: :::::::::\\\\\\\\\v-r    ^ss  one-third  to  one-haif  the  total  amount  produced  by  the  city. 

Municipal   and    Sanitary   Engineering. ..'....!.....'!!!!..!.  ^  .      11  The  rest   is  to   be   sold   delivered  to  a  feeding  farm  to  be   lo- 

Uailway  Engineering 36  g^ted  within  50  miles  of  the  city.     The  estimated  cost  to  the 

Total  1,714  city  after  delivery  is  5  to  10  ct.  per  ton.     Under  the  old  re- 
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duction   contract   the   city   paid   87   ct.   per   ton   delivered   to 
loading  docks. 

It  is  reported  that  in  Spokane,  Wash.,  hog  feeders  have 
Kgreed  to  purchase  at  the  cost  of  collection  all  edible  gar- 
bage delivered  to  them  at  the  crematory  plant.  This  method 
ot  utilization  was  decided  upon  because  ot  the  increase  in 
garbage  since  the  close  of  the  war  and  indicates  that  the 
war  lessons  on  conservation  have  not  been  lost  on  the  city 
officials  though  they  would  seem  to  have  been  lost  sight 
of  by  the   householders. 

Minneapolis  has  abandoned  incineration  in  favor  ot  pig 
feeding.  The  conti-actor  pays  $1.26  per  ton  and  hauls  it 
about  6   miles  to  the  piggery. 

The  fact  that  the  installation  of  a  pig  feeding  plant  is 
comparatively  cheap  has  undoubtedly  influenced  many  city 
officials  to  regard  wasteful  methods  and  insanitary  surround- 
ings as  unimportant.  Chief  among  wasteful  methods  may  b^ 
cited  the  amount  of  food  often  allowed  to  go  to  waste  on  ac- 
count either  of  its  stale  condition  on  reaching  the  feeding 
])lace  or  the  keeping  of  an  insufficient  number  of  hogs  to  con- 
sume it.  It  is  by  no  means  uncommon  to  find  half  of  the 
garbage  rejected  by  the  swine,  and  this  raises  the  very  im- 
portant question  of  disposal  of  the  residue.  Burial  or  plow- 
ing into  the  soil  is  expensive  and  requires  large  areas  which 
are  not  always  available.  Dumping  gives  rise  to  nuisances 
and  it  is  doubtful  if  either  incineration  or  reduction  is  pos- 
sible. The  most  logical  solution  would  seem  to  be  in  main- 
taining a  collection  system  of  sufficient  frequency  to  obtain 
fresh  jrarbage  and  keeping  a  herd  large  enough  to  reduce  the 
rejected  material  to  a  minimum  and  depend  on  burial  to 
dispose  of  the  unavoidable  accumulations. 


The  Prevention  and  Cure   of   Red    Water 
Plague 

People  who  live  in  districts  supplied  with  soft  water  are 
familiar  with  what  has  been  termed  the  "ted  water  plague." 
This  condition  of  the  water  is  caused  by  the  presence  in  it 
of  hi'drous  red  oxide  of  iron  commonly  spoken  of  as  rust. 

In  a  paper  read  before  the  New  E}ngland  Water  Works  As- 
sociation at  its  meeting  Nov.  12.  Mr.  Wm.  H.  Walker,  Pro- 
fessor of  Chemistry,  Massachusetts  Institute  ot  Technology, 
tells  of  some  comparatively  recent  experiments  and  the  re- 
sults on  the  treatment  of  such  waters.  The  following  notes 
are  abstracted  from  this  paper. 

It  was  for  many  years  thought  that  rust  was  formed  by  the 
direct  union  of  the  oxygen  of  the  air.  water  and  the  iron,  but 
such  is  not  the  case.  In  order  to  form  rust  the  iron  must 
actually  go  into  solution  in  the  water;  if  oxygen  is  present,  it 
later  unites  with  this  dissolved  iron  separating  as  red  rust. 
Where  iron  dissolves  in  water,  hydrogen  is  set  free  from  the 
water  and  forms  a  protective  coating  over  the  surface  of  the 
iron.  But  if  oxygen  is  present,  it  unites  with  this  hydrogen, 
destroys  the  protection  and  allows  the  solution  of  the  iron 
to  proceed.  The  hydrogen  polarizes  the  surface  of  the  iron, 
and  the  dissolved  oxygen  acts  as  a  depolarizer.  Experiments 
have  established  the  fact  that,  other  factors  being  the  same, 
the  amount  of  corrosion  is  directly  proportional  to  the  free 
oxygen  content  of  the  water. 

The  removal  of  the  free  oxygen  content  is  now  accom- 
plished upon  a  commercial  scale  for  hot  water  softeners  by 
an  apparatus  called  a  -deactivator."  The  water  from  the 
main  passes  through  a  heater  to  raise  the  temperature  to  160^ 
F.  and  then  through  a  storage  tank  containing  a  large  num- 
ber of  iron  sheets  chemically  treated  so  that  rapid  corrosion 
of  their  surface  takes  place.  The  oxygen  is  promptly  con- 
sumed by  corroding  these  cheap  and  easily  replaceable  sheets. 
The  water  finally  passes  through  an  ordinary  filter. 

In  one  plant  installed  for  ex'perimental  purposes  In  an 
apartment  house  in  Boston,  the  sheets  were  removed  after 
two  years'  service  and  showed  a  loss  of  25  per  cent  in  weight. 
No  trouble  with  the  piping  had  developed  during  that  time. 
The  advantages  of  this  system  are  that  the  removal  of 
oxygen  is  automatic  and  does  not  change  the  quality  of  the 
water  for  domestic  purposes.  No  attention  is  required  other 
than  the  removal  of  the  accumulated  hydroxide  from  the  filter 
by  washing. 
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The  Experience  of  the   Army  in 
Utilizing  Camp  Wastes 

Many  municipalities  can  study  witli  interest  and  profit  the 
experience  of  the  army  with  the  utilization  of  camp  wastes. 
While  the  details  of  the  army  methods  may  hardly  be  prac- 
ticable with  the  conditions  usually  found  in  civil  life,  the 
fundamental  facts  that  utilization  need  not  be  injurious  to 
health,  that  it  need  not  cause  nuisance,  that  it  is  less  ex- 
pensive of  operation  than  other  methods,  that  it  Is  of  eco- 
nomical importance  to  the  community  and  to  the  nation,  hold 
for  civilian    'camps"  as  well  as  those  of  the  army. 

Valuable  information  on  the  army  methods,  furnished  by 
Mr.  F.  C.  Bauman,  is  given  in  the  report  of  the  Committee  on 
Refuse  Collection  and  Disposal,  presented  at  the  recent  con- 
vention of  the  American  Public  Health  Association.  The 
matter  foUov.ing  is  taken  from  the  report. 

Before  the  war,  camp  wastes  were  disposed  of  either  by 
burning,  burial  or  removal.  The  army's  interest  in  camp 
waste  utilization  only  began  with  the  National  Army  canton- 
ments. The  almost  universal  method  before  that  time  was  in- 
cineration. Possibly  the  fact  that  army  waste  disposal  matters 
were  so  largely  a  province  of  the  army  medical  departments, 
whereas  the  tendency  in  municipal  corporations  is  toward 
treating  disposal  as  an  engineering  problem  rather  than  one 
for  the  medical  profession,  may  have  had  an  important  bear- 
ing on  the  rigid  adherence  to  the  destruction  method. 

There  are  no  data  to  indicate  that  the  policy  of  waste 
utilization,  rather  than  its  destruction,  has  injured  the  health 
of  the  men  in  camp,  or  that  of  the  workmen  regularly  han- 
dling such  wastes.  Experience  has  unquestionably  demon- 
strated that  the  household  wastes  of  congested  communities, 
their  garbage,  paper,  rags,  and  like  materials,  can  be  salvaged 
without  endangering  the  public  health  of  such  communities 
to  the  slightest  degree,  and  that  the  net  cost  of  thus  dispos- 
ing of  such  wastes  is  far  less  than  that  of  any  destruction 
method. 

The  amount  of  pork  and  other  valuable  materials  available 
through  the  utilization  of  army  garbage  cannot  be  definitely 
determined.  Experiments  have  shown  that  an  average  daily 
ration  of  20  lb.  of  camp  garbage  will  produce  a  gain  of  1  lb. 
per  day  in  the  hog.  The  average  wastage  for  1918  can  cer- 
tainly be  assumed  as  1  lb.  per  man  per  day.  For  the  year, 
this  assumption  would  give  IS  lb.  of  pork  as  the  production 
for  the  garbage  of  one  man. 

The  daily  average  number  of  men  in  camp  during  1918  was 
approximately  1.500,000.  This  figure  at  IS  lb.  per  man  would 
give  the  pork  as  produced  as  27,000,000  lb.  for  the  year. 

It  is  very  doubtful  if  the  actual  production  even  reached 
half  of  this  amount.  The  above  estimate  makes  no  allow- 
ance for  pigs  dying,  uneaten  garbage  and  numerous  other 
factors,  all  tending  to  diminish  the  output.  It  is  more  than 
safe  to  assume,  however,  that  40  per  cent  efficiency  was  at- 
tained or  that  nearly  11.000,000  lb.  of  pork  raised  on  camp 
garbage  was  sold  during  1918.  With  the  need  of  fats  and 
pork  products,  this  was  in  no  sense  a  small  contribution. 

The  first  government  contracts  for  utilization  expired  on 
June  ::.0,  191S.  The  specifications  of  the  above  contracts  pro- 
vided for  segregation  into  fats  and  tallows,  bones  and  other 
garbage;  paper,  rags  or  twine,  bottles  and  jars,  and  tin  cans. 
One  contract  generally  included  all  of  the  waste  from  a  given 
camp  and  elaborate  sanitary  requirements  were  included,  the 
contractor,  for  example,  not  being  permitted  to  dispose  of 
the  garbage  within  6  miles  of  the  camp. 

Since  .July  1,  1918,  bread  is  being  kept  from  other  kitchen 
wastes,  not  because  it  is  a  fine  chicken  food  and  worth  more 
as  such  than  as  hog  food,  but  because  it  was  necessary  to 
conserve  wheat  and.  by  requiring  that  all  bread  wastage  be 
kept  separate,  one  camp  could  be  weighed  against  another 
and  special  attention  paid  those  showing  high  per  capita  fig- 
ures for  this  class  of  garbage.  For  a  like  reason  cooked 
meats,  greases  and  other  separations  were  agreed  upon. 

The  following  articles  are  injurious  to  hogs:  coffee  grounds, 
broken  glass  or  china,  soap,  lye,  washing  powders,  dishwater, 
papers,  cans.  rags,  floor  sweepings,  ashes  and  other  dirt. 

Prior  to  July  1,  191S,  the  average  mess  waste  for  all  camps 
in  the  United  States  was  nearly  2  lb.  per  man  per  day.  This 
is  far  in  excess  of  the  wastes  reported  for  municipalities  and 


even  exceeds  the  wastage  per  person  of  first  class  hotels, 
where  it  is  impossible  to  use  np  "left-overs"  as  in  the  average 
household. 

The  effect  of  the  new  contracts  on  garbage  production  was 
prompt  and  positive.  In  October,  for  example,  the  average 
for  the  United  States  was  0.7  lb.  per  man  per  day,  a  drop  of 
over  1  lb.  in  four  months.  Following  October,  the  per  capita 
increased  slightly,  but  this  upward  movement  has  been 
checked  and  the  present  rate  of  wastage  is  again  in  the  neigh- 
borhood of  %  lb.  per  man  per  day. 

The  increased  waste  per  capita  during  November  and  De- 
cember was  undoubtedly  due  to  carelessness  in  the  camps. 
Municipal  records  indicate  that  they,  too,  had  a  greater 
wastage  during  these  months  than  previously.  Probably 
with  the  signing  of  the  armistice,  people  in  general  felt  that 
their  moral  obligations  to  save  food  ended.  In  the  case  of 
the  municipalities  there  has  been  no  organized  effort  to  check 
this  increase  and  present  figures  will  show  a  considerable 
advance  over  those  of  last  year.  In  the  army  this  tendency 
towards  increased  wastage  was  immediately  checked  by  the 
action  of  the  Quartermaster  Department  officers. 

The  gradual  reduction  in  per  capita  waste  for  the  four 
months.  July.  August,  September  and  October,  clearly  indi- 
cates that  the  new  contract  has  achieved  its  main  object, 
namely,  a  reduction  in  camp  waste.  The  temptation  to  build 
up  an  estimate  of  what  such  a  reduction  means  is  too  strong 
to  be  resisted;  the  results  are  surprising.  Assuming  that  the 
reduction  for  the  four  months'  period  is  1  lb.,  or  that  the  aver- 
age saving  per  month  has  been  %  lb.,  the  food  saved  during 
the  four  months'  period  mentioned  is  roughly  60  lb.  per  man. 
Since  the  average  number  of  men  in  camp  during  that  period 
was  approximately  1,.'>00,000.  there  has  been  saved  from  the 
garbage  and  made  available  for  other  uses  some  45.000  tons 
of  army  foodstuffs.  Assuming  still  further  that  the  average 
cost  of  army  food  is  13  ct.  per  pound,  gives  the  rather  astound- 
ing total  of  $11,700,000  saved  in  four  months  through  the  op- 
eration of  these  contracts. 


The  Orifice  as  a  Means  of  Measuring  the 
Flow  of  Water  Through  Pipes 

The  measurement  of  the  flow  of  water  in  pipes  by  means  of 
an  orifice  is  possible  when  certain  conditions  are  followed  and 
values  approaching  accuracy  within  about  2  per  cent  are  per- 
missible. Bulletin  No.  109  of  the  University  of  Illinois  Engi- 
neering Experiment  Station  contains  data  on  recent  experi- 
ments made  under  varying  conditions  and  presents  conclu- 
sions for  a  working  basis.  The  following  notes  are  from  this 
bulletin; 

The  tests  were  made  on  4.  «  and  12  in.  pipe  with  velocltieii 
ranging  from  .01  ft.  per  sec.  to  23  ft.  per  sec.  The  orifice 
was  a  3/16  in.  thick  steel  plate  with  a  square  edged  hole  of 
various  diameters  inserted  in  a  flange  connection  in  the  pipe. 
Drop  in  the  pressure  head  was  measured  by  a  U-tube  differen- 
tial gage.  The  required  location  of  the  gage  connections  was 
found  to  be  0.8D  upstream  and  0.4D  downstream  from  the 
orifice  where  D  is  the  diameter  of  the  pipe.  Having  deter- 
mined the  difference  in  the  pressure  heads  at  the  two  sec- 
tions the  velocity  and  hence  the  discharge  may  be  determined 
from  the  formula 

h„ 


V  =  4.85- 


(o-(^y 


where  hi,  :=  the  drop  in  pressure  head   (ft.  of  water) 
D  =  diameter  of  the  pipe   (inches) 
d  =  diameter  of  the  orifice   (inches) 
The  coefficient  will  vary  under  different  conditions  but  fo'- 
approximate  values  of  V.   the  value  given   above  will   serve 
providing  the  diameter  of  the  orifice  does  not  exceed  %  the 
diameter  of  the  pipe,  nor  less  than  1/6  or.  in  other  words,  the 

D 
values  of  —  should  lie  between  2  and  6. 
d 
This  method  of  measuring  discharges  Is  recommended  for 
obtaining  yields  of  individual  wells,  the  consumption  of  mills 
and  factories  and  in  other  places  where  a  more  expensive  or 
elaborate  apparatus  is  not  warranted. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (I)  In  the  Waterworks  and 
Hydrauhc  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Graphic  Scales]  Adjusted  for  Clear- 
ness of  Interpretation 

In  a  paper  entitled  "Graphic  Metallurgical  Control,"  pre- 
sented at  the  Chicago  meeting  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers  in  September,  and  pub- 
lished in  the  Transactions  of  the  Institute,  Mr.  H,  M.  Merry, 
Metallurgical  Statistician  of  the  Chino  Copper  Co.,  at  Hurley, 
N.  Me.x.,  describes  methods  of  plotting  which  have  been  suc- 
cessfully used  by  the  company  in  cases  where  several  graphs 
requiring  different  scales  were  to  be  jointly  interpreted. 

To  properly  comprehend  the  operation  and  metallurgical 
results  from  a  concentrating  plant,  a  daily  record  of  essential 
data  is  kept,  usually  involving  the  dry  weight  of  ore  milled 
or    treated,    dry   weight    of    concentrate    or    metal    produced. 
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Fig.    1 — Daily    IVletallurgical    Record,    Type    I, 

assay  values  of  heading,  assay  values  of  tailing,  assay  values 
■of  concentrate,  and  percentage  of  extraction  or  recovery.  In 
addition  it  is  often  necessary  to  record  moisture,  pulp  den- 
sity, or  dilution,  percentage  of  weight  of  oils  and  reagents 
■employed;  screen  analyses  of  grinding  conditions,  oversize, 
etc.;  assay  values  of  non-valuable  or  interfering  substances: 
cost  data;   and  such  special  information  as  may  be  required. 

Graphical  Presentation  Methods. — Close  analysis  is  neces- 
sary of  daily  operation  involving  such  a  number  of  factors, 
the  relation  and  Influence  of  which  may  be  of  great  impor- 
tance in  the  treatment  scheme.  When  the  analysis  is  made 
from  a  numerical  tabulation,  the  chance  for  one  or  more  ob- 
scure, but  perhaps  important,  tendencies  to  escape  notice  is 
considerable,  therefore  the  need  for  an  accurate,  readily  di- 
gestible presentation  of  metallurgical  data  is  obvious. 

Graphic  records  of  milling  operations  are  frequently  used, 
but  owing  to  the  wide  range  of  magnitude  and  values,  and  the 


number  of  factor.s  involved,  tln'  (uwtoniary  practice  of  as- 
signing different  values  to  the  same  ordinates,  as  in  Fig.  1, 
results  in  a  complex  and  intricate  record  which  makes  little 
appeal  to  a  busy  operating  official.  The  methods  shown  in 
Figs,  t  and  3  are  devised  to  display  such  data  in  a  clear  and 
legible  manner,  without  confusion. 

Semi-logarithmic  Method, — This  method  depends  on  the 
use  of  cross-section  paper  with  logarithmic  horizontal  ruling 
and  arithmetic  vertical  ruling.  Time  is  laid  off  on  the  ver- 
tical lines  and  values  are  assigned  to  the  horizontal  logarith- 
mic scale.  Three  complete  logarithmic  scales  are  required 
lo  embrace  the  range  of  percentage  and  tonnage  considered 
in  the  average  milling  operation.  Four  scales  are  preferable. 
but  such  ruling  is  not  available  unless  hand-drawn. 
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Fig.  2 — Daily  IVletallurgical   Record,  Type  II. 

The  graduation  of  the  scales  on  the  record,  shown  in  Fig. 
2,  is  self-explanatory  and  any  one  familiar  with  the  slide  rule 
can  grasp  the  method.  By  this  scheme  all  factors  are  shown 
in  their  proper  relative  position  and  tendencies  may  be 
closely  observed  and  compared.  The  only  disadvantage  in 
this  method  lies  in  the  fact  that  high  points  are  depressed 
and  low  points  exaggerated,'  which  sometimes  leads  to  er- 
roneous conclusions.  For  this  reason  it  is  more  applicable 
to  the  needs  of  the  engineer  than  to  general  use.  The  great 
advantage  obtained  is  the  presentation  of  wide  variations  of 
magnitude  in  a  small  space,  a  range  of  from  0.1  to  100  in 
direct  sequence  being  possible,  and  without  confusion,  the 
range  may  be  increased  to  10,000  in  the  space  of  a  letter-size 
sheet. 

Special  Arithmetic  IVIethod,— Millimetric  ruled  cross-section 
paper,  available  In  50-yd.  continuous  rolls  22  in.  wide,  is  used 
preferably  for  this  method,  which  might  be  described  as  lo- 
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garithmic  notation  on  an  arithmetic  scale.  This  notation  is 
original  and  is  of  marked  advantage  in  plotting  metallurg- 
ical data.  Sheets  4  ft.  in  length,  of  full  width,  are  com- 
mended. The  notation  of  the  scale  should  be  so  arranged  as 
to  display  the  various  factors  with  due  prominence.  Assay 
values  of  heading  and  tailing  which  are  the  minimum  and  also 
the  governing  factors,  should  be  exaggerated.  Beyond  the 
maximum  range  of  beading  assays  of  valuable  metal,  the 
scale  may  be  reduced,  the  concentrate  assay  values,  dilu- 
tions, extractions,  etc.,  falling  principally  in  this  range.  The 
tx>nnage  scale  is  devised  to  meet  the  maximum  and  minimum 
Tai-jation    and    may    include    concentrate    production.      It    is 
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permissible  to  overlap  the  tonnage  and  percentage  scales, 
preferably  in  multiples  of  ten,  employing  lines  of  different 
weight  or  color  to  distinguish  them  in  conflicting  areas.  Ab- 
normally high  or  low  points  that  fall  outside  the  limits  of 
the  particular  scale  should  be  plotted  on  the  projection  of 
the  scale  in  which  they  originate,  since  breaking  scale  de- 
stroys the  proportion  of  the  relationship  with  other  lines. 

Under  date  of  Mar.  28,  Fig.  3,  the  position  of  all  points  ex- 
cept that  representing  per  cent  of  iron  in  heading  needs  no 
explanation,  as  they  are  referred  directly  to  the  notation  on 
the  scale.  The  iron,  however,  falls  below  2  per  cent,  at  which 
the  descending  scale  breaks  from  a  rate  of  2  per  cent  per 
centimeter  of  0,1  per  cent  per  centimeter.  If  the  point  is 
plotted  to  the  scale  notation  it  will  be  out  of  proportion  to  all 


other  similar  points,  so  the  2  per  cent  per  centimeter  scale 
is  projected  downward  to  1.5  per  cent  and  the  point  plotted. 
On  the  scale  notation  it  appears  at  1.95  per  cent,  but  by  re- 
ferring to  the  origin  of  the  scale  in  which  all  other  live 
points  are  fo^nd.  a  wrong  inference  should  not  occur. 

The  average  line  drawn  through  each  curve  is  the  average 
"per  day"  for  the  month,  and  not  the  average  for  the  month 
compounded  daily  to  date,  which  would  appear  as  a  median 
line  on  the  chart. 


Worker — Not  Wizard 

"Burbank,  the  plant  wizard,"  may  well  sound  less  pleas- 
ing than  is  intended  to  the  great  scientist  of  Santa  Rosa. 
For  40  years  he  has  worked  with  energy  and  intelligence  for 
from  10  to  14  hours  per  day,  and  he  can  sacrcely  welcome 
the  suggestion  that  his  success  is  due  to  something  myste- 
rious rather  than  to  normal  powers  studiously  and  laboriously 
developed  to  a  height  of  which  any  man  should  be  proud.  Any 
scientist,  any  professional  man,  any  man  or  woman,  in  fact, 
who  deeply  desires  success  can  not  but  find  inspiration  in 
the  life  ot  Luther  Burbank.  Not  only  inspiration  and  evi- 
dences of  the  reward  of  hard  work  are  there  to  be  found,  but 
the  practical  carrying  out  of  difficult  scientific  problems 
furnishes  suggestions  for  procedure  in  other  lines  of  en- 
deavor. 

One  fact  must  be  borne  carefully  in  mind:  Mr.  Burbank's 
success  is  not  measured  by  the  wealth  it  has  brought  him,  for 
wealth  has  not  been  his  goal;  but  when  he  needed  friends 
for  the  conduct  of  his  work,  he  proceeded  by  sound  busi- 
ness means  to  get  them,  thus  giving  further  evidence  of  his 
ability  and  well  rounded  development. 

In  a  past  number  of  the  "American  Magazine."  under  the 
title  "Burbank  at  Seventy,"  Mr.  Walter  V.  Woehlke  writes 
ot  this  most  interesting  man.     Mr.  Woehlke  says: 

"Fifty  years  ago  Luther  Burbank  did  not  stand  out  from 
the  mass  of  other  New  England  youngsters.  On  the  con- 
trary, he  was  rather  below  the  average  size  and  not  at  all 
robust.  He  worked  in  a  plow  factory  tor  50  cts  a  day.  clerked 
in  a  furniture  store,  and  started  out  to  study  medicine.  Then 
a  long  siege  of  ill  health,  caused  by  a  sunstroke,  overtook 
him;  and  in  1875  he  went  to  California  to  regain  his  strength, 
and  to  acquire  a  seed  farm.  He  had  just  sold  his  first  dis- 
covery, the  Burbank  potato — 500.000.000  bu.  of  this  famous 
tuber  have  been  grown  so  far — and  the  $125  he  received  for 
this  plant  barely  enabled  him  to  pay  for  his  ticket. 

"Around  Santa  Rosa  he  earned  an  occasional  dollar  by 
cleaning  chicken  coops.  And  when  at  last  he  found  a  steady 
job  in  a  nursery  the  pay  was  so  small  that  he  could  not  afford 
to  rent  a  room.  He  slept  in  the  steaming,  dripping  hothouse 
until  fever  overtook  him.  Only  the  kindness  of  a  poor  woman 
who  brought  him  a  pint  of  milk  a  day  for  weeks  enabled  the 
youth  to  survive.  After  his  recovery  he  found  steady  employ- 
ment and  saved  the  larger  part  of  his  wages  that  he  might 
reach  his  goal,  a  nursery  of  his  own. 

'  'Man  has  a  great  advantage  over  plants,"  said  Mr.  Bur- 
bank, in  speaking  of  his  early  struggles;  the  young  plant  is 
at  the  mercy  of  its  surroundings.  Of  itself,  it  cannot  move 
from  poor  soil,  or  escape  unfavorable  conditions.  But  the 
human  plant  has  the  entire  world  to  choose  from.  1  had 
found  the  environment  ideally  adapted  to  my  work,  but  the 
start  was  not  easy.  The  first  year  the  total  sales  from  my 
nursei-y  aggregated  only  $371  The  second  year  they  rose  to 
$200.  In  order  to  live,  I  worked  10  hours  a  day  for  wages, 
and  looked  after  my  own  business  in  the  evenings.'  ' 

Burbank  the  Engineer — There  follows  an  account  of  a  dis- 
play of  ingenuity  of  a  truly  engineering  type;  but  let  us  not 
forget  that  deep  knowledge  acquired  tTirough  a  long  and 
tedious  period  of  work  and  study,  coupled  with  an  energetic 
application  to  the  task  immediately  in  hand  were  the  things 
which  brought  success. 

His  real  chance  did  not  come  until  the  third  year,  and  even 
then  it  was  a  chance  to  do  what  everyone  said  could  not  be 
done.  An  impatient  fruit  grower  was  makin.g  the  rounds  of 
the  California  nurseries  looking  for  20.000  young  prune  trees 
to  be  delivered  ready  for  planting  within  10  months.  Not  a 
nursery  would  undertake  it.  Such  a  thing  was  considered 
impossible.  But  when  the  struggling  nursery  owner  of  Santa 
Rosa  heard  of  the  order,  he  went  after  the  contract  for  the 
-U.OOO  trees,  and  immediately  started  to  produce  them. 

Because  no  other  seeds  would  sprout  so  late  in  the  season, 
be  planted  almonds  in  beds  of  moist  sand,  covering  them  with 
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cloth  to  maintain  the  proper  moisture  and  temperature.  As 
tho  almonds  sprouted,  they  were  removed  one  by  one  to  the 
nursery  rows.  Then  he  scoured  the  surroundinR  orchards 
for  prune  buds,  and  as  soon  as  the  young  almond  trees  were 
far  enough  advanced,  the  prune  buds  were  budded  into  them 
and  the  tcps  of  the  young  trees  were  broken  off.  thus  forcing 
them  to  make  a  new  growth.  Within  a  little  more  than  six 
months,  young  Burbank  had  delivered  19,02.5  prune  trees  ready 
for  planting.     He  had  done  the  impossible. 

"Most  of  us.  young.  middleage<},  and  old,  are  surrounding 
ourselves  with  self-created  limitations,"  said  Mr.  Burbank, 
in  referring  to  this  incident.  'Bacause  a  thing  has  not  been 
done  before,  because  nobody  around  us  is  doing  it,  we  as- 
sume that  it  is  impossible.  In  every  plant  and  in  every  human 
being  there  are  forces  and  powers  of  a  range  so  wide,  of  a 
potentiality  so  great,  that  few  pepple  realize  their  full  extent." 
The  high  development  of  Mr.  Burbank's  senses,  particu- 
larly his  sense  of  color,  is  mentioned  by  the  writer,  who 
continues:  "Through  conscious  and  deliberate  training,  Mr. 
Burbank's  eyes  have  become  afcle  to  detect  the  minutest  de- 
tail with  startling  clearness.  He  can  see  at  a  glance  whether 
a  building  is  even  a  quarter  of  an  inch  out  of  true,  or  whether 
a  wall  deviates  an  inch  per  hundred  feet  from  a  straight  line. 
•  There  is  no  magic  in  it,'  explained  Br.  Burbank.  'Every 
person  equipped  with  a  good  nose  and  a  good  pair  of  eyes 
can  reach  the  same  sensitiveness  by  practice,  natience,  and 
concentration.  Of  these,  concentration  is  the  most  important. 
The  man  who  wants  to  accomplish  anything  worth  while 
must  leam  to  close  his  mind  to  all  non-essentials  and  to 
focus  it  upon  the  task  in  hand  with  a  burning  intensity. 
Long  hours  of  labor  arc  valueless  if  the  mind  wanders.  The 
average  man  rarely  sets  the  undivided  force  of  his  mind  to 
work  on  a  single  task  continuously.  He  thinks  of  the  auto- 
mobile he  is  going  to  buy.  the  show  he  is  going  to  see,  or 
the  raise  he  thinks  he  ought  to  have." " 

Burbank  the  Business  Man. — After  commenting  upon  Bur- 
bank's  indifference    to   wealth.   Mr.   "^'oehlke   continues: 

"After  he  had  accomplished  the  impossible  and  delivered 
20.000  young  prune  trees  in  less  than  9  months  from  the 
planting  of  the  seeds,  his  nursery  flourished.  Year  by  year 
his  establishment,  his  trade  and  his  income  grew.  The 
Burbank  nursery  became  an  exceedingly  profitable  commer- 
cial institution.  I  am  stressing  this  fact  because  Mr.  Bur- 
bank's commercial  acumen  has  been  doubted  by  many  of 
his  later-day  California  friends.  They  fail  to  remember  that 
he  could  not  have  carried  on  this  very  expensive  plant-breed- 
ing work  with  practically  no  financial  assistance  from  any 
source  unless  he  had  ample  means  of  his  own.  and  that  he 
accumulated  these  ample  means  by  his  own  unaided  efforts, 
by  operating  a  commercial  nursery  before  he  devoted  all  his 
time  to  the  breeding  work. 

'•  'It  is  not  difficul  to  start  in  business  and  to  make  the  busi- 
ness profitable,"  explained  Mr.  Burbank.  "The  mainsprings 
of  business  success,  in  my  opinion,  are  concentration  and  per- 
sistence. Concentration  must  include  the  mobilization  of 
every  faculty  and  every  resource  to  bring  about  the  desired 
end.  Concentration  means  the  focusing  of  all  one's  energy 
upon  the  job  that  is  to  be  done.  When  I  started  in  the  nur- 
sery business  with  no  capital  except  my  two  hands  and  a  body 
weakened  by  illness  I  worked  14  hours  a  day.  and  gained 
strength  by  it.  I  saved  the  wages  I  earned  and  invested  them 
in  my  business.  I  had  my  choice  between  spending  $5  for 
buggy  hire  on  Sunday,  with  the  other  young  fellows,  and 
business  success.  Since  I  had  made  up  my  mind  to  have  the 
nursery,  I  had  to  forgo  the  buggy  rides.  It  is  all  a  question 
of  what  a  person  wants  most.  One  cant  have  joy  rides,  ex- 
pensive, time-and-energy-consuming  pleasures,  and  keep  mov- 
ing toward  the  goal  of  success  at  the  same  time.  In  the 
course  of  10  years,  there  are  just  so  many  hours:  and  the 
average  normal  man  has  just  so  much  energy  to  spend. 
■Where  he  will  be,  how  he  will  stand  in  the  community  at 
the  end  of  the  10  years,  will  depend  almost  wholly  on  the 
use  he  has  made  of  the  hours  and  his  capital  of  energy. 

"  'I  have  little  sympathy  for  triers,  slackers  and  whiners. 
I  prefer  the  doers.  Providence  and  nature  intended  every 
norma!  human  being  to  render  the  service  for  which  he  is 
fitted.  It  has  been  proved  time  and  again  that  the  normal 
man  ha.=  in  him  the  latent  capacity  for  far  greater  things 
than  he  accomplishes  in  his  daily  routine.  It  is  only  a  ques- 
tion of  arousing  this  capacity  and  establishing  the  habit  of 
putting  it  to  its  best  uses  constantly. 

■'  'Sporadic  excellence  and  improvement  will  not  get  a  man 


very  far.  Like  the  plant  breeder,  he  must  learn  how  to  fix 
the  new  traits  and  characteristics  he  develops  so  that  the 
improvement  will  be  a  lasting  one  that  can  be  transmitted 
to  future  generations. 

■'  'We  can't  select  the  best  individual  human  beings,  keep 
them  for  breeding  purposes,  and  kill  off  all  the  rest.  Nor  is 
this  necessary.  Man  has  in  him  the  power  of  conscious  self- 
improvement,  and  the  exercise  of  this  power  makes  every 
succeeding  step  easier  for  the  individual.' 

"When  Luther  Burbank  first  revolutionized  the  practice  of 
plant  breeding  by  experiments  with  hundreds  of  thousands 
of  plants,  where  others  used  tens  or  dozens,  his  senses  were 
not  sharp  enough,  his  memory  was  not  retentive  enough,  his 
mental  capacity  was  not  great  enough,  to  carry  more  than 
two  or  three  experiments  to  a  successful  conclusion  at  the 
same  time.  But  as  the  muscle  that  is  exercised  daily  re- 
sponds by  increasing  vigor  and  strength,  so  his  mental  and 
physical  equipment  grew  as  he  made  greater  and  greater 
demands  upon  it,  until  now  he  is  able  to  conduct— and  keep 
fully  familiar  with  every  detail  of— more  than  4.000  different 
experiments. 

■"Its  an  old  and  trite  saying,  but  profoundly  true,  that 
every  beginning  is  hard,'  continued  the  plant  philosopher  of 
Santa  Rosa.  If  I  had  attempted  to  do  30  years  ago  what  I 
am  doing  now.  I  should  have  failed.  In  the  beginning  we 
must  be  careful  not  to  undertake  that  which  is  beyond  our 
power.  Failure  at  the  start  leads  to  disappointment  and  de- 
spair: and  despair  paralyzes  the  driving  machinery  of  the 
average  individual.  But  once  the  first  step  has  been  taken, 
once  the  foot  is  on  the  first  rung  of  the  ladder,  there  must 
be  no  turning  back  for  some  new  and  easier  path. 

"  'Alongside  of  the  will  of  the  plant  to  live  and  bear  fruit, 
man's  will  is  as  the  feather  is  to  the  steel  bar.  Yet  the 
human  will  can  be  developed  through  steady  exercise.  If 
we  will  only  persist  in  doing  the  hard  things  we  know  we 
ought  to  do,  we  will  be  astonished  at  the  increase  in  our  will 
power,  and  delighted  to  find  how  much  easier  the  hard  task 
becomes  through  constant  repetition.'  " 


Trade  Periodicals  Changed   Failure  to 
Success 

The  executive  head  of  a  California  concern  found  his 
business  slipping  slightly  but  steadily  behind  in  the  race 
with  his  nearest  competitor,  apparently  because  the  latter 
succeeded  in  beating  him  to  small  improvements.  The  dif- 
ficulty, and  what  was  done  to  overcome  it,  are  described  by 
Mr.  V.  W.  Killick,  in  an  article  entitled.  ''A  Progress  Tickler.'' 
in  'System"  for  September,  1919.  After  finding  imitation  of 
the  competitor  too  slow  a  method  to  bring  satisfactory  re- 
sults the  executive  decided  to  go  after  his  own  ideas.  He 
had  a  list  made  out  of  over  100  periodicals,  trade  journals, 
newspapers  and  books,  that  carried  information  of  interest  to 
the  concern.  Of  course  no  one  man  could  carefully  read 
all  of  these. 

It  was  found  that  f,:\  of  these  publications  were  already 
being  subscribed  for  by  the  employes  of  the  firm,  who  read 
them  for  pleasure  or  profit.  The  firm  then  offered  to  pay 
for  any  one  publication  for  any  one  employe,  upon  the  condi- 
tion that  he  read  thoroughly  each  issue  of  the  publication. 
The  employe  was  then  to  mark  articles  he  thought  would  be 
of  interest  to  the  management.  Sometimes  an  entire  article 
would  be  marked,  sometimes  only  a  few  lines;  the  employe 
always  kept  in  mind  that  he  should  save  the  manager  from 
reading  unnecessary  words. 

Copies  of  the  marked  articles  or  extracts  are  handed  in 
to  the  manager's  secretary,  who  reads  them  and  eliminates 
what  he  knows  would  not  be  of  special  value.  On  one  day. 
each  month  the  secretary  has  two  hours  in  which  to  read 
tho  best  articles  or  irortions  of  them  to  the  manager.  - 

This  manager  is  now  considered  a  business  genius.  His 
firm  is  far  ahead  of  all  competitors.  And  he  calls  this  plan, 
"a  tickler  to  my  creative  imagination." 


Irrigation  and  Sanitary  Development  in  Argentina. — A 
bill  is  before  the  Congress  of  Argentina  authorizing  the  con- 
struction of  irrigation  works  to  cost  $20,000,000.  The  Ministry 
of  Public  Works  also  is  reported  to  be  considering  a  scheme 
for  installing  water  w-orks  in  every  town  of  3,000  population, 
and  sewerage  in  towns  of  8,000  population. 
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Square   Dealing,   a  Bonus  System, 
and   Improved   Equipment 
Triple  Production 

If  the  first  factors  of  the  above  title  lack  novelty,  at  least 
the  result  stated  warrants  attention.  In  the  "Iron  Age"  of 
Sept.  2.5,  Mr.  C.  E.  Wright  gives  a  brief  account  of  how 
these  factors  were  handled,  and  the  result  secured  in  the 
foundry  of  the  Bullard  Machine  Tool  Co.,  at  Bridgeport,  Conn. 
Mr.  Bullard's  article  bears  the  title,  "Efficiency  Methods 
Triple  Foundry  Output."    The  author  says: 

The  foundry  of  the  Bullard  Machine  Tool  Co.  was  pur- 
chased early  in  1917  from  the  J.  A.  Taylor  Foundry  Co., 
which  had  been  making  C9stings  for  Bullard  machine  tools, 
and  the  "maxi-pay"  plan  was  shortly  afterward  put  into  oper- 
ation. At  the  time  the  foundry  was  operated  by  the  Taylor 
company,  the  average  output  of  castings  per  man  was  340  to 
360  lb.  daily,  while  the  present  daily  output  averages  IISO  lb. 
per  man.  It  would  not  be  quite  true,  perhaps,  to  say  that  the 
system  itself  has  increased  the  output  to  that  extent,  but  the 
management  gives  the  plan  credit  for  a  good  share  of  the  in- 
crease, and  the  other  efficiency  methods  which  have  been  in- 
troduced from  time  to  time  have  helped  to  bring  up  the  aver- 
age production. 

During  the  first  few  months  of  operation  by  the  Bullard 
Machine  Tool  Co.,  but  before  the  "maxi-pay"  plan  had  been 
introduced,  the  foundry  was  turning  out  about  740  lb.  daily 
per  mail.  Since  the  plan  was  inaugurated,  however,  the  aver-- 
ago  has  not  fallen  below  1020  lb.  per  man  daily,  while  pres- 
ent output  is  on  the  basis  of  1180  lb.  per  man  daily.  The  high- 
est point  that  has  been  reached  in  any  week  was  1360  lb. 
per  man,  and  while  this  was  exceptional,  it  is  not  unlikely 
that  it  may  be  reached  again  under  favorable  conditions. 

The  Bullard  "maxi-pay"  wage  and  production  bonus  plan 
provides  for  bonus  payment  for  increased  production  in  addi- 
tion to  the  hourly  class  rates.  It  is  in  no  sense  a  piece-rate 
system,  as  the  men  are  paid  the  hourly  rate  whether  the> 
become  entitled  to  the  production  bonus  or  not.  However,  a 
man  whose  efficiency  persistently  fell  too  far  below  a  fair 
standard  of  work  would  not  be  regarded  as  a  capable  work- 
man and  his  services  would  eventually  be  dispensed  with. 
Every  opportunity,  however,  is  given  a  workman  in  the  way 
of  instruction  and  the  personal  assistance  of  his  foreman  to 
make  good  before  final  judgment  is  passed. 

Under  the  production  bonus  plan,  a  standard  time  for  eact^ 
operation  is  first  established.  The  standard  time  Is,  in  all 
cases,  the  time  in  which  the  operation  can  reasonably  be  ac- 
compli.shed.  Standard  times  remain  unchanged  for  one  year 
from  the  date  when  they  are  established,  provided  no  change 
is  made  in  designs,  method  or  equipment.  Such  changes,  if 
made,  are  as  equitable  both  to  the  foundryman  ctnd  the  com- 
pany as  it  is  possible  to  make  them.  A  standard  time,  once 
fixed,  remains  unchanged  unless  it  develops  that  it  is  un- 
just to  the  man.  Then  adjustment  is  made.  The  company 
takes  the  risk  of  having  the  standard  established  too  high, 
but  every  opportunity  is  given  in  the  trial  time  for  establish- 
ing an  equitable  time  before  the  final  establishment  of  a 
standard  time. 

On  new  work,  or  old  work  done  in  new  ways  or  with  differ- 
ent equipment,  it  is  not  always  possible  to  establish  an  equit- 
able standard  time,  without  actual  experience  as  a  guide.  In 
such  instances  a  trial  time  is  set,  and  the  operation  per- 
formed thereunder  until  it  is  determined  what  a  fair  stand- 
ard time  should  be. 

Standard  times  are  reckoned  as  100  per  cent;  bonus  pay- 
ments, however,  start  at  7.5  per  cent.  That  is,  if  a  man 
achieves  a  76  per  cent  record  he  is  surpassing  the  point  of 
inefficiency  by  1  per  cent.  A  production  bonus  of  1  per  cent 
of  wages  is  paid  for  each  per  cent  of  efficiency  over  75 
per  cent. 

It  a  man  performs  his  work  in  standard  time  he  would 
have  an  efficiency  of  100  per  cent,  and  therefore.  Is  entitled 
to  and  receives  a  production  bonus  of  25  per  cent.  Thus,  if 
a  man  averaged  100  per  cent,  throughout  the  month,  and 
bis  hourly  rate  was  75  ct.,  his  total  wage,  including  his  bonus, 
would  amount  to  $1  an  hour. 

It  is  net  to  be  expected,  however,  that  a  workman's  effi- 
ciency will  be  the  same  on  one  day  as  on  another.  His  con- 
dition of  health,  the  weather  or  other  things  may  cause  him 
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to  lose  production  on  some  days,  while  a  change  from  one 
kind  of  work  to  another,  with  which  he  is  less  familiar,  is 
also  a  contributing  factor  to  loss  of  production.  The  fact 
that  the  Bullard  foundry  makes  from  3000  to  4000  different 
castings  makes  it  almost  impossible  for  every  man  to  work 
continuously  on  one  piece  of  work  that  would  give  him  the 
exceptional  speed  which  comes  from  constant  repetitional 
work. 

An  actual  record  of  one  workman's  efficiency  during  a 
month  shows  that  for  the  first  three  days  he  was  93  per  cent 
efficient;  on  the  fourth  he  dropped  to  89  per  cent;  then  on 
the  fifth  day.  he  went  up  to  100  per  cent;  99  on  the  sixth; 
93  on  the  seventh;  105  on  the  eighth,  and  then  his  record 
fluctuated  from  SO  to  90  for  about  a  week,  when  suddenly  it 
dropped  to  67  per  cent.  Whenever  a  man's  work  falls  off 
that  much  an  investigation  is  made  the  following  day.  In 
this  instance  it  was  found  that  workman's  low  record  was 
due  to  a  change  of  work.  His  unfamiliarity  with  the  new 
work  caused  the  low  record.  The  second  day  on  the  new 
job,  however,  he  gained  to  71  per  cent;  then  up  to  77  per 
cent  and  the  following  day  he  achieved  a  97  per  cent  record. 
For  several  days  thereafter  he  fluctuated  between  85  and 
89  per  cent. 

It  is  not  unusual  In  the  Bullard  foundry  tor  a  workman  to 
go  over  100  per  cent.  On  one  day  recently  a  workman  had 
a  record  of  114  per  cent.  It  seldom  goes  higher  than  this, 
however,  as  too  hiich  a  record  would  show  that  something  was 
wrong  with  the  standard  time  which  had  been  set  tor  the 
job.  If  such  a  mistake  should  be  made,  as  it  is  occasionally, 
the  men  are  as  quick  as  the  management  to  see  that  the 
trial  time  should  be  changed,  and  this  is  done  without  caus- 
ing any  criticism. 

To  show  what  has  been  actually  accomplished  on  different 
foundry  operations  in  the  way  of  time-saving,  it  is  cited  that 
the  bed  for  a  24-in.  vertical  turret  lathe  formerly  took  28 
hours  to  maKe  and  now  is  made  in  14  hours,  a  saving  of  14 
hours.  A  pnrt  of  this  saving  is  due,  of  course,  to  new  and 
better  equipment  which  has  been  installed.  The  management 
estimates  that  possibly  one-half  to  two-thirds  is  due  to  equip- 
ment and  the  remainder  to  increased  efficiency  among  the 
men. 

The  men  recognize  that  the  company  intends  to  be  fair 
with  them  in  all  matters,  and  this  attitude  of  the  employers 
with  its  thorough  understanding  by  the  men  is  no  doubt 
responsible  tor  the  fact  that  the  Bullard  foundry  has  been 
entirely  free  from  strikes  or  labor  unrest  of  any  kind.  The 
men  are  paid  for  all  molds,  good  or  bad,  but  of  course  a  man 
who  persistently  turned  out  bad  molds  would  be  recognized 
as  a  poor  workman.  Allowance  is  made  for  mistakes,  how- 
ever, and  the  men  are  not  penalized.  If  a  man  should  lose 
time,  through  no  fault  of  his  own,  such  as  a  broken  crane, 
proper  allowance  is  made  so  that  he  does  not  suffer  because 
of  that  interference  with  the  orderly  progress  of  the  work 
on  which  he  may  be  engaged. 

One  thing  which  has  contributed  greatly  to  increased  effi- 
ciency in  the  Bullard  foundry  is  the  insistence  of  the  man- 
agement that  skilled  men  should  do  only  that  work  for 
which  they  are  paid,  and  that  common  labor  should  be  left 
entirely  to  men  hired  for  that  purpose.  Core  makers,  tor  in- 
stance, are  not  permitted  to  put  cores  into  the  ovens.  There 
are  unskilled  men  who  do  that  work,  and  the  minute  the  core 
maker.",  finish  one  core  they  begin  on  another. 

The  night  men  clean  up  the  foundry  and  put  it  in  good 
shape  for  the  day  gang.  Thus,  there  is  no  pick-up  work  for 
the  day  men  to  do.  Everything  is  in  readiness  for  them,  and 
they  can  start  at  work  -immediately  when  the  gong  rings  in 
the  morning. 

The  time  of  the  men  is  saved  in  every  possible  way. 
Drinking  fountains  are  placed  at  every  convenient  spot  in 
the  building  so  that  a  workman  is  not  obliged  to  walk  from 
one  end  of  the  foundry  to  the  other  to  get  a  drink.  These 
fountains  are  of  the  sanitary  type  and  have  proved  very 
beneficial.  Electric  fans  are  also  placed  throughout  the 
foundry  so  that  on  hot  days  better  circulation  of  air  is  pro- 
vided. Shower  baths  are  used  by  the  men  when  they  have 
finished  their  day's  work.  Also  metal  lockers  are  provided 
tor  their  clothes. 

In  metallurgical  processes,  the  Bullard  foundry  depart- 
ment has  also  worked  toward  the  highest  possible  efficiency. 
Its  castings  In  nearly  all  cases  surpass  the  21,000  lb.  per 
sq.  in.  requirements  tor  tensile  strength  of  the  .\merican 
Society  for  Testing  Materials  tor  medium  castings. 
54) 
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Power  and  Pumping  Section 

This  section  of  the  Waterworks  and  Hydraulic  Monthly  issue  of 
Engineering  and  Contracting  is  devoted  to  the  selection  of  power  and 
pumping  equipment  and  the  economic  management  of  its  operation. 


Selection  and  Operation  of  Power 
Plant  Equipment 

Although  civil  engineers  and  superintendents  of  pumping 
plants  are  rarely  qualified  to  design  power  plant  machinery, 
they  are  repeatedly  called  upon  to  select  such  equipment, 
install  it  and  manage  its  operation.  It  is  with  this  tact  in 
mind  that  we  select  and  edit  articles  for  this  section  of  En- 
gineering and  Contracting.  The  following  article,  although 
prepared  by  a  committee  of  the  Association  of  Railway  Elec- 
ti-ical  Engineers,  contains  information  of  value  to  civil  en- 
gineers and  superintendents  having  charge  of  pumping 
plants. 

Design  and  Installation  of  Plants  Less  Than  1,500  Boiler 
Horsepower  Rating. — Plants  of  this  size  cannot  afford  the 
overhead  of  as  many  labor  saving  devices  as  those  plants  of 
larger  size.  However,  there  are  a  few  of  these  devices  that 
may  be  used,  according  to  the  size  of  the  plant. 

Any  plant  having  a  capacity  less  than  1500  boiler  horse- 
power rating  cannot  economically  use  water  tube  boilers. 
The  first  cost  is  too  high,  and  the  labor  cost  necessary  to 
keep  the  boilers  in  first  class  condition  is  prohibitive.  The 
horizontal  return  tubular  boiler  is  comparatively  low  in  first 
cost,  easy  to  operate  and  maintain,  and  withal,  it  is  hard  to 
find  its  equal  in  small  plants  as  an  economical  steam  pro- 
ducer when  installed  in  conjunction  with  a  properly  de- 
signed furnace. 

These  toilers  should  be  suspended  from  lugs  rather  than 
set  on  them.  The  longitudinal  seams  should  come  well  above 
the  fire  line,  and  transverse  seams  should  be  kept  well  back 
of  the  bridge  wall.  The  units  should  be  of  such  a  size  as  to 
give  flexibility  and  with  it,  economy.  The  72  in.  by  IS  ft. 
horizontal  return  tube  boiler  of  1.50  horsepower  rating  meet.=? 
all  of  these  requirements.  But  be  sure  that  after  a  good 
boiler  is  obtained,  it  is  not  handicapped  by  providing  a  poor 
setting  for  it.  It  should  be  set  not  less  than  42  in.  above  the 
grates,  and  a  combustion  chamber  built  large  enough  to  burn 
the  gases.  The  bridge  wall  should  be  built  with  at  least  14 
in.  clearance  between  it  and  the  shell  of  the  boiler,  and  the 
bridge  wall  built  vertically  downward  to  the  combustion 
chamber  floor.  Do  not  build  a  toboggan  slide  from  the  bridge 
wall  to  the  combustion  chamber  floor,  because  of  the  decrease 
in  volume  thereby.  The  back  wall  should  be  built  at  least 
3  ft.  from  the  end  of  the  boiler.  This  allows  plenty  of  room 
for  the  gases  and  plenty  of  room  for  the  workman  when  the 
boiler  has  to  be  re-flued.  With  3  ft.  of  space  it  will  not  be 
necessary  to  pull  down  the  rear  wall  when  working  on  the 
flues  at  the  back  end. 

The  flat  suspended  tile  arch  over  the  back  end  has  given 
best  satisfaction.  It  relieves  the  side  and  back  walls  of  out- 
ward thrust,  which  is  common  to  the  old  arched  type  of 
construction.  With  the  flat  arch,  the  thrust  is  all  vertically 
downward  on  the  side  walls.  About  1%  in.  clearance  should  be 
allowed  between  the  arch  and  the  rear  end  of  the  boiler, 
when  setting  up.  Fill  this  space  with  loose  asbestos  and  then 
the  worry  over  expansion  is  eliminated. 

Build  the  side  walls  with  plenty  of  clearance  up  to  the 
closing-in  point  (2  in.  above  the  top  surface  of  the  top  row 
of  flues),  so  that  every  square  inch  of  water  heating  surface 
will  be  effective.  Put  on  a  good  cast  iron  flush  front  and 
stay  the  setting  with  a  few  buck  stays  and  through  rods. 
Cover  the  brick  work  with  a  plastic  material  that  will  not 
crack  under  the  action  of  heat. 

Usually  air  or  steam  was  originally  used  for  blowing.  The 
smoke  box  doors  were  opened  up,  and  the  hand  lance  inserted 
in  each  flue  at  a  time.  Sometimes  it  was  run  back  through 
the  flue  and  sometimes  it  was  not.  It  was  a  dirty  and  dis- 
agreeable job  at  best,  and  one  that  had  to  be  done  when  the 


!oad  on  the  boilers  was  light.  Just  how  often  it  was  actually 
done  was  a  question. 

Mechanical  soot  blowers  for  horizontal  return  tube  boilers 
are  of  two  kinds.  The  rear  end  blower  and  the  front  end 
blower.  The  former  cleans  the  tubes  by  blowing  with  the 
draft  which  is  good.  However,  it  sets  in  the  back  end  of 
the  boiler  where  the  temperatures  are  high.  True,  it  is  sup- 
posed to  be  pulled  back  into  a  recess  after  using,  where  it 
is  out  of  the  direct  path  of  the  hot  gases,  but  should  the 
fireman  neglect  to  do  this  the  blower  would  be  burned  up,  and 
the  boiler  have  to  be  shut  down  tor  repairs.  But  suppose  the 
blower  was  pulled  back  where  it  belonged.  If  operating  any- 
where near  the  economical  point,  the  temperature  at  the  back 
end  is  high,  whether  it  is  in  the  direct  flow  of  the  gases  or 
out  of  them,  and  the  blower  subjected  to  this  high  tempera- 
ture is  bound  to  burn  out  in  time.  Also  any  water  blown  on 
the  tubes  will  cause  the  fire  combustion  ash  to  clinker,  com- 
pletely closing  up  the  tubes  in  time. 

The  front  end  blower  is  fastened  to  the  smoke  box  doors, 
and  cleans  the  flues  by  blowing  against  the  draft,  just  the 
same  as  the  old  hand  lance.  But  owing  to  the  lower  tem- 
peratures, the  blower  can  be  installed  so  that  its  blowing  ele- 
ments are  much  nearer  the  flue  than  in  the  case  of  the  rear 
end  blower.  Also,  the  temperature  at  this  point  should  be 
sufficiently  low  (if  the  economy  is  good)  to  give  little  It  any 
trouble  by  burning  out  the  blower,  but  in  case  trouble  should 
occur  it  is  not  necessary  to  shut  down  the  boiler  to  make  re- 
pairs to  the  blower.  As  soon  as  the  load  tails  off  sufliciently. 
open  the  smoke  box  doors  and  make  repairs.  The  flues  can  be 
blown  at  any  time  during  the  day.  irrespective  of  the  load 
conditions,  with  comparative  ease  and  cleanliness  to  the 
operator. 

In  installing  mechanical  soot  blowers,  be  sure  that  drain 
valves  are  placed  after  the  main  shut  off  valve,  to  be  as- 
sured that  no  water  is  blown  upon  the  flues. 

Some  success  has  been  obtained  by  bricking  up  the  com- 
bustion chamber  clean-out  doors.  The  brick  can  be  torn  out 
easily  and  replaced  at  each  cleaning  of  combustion  cham- 
ber, with  little  expense.  The  gain  in  so  doing  is  two-fold. 
First,  interleakage  of  air  is  prevented,  and  second,  a  uniform 
brick  wall  is  presented  to  the  impact  of  the  gases,  and  no 
portion  of  them  is  cooled  by  radiation  through  the  cast  iron 
door. 

Boilers  should  never  be  set  with  more  than  two  in  a  bat- 
tery.    One  division  wall  is  enough  expense  to  maintain. 

In  plants  where  the  load  requirements  do  not  exceed  20 
to  100  boiler  horsepower  the  locomotive  type  boiler  or  the 
vertical  boiler  may  be  used.  There  are  two  important  things 
to  remember  in  connection  with  the  installation  of  either  of 
these  type  of  boilers.  First,  provide  plenty  of  ash  pit  space. 
This  is  for  two  purposes:  To  allow  plenty  of  room  for  the 
admission  of  air  and  to  provide  storage  space  tor  a  tew  hours 
run  of  ashes.  More  grates  and  mudrings  have  been  burned  out 
because  ashes  piled  up  against  the  grate  and  mudrings,  par- 
ticularly on  vertical  boilers,  than  tor  any  other  reason.  The 
second  thing  to  remember  is  that  all  boilers  of  these  types 
should  be  properly  lagged  with  some  good  insulating  material. 

For  every  100  sq.  ft.  of  radiating  surface,  260  lb.  of  coal  can 
be  saved  every  25  hours  by  lagging  with  1  in.  thickness  of 
manganese.  A  48  in.  vertical  boiler  has  just  about  100  sq.  ft. 
of  radiating  surface.  A  36  in.  vertical  boiler  has  about  65 
sq.  ft.  of  radiating  surface. 

In  general,  each  individual  plant  will  have  its  own  peculiar 
problems  of  design  and  operation,  and  such  design  should  con- 
sider the  exact  kind  of  fuel  to  be  burned,  and  furnace  design 
in  particular  should  be  governed  by  fuel  conditions.  Unfor- 
tunately, however,  in  hand  fired  railroad  stationary  plants, 
the  design  of  furnaces  cannot  be  arranged  for  a  particular 
kind  of  coal,  but  on  the  contrary,  installations  must  be  such 
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as  to  biiiu  any  kind  of  coal  that  is  delivered  to  the  railroad. 
Therefore,  it  is  poor  engineering  to  design  a  plant  to  burn 
a  particular  grade  of  coal,  and  burn  it  most  efficiently,  and 
then  discover  after  the  plant  has  been  put  in  operation,  that 
the  ever  changing  fuel  conditions  have  made  the  price  on  a 
particular  grade  of  coal  almost  prohibitive,  and  in  order  to 
use  a  more  economically  available  coal,  a  change  in  the  de- 
sign must  be  made  or  continue  to  burn  the  high  price  fuel 
at  a  ccn?idei'able  loss.  Therefore,  plants  of  the  size  under 
consideration  should  be  designed  to  burn  all  grades  of  coal 
with  average  economy,  be  it  slack,  mine  run,  chute  drop- 
pings, or  engine  lump.  This  can  be  accomplished  by  setting 
the  boilers  high  and  building  a  roomy  combustion  chamber, 
and  installing  suitable  grates. 

The  question  is,  just  what  are  suitable  grates?  There  are 
on  the  market  today  about  as  many  different  kinds  of  grates 
as  there  are  plants.  There  are  the  stationary,  the  shaking, 
the  rocking,  the  dumping,  the  semi-cleaning,  the  self  cleaning, 
the  so-called  semi-automatic,  and  a  great  number  of  others. 

What  is  the  function  of  a  good  serviceable  grate?  A  grate 
is  merely  a  rack  or  series  of  racks  on  which  the  coal  is  placed 
and  held  during  its  process  of  combustion.  Necessarily  when 
the  coal  is  burned,  the  ash  and  residue  must  be  cleaned  from 
the  grates,  whether  it  be  manually  with  a  slice  bar  and  hoe, 
or  mechanically  through  a  series  of  hand  levers  and  bell 
cranks.  Further  than  this,  a  grate  must  be  of  such  design 
as  to  allow  a  uniform  distribution  of  air  to  pass  up  through 
it  to  continue  the  process  of  combustion  of  the  coal.  Thus  a 
boiler  plate  punched  full  of  holes  would  make  a  grate,  but  it 
would  not  make  a  good  grate.  The  air  spaces  in  a  good  grate 
must  be  small  enough  to  prevent  the  dropping  through  of  fine 
or  slack  coal,  yet  they  must  be  of  such  design  that  they  will 
not  become  clogged  up  with  clinker  and  ashes.  The  grate 
must  be  of  such  design  that  under  normal  operation,  and  oc- 
casional abnormal  operation,  the  maintenance  cost  will  be 
low.  Also  it  must  be  easy  to  repair,  for  no  plant  can  afforil 
to  shut  down  to  replace  a  faulty  grate  bar. 

An  experienced  stationary  fireman  does  not  like  a  dumping 
grate.  He  would  rather  wing  over  his  fires  and  clean  them 
through  the  firedoors,  and  many  times  this  is  exactly  what  he 
does  on  a  dumping  grate.  A  rocking  grate  is  to  be  recom- 
mended provided  the  grate  bars  do  not  lift  too  far  up  into 
the  fuel  bed,  in  which  case  the  fuel  bed  will  be  torn  up,  and 
the  ash  and  coal  all  mixed  together,  which  is  bound  to  give 
trouble  by  clinkering.  The  committee  has  in  mind  a  plant 
where  an  interlocking  finger  grate  was  installed,  which  gave 
considerable  trouble,  until  the  engineer  reversed  every  other 
grate  bar.  turning  the  fingers  all  one  way,  put  a  stop  on  his 
shaker  bar  arm  so  that  the  grates  could  not  be  thrown  to  a 
full  open  position.  Today  that  plant  is  burning  coal  with 
good  economy,  and  there  hasn't  been  any  expense  for  grate 
repairs  in  several  years:  because  the  engineer  did  away  with 
the  patented  idea,  which  was  theoretically  good,  and  applied 
common  sense  to  the  problem.  The  problem  is  to  decide 
upon  some  good,  simple  and  common  sense  grate.  If  the  open 
market  is  not  able  to  furnish  what  is  required,  it  can  be 
made  at  foundry  price. 

Steel  stacks  for  the  smaller  size  plants  are  to  be  con- 
sidered a  better  investment  than  either  a  brick  or  concrete 
stack.  There  is  much  in  favor  of  separate  steel  stacks  for 
each  boiler,  or  for  each  battery  of  two  boilers.  With  such  in- 
stallations there  is  no  need  of  worry,  whether  the  stack  is 
large  enough  for  additional  boilers.  It  also  eliminates  trou- 
ble with  brepchings,  etc.  In  general,  it  might  be  said  that  for 
plants  having  more  than  six  boilers,  it  would  be  good  de- 
sign to  use  a  common  stack.  However,  with  plants  of  six 
boilers  or  less,  separate  or  battery  (two  boilers)  stacks  are 
recommended,  but  in  any  case  build  the  stacks  at  least  100 
ft.  high,  for  it  is  easier  to  reduce  the  draft  with  a  damper 
than  it  is  to  increase  it  with  a  steam  blower. 

Each  boiler,  whether  having  its  own  stack  or  connected  to 
a  common  stack,  should  be  equipped  with  a  damper,  and  a  de- 
vice for  controlling  the  damper.  This  device  does  not  need 
to  be  more  than  a  light  %  or  %  in.  round  rod,  operating  on 
a  quandrant  from  tthe  front  of  the  boiler. 

Care  should  bs  taken  in  the  selection  of  boiler  fittings. 
Since  service  is  of  first  consideration,  the  first  cost  of  such 
fittings  should  not  be  given  too  much  weight  in  the  selection. 
Valves  that  are  easily  repaired  and  give  the  best  service  for  all 
conditions,  should  be  the  ones  selected,  and  usually  such 
equipment  is  not  the  cheapest  in  first  cost. 

The   piping   should   also   receive  careful   consideration   and 


due  allowance  always  made  for  expansion.  Boiler  nozzles 
should  be  connected  to  steam  headers  by  steam  loops  of 
easy  bends,  and  should  enter  the  header  at  the  top.  Steam 
lines  taken  from  the  headers  for  various  points  of  distribu- 
tion should  also  connect  to  the  header  at  the  top  with  a  loop 
of  easy  curvature.  Blow-oft  valves  should  consist  of  a  good 
grade  of  extra  heavy  cast  iron,  or  cast  steel.  Two  valves 
should  always  be  used  for  blow-off  service,  one  as  a  holding 
valve  and  one  as  a  blow-off  valve. 

Feed  water  heaters  should  always  be  of  the  open  type, 
in  which  the  water  is  allowed  to  rain  down  over  trays,  with 
the  exhaust  steam  rising  up  in  the  opposite  direction.  There 
are  several  advantages  in  this  type  of  heater. 

(1) — It  is  rot  a  pressure  ves.sel,  or  at  least  not  one  of  high 
pressure. 

(2) — The  steam  and  water  are  brought  in  intimate  contact,  thus 
eliminating-  Joss  of  heat  through  conducting  surfaces  such  as  are 
found   in  clo.sed  heaters. 

(^i)— The  steam  for  heating  is  condensed  and  is  pumped  back  to 
the  boilers.  Thus  the  amount  of  scale  forming  compounds  is  re- 
duced. 

(4) — They  are  easy  to  operate  and  maintain. 

Precautions  must  be  taken,  however,  to  prevent  an  excess 
of  pressure  in  the  heater.  This  can  easily  be  taken  care  of 
by  an  overflow  loop,  which  not  only  acts  as  a  pressure  relief 
and  safety  valve,  hut  also  as  a  positive  overflow  device.  This 
loop  is  simply  a  pipe  coil  connected  to  the  heater  the  top  of 
which  is  on  a  level  with  the  overflow  point  in  the  heater.  It 
extends  vertically  downward  for  6  or  8  ft.,  turning  upward 
again  to  the  overflow  level,  and  then  downward  to  discharge 
into  a  sewer  connection.  The  total  length  of  the  loop  does 
not  have  to  be  such  as  to  balance  the  safe  pressure  in  th(? 
heater,  but  of  a  convenient  length.  The  principle  of  the  loop 
is  that  of  a  column  of  water,  plus  the  friction  of  this  water  in 
motion  (or  surging)  balancing  the  heater  pressure.  A  small 
M  in.  pipe  in  the  second  bend  will  prevent  the  loop  syphoning 
all  of  the  water  out  of  the  heater,  acting  as  a  vacuum  breaker. 
This  device  can  also  be  used  on  the  oil  trap  and  at  other 
places  on  the  low  pressure  or  exhaust  header  where  it  is 
desired  to  drain  the  water  from  the  line. 

To  overcome  difficulties  sometimes  encountered  with 
trapped  air  in  the  heaters,  it  is  only  necessary  to  run  a  % 
or  1  in.  pipe  directly  out  the  top  of  the  heater.  This  pipe 
can  extend  through  the  roof,  but  should  contain  no  valves 
or  other  connections.  It  will  act  to  bleed  entrapped  air  from 
the  heater  and  will  also  act  as  a  vacuum  breaker. 

Besides  the  cold  water  connection  to  the  heater,  provision 
should  he  made  to  take  the  discharge  from  steam  traps  into 
the  top  of  the  heater.  Vacuum  pumps  should  also  discharge 
into  the  top  of  the  heater  as  well  as  cooling  water  from  the 
air  compressors.  Every  bit  of  condensed  steam  returned  to 
the  boilers  reduces  boiler  washing  cost,  and  efforts  should  al 
ways  be  made  to  return  all  drips  and  drains  to  the  heater 
wherever  practical. 

Boiler  feed  pumps  should  always  be  installed  in  duplicate, 
for  upon  the  continuous  feeding  of  water  into  the  boilers  de- 
pends the  entire  operation  of  the  plant.  Steam  economy  in 
boiler  feed  pumps  is  a  questionable  saving  in  any  railroad 
plant.  The  old  duplex  pump  is  always  reliable  and  under- 
stood by  everyone,  and  so  far  as  plunger  pumps  for  boiler 
feeding  is  concerned,  the  duplex  is  to  be  recommended.  Of 
course,  tlie  ideal  boiler  feed  is  the  centrifugal  pump,  which 
will  some  day  entirely  supersede  the  plunger  pump  for  many 
classes  of  service. 

The  most  economical  coal  handling  system  for  plants  of 
this  size  is  an  overhead  track  or  high  line,  using  dump  bottom 
cars  discharging  into  a  storage  bin.  The  floor  of  the  storage 
bin  should  be  inclined  so  as  to  deliver  the  coal  to  the  fireman 
in  front  of  the  boilers,  without  rehandling.  In  plants  under 
500  boiler  hp.  rating,  the  -wheelbarrow  is  about  the  most  effi- 
cient ash  handling  system.  Steam  jet  ash  handling  systems 
may  be  considered  in  plants  of  greater  capacity. 

Air  compressors  for  this  size  plant  should  be  of  the  two- 
stage  engine  driven  type.  In  cases  of  compressors  2000  cu.  ft. 
capacity  or  over,  the  compound  steam  end  is  recommended. 

Electrical  generating  equipment  may  be  either  reciprocat- 
ing engine  driven  or  steam  turbine  driven.  For  a  railroad 
plant  steam  turbines  are  particularly  adapted.  The  low 
maintenance  cost  on  turbines,  and  the  large  amount  of  ex- 
haust steam  required  for  the  winter  heating  season  makes 
the  hich  steam  consumption  of  turbines  an  advantage  rather 
than  otherwise. 

Where  the  generation  is  direct  current,  250  volts  should 
be   used,   and   when   alternating   current,   440   volts,   ?,   phase 
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should  be  used.  Alternating  current  generation  is  recom- 
niended,  the  amount  of  direct  current  required  beins  easily 
obtainable  with  motor  generator  sets. 

An  exhaust  heating  system  is  one  of  the  most  important 
and  economical  parts  of  those  stationary  plants  which  are 
located  in  the  central  and  northern  territories.  It  is  a  device 
or  system  that  is  included  in  the  steam  using  equipment  that 
raises  its  efficiency  from  S  to  80  per  cent,  and  yet  an  ex- 
haust heating  system  improperly  installed,  or  improperly 
maintained,  can  become  the  source  of  much  trouble,  and  the 
cause  of  much  loss.  A  well  designed  exhaust  steam  heating 
system  will  not  require  more  than  2  to  ^  lb.  back  pressure  to 
operate,  and  will  return  condensed  water  to  the  boilers  to  the 
extent  of  over  50  per  cent  of  the  total  water  required.  How- 
ever, it  is  necessary  that  the  exhaust  header  and  mains  be 
sufficiently  large,  that  the  heating  coils  be  properly  placed, 
and  the  return  lines  be  so  located  as  to  make  repairs  easy, 
with  vacuum  traps  in  good  working  order  at  all  times.  It 
is  well  to  bring  the  returns  back  to  the  power  plant  separately 
from  each  department,  so  that  trouble  can  be  quickly  located 
by  isolating  each  department,  as  required,  until  the  trouble 
is  found.  Cut  all  exhaust  available  into  exhaust  header.  It 
has  even  been  found  that  vent  pipe  from  wash  out  system 
can  be  cut  into  exhaust  header  through  reducing  valve  to 
good  advantage. 

Vacuum  pumps  should  be  large  enough  to  take  care  of  the 
coldest  season,  and  should  always  be  installed  in  duplicate. 
See  that  all  steam  (high  pressure  and  low  pressure!  and 
air  lines  are  covered.  See  that  covering  exposed  to  the 
weather  is  again  covered  with  roofing  paper  and  painted.  See 
that  all  parts  subject  to  any  great  amount  of  undesirable  ra^ 
diation  is  carefully  insulated.  Build  a  real  plant  to  start  with, 
and  see  that  it  is  loii  per  cent  before  it  is  turned  over  to  the 
operating  department.  Confer  and  cooperate  with  the  oper- 
ating men  in  the  design  and  installation  of  the  plant,  and  if 
they  are  provided  with  a  100  per  cent  plant  with  which  they 
are  satisfied,  the  result  will  be  that  they  will  do  more  towards 
maintaining  and  operating  it  at  100  per  cent. 

Design  and  Installation  of  Plants  of  1500  Boiler  Horsepower 
Rating  or  Over. — A  plant  of  this  size  can  well  afford  the  over- 
head cost  of  labor  saving  devices,  and  some  of  the  more  re- 
fined power  plant  equipment. 

The  boilers  should  be  of  the  approved  safety  water  tube 
type,  and  of  such  size  as  to  be  flexible,  and  yet  sufficiently 
large  to  keep  the  idle  investment  charge  down  to  a  minimum. 
For  the  average  heavy  back  shop  plant,  the  units  should  be 
of  200  to  3.50  rated  boiler  horsepower  capacity.  This  type 
of  boiler  requires  a  brick  setting,  unless  steel  settings  are 
used.  The  material  for  brick  settings  should  be  carefully 
chosen  and  only  the  best  furnace  brick  masons  should  be  al- 
lowed to  build  the  settings.  A  boiler  setting  is  an  expensive 
investment,  and  unless  the  best  care  is  given  to  the  building 
of  brick  settings,  they  will  crack  and  crumble,  and  in  only  a 
few  months  they  will  require  rebuilding.  Do  not  put  an  air 
space  in  the  boiler  walls  with  the  idea  that  insulation  will 
be  obtained  thereby.  If  space  is  desired  between  the  fire 
brick  and  common  brick  to  allow  for  expansion,  fill  up  the 
space  with  crushed  cinders,  front  end  cinders,  sand  or  other 
insulation. 

Poorly  built  settings  represent  a  great  loss  of  money.  Not 
only  is  the  first  cost  of  the  setting  almost  entirely  lost  in  such 
a  case,  but  there  is  a  continuous  loss  in  fuel  due  to  great  in- 
leakage  of  air.  Further  than  that,  there  is  a  loss  in  boiler 
capacity  due  to  ineflicient  conditions  and  loss  of  draft.  After 
the  setting  is  built,  it  should  be  entirely  covered  with  a  plas- 
tic cement,  or  other  material  that  will  not  crack  under  tem- 
peratures to  which  the  setting  is  subjected,  and  against  time. 
The  question  of  soot  blowers  has  not  been  satisfactorily 
answered  with  this  type  of  installation,  although  riiany  ex- 
periments have  been  made.  With  a  plant  of  this  size,  usually 
the  force  is  large  enough  to  keep  the  tubes  well  cleaned  by 
the  hand  lance,  and  the  supervision  is  sufficient  to  see  that 
the  tubes  are  kept  cleaned. 

Stokers  are  one  of  the  labor  saving  devices  that  a  plant 
(if  1.500  rated  boiler  horsepower,  and  over  can  well  afford.  The 
question  of  the  type  of  stoker  cannot  be  settled  by  any  fixed 
rules,  for  the  available  coal  supply  will  fix  to  a  great  extent 
the  style  of  stoker.  However,  the  chain  of  traveling  grate 
seems  to  be  a  stoker  well  adapted  to  the  Middle  West  ter- 
ritory, and  has  given  good  satisfaction  in  a  large  number  of 
plants.  It  is  easy  of  operation  and  repair,  and  when  the  units 
are  of  such   size  as  to   give  flexibility  of  operation,  the  in- 


flexibility  of  the  traveling  grate  is  overbalanced  by   its  ad- 
vantages. 

A  well  built  stack  is  always  a  good  investment  for  a  plant, 
provided  that  the  stack  i^of  sufficient  size  and  height  to 
carry  any  overload  that  the  plant  may  be  called  upon  to  de- 
liver. Force  and  induced  drafts  have  been  tried  with  vary- 
ing degrees  of  success,  but  natural  draft  with  a  well  de- 
signed stack  can  be  depended  upon  at  all  times.  Eiich  boiler 
should  be  provided  with  a  damper  in  the  connection  to  the 
stack  or  the  breeching,  so  that  the  boiler  can  be  easily  drafted 
for  all  conditions  of  load.  Such  damper  should  also  be  pro- 
vided with  damper  control  that  can  be  easily  operated  from 
the  firing  floor. 

In  plants  of  the  size  under  consideration  with  stoker  fired 
boilers,  the  coal  should  be  delivered  to  the  stokers  from  over- 
head storage  bunkers.  It  can  be  unloaded  from  the  car  to 
these  bunkers  with  either  an  overhead  crane  or  a  traveling 
bucket  conveyor.  With  the  latter  device,  the  same  conveyor 
can  also  be  used  for  disposing  of  the  cinders.  The  ash  pits 
should  be  located  in  the  floor  below  the  fire  room,  and  should 
be  of  sufficient  capacity  to  run  12  hours  without  cleaning. 

Operation  and  Maintenance  of  Plants. — Once  the  plants 
have  been  installed  according  to  the  design  which  will  best 
suit  the  needs  for  continuous  and  economical  service,  it  is  up 
to  the  operating  department  to  operate  and  maintain  them 
economically.  The  following  indicates  just  what  is  necessary 
in  order  to  accomplish  the  desired  result: 

Keeping  soot  from  accumulating  on  tubes  and  flues  is  one 
of  the  most  important  steps  towards  economical  operation. 
Flues  should  be  blown  at  least  once  each  eight  hours,  and 
when  boilers  are  down  for  a  washout,  flues  should  be  thor- 
oughly cleaned  with  a  brush  or  scraper.  In  case  of  water 
tube  boilers,  the  tubes  should  be  thoroughly  blown  when  the 
combustion  space  is  cleaned.  Men  should  get  inside  of  the 
fuiuace  and  inside  of  the  combustion  chamber  and  blow  this 
soot.  Boilers  should  be  blown  down  at  least  once  each  i 
hours  and  men  coming  on  shift  should  test  water  columns 
and  try  cocks,  and  pop  valves. 

Practice  feeding  the  boilers  continuously,  maintaining  a 
constant  water  level.  Regulate  the  draft  with  stack  damper 
rather  than  ash  pit  doors,  according  to  the  load  carried. 

When  boilers  are  down  for  a  washout  be  sure  that  they  are 
cleaned.  Rattle  or  turbine  the  flues  if  necessary  and  scale 
the  shell.  Clean  out  the  furnace,  and  combustion  chamber. 
Clean  off  the  bridge  wall  and  clean  out  the  smoke  box.  See 
that  all  repairs  to  furnace  and  combustion  chamber  walls  and 
arches  are  taken  care  of.  Be  absolutely  sure  that  the  boiler 
is  100  per  cent,  before  putting  it  into  service.  Repair  blow- 
off  \alves  and  feed  valves  if  necessary.  See  that  smoke  box 
doors  and  combustion  chamber  doors  are  air  tight.  Minor 
furnace  and  combustion  chamber  repairs  can  be  made  with 
plastic  cement.  A  barrel  of  this  material  should  be  kept  on 
hand  at  each  plant.  Air  leaks  can  be  stopped  up  with  a  plas- 
tic boiler  covering.  A  barrel  of  this  material  should  also  be 
kept  on  hand  at  each  plant. 

Stacks  should  be  painted  with  an  approved  stack  paint  at 
least  once  a  year. 

See  that  non-return  valves  are  kept  in  working  order,  and 
that  all  valves  are  kept  packed:  painting  valve  stems  with 
graphite  and  oil  about  once  a  week  is  a  wonderful  means  of 
saving  valve  stem  packing.  If  the  insulation  is  removed  from 
the  i)iping  to  make  repairs,  see  that  it  is  replaced. 

Peed  water  heaters  should  be  cleaned  frequently.  The 
frequency  of  cleaning  can  easily  be  determined  by  watching 
the  temperature  of  the  feed  water.  This  temperature  should 
never  be  allowed  to  drop  below  200°.  Carry  the  water  level 
in  the  heater  at  such  a  point  as  to  keep  a  head  of  water  on 
the  pump  at  all  times,  but  not  so  high  as  to  cause  the  heater 
to  overflow  continuously.  Don't  try  to  operate  the  heater 
without  a  water  glass  or  thermometer.  Always  keep  a  water 
glass  on  hand.  Both  of  these  are  necessary  for  the  intelligent 
operation  of  any  feed  water  heater. 

Feed  water  pumps  should  be  repacked  once  every  30  days. 
This  insures  one  good  pump  on  the  job  all  of  the  time.  A  de- 
fective feed  punij)  may  mean  shutting  down  the  plant. 

Air  Compressors  and  Power  Equipment. — Should  have  rods 
and  bearings  keyed  up  at  all  times.  Do  not  allow  compres- 
sors to  run  with  bad  Intake  and  discharge  valve.  Such  equip- 
ment needs  a  general  overhauling  every  three  to  five  years. 
Inspect  water  jackets  on  compressors  frequently,  for  in  bad 
water  districts  they  will  fill  up  with  mud  and  scale  very 
quickly.     Indicate    all    engines    and    compressors    frequently 
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and  take  care  of  leaky  and  faulty  settings  as  quickly  as  pos- 
sible. 

The  exhaust  steam  heating  system,  unfortunately,  is  a  part 
of  stationary  equipment  that  seems  to  be  little  understood 
and  sadly  neglected;  yet  it  is  the  one  big  economical  device 
used.  It  is  a  fuel  saver  it  there  ever  was  one.  Any  railroad 
exhaust  steam  heating  system  should  operate  with  satisfac- 
tion on  2  to  ?.  lb.  pressure — certainly,  never  more  than  5  lb. 
One  pound  of  exhaust  steam  has  about  90  per  cent  as  much 
heat  as  1  pound  of  pressure  steam  at  125  lb.  gauge  pressure, 
and  a  well  designed  and  well  operated  exhaust  steam  heating 
system  will  reclaim  about  90  per  cent  of  this,  and  the  greater 
part  of  the  other  10  per  cent  goes  into  the  feed  water.  A 
vacuum  of  5  to  10  in.  of  mercury  should  be  sufficient  to  oper- 
ate any  railroad  exhaust  steam  system,  provided  the  return 
lines  are  tight  and  the  traps  are  not  leaking. 

During  the  summer  of  each  year  all  heating  system  traps 
and  sediment  chambers  should  be  removed  and  cleaned.  See 
that  the  return  lines  are  all  in  good  shape  and  air  tight,  over- 
haul the  vacuum  pumps,  and  this  done,  there  is  no  reason 
why  the  system  should  not  go  through  the  following  winter 
without  trouble.  However,  should  occasion  arise  where  it 
becomes  necessary  to  shut  the  heat  off,  even  for  a  short  time, 
be  sure  that  all  drains  from  the  system  are  opened  to  the 
sewer  to  prevent  freezing  up  of  coils  and  lines,  and  keep  them 
open  after  the  heat  is  again  turned  on  until  you  have  thor- 
oughly warmed  up  the  system  and  conditions  are  normal. 
Then  cut  in  the  vacuum  pump. 

If  loss  of  vacuum  occurs,  find  out  in  what  section  the 
trouble  lies,  by  isolating  each  section  in  turn,  then  test  the 
pumps  by  shutting  off  the  returns.  The  trouble  will  finally  be 
found  to  be  in  the  pumps  or  in  some  section  of  the  system, 
such  as  the  roundhouse,  shops,  office,  etc.  Having  located 
the  section,  go  over  the  return  lines  in  this  section,  with  a 
torch  if  necessary,  for  a  torch  is  about  the  simplest  method 
for  locating  leaks  in  vacuum  lines.  If  it  is  not  located  in  the 
return  lines,  then  look  for  a  leakage  trap.  This  can  be 
located  by  shutting  the  steam  valve  on  each  coil  in  turn. 
When  the  exact  location  of  the  trouble  is  found,  remedy  it  at 
once. 

See  that  all  steam,  air,  and  water  lines  and  valves  are  kept 
in  repair.  Do  not  allow  pipe  covering  to  become  ragged  and 
fall  oft.  Do  not  allow  pipe  line  supports  and  hangers  to  be- 
come loose.  Keep  everything  in  100  per  cent  condition.  Keep 
boiler  and  engine  rooms  clean  and  painted.  Do  not  allow 
temporary  shacks,  piping  and  scaffolds  to  stand  after  they 
have  served  their  purpose.  Put  in  the  broken  window  lights, 
rehang  sagging  doors,  and  paint  the  walls,  piping  and  founda- 
tions. Make  the  stationary  plant  a  clean  and  desirable  place 
to  work  in. 

Special  Fuels  and  Methods  in  Boiler  Furnace  Operation. — 
It  might  be  well  to  touch  upon  the  burning  of  oil,  gas  and 
powdered  coal  in  stationary  plants.  Also  to  remark  upon  the 
use  of  force  draft  with  hand  fired  furnaces. 

Where  oil  and  gas  are  in  active  competition  with  coal,  they 
can  be  burned  with  very  great  economy  in  railroad  plants. 
There  are  only  a  few  places  where  gas  is  used,  and  it  is  not 
likely  that  natural  gas  will  ever  be  used  to  any  considerable 
extent  in  railroad  plants.  The  fuel  is  readily  adapted  for 
domestic  use  and  the  domestic  field  is  too  large  and  the  sup- 
ply of  gas  too  small  to  make  this  fuel  very  active  for  com- 
mercial purpose.  It  is.  therefore,  merely  noted  in  passing. 
The  burning  of  gas  has  many  similar  features  to  burning  of 
oil.  The  introduction  of  air  is  always  through  the  burner. 
The  user  would  do  well  to  accept  any  of  the  patented  gas 
burners  on  the  market  rather  than  attempting  to  do  any  ex- 
perimenting. The  burning  oil  in  furnace  boilers  has  assumed 
a  very  great  importance  during  the  past  few  years,  and  the 
continual  rise  in  price  of  coal  is  going  to  make  oil  an  active 
competitor  of  coal  in  the  middle  western  territory. 

Steam  seems  to  be  the  favorite  medium  of  atomization,  al- 
though low  pressure  air  has  been  used  with  very  good  suc- 
cess. Any  burner  that  will  atomize  the  oil  efficiently,  with  a 
minimum  of  steam  consumption,  will  give  economical  results. 
There  are  about  as  many  patented  oil  burners  as  there  are 
patented  grates,  and.  as  in  the  case  of  grates,  a  home-made 
burner,  constructed  on  common  sense  principles,  will  usually 
give  as  economical  results  as  the  high  priced  patented  article. 
However,  it  is  well  to  remember  that  oil  can  be  burned,  or 
rather  used,  more  extravagantly  than  almost  any  other  com- 
mercial fuel.     The  design  of  furnace  has  considerable  to  do 


with  the  economical  burning  of  oil.  The  use  of  pre-heated 
air  (air  usually  heated  by  passing  through  ducts  in  furnace 
and  floor,  side  walls  or  arches)  does  much  to  increase  the  effi- 
ciency of  oil  burning  furnaces.  Using  oil  in  return  tube  set- 
tings, care  should  be  taken  to  direct  the  flame  downward,  tor 
if  the  flame  is  allowed  to  impinge  upon  the  boiler  shell,  par- 
ticularly in  the  vicinity  of  a  seam,  trouble  will  always  result. 

The  question  of  burning  coal  without  smoke  and  the  de- 
sign of  smokeless  furnaces  is  always  a  live  one.  Smoke  is 
usually  an  indication  of  inefficient  operation.  Notice  we  say 
"usually,"  for  there  are  a  number  of  instances  where  smoking 
was  excessive,  and  the  efficiency  very  high.  However,  smoke 
is  a  nuisance  and  should  be  overcome  if  possible  without  re- 
sorting to  highly  expensive  equipment.  The  process  ot 
"white  washing"  smoke  should  never  be  resorted  to  except  in 
extreme  cases.  Don't  be  fooled  into  believing  that  by  turning 
large  quantities  of  steam  into  the  furnace  or  stack  that  the 
smoke  is  necessarily  burned  or  the  efficiency  increased.  This 
process  merely  dampens  down  the  smoke.  The  problem  of 
smokeless  combustion  merely  involves  the  proper  and  right 
relation  of  air  and  unburned  gases,  and  the  maintaining  of  a 
sufficiently  high  temperature  during  combustion  ot  the  gases. 
The  proper  mixing  of  air  and  gases  usually  involves  a  sec- 
ondary admission  of  air,  and  the  maintaining  of  the  suffi- 
ciently high  temperature  is  usually  accomplished  by  brick 
work  in  the  form  of  secondary  arches  and  bridge  walls,  wing 
arches  and  smoke  arches.  If  secondary  admission  of  air  is 
used,  great  care  should  be  taken  to  see  that  this  admission 
is  properly  controlled,  for  greater  dam.age  and  loss  of  ef- 
ficiency may  result  from  the  improper  use  of  secondary  ad- 
mission than  without  it.  Also  remember  that  introduction  of 
smoke  and  secondary  arches  results  in  a  loss  of  draft,  and 
make  due  allowances.  The  question  of  "dutch  ovens"  is  one 
of  the  first  to  arise  in  considering  smokeless  combustion  ot 
coal  But,  while  "dutch  oven"  furnaces  are  recommended  in 
some  cases,  there  are  many  coals  that  will  not  give  results 
in  this  type  of  furnace.  Furnace  temperatures  with  "dutch 
ovens"  are  always  high,  and  with  a  coal,  the  fusing  point  of 
whose  ash  is  low,  extremely  high  furnace  temperatures  are 
undesirable,  for  they  turn  the  fuel  bed  into  a  slag  bed  of  a 
sticky  plastic  mass,  which  cuts  off  air  supply,  burns  out 
grates,  rends  the  patience  of  firemen  and  engineers  and  al- 
ways r^^sults  in  lowered  capacities  and  efficiencies.  Keep  the 
furnace  temperature  as  high  as  is  consistent  wi*h  the  fusing 
point  of  the  ash,  but  keep  the  combustion  chamber  temper- 
atures as  high  as  you  can  get  them.  In  other  words,  there 
are  many  places  where,  if  the  "dutch  oven"  arch  was  moved 
out  of  the  furnace  and  into  the  combustion  chamber,  a  saving 
of  fuel  and  increasing  of  boiler  capacity  would  be  effected. 

There  is  no  doubt  that  forced  draft  will  increase  the  ca- 
pacity of  any  furnace,  for  it  increases  the  rate  of  combustion. 
But,  also,  forced  draft  may  become  the  source  of  great  loss 
of  economy,  when  used  inadvisedly,  for  it  is  such  an  easy 
matter  to  blow  great  volumes  of  excess  cold  air  up  the  stack. 
The  maintenance  of  forced  draft  equipment  is  also  an  item 
deserving  consideration.  Furnace  maintenance  with  forced 
draft  will  be  increased. 

To  overcome  the  bad  features  of  forced  draft,  go  a  step 
farther  and  install  regulated,  controlled  or  balanced  draft. 
There  are  several  such  systems  on  the  market  at  the  present 
time,  and  in  choosing  any  one  of  them  be  sure  to  analyze  the 
system  completely.  First  of  all  there  are  two  points  to  con- 
sider as  the  basis  of  regulation:  the  load  conditions,  and  the 
furnace  conditions,  of  which  the  furnace  draft  is  an  indica- 
tion. All  of  the  controlled  forced  draft  system  admit  of  the 
steam  pressure  as  a  point  of  regulation  for  load  conditions. 
This  regulation  is  obtained  by  a  pressure  regulator  which 
speeds  up  or  slows  down  the  fan,  accordingly,  as  the  pres- 
sure drops  or  rises.  As  for  the  second  point  of  regulation, 
the  furnace  condition  is  primary.  There  is  no  other  condi- 
tion, or  set  Tit  conditions,  that  will  serve  as  good  a  point  ol 
regulation  basis  as  the  furnace  conditions.  So  in  choosing 
any  of  the  controlled  or  balanced  draft  systems,  be  sure  that: 

'P — The  furnace  is  used  primarily  as  a  basis  of  regulation, 
f'-^ — The  control   aevioe   is   simple  mechanicallv  and"  the   mainte- 
nanrr  not  excessive. 


Brazil  Considering  Irrigation. — President  Pessoa  of  Brazil 
in  a  message  to  the  Brazilian  Congress,  recommends  the  un- 
dertaking of  extensive  developments.  He  suggests  that  the 
federal  government  be  authorized  to  arrange  either  foreign 
or  domestic  loans  for  the  purpose. 
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Some  Details  of  Water  Waste 
Prevention   Surveys* 

By  PAUL  LANHAM, 
Engineer   in   Charge   of  Waste    t'revention,  Water   Department, 
Washington,    D.    C. 

The  first  and  probably  most  important  step  in  starting  a 
water  survey  of  a  city  distribution  system  is  the  proper  divi- 
sion of  the  mains  into  permanent  districts.  This  necessitates 
a  thorough  study  of  the  general  layout  and  some  knowledge 
of  the  direction  and  rates  of  flow  in  the  different  trunk  mains. 
These  latter  facts  may  be  easily  determined  by  using  portable 
pilot    tube    apparatus   at    various    points.     In    selecting    boun- 


Leak    Detection   Crew   Prodding   for    Main. 


urements  give  mean  daily  consumption,  maximum,  niinimuni 
and  night  rates  of  flow.  Population  count  made  by  the  In- 
spectors while  making  the  detailed  surveys  within  the  dis- 
tricts permits  the  district  per  capita  rates  to  be  determined. 
The  per  capita  rale  and  the  ratio  of  the  night  rate  to  the 
mean  daily  rate  of  How  are  excellent  indices  of  the  condition 
of  the  district.  Of  course  consideration  must  be  given  to  the 
character  of  the  consumption  when  reaching  conclusions 
based  upon  these  figures.  To  facilitate  this,  a  census  of 
buildings  is  also  taken  during  the  progress  of  the  detailed 
surveys  and  this  data,  together  with  all  other,  must  be  re- 
corded permanently  for  future  reference. 

Small  temporary  test  districts  are  Isolated  after  11  p.  m. 
and  the  total  rate  of  flow  into  them  observed  and  recorded  on 
the  pitot  chart.  Work  of  testing  and  inspecting  is  continued 
through  the  night  up  until  about  4  a,  m..  when  it  is  found  that 
the  rate  of  flow  becomes  unsteady  and  interferes  with  the 
tests.  Tests  are  made  at  this  time  because  legitimat,e  con- 
sumption is  then  at  a  minimum  while  leaks  and  wastes  will 
still  be  running  at  full  head.  In  residential  sections  the  rate 
during  these  hours  is  practically  UlO  per  cent  illegitimate. 

The  method  of  test  consists  simply  of  measuring  the  rate 
of  flow  into  a  limited  number  of  sauares  and  noting  either  the 
increase  or  decrease  in  this  rate  caused  by  altering  the  num- 
ber of  squares  included  in  the  test  district.  By  "squares"  is 
meant  each  section  of  the  main  in  a  given  street  lying  be- 
tween adjacent  intersecting  streets.  In  most  cities  valves 
are  placed  at  these  points.  Of  course  the  location  of  valves 
really  determines  the  extent  of  the  main  included  in  each 
separate  test.  To  go  into  detail,  assuming  a  rate  of  flow  of 
lOO.OiiO  gal.  per  day.  for  instance,  in  a  test  district  of  two 
squares,  the  rate  of  flow  increasing  to  110,000  gal.  upon  the 
addition  of  another  square  indicates  of  course  that  the  rate  of 
flow  into  this  additional  square  is  10.000  gal.  daily  or  the  dif- 
ference between  the  rates  before  and  after  its  addition. 


Water   Consumption,   services.   Meters,    Etc.,   at   Washington.    D.    C. 

Shows    Rapid    Decline    in    Consumption    Due   to    Meter 

Installations    and    Waste    Surveys. 

daries  for  the  various  permanent  districts  it  must  be  borne  in 
mind  that  measureable  velocities  are  necessary  at  the  pro- 
posed district  measuring  points,  that  valve  closures  must  be 
made  at  neutral  or  nearly  neutral  flow  points  to  avoid  serious 
interference  with  pressure  and  supply,  that  subsequent  work 
makes  the  segregation  of  like  consumers  in  the  same  district 
not  only  desirable  but  almost  necessary,  that  ample  capacity 
must  he  provided  in  mains  feeding  the  district  when  other 
mains  are  closed  off  during  the  measuring  periods,  and  tha. 
the  districts  must  be  of  such  size  as  to  permit  a  complete  de- 
tailed survey  within  a  period  of  one  or  two  months  to  avoid 
confusion  of  data  due  to  changes  of  season  while  the  work  is 
in  progress.  These  points  cannot  of  course  be  literally  car- 
ried out  in  all  cases. 

■From  four  to  six  measurements  of  at  least  seven  days'  dura- 
tion should  be  made  if  possible  of  the  flow  Into  each  distric 
each  year.  Portable  recording  pilot  apparatus,  which  must 
be  used  upon  the  detailed  flow  analysis  within  each  district  is 
ideally  adapted  to  these  measurements  and  its  use  for  both 
purposes  simplifies  the  equipment  considerably.     These  meas- 

•Abstract  of  a  paper  presented  Oct.  3  at  the  38th  Annual  Con- 
vention  of  the  New  England    Waterworks  Association. 


Defective   Service    Pipes   Found    by    Water    Waste    Surveys. 
No    1— Coiroded  iron  serv-oe.    No.  2— defective  wiped  joint.     Xo. 

5 I^ead    pipe    damaged    bv    bad    workmanship    when    wipmg    joint. 

Nns  t  and  5— Frozen  lead  pipe.  No.  6— Corroded  thread  causing 
di.>i(onncction  of  iron  service.  No.  7— Electrolysis  of  iron  pipe. 
\„    > BroUen  stopcock  due  to  abusive  u.se  of  curb  key. 
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The  method  of  adding  squares  is  preferable  as  it  keeps  the 
size  of  the  district  under  test  always  at  a  minimum,  thereby 
facilitating  the  work  by  frequently  excluding  for  longer  pe- 
riods undesirable  fluctuation  in  certain  squares,  also  by  im- 
mediately locating  this  fluctuation  upon  its  appearance  upon 
the  chart  coincident  with  the  addition  of  a  square  under  test, 
permitting  the  immediate  exclusion  of  this  square  to  avoid 
its  interference  with  other  tests. 

The  usual  method  in  preparing  for  the  addition  of  a  square 
is  to  close  the  valve  at  the  far  end  first,  which  cuts  off  the 
only  remaining  feed,  test  the  shut-off  by  opening  fire  hydrant 
or  other  fixtures,  and  then  open  the  valve  at  the  near  end  of 
the  square.  In  cases  where  the  water  cannot  be  cut  off  the 
near  valve  is  opened  first  temporarily  destroying  the  isola- 
tion, permitting  water  to  flow  into  the  test  district  through 
this  opening  until  the  valve  at  the  remote  end  of  the  square 
is  closed.  The  recording  apparatus  for  this  testing  work 
should  produce  a  chart  visible  at  all  times,  have  a  rapid  chart 
movement  and  be  quickly  responsive  to  the  smallest  changes 
in  rate  of  flow. 

The  locating  of  the  night  flow  first  involves  the  use  of  all 
street  valves  and  when  the  flow  is  definitely  determined  as  to 
quantity  and  location  within  the  closest  limits  permissible 
with  these  valves,  recourse  is  had  to  the  aquaphone  or  water- 
phone  and  the  operators  listen  with  it  on  each  curb  stop-cock; 
fire  hydrant,  lawn  sprinkler  connection,  or  any  other  fixtures 
attached  to  the  main  within  the  pre-determined  limits.  Ex- 
aminations are  also  made  of  all  sewer  manholes,  large  sewers. 
electric  or  other  ducts.  Flows  due  to  fixtures  or  other  causes 
within  the  houses  or  buildings  are  readily  determined  when 
the  aquaphones  are  placed  against  the  curb  stop-cocks  and 
the  operators  hear  the  flow  passing  through  the  pipe. 

It  is  frequently  necessary  to  drive  test  holes  down  to  the 
mains  and  service  pipes  to  permit  the  use  of  the  aquaphone  in 
definitely  locating  an  underground  leak  within  closer  limits 
than  provided  by  the  valves,  stop-cocks  or  other  fixtures,  in- 
creasing loudness  at  the  different  points  indicating  that  the 
operator  is  nearing  the  leak.  Frequently  water  or  mud  will 
be  observed  on  the  end  of  the  steel  prod  used  tor  this  purpose 
and  this  indication  is  utilized. 

The  organization  of  a  properly  balanced  force  to  efficiently 
handle  the  water  waste  problem  is  a  matter  depending  con- 
siderably upon  local  condition.  In  general,  the  force  should 
be  supervised  by  an  experienced  engineer  with  at  least  one 
clerk  and  one  draftsman  comprising  the  overhead  organiza- 
tion and  as  many  field  parties  as  the  circumstances  demand. 
Each  field  party  should  consist  of  a  chief  operator  and  two  or 
more  inspectors  with  necessary  laboring  force  to  clean  out 
stopcock  boxes,  open  necessary  excavations,  operate  valves 
and  perform  other  necessary  miscellaneous  duties.  At  least 
one  laborer  is  required  for  each  inspector  and  of  course  more 
will  be  required  if  many  leaks  are  found. 

In  Washington.  D.  C,  over  45,000,000  gal.  daily  underground 
leakage  has  been  stopped  in  the  past  13  years.  In  another 
city  over  2,000,000  gal.  daily  was  the  result  of  only  one  year's 
work  by  a  single  field  party. 


Points  to  Be  Considered  in  Investigating 
Watershed   Leakage 

Useful  suggestions  for  investigating  the  likelihood  of 
watershed  leakage,  especially  in  small  drainage  basins  such 
as  are  used  for  gravity  water  supplies,  wei-e  given  as  fol- 
lows by  Mr.  Robert  E.  Horton,  in  a  paper  presented  at  the 
last  annual  meeting  of  the  New  England  Waterworks  Asso- 
ciation. 

Watershed  leakage  is  always  from  a  higher  to  a  lower 
drainage  basin.  In  case  of  inversion,  higher-lying  adjoining 
areas  should  be  examined.  In  case  of  diversion,  the  presence 
of  lower-lying  adjoining  areas  which  may  afford  an  outlet 
for  the  water  losses  should  be  looked  for. 

Aside  from  loss  through  solution  channels  in  limestone 
regions,  waterslied  leakage  usually  occurs  only  where  there 
is  a  continuous  ground-water  horizon.  It  does  not  occur 
where  there  is  an  impervious  rock  barrier  forming  the 
boundary  between  the  two  areas  in  question. 

Watershed  leakage  is  more  likely  to  occur  between  areas 
overlain  by  deep  beds  of  sand,  gravel  or  porous  glacial  de- 
posits than  between  areas  with  less  permeable  soils  or  with 
rock  near  the  surface.     It  is  more  likely  to  occur  in  regions 


underlain  by  limestone  and  sandstone  than  in  regions  under- 
lain by  shale  or  granite.  It  is  more  likely  to  occur  through 
rocks  of  moderate  dip  than  through  horizontal  strata — and  it 
is  more  likely  to  occur  through  broken,  seamy  and  fissured 
rocks  than  through  compact,  uniform  beds  of  rock. 

It  is  more  likely  to  occur  between  basins  with  low,  poorly 
marked  watershed  divides  than  between  steeper  areas.  The 
configuration  of  the  surficial  ground-water  table  generally 
follows  closely  that  of  the  overlying  topography,  and  the 
topographic  forms,  as  well  as  the  geologic  conditions,  should 
be  taken  into  account. 

The  shallower  the  soil  mantle,  and  the  closer  to  the  sur- 
face tlie  rock,  the  steeper  the  slopes,  and  the  more  impervious 
the  soil  and  rock,  the  less  is 'the  likelihood  of  serious  water- 
■shed  leakage. 


Lessons  in  Public  Health  Taught 

by  Recent  Experiences 

of  U.  S.  Army 

Some  of  the  many  valuable  lessons  taught  by  recent  ex- 
periences in  the  United  States  Army  are  those  pertaining  to 
public  health.  Mr.  Charles  Oilman  Hyde.  Professor  of  San- 
itary Engineering,  University  of  California,  in  a  paper  pre- 
sented to  the  October,  1919,  meeting  of  the  League  of  Cal- 
ifornia Municipalities,  outlines  some  of  these  lessons  and 
summarizes  them  briefly  as  follows: 

General  Health.— Thorough-going  physical  examination, 
conducted  at  regular  and  reasonably  frequent  intervals,  of 
all  individuals  in  a  community  is  of  immense  and  far-reaching 
value  in  detecting  defects  and  diseases  in  incipient  stages. 

Vaccination  and  re-vaccination  of  all  individuals  in  a  com- 
munity to  protect  against  such  diseases  as  smallpox  and  ty- 
phoid will,  in  cooperation  with  other  preventative  measures, 
practically  eradicate  these  scourges  of  the  past. 

Venereal  disease  should  be  subjected  to  early  and  con- 
tinued treatment  and  prophylaxis  and  treatment  stations 
should  be  generously  provided. 

A  well-balanced  food  ration  is  fundamental  to  good  health; 
therefore  free  public  instruction  in  foods  and  diet  should  be 
provided  in  every  community. 

Regular,  systematic  exercise  is  also  fundamental  to  good 
health;  therefore  public  attention  should  be  directed  to  this 
matter. 

Personal  cleanliness  is  one  of  the  greatest  possible  aids 
to  robust  health  and  self-respect. 

r'rowding.  especially  in  sleeping  quarters,  is  dangerous  and 
should  be  avoided. 

In  general,  good  health  is  absolutely  essential  to  mental 
and  physical  efliciency  and  is  significantly  dependent  upon 
faithful  obedience  to  the  laws  of  personal  hygiene. 

Greater  attention  should  be  given  to  the  cleaning  of  all 
eating  and  drinking  vessels  and  utensils  in  public  places. 

Water  Supply  and  Sewage  Disposal. — In  view  of  the  rela- 
tively very  slight  cost,  of  water  disinfection,  no  community 
can  justify  the  purveying  of  an  unsafe,  insanitary  water 
supply. 

Every  community  of  considerable  size,  provided  with  a 
public  water  supply,  should  abolish  latrines  and  privies,  and 
introduce  a  modern  water-carriage  sewerage  system  with  the 
proper  methods  of  disposal. 

Excessive  amounts  of  grease  in  sewage  render  its  treat- 
ment difficult,  and  its  value  justifies  an  attempt  at  salvage 
by  large  producers. 

Refuse  Materials  and  Their  Disposal.— Municipal  refuse 
contains  many  salvageable  materials  if  proper  classification 
at  the  source  of  sorting  at  some  central  point  is  resorted  to. 

Fresh  municipal  garbage  is  valuable  as  a  hog  food,  and 
its  use  for  this  purpose  may  represent  a  profitable  under- 
taking. 

Poorly  designed  and  constructed  incinerators  for  mixed 
refuse  are  expensive  and  unsatisfactory  to  operate  and  have 
a  short  lite;  it  is  possible  to  design  incinerators  to  operate 
without  producing  a  nuisance. 

Refuse  dumps  can  be  maintained  in  a  sightly  condition 
without  nuisance  but  considerable  expense  for  labor  is  in- 
volved. 
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Bank  Revetment  of  Boulder  and 
Fence  Wire 

By  E.  EARL  GLASS,  C.  E. 

This  work  was  done  to  strengthen  the  low  bank  of  San 
Antonio,  Wash.,  where  it  enters  the  highly  cultivated  Pomona 
Valley.  This  torrential  stream  bed  is  typical  of  the  South- 
ern California  "washes'  with  their  watersheds,  located  in 
the  abrupt  Sierra  Madre  Mountains.  At  the  mouths  of  their 
canyons,  the  streams  spread  over  broad  detrital  cones  where 
the  shallow  channels  permit  disastrous  meandering,  ofttimes 
through   valuable   orange  groves   and   populous   communities. 

During  about  eight  months  of  the  year  these  washes  are 
absolutely  dry  below  the  mountain  canyons,  any  water 
reaching  the  mouth  of  the  canyon  being  diverted  in  steel 
and  concrete  conduits  to  irrigate  the  farm  lands  in  the  val- 


Anchor   Post   and    Deflector. 


Completed    Bank    Protection. 


ley  below.  But  for  a  week  or  two,  usually  during  the  months 
of  January  or  February,  these  barren  stretches  of  gravelly 
creek  bed  become  raging  torrents  and  furnish  the  engineers 
of  the  Southwest  a  sizeable  problem  in  flood  control. 

The  method  decided  upon  for  confining  the  flood  waters 
from  San  Antonio  Canyon  to  the  main  channel  consisted  in 
reinforcing  the  low  west  bank  with  a  hand-laid  mattress  of 
boulders  and  fence  wire. 

A  rough  masonry  wall  Z  ft.  wide  and  31/2  ft.  high  was  laid 
in  the  footing  trench  and  where  necessary  the  gravel  bank 
was  built  up  to  uniform  slope  with  rough  stone.  These  were 
well  bedded  and  covered  with  sand,  after  which  58-in.  Type 
F,  Elwood  wire  fencing  us  as  spread  upon  the  trimmed  slope 
and  IM-gage  tie  wires  attached  at  frequent  intervals.  These 
wires  were  raised  to  extend  through  the  wall  as  the  cobbles 
were  laid  up  the  slope.  Then  the  fence  wire  was  folded  up 
from  the  bottom  and  stretched  tight  with  a  bar  while  the 
tie-wires  were  twisted  securely.  The  slope  face  is  7%  ft. 
wide  and  the  top  of  bank  averages  5  ft.  above  the  stream  bed. 

When  the  paved  slope  was  completely  covered  with  wire 
and  all  securely  tied  down,  concrete  posts  12  in.  wide  were 
cast  at  25-ft.  intervals  to  increase  the  stability  of  the  mat- 
tress. 

Boulder  and  wire  rolls  were  placed  along  the  footwall  as 
wings  to  deflect  the  current  from  the  protected  bank. 

Mr.  Willis  Jones  was  engineer  on  the  work  and  the  cost 
was  born  jointly  by  the  county  of  Los  Angeles  and  the  in- 
terested property  owners. 

The  length  of  the  improvement  is  2,810  ft.  and  the  total 
cost,  including  engineering,  was  ?8,10e  or  $2.88  per  lineal 
foot. 


School  Children  Raise  Food  Valued  at  $48,000,000.— Chil- 
dren enlisted  m  home  gardening  under  school  supervision  in 
the  TI.  S.  School  Garden  "Army"  have  produced,  in  the  lit 
tie  more  than  a  year  the  work  has  been  in  operation,  food- 
stuffs valued  at  $48,000,000,  according  to  an  announcement 
of  the  Bureau  of  Education.  Department  of  the  Interior. 


The   Drainage   Problem   from   the 

Viewpoint  of  the  Investor 

and   Investment 

Dealer* 

Ey  EDWARD  BOWER, 
Of  Otis  &  Co..  Cleveland.  O. 
In  the  successful  working  out  of  the  drainage  problem, 
those  primarily  interested  logically  divide  into  three  classes — 
the  men  who  own  the  land  to  be  drained,  the  engineers  who 
prepare  the  plans  and  create  the  drainage  system  and  the  in- 
vestment dealer,  and  through  him  the  investor,  who  furnishes 
the  money  to  pay  for  the  operation.  It  is  my  firm  conviction 
that  the  interests  of  all  three  are  identical.  I  am  very  sure 
that  when  this  whole  matter  is  thoroughly  thought  out  and 
siudiea  and  understood  that  this  will  be  proven  to  be  true.  1 
believe  that  the  effort  necessary  to  bring  us  to  this  conclu- 
sion is  worth  all  the  labor  involved  in  its  accomplishment. 

I  am  of  the  opinion  that  there  Is  a  considerable  misunder- 
standing of  the  true  attitude  of  mind  of  the  investment  dealer. 
His  first  concern  must  be  absolutely  the  welfare  of  his  client. 
If  this  is  not  so  he  will  not  remain  long  in  business.  His  sec- 
ond concern  is  that  of  profit  for  his  effort.  Therefore  he 
must  see  to  it,  if  he  handles  drainage  securities,  that  those 
securities  are  absolutely  safe  and  sound:  that  his  client  will 
receive  promptly  at  the  agreed  time  not  only  the  interest 
upon  uis  principal,  but  also,  without  fail,  the  principal  of  his 
investment  at  maturity. 

In  our  opinion  the  following  elements  are  essential  in  the 
formation  of  a  drainage  district  and  the  creation  of  securities 
to  finance  such  undertaking: 

First:  The  drainage  laws  under  which  the  district  is 
formed  and  in  accordance  with  which  the  securities  are  is- 
sued must  be  absolutely  right  and  air-tight,  and  such  laws 
must  have  been  litigated  to  the  point  of  having  the  approval 
of  the  highest  court.  Such  laws  preferably  should  be  gen- 
eral, and  not  special  laws  created  tor  each  occasion.  We  are 
very  strongly  of  the  opinion  that  the  laws  should  be  such  that 
securities  issued  under  them  become  essentially  general  ob- 
ligations, so  that  all  of  the  property  in  a  given  district  is  se- 
curity for  the  bond  issue  as  a  whole,  and  not  a  specific  part  of 
a  boiid  issue  secured  by  a  specific  piece  of  land.  The  legal 
end  must  be  so  worked  out  that  there  is  no  difficulty  In  ob- 
taining the  opinion  of  a  firm  of  bond  attorneys  of  very  high- 
est standing. 

Second:  The  soil  in  the  given  district  must  be  of  such  a 
nature  that  when  drained  it  will  become  highly  productive. 

Third:  The  population  of  the  district  must  be  large 
enough  and  the  ownership  of  the  land  in  the  hands  of  such 
people  that  there  can  be  no  question  about  the  levying  of  a 
sufficient  tax.  and  the  collection  of  the  same,  to  meet  the  ob- 
ligations incurred  in  the  securities  to  be  issued.  There  should 
be  a  real  demand  from  such  a  representative  part  of  the  popu- 
lation and  land  ownership  for  the  improvements  as  to  produce 
a  willingness  to  pay  the  tax  imposed. 

Fourth:  There  must  be  sufficient  transportation  facilities, 
or  the  assurance  of  the  same,  to  carry  the  products  of  the 
district  to  market,  as  well  as  a  knowledge  that  there  is  a  real 
market  for  the  things  that  the  district  will  produce. 

Fifth:  The  engineer's  opinion,  from  our  standpoint;  is 
equally  as  important  as  the  legal  opinion.  Unless  the  Invest- 
ment dealer  can  rely  upon  the  reports  of  engineers  in  charge 
of  drainage  operations  he  certainly  cannot  afford  to  handle 
the  securities.  Not  only  must  the  engineering  be  properly 
and  scientificallv  done  so  far  as  the  specific  district  Is  con- 
cerned so  that  it  will  really  accomplish  the  proper  drainage 
of  the  district,  but  it  must  also  take  into  consideration  the 
districts  lying  contiguous  thereto,  so  that  at  some  future  time 
the  efficiency  of  the  specific  drainage  system  will  not  prove 
inadequate  because  of  water  being  dumped  from  adjoining 
districts.  From  our  point  of  view  we  believe  it  is  essential 
not  only  that  the  officers  in  charge  of  a  district  shall  employ 
reputable  and  competent  engineers  to  create  the  drainage  sys- 
tpm  itself,  but  that  also  they  shall  have  employed  a  firm  of 
consulting  engineers  that  shall  act  as  an  eff'ectual  check  upon 
those  actually  doing  the  work.  There  is  always  the  possi- 
bility, in  any   undertaking,  that  those   close  up,   because  of 

"'^Abstra'-l    of    a    paper    presented    Nov.    12    before    the    National 
Drainage  Congress. 
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their  very  nearness  to  the  thing,  may  overlook  some  very 
essential  factors  which  will  be  apparent  to  those  more  re- 
mote, and,  for  this  reason  having  a  more  general  view  of  the 
situation.  Also,  this  practice  has  a  strong  tendency  to  instill 
confidence  in  the  minds  of  purchasers  of  drainage  securities. 

Sixth:  Development  of  a  high  sense  of  business  principles 
in  the  officers  of  drainage  districts,  the  realization  that  the 
credit  of  the  district  is  dependent  upon  the  prompt  perform- 
ance of  their  duty.  Our  only  difficulty  in  this  respect  has 
been  the  failure  on  the  part  of  the  officers  of  the  district  to 
remit  funds  for  payment  of  interest  and  principal  promptly, 
so  that  it  would  reach  the  depository  of  the  district  In  time 
for  prompt  payment  of  coupons  and  principal.  The  applica- 
tion of  strictly  businesslike  performance  in  this  regard  would 
entirely  remedy  this  difficulty. 

All  of  the  six  elements  presented  above  must  exist,  and  in 
the  proper  relation,  in  order  to  produce  the  things  essential 
to  the  ultimate  success  of  any  drainage  undertaking;  namely, 
to  bring  about  in  the  given  district  a  large  increased  popula- 
tion, a  smaller  division  of  land  ownership,  greatly  increased 
production,  bringing  about  the  realization  of  large  profits 
and  large  enhancement  in  land  value.  Only  in  the  accom- 
plishment of  this  result  will  there  be  forthcoming  ample  taxes 
out  of  which  principal  and  interest  can  be  met.  The  achieve- 
ment of  this  end  spells  success;  the  failure  to  achieve  this 
end   spells   disaster. 


New  Motor  Driven   Pumping  In- 
stallation of  Savannah 

The  city  of  Savannah,  Ga.,  has  recently  installed  an  elec- 
tric-motor driven  pump  on  an  artesian  well  furnishing  4,000,- 
000  gal.  of  water  daily  to  the  city,  which  is  operated  at  a 
cost  of  $10  per  1,000,000  ,?al. 

The  artesian  well  is  519  ft.  deep  and  was  dug  by  the  use 
of  dynamite.    A  24-in.  casing  was  sunk  to  a  depth  of  110  ft., 


New    Motor    Driven    Pump    of    Savannah,    Ga. 

and  from  there  to  the  bottom,  a  16-in.  casing  is  used.  The 
pump,  which  is  of  the  Layne  &  Bowler  centrifugal  type,  is 
installed  100  ft.  below  the  surface.  It  is  driven  by  a  200-hp., 
2-phase,  60-cycle,  2200-volt,  1175-rpm,,  vertical  induction  motor 
which  was  built  by  the  Westinghouse  Electric  &  Manufac- 
turing Co.,  and  shipped  to  Savannah  from  the  East  Pitts- 
burgh works  by  express  because  of  its  urgent  need  by  the 
city.  (Current  for  the  operation  of  the  motor,  is  supplied  to 
the  city  by  the  Savannah  Electric  Co. 

Tests  made  on  the  water  pumped  from  the  well  have  proved 
Its  superiority  over  the  water  formerly  pumped  from  the 
River  station,  and  it  is  apparently  much  softer  than  any 
artesian  water  ever  used  in  the  city  before.     This  softness  is 


such  that  it  does  not  strike  a  strata  of  lime.  The  water  Is 
said  to  have  some  sulphur,  lather  fully,  and  to  be  unusually 
well  adapted  tor  all  domestic  as  well  as  commercial  uses. 

The  pump  was  installed  by  P.  D.  Bowler  of  the  Layne  & 
Bowler  Corporation  of  Memphis,  Tenn.,  and  motor  and  con- 
trol were  supplied  through  W.  C.  Bryant  &  Co.,  Westing- 
house  dealer  in  Savannah. 

The  total  number  of  wells  completed,  or  for  which  con- 
tracts have  been  let  is  five,  to  he  driven  by  motors  of  the 
following  capacities:  one  100-hp.;  two  200-hp.;  one  250-hp.; 
and  one  300-hp. 

All  the  motors  are  installed  above  ground  on  all  these  ap- 
plications except  one  which  is  located  under  the  street  in  a 
pit  entirely  enclosed  and  furnished  with  forced  draft  ven- 
tilation. 


Personals 

Al.  Wlliarns  of  Ionia,  Mich.,  has  been  appointed  county  engi- 
neer of  Ionia  County. 

E.  R.  Treverton,  an  electrical  engineer,  has  been  elected  city 
ni.anager  of   iconic   Hill.   S.   C. 

Grover  Shannon,  civil  engineer,  has  been  appointed  a  member 
of  the  State  Reclamation  Board  of  California. 

Fred  E.  Johnston,  a  civil  engineer  of  Fort  Smith.  Ark.,  has 
been  appointed  city  manager  of  Sallisaw.  Okla. 

E.  A.  Ward,  division  engineer  of  the  Texas  State  Highway 
Department,  has  been  appointed  resident  engineer  of  the  Dallas 
(Tex.)  Chamber  of  Commerce  Metropolitan  Development  Associa- 
tion. 

Matthew  R.  Riddell,  imtil  recently  chief  engineer  of  the  Ca- 
nadian Aeroplanes,  l^til.,  of  Canada,  has  been  appointed  assistant 
professor  of  aeronautic  engineering  and  assistant  director  of  the 
F.nginering  Experiment  Station  at  the  University  of  Illinois. 

Wm.  W.  McClendon,  for  the  past  five  years  city  engineer  of 
Mineral  Wells,  Tex.,  and  Lieut.  A.  B.  Purnell,  have  formed  an 
engmeerir^;  firm  under  the  name  of  McClendon  &  Purnell.  with 
offices  at  Mineral  Wells.  The  firm  will  specialize  in  municipal 
and  highway  work.  Mr.  McClendon  will  still  act  as  city  engineer 
of  Mineral  Wells  and  Mr.  Purnell  will  have  direct  charge  of  all 
outside  work. 

Russell  W.  Stove!,  recently  lieutenant-colonel  of  engineers.  U. 
S.  Army,  has  been  appointed  as  a  consulting  engineer  by  the 
VVestinshcuse,  Church.  Kerr  &  Co..  Inc.,  and  will  devote  his 
entire  time  to  the  electrical  and  mechanical  features.  Mr.  Stovel 
had  direct  charge  of  the  Paoli  and  Chestnut  Hill  electrification  of 
the  Pennsylvania  R.  R.  and  the  Elkhorn  grade  electrification  of 
the  Norfolk  &  Western  R.  R,  With  the  American  Expeditionary 
Forces  in  France  he  served  as  chief  of  the  terminal  facilities 
division  of  the  army  trai+sport  service,  one  of  the  two  big  divi- 
sions of  transportation  of  which  Brig. -Gen.  Atterbury  was  the 
chief. 


Industrial  Notes 


H.  B.  Bushnell.  enKint-er  of  maintenance  for  the  State  High- 
way Department  in  Illinois,  resigned  Dec.  1  to  become  associated 
with  the  Western  Wheeled  Scraper  Co.  at  Aurora,  111.,  in  the 
capacity  of  consulting  and  sales  engineer.  Mr.  Bushnell  gradu- 
ated from  the  University  of  Illinois  in  1907.  For  the  past  ten 
years  he  has  been  associated  with  the  Illinois  State  Highway 
Department  in  the  capacity  of  assistant  road  engineer,  district 
engineer  and  engineer  of  maintenance,  with  the  exception  of  IS" 
months'  service  with  the  army  engineers.  Capt.  Bushnell  was 
o\'erseas  13  months  in  charge  of  camp  and  road  work. 

The  Standard  Asphalt  &  Refining  Co..  with  general  offices  at 
Chicago,  has  made  arrangements  with  the  Insulite  Products  Co.. 
Inc.,  of  Portland,  Ore.,  to  handle  its  products  on  the  Pacific 
Coast.  The  Insulite  Products  Co.  is  a  new  company  recently 
organized  and  will  be  managed  by  F.  B.  Oilman,  formerly  of  the 
F.  B.  Oilman  &-  Co.  Mr.  Oilman  is  well  known  on  the  Pacific 
Coast  and  has  an  experience  of  22  years'  standing  in  the  asphalt 
and  engineering  field.  They  have  opened  general  offices  in  the 
Railway  Exchange  building  and  are  arranging  for  branches  in 
Spokane,   Tacoma.  Seattle,    San  Francisco  and  Los  Angeles. 

Fairbanks.  Morse  &  Co.  will  start  erection  next  year  on  a 
foundry  at  Beloit,  Wis.,  that  will  call  for  an  expenditure  of  about 
$1,500,000.  This  structure  will  be  900  ft.  long,  550  ft.  wide  and 
will  contain  495,000  sq.  ft.  of  floor  space,  including  storage  of 
flasks,  iron,  sand,  etc.,  which  wfll  also  be  under  the  roof.  It  will 
cover  11  acres  of  ground.  It  will  Ije  located  directly  to  the  north 
of  the  present  power  house.  The  foundry  will  have  an  ultimate 
capacity  of  350  to  400  tons  of  gray  iron  daily  and  will  eventually 
employ  1.500  additional  men,  and  1,500  more  men  will  be  required 
in  other  departments  of  the  factory  to  meet  the  increased  pro- 
duction that  will  result. 

The  Asphalt  Association,  with  main  office  in  New  York  City, 
has  selected  Washington.  D.  C,  as  a  district  headquarters  Maj. 
Harry  D.  Williar.  an  engineer  of  the  First  Division,  will  have 
charge  of  the  Washington  office,  which  will  be  in  the  Munsey 
building.  Maj.  Williar  is  -a  Marylander.  receiving  his  training 
as  an  engineer  on  the  State  Road  Commission  and  later  wth  the 
Paving  Commission  of  Baltimore.  At  the  outbreak  of  the  war  he 
entered  the  officers'  training  camp  at  Fort  Myer  and  was  one 
of  the  engineer  officers  selected  to  go  to  France  with  the  original 
Pershing  expedition.  Included  in  the  Washingtoin  district  are  the 
states  of  Maryland,  Pennsylvania,  Delaware,  Virginia  and  West 
Virginia. 

The  Chicago  Pneuma£ic  Tool  Co.  reports  orders  booked  during 
the  month  of  October  in  excess  of  any  previous  month  since  the 
armistice.  The  same  is  true  of  its  English  and  German  subsid- 
iaries. Willie  the  German  subsidiary  was  seized  by  the  German 
government  and  has  been  run  under  "compulsory  administration"^ 
since  the  United  States  participation  in  the  war.  compulsory  ad- 
ministration has  now  been  abolished  and  the  management  is  being 
transferred  back  to  the  Chicago  Pneumatic  Tool  Co.  through  the 
Courts  of  Commerce,  according  to  cable  reports  Just  received  from 
the  company's  representative,  now  returning  from  Berlin.  Re- 
ports show  the  German  company  as  well  managed  during  the 
war  and  is  now  operating  on  a  satisfactory  basis.  Arrangements 
have  been  made  to  materiallj'  increase  production. 
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Roads   and    Streets — 1st    Wednesday 


(a)  Roads 

(b)  Streets 


(c)  Str,.,_t   Cleaning 

(d)  Municipal    Miscellanies 


(e)   Management    and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


fa)    Waterworks 
(b)   Sewers  and  Sani- 
tation 

(e)    Management    and    Office 
System 


(c)  Irrigation  and  Drainage 

(d)  Power  and  Pumping 


Railways    and    Excavation — 3rd    Wednesday 

(a)  Excavation     and  <c)    Quarries  and   I'ils 

Dredging  (d)    Railways.    Steam    and 

(b)  Rivers   and   Canals  Electric 

(e)    Management    and    Ofllce 
System 

Buildings   and   Structures — 4th   Wednesday 


(a)   Buildings 

Ih)    Bridges 

(c)    Harbor   Structures 


(d)    Misc'Uaneous  Structures 
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Is  Labor  Treated  as  a  Commodity? 

Socialists  taaintain  that  many  of  the  evihs  of  the  capitalistic 
system  spring  from  the  fact  that  labor  is  treated  precisely 
as  if  it  were  a  commodity,  the  price  of  which  is  governed 
entirely  by  the  law  of  supply  and  demand.  Most  labor  un- 
ionists hold  this  belief  also.     Is  it  in  accord  with  the  facts? 

In  making  a  logical  analysis  of  a  proposition  of  this  sort 
the  first  step  should  be  to  ascertain  the  differences,  if  any, 
between  the  things  that  are  classed  together.  The  second 
step  should  be  to  ascertain  whether  any  of  those  differences 
operate  to  destroy  or  to  restrict  the  given  generalization  in 
qusstion.  In  this  case  labor  is  said  to  be  treated  under  the 
capitalistic  system  precisely  as  if  it  were  a  commodity;  and 
that  therefore  it  falls  within  the  generalization  known  as 
■"the  law  of  supply  and  demand." 

That  labor  differs  from  most  commodities  is  apparent.  The 
"'commodity"  that  iabor  most  nearly  resembles  is  a  ma- 
cliine,  for  machines 
(whether  of  metal  or 
of  animal  muscle)  are 
capable  of  doing  a 
great  deal  that  human 
labor  does.  But  a  ma- 
chine differs  from  a 
laborer  in  two  impor- 
tant ways:  First,  a  ma- 
chine itself  has  no  de- 
mand for  its  own  prod- 
uct. Second,  a  machine 
can  not,  of  itself,  re- 
duce or  increase  the 
■supply  of  its  own  prod- 
tict.  Of  course  both 
these  differences  be- 
tween a  laborer  and  a 
machine  occur  because 
the  one  has  a  brain  and 
i  nervous  system  which 
the  other  has  not. 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Con- 
tracting contain  as  many  words  as  40  pages  of  the  size 
and  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  \aigt  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


Having  ascertained  these  two  differences,  the  second  step 
consists  in  determining  whether  the  law  of  supply  and  de- 
mand as  applied  to  machines  applies  with  equal  exactitude 
to  laborers,  since  they  are  said  to  be  mere  machines  under 
the  capitalistic  system. 

Capitalists  buy  machines  merely  as  instruments  with 
which  to  produce  the  things  that  men  want.  Since  in  Amer- 
ica most  men  fall  within  the  class  known  as  workers,  we 
may  say  with  substantial  accuracy  that  capitalists  buy  ma- 
chines in  order  to  produce  things  that  labor  wants — cloth- 
ing, food,  light,  heat,  buildings,  etc.  This  being  so,  if  labor 
w-ere  merely  a  machine  in  the  eyes  of  capitalists,  we  should 
have  the  anomalous  situation  of  capitalists  buying  machines 
to  produce  products  that  the  machines  desired.  To  this  it 
can  be  replied  that  capitalists  are  forced  to  give  laborers  a 
living  wage,  just  as  they  are  forced  to  feed  horses  a  living 
ration,  beyond  which  they  need  not  ,go  under  the  capitalistic 
system.  This,  however,  is  not  true,  for  it  omits  considera- 
tion of  one  difference 
that  we  have  already 
mentioned,  namely, 
that  laborers  have  con- 
trol of  their  own  out- 
put. If  workers  are 
not  satisfied  with  their 
wages  they  can  re- 
strict their  daily  out- 
put, or  they  can  cease 
to  produce  anything  at 
all.  While  this  last 
measure  is  spectacular, 
it  is  really  quite  insig- 
nificant in  its  total  ef- 
fect compared  with 
daily  restriction  of  out- 
put. 

It  is  quite  generally 
agreed  among  scien- 
tific managers  that  the 
average    output    of    all 
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workers  could  be  increased  fully  50  per  cent  were  they 
to  work  faithfully.  So  there  is  a  loss  of  about  twenty 
billions  of  dollars  annually  in  America  as  a  result  of 
this  daily  restriction  of  output  on  the  part  of  work- 
ers. In  India  the  workers  have  for  centuries  made  restric- 
tion of  output  a  part  of  their  religion  as  well  as  of  their 
social  customs.  A  Hindu  born  into  a  given  caste  can  not 
change  his  caste.  But  what  is  a  caste?  Nothing  else  than 
a  class  of  industrial,  political  and  religious  workers,  the 
higher  castes  being  those  that  direct  or  control  the  lower 
pastes.  In  short,  the  caste  system  of  India  is  the  guild  or 
trades  union  system  carried  to  its  logical  conclusion,  if  it 
be  the  object  to  restrict  the  output  of  workers  under  the  de- 
lusion that  the  capitalists  will  get  all  the  output  above  a 
living  wage. 

The  appalling  poverty  of  India  is  itself  the  most  eloquent 
refutation  of  the  socialistic  theory  that  capitalists  treat  labor 
merely  as  a  commodity.  If  they  were  thus  able  to  treat  it, 
and  if  they  were  ignorant  enough  to  do  so,  American  capi- 
talists would  hold  American  laborers  down  to  a  bare  living, 
even  as  the  Hindu  workers  have  held  themselves  down  for 
centuries. 

Intelligent  capitalists,  however,  selfish  they  may  be,  have 
long  ago  learned  that  generosity  toward  their  employes 
brings  far  greater  profits  than  can  possibly  be  secured  by 
acting  under  the  theory  that  labor  is  merely  a  machine  to 
be  bought  only  under  the  law  of  supply  and  demand.  It  is 
the  laborers  themselves,  and  not  capitalists  as  a  class,  who 
foolishly  seek  to  apply  this  "law"  that  classes  them  with 
mere  commodities. 

In  India  we  see  10  Hindus  doing  the  work  that  one  Ameri- 
can does,  getting  less  than  one-tenth  the  wage  that  the 
American  gets.  In  Europe,  for  years  prior  to  the  war,  we 
have  seen  two  to  three  Europeans  doing  the  work  that  one 
American  did — taking  farming,  mining  and  manufacturing 
combined  or  separately.  And  we  have  coincidently  seen  the 
average  American  worker  earning  two  to  three  times  as  much 
as  the  average  European,  measured  not  merely  in  money 
but  in  the  things  that  money  buys. 

"Yes."  replies  the  labor  leader,  "that  it  true,  but  our 
American  labor  unions  have  forced  these  high  wages  from 
the  capitalists."  If  this  is  so,  why  haven't  the  tiades  unions 
of  Great  Britain  foixed  similar  high  wages  from  British  cap- 
italists? Those  unions  are  much  better  organized  than 
American  unions,  as  is  well  shown  by  their  ability  to  re- 
strict membership  through  the  apprentice  system  and  to  re- 
strict output.  As  a  matter  of  recent  history,  it  is  well  known 
that  during  the  war  the  British  unions  grudgingly  permitted 
the  Government  to  set  aside  their  rules  restricting  output, 
but  only  tor  the  period  of  the  war!  It  is  also  well  known 
that  women  workers  entered  British  factories  and  turned 
out  two  to  three  times  as  many  units  of  product  as  the 
unionized  men  had  been  accustomed  to  turn  out!  Clearly, 
then,  it  has  not  been  the  strength  of  American  labor  unions 
that  accounts  for  higher  wages  in  America. 

Labor  leaders  and  laborers  alike  have  been  deceived  by 
the  increases  in  wages  that  they  have  secured  through 
strikes  and  threats  of  strikes.  They  have  fancied  that  they 
have  wrested  part  of  great  profits  from  capitalists,  that  cap- 
italists have  enjoyed  for  many  years.  As  a  matter  of  fact, 
through  invention  and  good  business  management,  the  out- 
put of  workmen  in  America  has  been  increasing  every  year. 
What  the  workmen  have  got  has  been  nearly  all  of  this  incre- 
ment. The  small  percentage  of  increment  that  they  have 
not  secured  bulks  large  when  in  the  possession  of  a  tew  cap- 
italists, and  thus  tends  to  create  the  impression  that  most 
of  the  increment  has  gone  to  capitalists.  Had  there  been 
no  increment  in  output,  due  to  invention  and  improved  man- 
agement, American  unions  might  have  struck  for  higher 
wages  as  frequently  as  they  used  to  strike  in  England  before 
the  war,  and  they  would  have  "wrested  from  capitalists"  just 
as  little  as  their  British  cousins  were  able  to  wrest,  for 
blood   can't   be  sucked  from  a  turnip. 

We  do  not  contend  that  labor  unions  have  not  forced  many 
capitalists  to  pay  them  higher  wages.  We  do  contend  that 
strikes  have  not  been  the  principal  means  by  which  wage 
increases  have  been  secured.  We  do  not  contend  that  the 
law  of  supply  and  demand  has  no  effect  in  determining  rates 
of  wages.  We  do  contend  that  this  law  has  played  only  a 
minor  part  in  America;  and  that  where  it  has  played  a  major 
part,  as  in  India,  it  has  been  because  the  workers  themselves 
have   restricted   output.    We   do   not  contend   that  American 
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capitalists  have  been  wholly  unselfish.  We  do  contend  that 
they  have  often  been  altruistic,  and  that  even  where  they 
have  been  selfish  they  have  usually  been  intelligent  enough 
to   see  that   liberal  wage  payments  lead  to  larger  profits. 


Why    Not    Confer   a    Vice    Pres- 
idency on  Railway  Chief 
Engineers 

Most  railway  companies  have  several  vice-presidents,  each 
in  charge  of  different  classes  of  executive  work.  The  chief 
engineer  is  primarily  an  executive  officer,  and  the  depart- 
ment over  which  he  presides  is  one  of  the  most  important  of 
all.  Why,  then,  should  not  the  chief  engineer  of  every  rail- 
way be  made  a  vice-president?  If  this  were  done  his  title 
might  be  Vice-president  and  Chief  Engineer,  or  Vice-president 
in  Charge  of  Engineering. 

That  this  has  not  been  done  is  largely  attributable,  we  be- 
lieve, to  the  fact  that  in  the  early  days  of  railroading  the 
chief  engineer  spent  most  of  his  time  in  field  work,  and  was 
often  more  of  a  "detail  designer"  than  a  broad  executive.  This 
type  of  chief  engineer  is  still  to  be  seen  on  some  of  the 
smaller  railways,  but  on  nearly  all  the  larger  systems  the 
modern  type  of  executive  engineer  is  found  in  control  of  con- 
struction and  maintenance. 

The  executive  engineer  is  necessarily  a  man  who  knows 
more  about  men  than  about  technical  details.  However,  his 
technical  training  enables  him  to  weigh  accurately  the  tech- 
nical ability  of  his  assistants.  In  addition,  he  is  able  to 
analyze  their  reports  and  grasp  the  full  economic  significance 
of  their  suggestions. 

It  has  been  said  that  the  late  James  J.  Hill  did  not  hold  en- 
gineers in  very  high  esteem.  Perhaps  that  explains  why  so 
many  ambitious  engineers  left  the  Great  Northern  during  his 
presidency.  He  succeeded  in  spite  of  his  weakness  in  this 
respect,  but  his  success  would  have  been  more  pronounced 
had  he  shown  greater  recognition  of  the  worth  of  engineering 
services. 

Among  civil  engineers  today  the  opinion  is  quite  prevalent 
that  no  very  attractive  future  lies  before  the  technical  engi- 
neer in  railway  service,  even  though  he  be  extraordinarily  in- 
telligent and  ambitious.  This  opinion  is  the  outcome  of  years 
of  scant  remuneration  and  just  as  scant  rewards  of  other 
sorts.  It  will  be  a  sorry  day  for  railway  progress  if  this  opin- 
ion becomes  universal,  yet  that  day  is  already  on  the  calendar 
of  the  not  distant  future,  and  will  surely  arrive  unless  some- 
thing radical  is  done  to  maice  railway  civil  engineers  take 
heart. 


Why  Civil  Engineer  Should  Call 
Upon  Editors  of  Daily  Press 

The  editors  of  dally  papers  usually  attempt  to  express  hon- 
est opinions  about  all  matters  that  they  discuss.  Since  each 
editor  discusses  nearly  everything  under  the  sun,  he  can  by 
no  chance  be  right  all  the  time.  If  he  is  right  60  per  cent  of 
the  time  his  "batting  average"  is  fairly  good,  and  he  knows 
it.  Knowing  this,  the  average  editor  welcomes,  rather  than 
resents,  a  personal  call  from  an  intelligent  specialist  who  un- 
dertakes to  correct  an  editorial  misapprehension.  Why,  then, 
do  not  engineers  more  frequently  make  personal  calls  upon 
the  editors  of  daily  papers?  It  is  not  because  engineers 
never  see  editorials  that  they  know  are  erroneous.  It  is  prob- 
ably because  they  feel  that  such  calls  will  not  be  welcomed. 

We  believe  that  few  editors  will  resent  advice  given  in 
good  faith  by  any  expert.  In  any  case,  is  it  not  the  duty  of 
engineers  to  correct  mistakes  made  by  editors  even  when  it  is 
known  that  the  editorial  ear  will  not  be  friendly? 

We  frequently  see  editorials  condemning  the  action  of  pub- 
lic service  commissions  in  raising  street  car  rates.  Why  do 
not  the  engineers  of  such  commissions  go  personally  to  edi- 
tors and  explain  the  data  upon  which  commissions'  decisions 
are  based? 

When  an  editor  speaks  in  condemnation  of  a  rate  decision, 
he  rarely  has  any  real  knowledge  of  the  mass  of  Information 
gathered  and  presented  by  both  sides;  yet  he  is  habituated  to 
express  opinions  and  does  so  in  the  absence  of  facts.  Go  to 
him  and  show  him  a  grist  of  facts.  Make  him  ashamed,  if 
need  be.  of  his  ignorance.     Force  him  to  admit  his  Ignorance. 
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He  will  be  a  better  editor  thereafter,  at  least  on  one  topic; 
and  he  will  thank  you  for  his  gain  in  knowledge. 


The  Effect  of    the   Government's 

Action  in  Discontinuing  Piece 

Work    in    Railway   Shops 

When  the  government  took  over  the  railways,  piece  work 
was  discontinued  in  many  railway  shops,  and  the  10-hour  day 
was  reduced  to  8  hours.  The  politicians  told  us  that  man 
could  do  as  much  work  in  8  hours  as  in  10,  and  that  day  labor 
work  would  be  as  efficient  as  piece  work.  How  have  their 
predictions  turned  -jut? 

According  to  W.  H.  Atterbury,  vice-president  of  the  Penn- 
sylvania R.  R..  the  shops  at  Renova,  Pa.,  have  shown  the  fol- 
lowing results  since  the  government  took  them  over:  Change 
from  piece  work  to  day  work  reduced  the  output  of  the  men 
25  per  cent.  Change  from  10-hour  to  8-hour  day  caused  a  fur- 
ther falling  off  of  20  per  cent,  "so  that  the  output  per  man  per 
day  in  our  shops  is  but  60  per  cent  of  what  it  was  before  we 
entered  the  war." 

Thus  are  the  predictions  of  politicians  verified.  Now  it 
takes  10  railway  shop  men  to  do  what  6  formerly  did. 


Cost  Plus  Contracts 

To  the  Editor:  In  your  issue  of  Oct.  22  you  published  a 
short  article  upon  a  cost  plus  contract,  which  we  are  using 
in  the  construction  of  a  dam  which  is  now  under  way. 

We  note  in  your  quotation  of  the  comment  published  in  the 
"Weekly  News  Letter  of  the  Associated  General  Contractors 
of  America"'  that  reference  is  made  to  the  danger  to  the  con- 
tractor in  an  arbitrary  delay  of  the  work  by  the  engineer,  or 
his  insistence  upon  a  more  costly  procedure. 

We  believe  that  this  danger  does  exist  to  a  limited  extent, 
but  is  not  a  serious  objection  to  the  form  of  contract.  It  is 
a  matter  of  observation  that  under  present  conditions  many 
of  the  engineers  in  local  charge  of  construction  work  are  less 
qualified  by  experience  and  ability  than  the  contractors  who 
are  performing  the  work. 

We  believe  that  the  unit  price  contract  is,  to  a  great  de- 
gree, responsible  for  this  condition  of  affairs  and  that  a  con- 
tract which  lays  more  authority  and  responsibility  upon  the 
engineer  will  result,  in  general,  in  the  retaining  of  higher 
grade  men  to  handle  the  engineering  on  construction,  bring- 
ing about  a  greater  exchange  of  confidence  between  the  con- 
tractor and  the  engineer. 

As  stated,  iiowever,  in  the  quotation  which  you  published 
from  our  previous  letter,  we  will  be  better  able  to  give  a 
first  hand  opinion  of  this  form  of  contract  when  the  work 
being  performed  under  it  has  been  completed. 

GANNETT.  SEELYE  &  FLEMING,  Engineers. 

Harrisburg.  Pa. 


Cost  of  Driving    8,700  Ft.  of 
Tunnel  by  Station  Men 

In  connection  with  the  reconstruction  of  its  canal  system 
the  Naches-Selah  Irrigation  District,  comprising  some  10,500 
acres  of  orchard  lands  in  the  Yakima  Valley,  Washington, 
will  construct  16  tunnels  of  an  aggregate  length  of  21,000  ft. 
Eight  of  thes','  tunnels,  totaling  8,718  ft.,  were  constructed  in 
litis  during  war  times.  The  tunnels  are  7  It.  wide  in  the 
clear,  with  flat  bottoms,  side  walls  from  4  to  5'/^  ft.  high  to 
the  spring  line  of  a  segmental  arch  with  a  2  ft.  rise.  The  re- 
inforced concrete  lining,  except  in  the  timbered  sections  Is 
6  in.  thick,  with  the  exception  that  in  rock  the  floor  thickness 
is  4  in.  The  tunnels  were  driven  through  soft  and  dry  sand 
rock  and  shale,  and  in  all  cases  but  one  the  drilling  was  done 
with  coal  augers. 

The  tunnels  were  driven  by  station  men,  who  in  some  in- 
stances were  paid  at  the  rate  of  $6  per  lineal  foot.  Three 
men   constituted   a   shift.     The   tunnel   driving   was   doubled 


How   Some  Valuations  Are  Made 

To  the  Editor:  In  June.  1919.  I  was  asked  to  go  over  a 
short  railroad  line  and  make  a  rough  check  upon  the  valua- 
tion which  had  been  placed  on  the  property  by  a  firm  of  con- 
sulting engineers.  The  appraisal  was  so  erratic  with  some 
results  so  wide  of  actual  replacement  cost  that  I  visited  the 
firm's  office  and  asked  them  to  check  over  some  results. 
While  at  the  office  the  manager  explained  their  method. 

He  employed  assistants  who  inventoried  property  upon  care- 
fully prepared  blanks.  These  men  were  spurred  to  accom- 
I-lishment  by  a  weekly  published  list  of  work  of  each  man. 
Rig'it  of  way  was  taken  by  the  mile  and  its  nearness  to  city 
noted.  Selling  price  of  land  in  vicinity  was  obtained.  Build- 
ings were  classed  and  cubic  contents  taken. 

Values  were  given  lands  by  acre  price,  taking  only  width 
of  right  of  way  and  length  of  line.  Buildings  were  valued  by 
cubic  contents,  class  and  a  value  curve.  Track  was  valued  by 
the  mile,  using  three  units,  subgrade,  ballast  and  track  all 
from  their  previously  developed  table. 

The  lamest  part  of  this  job  was  the  applying  to  an  aban- 
doned and  dismantled  power  house  the  value  curve  of  a  like 
building  in  service  and  applying  farm  land  value  to  land  of 
no  value  which  was  donated. 

One's  regard  for  acumen  of  bankers  is  shaken  when  they 
buv  such  valuations.  A.  M.  VAN  AUKEN. 
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Method  of   Using    Coal    Augers. 

ended  and  double  shifted.  The  station  men  netted  from  $10 
to  $15  per  day.  and  at  the  same  time  set  the  pace  tor  speedy, 
economical  tunnel  driving. 

The  holes  were  bored  about  8  ft.  deep,  usually  9  ft.  on  a 
face.  No  springing  was  required.  The  coal  auger  was  held 
in  place  by  being  jacked  against  the  floor  and  roof.  Varying 
lengths  of  auger  were  used  as  the  hole  progressed.  About  an 
hour  usually  was  required  to  drill  and  load  the  holes.  The 
three  men  did  the  mucking,  using  large  scoop  shovels  for  this 
purpose.  One  of  the  three  drove  the  loaded  car  hauled  by  a 
mule  to  the  dump.  The  haul  was  short  and  took  only  a  tew 
minutes.  An  average  of  20  lin.  ft.  per  day  was  made  on 
some  of  the  tunnels  driven  in  soft  shale. 

In  the  tunnels  where  sandrock  was  encountered,  a  little 
more  time  for  drilling  and  more  powder  were  required;  but 
there  was  very  little  difference  in  the  progress  made. 

In  lining  the  tunnels,  the  floor  was  run  in  first,  contrary  to 
the  usual  practice,  then  the  sides  and  then  the  roof.  The  mix 
for  the  latter  was  1:3:5;  for  the  floor  and  sides  it  was  1:2:4. 
The  mixing  was  done  outside  by  machines  and  carried  in  by 
cars  on  track.  Four  men  in  the  tunnel,  two  taking  turns 
shoveling  overhead,  and  two,  one  on  each  side,  tamping  back 
into  place,  would  ordinarily  put  in  60  ft.  of  root  in  8  hours. 
The  maximum  run  was  70  ft.  in  S  hours. 

During  most  of  the  work  labor  was  paid  $4.50  per  8-hour 
day.  and  part  of  the  time  $5.50. 

The  following  tabulation  summarizes  the  cost  of  driving 
and  lining  the  eight  tunnels: 

, Cost ,  Excavation  cost. 

Per  Per 

lin.  ft.    Total,    cu.  yd. 

$21.20     $1S,17.'5     51.10     . 

24.20         9.353       5.20  9,59$       22.80 

20.00       10,437       3.33         16,920       23.40 

19.70         8,445       3.39         12.S48       22.30 

18.20         6.973       3.89  9,321       21.00 

18.00         6,285       3.51  9,762       22.00 

■    18.70         4.645       3.32  7,559       22.40 

19.60         7,162      3.13         15,306       27.20 


Tunnel 

Length, 

No. 

ft. 

Total. 

1 

.      1.920.0 

t  40.695 

2 

7S2..T 

18,949- 

9 

.      1,S63.0 

27,357 

10 

.      1,080.5 

21,293 

11 

883.0 

16,294 

12 

893.0 

16,047 

13 

651.0 

12,204 

14 

1.145.0 

22.468 

,.—  Lining  cost.  -^ 
Lining  per 
Total,      cu.  yd. 
$  22,522     $22.20 


Total  8.718.0     $175,307     $20.10     $71,473     $3.73     $103,8^4     $23.00 

Tunnel  No.  1— Sandstone    of    varying    hardness    and    irregular 

f  r3.cturp 

Tunnel  No.  2 — Cemented   gravel  and  large  boulders.     Could  not 

use  augers  or  machine  drills.     Much  overbreak. 

Tunnel  No.  3 — Soft   sandstone.     Concrete   run   in   from   one   end 

Tunnel  No.  4— Soft   sandstone.  .^       . ,  ,   ,  ,      ^ 

Tunnel  No.  5 — Soft  shale  with  considerable  gravel  intermixed. 
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Tunnel  No.  6 — Soft  shale.     Lined  in  winter.    Water  hauled  sev-  r»                             r^                             r     -r^       ,              , 

nS;,'il,1?ro^''-toV^{;a^'r"c^oncrete  materia,  hauled  5.7  rnl.es.  PrCSCIlt     StatUS    Of     Federal     RallWay 

Tunnel  No.  8 — Soft    shale    with    considerable    overbreak.     Con-  1 7"     1           a*                 "ITr          I 

Crete   material    hauled   6   miles   and  water  3    miles   in   winter   over  V  aiUatlOIl       W  OTJC 

almost  impassable  roads.  t   v^*    ». 

-„i,                 ,          ..       ,.                            ,   ,    ,  A   committee  report   submitted   at   the  recent  annual   con- 

The  general  construction  program  and  designs  for  the  work  .           „     u                                                     'bi,bui.  duuuai   con 

were    prepared    by    Elbert   M.    Chandler,    Chief    Engineer   of  ^''""on   of   the   National   Association   of   State   Railway   and 

Washington    State    Reclamation    Service,   who   was    formerly  Utilities  Commissioners  contains  a  statement  by  C.  A.  Prouty,. 

chief  engineer  of  the  irrigation  district.     We  are  indebted  to  Director  Bureau  of  Valuation,  outlining  the  progress  of  the 

Mr.  Chandler  for  the  information  in  this  article.  railway  valuation  work  of  his  commission.     According  to  the 

■                    ■  statement  field  work  in  the  Southern  district  and  road  and 

Labor     Saving  Tools   in  Street  Rail-  ^^^^^  ^"'"'^  ''^  ^^^  western  district  have  been  completed.    The 

-trr        «  other   branch   work   will    run   along   for    some    months    still. 
way     VV  OrK  Road  and  track  work  in  the  Pacific  district  was  completed  in 
Mr.  R.  H.  Findley,  superintendent  of  Track  and  Roadway,  October  and  the  structural  work  soon  after.     The  mechanical 
Omaha  &  Council  Bluffs  Streets  Railway,  in  a  paper  presented  work  may  run  along  for  eight  or  nine  months  longer.     In  the 
at  a  recent  meeting  of  the  Iowa  Electric  Railway  Association,  Central  district,  road  and  track  work  will  not  be  completed 
has  the  following  to  say  with  regard  to  the  labor  saving  tools:  before  Jan.  1,  and  perhaps  not  for  two  or  three  weeks  in  Janu- 
Roadway  maintenance  men  must  take  advantage  today  of  ^"^y-     Branch  work  in  that  district  is  about  three  months  be- 
all  devices  and  tools  possible  for  elimination  of  labor.     Men  hind  the  road  and  track  work.     In  the  Eastern  district,  owing 
desire  to  pick  their  jobs  and  if  forced  into  the  "heavies,"  such  to  the  fact  that  there  will  be  no  winter  work,  about  half  the 
as  shoveling  rock,  handling  ties,  coal,  etc.,  they  expect  more  'oad  and  track  parties  will  be  disbanded  with  the  coming  cold 
wages  or  hunt  another  job.  weather,  and  this  will  mean  that   the  road   and   track  work 
A  5-ton  single-truck  crane  to  handle  ties  and  rail  from  stock  ^ith  a  limited  number  of  parties  will  extend  over  into  next 
piles  to  the  job  is  "worth  its  weight  in  gold."     We  have  used  summer.     The  branch  work  is  fully  up  to  the  road  and  track 
one  for  years  and  have  also  employed  it  for  handling  and  in-  work  in  that  district. 

stalling  all  special  work,  moving  rollers,  rail  girders,  concrete  Director  Prouty  predicted  that  the  field  work  will  be  corn- 
mixers,  air  compressors,  stone  crushers,  hydraulic  rail  bend-  Pleted  by  Jan.  1,  1920,  and  stated  that  he  believes  it  will  take 
ers,  etc.,  back  and  forth  from  the  yard  to  the  job.  The  about  two  years  after  the  completion  of  the  field  work  to  pre- 
present-day  economies  of  such  equipment  show  a  tremendous  P^'"^  ^n  engineering  report  upon  all  the  principal  railroads  of 
saving  of  labor.  We  are  now  using  such  a  crane  for  remov-  the  country.  In  other  words,  such  reports  should  be  ready 
ing  the  remains  of  some  of  the  old  cable  railway,  consisting  t"''  submission  to  his  oflice  and-  to  the  commission  by  Dec.  31, 
of  concrete  slabs  with  cast-iron  yokes,  laid  under  the  tracks  ^^^^'  '^o  P"t  it  another  way.  engineering  reports  had  been 
and  their  miscellaneous  underground  structures,  preparatory  fonipleted  on  Dec.  31,  1918.  on  about  25,000  miles  of  road,  and. 
to  grading  a  downtown  hill  in  the  city  of  Omaha.  By  being  ^'''-  P™uty  expected  to  receive  reports  during  the  current 
properly  equipped  for  such  work,  we  will  cover  the  cost  of  y^^'^'  o"  about  50,000  miles  of  additional  road.  For  the  next 
removing  this  concrete  and  iron,  out  of  the  salvage.  >'^^'"  the  engineers  ought  to  give  the  reports  upon  75,000  milea 
An  electric  shovel  for  making  excavations  will  lower  the  ^"^'  '"  the  following  year  upon  the  balance.  This  depends^ 
cost  of  loading  wagons  or  dump  cars  to  about  one-fifth  that  °^  course,  on  the  ability  of  the  bureau  to  find  competent  com- 
of  hand  shoveling  and  will  replace  at  least  20  men  where  its  P''ers  and  computers. 

use    is    practicable.      Such    equipment    is    indispensable    if    a  '^^^  ^'^^'^  progress  of  the  land  section  is  not  quite  up  with 
company  wishes  to  accomplish  anything.  the  engineering  section,  but  the  time  needed  in  the  office  be- 
Pneumatic   tie-tamping  outfits  are  very   efficient  for   those  tween  the  completion  of  the  field  work  and  the  preparation 
using  plain  ballasted  construction  and  produce  a  much  better  °f  ^  report  is  much  less  in  the  land  section  than  with  the  en- 
tamped  track  at  less  expense  than  hand  tamping.  gineers.     It  is  Mr.  Prouty's  expectation  that  land  reports  will 
Derricks  equipped  with  clam  shells  for  handling  rock  and  '""^  ^'"'^  ^^  promptly  as  engineering  reports  unless  they  are 
sand,  and  locomotive  cranes  where  the  volume  of  work  war-  "ndu'y  held  up  by  failure  upon  the  part  of  the  carriers  to  make 
rants  their  use,  are  indispensable.     There  were  times  during  "^^'''  returns  under  Orders  7  and   16.     Neither  land  nor  ac- 
the  war  when   by  the  use  of  our  15-ton  electric  locomotive  <^0"nting  reports  can  be  completed  until  some  little  time  after 
crane  we  saved  as  much  as  $100  a  day  on  demurrage  alone  in  returns  to  these  orders  have  been  filed  by  the  carriers.     The 
handling  steam  coal.     Crushed  stone  is  unloaded  from  gon-  Present  indication  is  that  most  of  the  carriers  will  be  on  time, 
dola  cars  for  one-fifth  of  the  cost  of  hand  shoveling,  and  with  ^^'-  Prouty  stated  that  he  had  felt  for  some  time  that  the 
fixed   charges  included,   our  cost   today   is  less   than   if  such  ."''latest  difl^iculty  would  be  experienced  in  the  accounting  sec- 
material  was  unloaded  by  hand.  tion.     The  result  of  this  war  has  been  to  enormously  increase 
A  stone  crusher  of  portable  size  earns  more  for  us  than  its  '^'"'  ''^^aid  I'or  good  accountants.     The  bureau  can  find  men 
original  cost  each  year  in  reclaiming  crushed  rock  and  ballast  "'''°  ^^'^  competent  to  compile  the  information,  but  it  is  ex- 
from  old  materials  formerly  hauled  and  wasted  at  the  dump  tremely  difllcult  to  secure  accountants  who  can  put  that  in- 
A  crusher  is  particularly  desirable  in  cities  located  some  dis-  formation  together  into  the  form  of  a  narrative  report.     The 
tance  from  quarries.  tield  accounting  work  is  in  good  shape  and  it  is  hoped  to  be 
Dump  cars,  electric  track  drills,   portable   saws,   hydraulic  ^^^^  *"  ''^'°'''^  '*^  "P  "^^°  reports  as  soon  as  engineering  and  land 
rail  benders   by   which   girder  rail   may  be  bent  for   curves  ''ePorts  are  ready.     This  also  depends  upon  the  promptness 
small  jib  cranes  mounted  on  flat  cars  and  modern  concrete  °^  "'"  carriers  in  complying  with  Orders  7  and  16. 
mixer  machinery  should  all  be  mentioned  as  labor  savers    in-  ^""^  P''0"t.v  concluded  his  statement  as  follows: 
valuable  to  any  railway.                                                             '  "It  is.  therefore,  my  hope  that  by  Dec.  31,  1921.  we  shall 
_  have  ready  for  the  commission,  reports  upon  all  principal  car- 
Electric  Dragline  Averages  1,090  Cu.  Yd.  in  Eight-hour  Shift  "®"  *''°'"  ^^^  '^'■®*^  sections  and,  if  so.  the  commission  will 
^An  electric  dragline  working  on  lateral  construction  for  the  ^®  '"  P^^'^'O"  to  at  on-ce  fix  a  tentative  valuation  upon  all 
North  Platte  Project  of  the  U.  S.  Reclamation  Service  moved  "^*'®*'  Properties.     It  is  my  belief  that  the  tentative  valuation 
58,800  cu.  yd.  of  material  during  the  month  of  October      Of  ^°  ^^^^^  '^^'°"'''  ^^  ^""""^  '°  ^^  substantiallv  correct,  although 
the  total  3,775  cu.  yd.  was  Class  2  excavation      The  actual  '*  ""^'^'^  '"  ^""^  *^''^'^*  degree  be  modified  upon  hearing  of 
yardage  is  probably  7  per  cent  in  excess  of  these  computed  ""^  objections  of  the  carriers. 

quantities.     The  record  of  the  machine  for  the  month  was  as  "^  °"  ^^'"'  '*'^®'  therefore,   that   the  work  of  the  bureau  of 

tollows:  valuation  so  far  as  the  initial  valuation  of  these  properties  is 

Number  of  s-hour  shifts....  concerned,  is  drawing  to  a  conclusion.     The  task  of  keeping 

i'erali  'S' pA?"shi'f^"   ■•■■'■'■■.■.■.•.••.•.•.•.•.■.•.•.■.•.•.■.■.•.•.•.•.■.•     iH  f"^'   that   valuation   is   receiving  careful   attention   and   will 

Average  kilowatt-hours  per  cu.  yd. '.■.'.■.'. ■.'.■.■.■. '^•^f^  '°™  *°''^  t'™*^  on  assume  greater  proportions." 

Rock  Temperature  in   Deep   Mines.— At  the  Witw;,torc.o    a  Bonus  System   for  Sand   and   Gravel   Production.— A  bonus 

mines  in  South  Africa  the  temperature  of  the  rocvTin!!  -I    .^™     ^^^"^  ""  production  has  greatly  increased  the  output 

at  the  rate  of  4°  for  every  1,000  ft.  in  depth      At  Ann  n   ff  "^  '^^  ^^""*  ^^'"'^   ^^'"'  ^  ^--^^^^  f"°-     ^s  a  bonus  the  su- 

temperature  is  84°.                                              '                     "■  "p  perintendent  receives  20  ct.  and  each  laborer  5  ct.  for  every 

carload  of  material  produced. 
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Railway  Grading  with  Stiffleg 
Derrick  Draglines 

Two  ordinary  stiff-leg  derricks  equipped  witli  drag  line 
buckets  were  employed  by  the  Miami  Conservancy  District  for 
grading  1%  miles  of  the  line  of  the  Ohio  Electric  Ry.  across 
the  flats  of  the  Mad  River  Valley,  north  of  Osborn,  O.  The  top 
soil  is  loam  1  to  3  ft.  deep  with  gravel  below.  Water  occurs 
3  to  4  ft.  below  the  surface.  The  fill  varied  from  5  ft.  to 
19  ft.  The  use  of  a  plow  with  wheel  scrapers  or  of  an  elevat- 
ing grader  with  dump  wagons  would  have  required  a  right  of 
300  to  400  ft.  wide,  on  account  of  the  shallow  cut  necessary. 
The  use  of  a  dragline,  permitting  underwater  excavation, 
reduced  this  width  to  200  ft.  The  total  excavation  was 
65,000  cu.  yd.  It  may  be  pointed  out  that  it  is  on  such  jobs  of 
comparatively  small  size,  where  investment  in  large  equip- 
ment would  be  unprofitable,  that  the  adoption  has   its   value. 

The  following  particulars  are  taken  from  the  Miami  Con- 
servancy Bulletin; 

The  district  had  two  stiff-leg  derricks  available  which  had 
been  in  use  at  Osborn,  both  as  derricks  and  as  clam  shells 
with  1-yd.  buckets.  It  was  proposed  to  take  these  two  der- 
rickSj  equip  them  with  1%-yd.  dragline  buckets,  and  work 
them  as  a  team  side  by  side,  one  to  a  borrow  pit,  on  each 
side  of  the  embankment  to  be  built. 

The  two  derricks  were  much  alike  and  the  description  of 
No.  1  will  be  sufficient  for  both.  The  machine  was  mounted 
on  a  30  ft.  x  30  ft.  base  of  12  in.  x  12  in.  timbers,  moving  on 
S-in.  rollers.     The  mast  was  of  white  oak  14  in.  x  16  in.  by 


lattices  5/16  in.  x  2%  in.  spaced  30  in.,  and  with  end  plates 
at  the  top  4  ft.  X  6  ft.  x  V^  in.,  carrying  two  16-in.  sheaves 
above  and  three  of  the  same  size  below.  These  booms  proved 
entirely  satisfactory,  although  the  buckets  had  to  be  reduced 
from  1%  to  1  cu.  yd.  in  size. 

The  derricks  ran  on  timber  ways  built  up  about  18  in.  from 
the  ground.  This  arrangement  fitted  well  with  the  work  of 
clearing  out  stumps,  several  acres  of  which  had  to  be  handled. 
The  trees  were  sawed  oft  close  enough  to  the  ground  to  per- 
mit the  draglines  to  run  over  them,  thus  bringing  them  into 
the  borrow  pit,  whence  they  were  pulled  by  the  dragline 
buckets  acting  as  "tooth  extractors." 

It  was  the  e.xtracting  of  these  stumps  which  threw  the 
greatest  strain  on  the  transformed  mechanism  and  led  to  the 
rhief  troubles  in  the  way  of  breakages.  All  the  cables  had  to 
be  made  larger,  the  final  sizes  adopted  being  %  in.  for  drag 
and  swing  cables  and  %  in.  for  boom  fall  and  hoist  cables. 
Exnerience  inc'ioafes  that  for  drag  cable  I  in,  should  be  used 
on  these  size  machines.  The  necessity  of  adopting  ample 
sizes  for  cables  is  emphasized  by  the  fact  that  the  total  cable 
bill  on  the  65,000-yd.  job  was  ?1,405. 

Other  chief  difficulties  encountered  were  due  to  wear  of  the 
sheaves,  and  breakage  of  the  goose  necks  connecting  the  stiff- 
legs  to  the  top  of  the  mast.  Too  heavy  strain  of  dragline 
work  also  led  to  rather  excessive  wear  on  the  pins  of  the 
breast  sheaves  and  bottom  sheaves.  The  breast  sheaves  were 
14  in.  diameter  with  2  in.  pins;  16  in.  diameter  with  3  in.  pins 
iire  recommended.  The  bottom  sheaves  were  16  in.  with  2% 
in.   pins;    24   in.  diameter  with   3   in.  pins  are  recommended. 


Stiffleg    Derrick    Draglines    Building    Electric    Railway   Embankment   Across  Flats  of  Mad   River  Valley,  Ohio. 


24  ft.  The  boom  was  of  yellow  pine.  12  in.  x  14  in.  x  62  ft., 
equipped  with  hog  rods.  The  bull  wheel  was  12  ft.  in  diameter. 
The  hoist  engines  were  double,  9  in.  x  10  in.,  equipped  with  3 
drums  16  in.  x  30  in.  Ropes  as  follows:  %  in.  boom-fall,  %  in. 
load  cable,  %  in.  hoist  cable.  Swing  engines  were  double.  4% 
in.  X  5  in.,  with  drum  26  in.  x  12  in.  The  boiler  was  48  in.  x 
8  ft.  6  in.,  vertical,  carrying  100  lb.  pressure.  This  machine 
was  bought  by  the  district  in  fair  second-hand  condition  for 
$4,300.     No.  2  was  slightly  smaller  and  cost  $4,000. 

Either  of  these  machines  could  have  been  transformed  into 
a  dragline  by  substituting  a  dragline  bucket  for  the  clam  shell, 
running  the  load  cable  from  the  breast  sheave  to  the  bucket 
through  a  mortise  cut  in  the  boom,  the  latter  being  strength- 
ened on  each  side  opposite  the  mortise  by  a  4  in.  x  12  in.  oak 
timber  10  or  12  ft.  long,  bolted  through.  The  district,  how- 
ever, had  on  hand  the  stiff-legs  from  a  steel  derrick  which 
had  been  re-equipped,  and  it  was  thought  better  to  rebuild 
these  stiff-legs  into  booms  for  the  dragline  derricks,  with  the 
hope  that  it  would  enable  the  use  of  a  larger  bucket  (of  IV2- 
yd.  size),  thus  expediting  the  work.  This  was  accordingly 
done.  These  booms  were  20  in.  x  20  in.  at  the  center  section. 
62  ft.  long,  built  of  four  angle  irons  3  in.  x  3  in.  x  %  in.,  with 

(14, 


Here  again  the  bill  for  sheaves  on  the  job — $628 — tells  the 
story  of  the  necessity  of  attention  to  these  details.  Jhe 
goose  necks  vvere  2  in.  x  10  in.  plates  bolted  to  the  Mnder 
sides  of  the  stiff-leg  timbers.  They  were  reinforced  by  1  in. 
X  10  in.  plates  bolted  through  on  the  top  side  of  the  timber, 
the  bolts  being  1%  in.  x  18  in.  and  six  in  number.  With 
this  change  no  trouble  has  been  since  experienced. 

The  greatest  single  delays  were  due  to  stoppages  necessary 
to  reflue  the  boilers  on  both  derricks  and  to  repair  a  badly 
worn  drum  pinion.  These  delays,  due  to  other  causes  than 
those  characteristic  of  the  dragline  job,  are  not  strictly  charge- 
able to  this  work. 

The  force  of  men  required  for  the  draglines  proper  were; 

1  foreman. 

2  dragline    runners. 
2  firemen. 
1  pumpman. 
S  laborer.?. 

In  addition  to  the  above  2  to  3  men  were  kept  on  the  em- 
bankment dressing  the  crown  and  slopes.  The  working  day 
was  10  hours,  of  which  a  2-hour  loss,  due  to  stoppages  for 
repairs,  oiling,  moving  ahead,  etc.,  was  considered  normal. 
The  job  took  about  four  months.    The  figures  follow. 

5) 
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Original  cost  of  derricks:  No.  1,  $4,300;  No.  2,  $4,000.  Op- 
erating expenses  as  follows: 

Shop  repairs  ^?'o2I-?? 

Labor    13.331.14 

Materials  (cable,  coal,  etc.) 3,062.80 

Field    accounting    220.96 

Hauling  draglines.  Osborn  to  Dayton %  ,1, 

Dayton   garage    »-42 

Total    $19,247.61 

The  total  material  moved  was  65,000  cu.  yd.,  giving  an 
operating  cost  per  cubic  yard  of  29.6  ct.  Deducting  time  lost 
for  retubing  boilers  and  cost  of  repair  of  same,  these  items  not 
being  fairly  chargeable  to  the  job,  reduces  the  cost  to  26.7  ct. 
This  represents  a  contractor's  cost,  with  materials,  repairs 
and  labor  obtained  in  the  open  market,  and  no  overhead 
except  for  field  accounting.  As  an  interesting  comparison,  it 
may  be  noted  that  the  contract's  bid  for  the  job  before  the 
district  undertook  it  by  force  account,  was  35  ct. 

It  was  a  great  advantage  for  the  use  of  these  draglines 
here  that  much  of  the  material  could  be  taken  from  under 
water,  thus  lowering  right-of-way  cost.  An  additional  ad- 
vantage of  this  was  that  all  of  the  material  was  put  in  the 
bank  soaking  wet,  making  an  unusually  solid  structure.  The 
banks  were  staked  for  5  per  cent  shrinkage  only,  on  this  ac- 
count. The  finished  structure  shows  not  more  than  2i4  to 
3  per  cent. 

The  idea  of  the  transformation  came  from  Wm.  Mcintosh, 
Master  Mechanic  for  the  district,  but  the  successful  carrying 
out  of  the  scheme  was  due  in  no  small  degree  also  to  the  effi- 
cient co-operation  of  Leslie  Wiley,  Superintendent,  and  John 
Rosite,  Foreman  on  the  work. 


Exterminating   Ground    Squirrels    by 
"Gassing" 

Mr.  Clifford  A.  Elliott,  Cost  Engineer,  Maintenance-of-way 
Department,  Pacific  Elec.  Ry.,  Los  Angeles.  Calif.,  writing  in 
the  Electric  Railway  Journal,  describes  what  appears  to  be 
the  very  latest  war-time  method  of  fighting  ground  squirrels. 
The  damage  which  these  rodents  do  in  burrowing  into  the 
banks  of  cuts  along  the  right  of  way  and  into  the  roadbed 
itself  has  been  a  constant  source  of  trouble  in  maintenance 
work,  the  most  damage  being  done  in  the  rainy  season,  when 
storm  water  enters  the  holes  and  loosens  the  cuts,  causing 
landslides.  Bridge  embankments  suffer  seriously  from  the 
same  cause. 

In  the  spring  months  the  squirrels  leave  the  right  of  way 
and  go  into  adjoining  fields,  where  growing  crops  are  de- 
stroyed. 

The  damage  to  the  crops  on  abutting  farms  each  year  is 
very  great,  and  the  farmers  complain  continually  of  the  pests 
which  inhabit  the  company's  right-of-way.  Each  year  the 
company  co-operates  with  the  farmers  in  carrying  on  a  cam- 
paign to  eliminate  them,  and  additional  aid  is  given  by  the 
State  Horticultural  Commission  of  California. 

Attempts  have  been  made  to  exterminate  the  squirrels  by 
putting  out  poison-soaked  hulled  barley.  This  has  done  some 
good,  but  during  the  spring  season  the  plan  is  of  no  avail,  as 
the  ripe,  juicy  roots  of  growing  grain  in  the  fields  are  more 
appetizing,  and  the  rodents  refuse  to  eat  the  barley  that  has 
been  scattered  for  them  near  their  burrows. 

The  company  has  recently  found  in  the  market  an  auto- 
matic distillate  vapor  machine  for  gassing  the  squirrels  in 
true  war-time  fashion,  and  the  use  of  this  device  has  gained 
excellent  results.  The  squirrels  are  gassed  in  their  burrows, 
as  are  also  other  small  animals,  such  as  rabbits,  badgers, 
snakes,  owls,  etc.,  which  unfortunately  inhabit  the  same  holes 
as  the  squirrels. 

Ordinary  engine  distillate  is  used  in  the  machine,  from 
which  is  produced  a  white  vapor  which  is  forced  into  the  bur- 
rows and  effectually  disposes  of  the  rodents.  Adjacent  holes 
are  watched  and  as  soon  as  any  vapor  appears  from  them, 
the  operator's  assistant  tamps  them  shut  for  at  least  a  foot 
deep.  The  burrows  are  filled  with  vapor  and  the  hole  at 
■which  the  discharge  pipe  has  been  operating  is  then  tightly 
closed  by  tamping.  The  best  time  to  gas  is  said  to  be  just 
after  a  rain,  when  the  holes  have  been  opened  up  by  the 
water.  One  foreman  and  four  men  with  two  gas  machines 
average  80  main  burrows  per  10-hour  day.  with  a  consumption 
of  3  gal.  of  distillate. 


Instructions  to  Construction  Fore- 
men for  Prevention  of  Accidents 

While  the  following  instructions  were  prepared  primarily 
for  conditions  in  the  steel  erection  field,  they  nevertheless 
contain  suggestions  that  are  applicable  to  many  other  lines  of 
construction.  They  are  reprinted  from  a  booklet  prepared  by 
the  Erection  Department  of  the  McClintic-Marshall  Construc- 
tion Co. 

See  that  Your  Equipment  is  Sufficiently  Strong. — It  is  your 
duty  to  see  that  the  equipment  and  tools  you  use  for  each  part 
of  the  work  are  sufficiently  strong  to  handle  the  same  safely. 

"^nu  should  see  that  the  derricks  you  use  are  amply  strong 
for  the  loads  to  be  lifted.  The  goose  neck  and  gudgeon  pin 
are  the  critical  points  of  a  derrick  If  you  have  any  doubt 
about  the  strength  of  the  goose  neck,  provide  heavy  wire  guys 
from  gudgeon  pin  to  sill  at  base  of  stiff-legs.  Don't  lift  a  10- 
ton  load  on  a  5-ton  derrick.  The  same  thing  applies  to  gin- 
poles  and  travelers.  Don't  overload  your  equipment  and  don't 
run  any  chances  where  life  is  endangered.  Be  careful  not  to 
lift  any  but  a  light  load  on  a  derrick  if  the  length  of  the  boom 
exceeds  70  times  the  least  width  or  thickness  of  the  boom: 
that  is,  if  your  boom  is  12  in.  x  14  in.  the  least  width  is  12  in., 
you  should  not  lift  a  heavy  load  on  this  boom  if  it  is  more 
than  70  ft.  in  length. 

See  that  travelers  are  well  and  carefully  framed  and  erected,, 
well  braced  and  capable  of  withstanding  the  greatest  wind, 
and  shocks  from  heaviest  loads  that  are  to  be  lifted. 

See  that  the  hooks,  shackles  and  buckets  on  your  blocks 
are  amply  strong,  and  don't  allow  a  gate  block  to  be  used' 
without  it  being  closed  and  hooked.  Also  see  that  your  cables 
and  chains,  as  well  as  the  rings  and  hooks  in  the  same,  are 
amply  strong  for  the  loads  to  be  lifted. 

Do  not  use  old  or  worn  line  when  there  is  any  danger  to 
men  or  material  by  so  doing.  Cut  out  the  use  of  manila  line 
whenever  possible.  When  you  are  obliged  to  use  it  be  sure 
it  is  amply  strong.  Use  steel  cable  whenever  possible,  as  it  is 
safer,  will  last  longer  and  is  cheaper  in  the  long  run.  Be 
sure  that  the  guy  cables  for  gin  poles,  derricks,  etc.,  are  of 
sufficient  size  to  withstand  the  tension  to  come  upon  them. 
Also  that  the  cables  are  securely  fastened  by  means  of  a 
sufficient  number  of  good,  strong  clamps  well  fastened,  and 
also  that  dead  men  or  other  anchorage  are  ample,  and  watch 
them  when  lifting  heavy  loads  to  see  that  guys  do  not  cut 
dead  men  in  two.  Keep  gin  pole  guys  as  near  at  right  angles 
to  each  other  as  possible,  when  only  four  are  used. 

You  should  be  careful  to  see  that  the  gas  pipe  or  wooden 
scaffold  you  use  is  of  proper  size  and  strength  for  the  span 
and  loads.  If  there  is  any  question  about  the  strength,  test 
the  same  by  applying  several  times  the  load  that  will  come 
upon  it.  See  that  plank  you  use  for  scaffolding,  etc.,  is  the 
right  kind  of  wood,  preferably  white  or  yellow  pine,  free  from 
knots  and  shakes  and  plenty  strong,  watching  to  see  that  it 
is  thick  enough  for  the  span  on  which  it  is  used. 

Do  not  put  heavy  loads  on  light  push  cars.  The  irame  is 
not  only  liable  to  crush  but  the  shafts,  boxes  or  wheels  may 
bend  or  break,  upsetting  the  load  and  injuring  the  men. 

See  that  Your  Equipment  is  in  Order. — In  setting  up  your 
derricks  see  that  they  are  plumb,  properly  guyed  and  that 
the  splices  are  brought  into  contact  and  bolted  with  tight- 
fitting  bolts.  See  that  the  goose  necks  fit  gudgeon  pin  closely 
and  are  not  cracked  or  bent  and  that  the  top  of  stiff-leg  is 
tied  down  from  the  goose  neck  to  the  sill  to  prevent  lifting 
tendency.  It  the  timbers  in  the  mast,  boom,  stiff-leg  or  sills 
are  rotten,  knotty  or  wind  shaken,  do  not  use  them.  See  that 
your  gudgeon  pin  and  pintle  casting  are  well  fastened  to  the 
mast,  and  if  the  mast  is  of  wood  that  the  wood  is  not  rotten 
or  worn  at  these  points. 

You  should  see  that  all  leads  are  as  straight  and  direct  as 
possible,  as  failure  to  provide  good  leads  reduces  the  effi- 
ciency of  your  power  and  equipment,  as  well  as  producing 
heavy  wear  on  the  lines  and  is  a  frequent  cause  of  accidents. 
Particular  care  should  be  exercised  in  securing  good  leads  for 
wire  cable  on  account  of  liability  of  breaking  the  individual 
wire  strands  by  sharp  bends  or  indirect  leads.  A  broken  in- 
dividual wire  is  liable  to  lie  across  and  cut  the  other  wires 
of  the  cable. 

When  you  use  a  wooden  traveler  see  that  the  timbers  are 
all  In  good  condition  and  that  it  is  erected  plumb  and  square 
and  the  joints  properly  and  securely  bolted.  More  accidents 
occur  from  the  use  of  wooden  derricks  and  wooden  travelers 
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than  from  any  other  cause,  and  for  this  reason  extreme  care 
should  be  exercised  to  see  that  they  are  in  good  condition  be- 
fore using  them.  When  a  traveler  is  used,  see  that  it  is 
properly  erected  and  thoroughly  bolted  and  all  sway  and  brac- 
ing rods  tightened. 

Do  not  use  an  iron  gin  pole  if  the  sections  are  bent  or 
dented  seriously,  or  the  splices  do  not  clamp  the  pole  tightly 
and  securely.  Do  not  use  a  wooden  gin  pole  unless  the  tim- 
ber is  in  good  condition,  well  spliced  with  good  long  splices 
securely  bolted. 

See  that  your  hoisting  engine  is  in  good  order;  that  the 
shafts  are  not  bent,  the  dogs,  clutches  and  brakes,  including 
the  friction,  are  in  good  condition  and  working  order.  The 
lever  controlling  winch  heads  should  be  straight  and  when 
thrown  in  should  engage  the  ratchet  fully.  See  that  winch 
head  cannot  slip  off  shaft.  See  that  the  boilers  are  cleaned 
frequently  and  kept  in  good  condition. 

You  should  be  particular  to  see  that  gas  pipe  scaffolding 
is  not  rusted  on  the  inside  and  that  it  is  fastened  so  that  it 
cannot  roll  or  turn.  Do  not  use  any  plank  or  timber  for 
scaffolding  that  is  knotty,  rotten  or  weather  cracked,  and  al- 
low- no  man  to  work  on  scaffold  plank  laid  loose  on  the 
supports.  The  plank  should  be  fixed  so  that  they  cannot 
move  or  slide  endwise,  by  using  drop  bolts. 

All  cables  should  be  in  good  condition  and  kept  oiled  or 
greased  so  that  they  will  not  rust;  if  they  are  not  in  good 
condition,  do  not  use  them.  All  guy  cables  should  be  se- 
curely fastened  by  means  of  a  sufficient  number  of  good 
clamps. 

See  that  your  chains  and  the  rings  and  hooks  in  the  same 
are  not  worn,  cracked  or  bent  out  of  shape  and  that  they  are 
annealed  at  least  once  every  three  months  in  an  annealing 
furnace,  it  you  are  near  one,  or  otherwise  anneal  them  your- 
self by  laying  them  down  in  a  straight  line  and  building  a 
good  sized  wood  fire  over  them  heating  slowly  to  a  cherry 
red.  then  cover  over  thoroughly  w-ith  ashes  and  heated  dry 
dirt  leaving  them  to  cool  slowly  in  the  ashes  and  dirt.  In 
laying  the  chains  down  in  a  straight  line  do  not  lay  one 
chain  on  top  of  another.  Be  particular  to  see  that  the  cov- 
ering is  ample  so  that  air  or  moisture  cannot  cool  the  chains 
quickly  or  partially.  This  annealing  should  be  done  on  Sat- 
urday and  chains  not  disturbed  until  Monday.  Chains  used 
frequently  every  day  should  be  annealed  once  a  month. 

See  that  your  blocks  are  in  good  order  and  that  the 
beckets.  shackles  and  hooks  are  not  bent,  cracked  or  out  oi 
shape  and  that  face  of  blocks  are  in  good  condition,  also  that 
the  sheaves  are  not  cracked  or  the  flanges  broken. 

See  that  all  button  sets  are  fastened  to  the  air  hammers. 

See  that  Your  Equipment  and  Tools  Are  Properly  Used. — 
In  using  a  locomotive  crane  be  sure  that  your  track  is  prop- 
erly ballasted  and  level  and  the  rails  well  spiked  down.  Do 
not  lift  a  load  sideways  when  the  locomotive  crane  is  stand- 
ing on  a  curve,  without  using  extra  care.  Use  your  outriggers 
and  rail  clamps  when  lifting  a  heavy  load. 

The  loads  that  a  locomotive  crane  is  capable  of  handling 
safely  for  each  radius  are  plainly  marked  on  the  crane;  don't 
attempt  to  lift  heavier  loads  with  the  crane. 

See  that  the  booms  of  locomotive  cranes,  derrick  cars  or 
derricks,  are  in  first  class  condition.  If  the  boom  (or  flangei 
of  the  boom)  has  been  injured  or  bent,  don't  use  it,  but  re- 
place the  broken  or  bent  part  with  new  material.  Don't  at- 
tempt to  straighten  it,  as  the  material  in  all  probability  has 
been  injured,  and  will  break  or  collapse  sooner  or  later. 

A  locomotive  crane  is  a  useful,  but  dangerous  piece  of 
equipment,  for  this  reason  the  greatest  possible  care  should 
be  exercised  in  handling  the  same.  Don't  allow  any  man  on 
the  car  or  crane  cab,  except  the  craneman,  and  keep  work- 
men from  under  the  boom.  Don't  attempt  to  shift  track  with 
your  crane  standing  on  the  same  track,  and  don't  attempt  to 
lift  a  maximum  load  w-ith  the  boorn  horizontal. 

You  must  be  especially  careful  in  sw-inging  boom  sidew-ise 
or  lifting  loads  sidewise  -n-ith  a  derrick  car  as  your  car  w-ill 
upset  unless  you  use  outriggers  or  guys.  Don't  run  chances 
but  lift  the  load  straight  ahead  w-herever  possible.  See  that 
the  boom  on  the  derrick  car  is  tightly  guyed  at  all  times  with 
wire  rope  running  from  end  of  boom  to  sides  of  car.  Never 
use  manila  line  for  this  purpose,  as  it  will  stretch  and  your 
boom  will  get  away  from  you,  upsetting  the  car.  Use  ad- 
ditional guys  to  end  of  boom  when  setting  heavy  loads. 

In  carrying  loads  with  a  locomotive  crane  or  derrick  car 
on  a  curve,  be  sure  that  the  track  is  level  and  the  outer  rail 
not  elevated  as  is  customary  with  railroad  track. 


Be  very  careful  in  using  a  wooden  boom  extension  or  out- 
liggers,  that  you  do  not  lift  loo  heavy  loads.  The  increased 
length  of  the  boom  and  the  weight  of  extension  reduce  the 
lifting  capacity  considerably. 

Whenever  possible,  avoid  the  attachment  of  guy  lines  to 
railroad  tracks,  as  numerous  accidents  have  occurred  by  car 
I  unning  into  the  guys. 

Hook  on  to  sheets  or  bundles  of  small  material  so  that  they 
cannot  slip  out. 

Don't  allow-  men  to  carry  glazed  window  .sash  on  their 
.^boulders  when  wind  is  blowing. 

See  that  gate  blocks  are  securely  fastened  and  that  men  do 
not  stand  in  the  "bite"  of  a  line. 

ilo  not  use  a  light  gate  block  when  lifting  heavy  loads. 

Lines  should  be  run  around  two  winch  heads  when  making 
a  heavy  lift. 

When  you  use  a  derrick  keep  the  boom  elevated  above  a 
horizontal  line  as  far  as  possible,  as  generally  the  worst  stress 
comes  on  the  boom  and  mast  as  w-ell  as  stiff-legs  or  guy  lines 
when  boom  is  in  a  horizontal  position.  A  maximum  load  for 
the  derrick  should  never  be  lifted  with  the  boom  in  a  hori- 
zontal position. 

When  you  use  a  pin  pole  see  that  the  splices  are  w-ell  bolted 
and  the  pole  is  properly  guyed.  Do  not  lean  the  pole  too  much 
when  lifting  a  load  or  moving  the  pole  and  see  that  the  foot 
of  the  pole  cannot  move  or  slip  except  when  you  desire  to 
move  it. 

A  number  of  accidents  have  occurred  through  the  im- 
proper loading  of  push  cars.  See  that  the  load  is  properly 
placed  so  that  it  cannot  roll  or  tumble  over,  especially  going 
around  a  curve.  Do  not  allow  your  men  to. push  on  the  side 
of  the  car  with  a  top-heavy  load.  They  should  push  or  pull 
from  the  ends  of  the  piece. 

When  you  lift  a  beam  or  girder  use  scissor  dogs  or  cast 
sceel  girder  hooks  wherever  possible,  and  if  you  are  obliged 
to  use  either  ordinary  dogs  or  chains  see  that  w-ooden  blocks 
are  used  betw-een  the  chain  or  dog  and  the  flange  to  prevent 
the  girder  from  slipping. 

Avoid  the  use  of  chains  except  for  lifting  light  loads. 
Where  you  have  heavy  loads  to  lift  use  cable  slings,  being 
careful  to  avoid  sharp  bends  by  using  rounded  wooden  blocks 
between  cable  and  load. 

Don't  put  too  many  parts  of  lashing  into  a  hook  as  by 
doing  so  you  are  liable  to  open  up  the  hook. 

See  that  exposed  parts  of  dangerous  machinery  are  prop- 
erly covered. 

Be  Orderly — Careful. — See  that  your  work  is  carried  on  in 
an  orderly,  careful  manner. 

See  that  material  is  unloaded  and  piled  in  an  orderly,  care- 
ful way  so  that  it  cannot  fall,  turn  or  be  blown  over. 

Unless  necessary,  do  not  hoist  any  material  to  a  struclure 
until  you  are  ready  to  put  it  into  position  and  properly  fasten 
it.  In  cases  where  you  do  hoist  material  to  the  structure 
before  putting  it  in  its  final  position,  see  that  it  is  piled  in  an 
orderly  way  so  that  it  can  not  turn  or  roll  over  when  a  man 
steps  on  it. 

Don't  let  tools  or  equipment  such  as  bolts,  nuts,  drift  pins, 
blocks,  dolly  bars,  etc..  He  around  so  that  they  can  be  knocked 
off  the  work  or  so  that  any  one  can  fall  over  them. 

Keep  everything  orderly  and  In  ship<shape  and  allow 
nothing  to  He  around. 

Be  Vigilant. — You  must  use  vigilance  and  be  on  the  job 
practically  all  the  time  to  see  that  your  men  are  carrying 
out  your  instructions;  that  tools  and  equipment  and  men  are 
in  fit  condition  for  the  work  and  that  they  are  handling  the 
work  carefully  and  intelligently. 

Be  careful  and  insist  on  the  men  under  you  being  carefuL 
and  do  not  allow  any  one  who  is  reckless  and  careless  to 
work  for  you. 

Whenever  any  question  as  to  the  safety  of  equipment  or 
tools  or  the  work  which  you  are  erecting  is  brought  to  your 
attention  by  any  of  the  men  under  you  or  others,  investigate 
the  same  and  satisfy  yourself  of  the  safety  of  the  same  be- 
fore proceeding  further.  If  you  are  satisfied  the  work,  equip- 
ment or  tools  are  not  safe,  put  them  in  a  safe  condition  im- 
mediately. 

See  that  Proper  Instruction  Is  Given  Employes. — Call  at- 
tention of  men  to  any  dangerous  conditions  on  the  job  so  that 
they  can  be  on  the  lookout. 

Your  faithful  attention  to  this  matter  is  to  the  interest  of 
employe  and  employer  alike. 

Unfit  Condition. — You  must  see  that  every  employe  under 
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you  is  in  proper  physical  condition.  They  should  be  strong, 
temperate,  clear-headed,  with  good  eyesight,  good  hearing, 
and  not  lame  or  crippled. 

Do  not  allow  any  man  to  go  to  work  who  has  been  drinking 
or  drinks  during  working  hours  or  who  is  sick  or  in  unfit 
condition.  A  man's  mind  is  not  clear  who  is  at  all  under  the 
influence  of  liquor  and  thus  endangers  his  own  and  fellow 
workmen's  lives. 

Don't  employ  ignorant  persons. 

Don't  employ  any  one  under  18  years  of  age  and  prefer- 
ably no  one  under  21.  Those  employed  between  the  ages  of 
18  and  21  should  be  strong,  sober,  healthy  boys  who  desire  to 
learn  the  business.  You  must  secure  a  written  permit  from 
the  parents  of  all  boys  under  21  years  of  age,  authorizing  you 
to  employ  them.     Forms  for  this  purpose  will  be  sent  you. 

The  character  of  this  business  is  such  that  a  workman 
should  be  strong  and  sound  in  body,  temperate  in  habits,  clear 
and  alert  in  mind,  to  avoid  accidents. 

Use  Judgment. — You  must  use  judgment  in  assigning  men 
to  do  certain  work  and  see  that  they  are  capable  and  ex- 
perienced in  the  work  to  be  done. 

Signal  men  should  be  capable,  experienced  bridgemen,  ana 
should  stand  in  a  position  where  they  can  be  seen  by  the 
men  at  the  hoisting  engine  and  those  connecting  the  work. 
Signals  should  be  clearly  understood.  Use  none  but  good, 
careful,  experienced  locomotive  cranemen,  derrick  car  men, 
and  men  on  winch  heads. 

Don't  resort  to  expediency  by  allowing  an  inexperienced 
man  to  do  the  work  where  experience  counts.  Educate  the 
men  up  to  their  work.  Don't  throw  too  much  on  inexperi- 
enced men  all  at  once. 

You  should  see  that  the  pusher  and  men  use  proper  tools  to 
do  the  work  and  handle  same  properly. 

Don't  allow  your  men  to  work  on  crane  runway  when 
cranes  are  in  motion. 

Don't  allow  men  to  work  on  scaffold  that  you  would  not 
work  on  yourself. 

Where  there  are  heavy  pieces  to  be  lifted  see  if  the  weight 
is  marked  on  the  piece;  if  not,  get  the  weight  from  the  in- 
voice and  mark  it  on,  calling  pusher's  attention  to  it. 

Do  Not  Allow  Men  to  Work  in  Perilous  Places. — You  must 
see  that  your  men  are  not  exposed  to  extremely  hazardous 
conditions  and  that  they  are  not  allowed  to  work  in  extremely 
dangerous  places. 

Do  not  allow  your  men  to  work  under  loads  and  in  places 
where  there  is  imminent  danger. 

Be  careful  not  to  allow  men  to  work  on  the  roofs  of  build- 
ings when  there  is  frost,  ice  or  snow  on  the  same,  without 
taking  extra  precautions.  The  same  applies  to  other  steel 
structures. 

See  that  Workmen  Obey  Following  Rules. — Don't  Be  Reck- 
less: More  accidents  occur  through  recklessness  than  any 
other  cause.  Don't  walk  on  rods.  Don't  ride  a  load.  Don't 
ride  on  a  locomotive  crane. 

Don't  Be  Careless:  Look  where  you  step  and  be  sure  that 
on  what  you  step  is  safe  and  secure.  Don't  step  on  ends  of 
loose  plank.  Don't  start  to  slide  down  a  line  unless  you  are 
sure  the  ends  are  fastened. 

Be  Orderly:  Do  whatever  you  do  in  an  orderly,  careful 
manner.  Pile  material  so  that  it  cannot  roll,  fall,  tumble,  or 
he  blown  over.  Don't  let  tools  or  equipment  such  as  bolts, 
nuts,  drift  pins,  blocks,  dolly  bars,  etc.,  lie  around  so  that 
they  can  be  knocked  oft  the  work  or  so  that  any  one  can  fall 
over  them. 

Unfit  Condition.  Don't  go  to  work  if  you  have  been  drink- 
ing or  do  not  feel  well.  If  you  are  lame  or  have  any  defect 
in  hearing  or  eyesight  you  should  not  work  at  this  business  as 
by  so  doing  you  endanger  your  own  and  fellow  workmen's 
lives.  If  you  are  inexperienced  in,  or  unsuited  for  the  work 
to  be  done,  don't  undertake  it. 

Be  Vigilant:  Watch  what  you  are  doing.  Don't  stand  or 
work  under  a  load.  Don't  go  in  the  "bite"  of  a  line  nor  stand 
in  front  of  a  snatch  block.  Don't  work  on  or  about  a  crane 
runway  when  the  crane  is  in  use  unless  there  is  a  stop  be- 
tween y&u  and  the  crane. 

Don't  Use  Unfit  Tools:  Be  sure  the  tools  and  equipment 
you  use  are  in  good  working  order.  It  they  are  not,  don't 
use  them. 

Don't  work  with  men  who  don't  observe  these  rules. 


Hints  on  Hauling  Heavy  Loads 

Two  principles  that  are  of  great  importance  in  hauling 
heavy  loads  over  roads  by  teams  are:  First,  the  motive 
power  should  be  applied  as  close  to  the  load  as  possible,  and 
second,  the  vehicle  should  have  tires  of  sufficient  width  to 
support  the  load  without  cutting  deeply  into  the  road.  The 
application  of  these  principles  are  illustrated  and  described 
in  an  article  by  H.  L.  Goodwin  in  the  Mining  and  Scientific 
Press,  to  which  we  are  indebted  for  the  matter  that  follows. 

Where  horses  are  used,  the  bad  effect  of  having  them  strung 
out  at  some  distance  from  the  load  lies  mainly  in  the  necessity 
of  taking  up  the  slack  in  the  rigging.  This  is  not  so  important 
a  factor  where  trained  teams,  used  to  working  together  day 
by  day,  are  used,  but  with  the  scrub  teams  often  of  necessity 
employed  in  hauling  heavy  raining  machinery  it  is  of  con- 
siderable moment.  The  difficulty  lies  mainly  in  getting  the 
horses  to  pull  steadily  as  a  unit.  When  the  rigging  is  so 
made  up  that  the  total  tractive  effort  is  applied  to  the  load 
at  several  places,  say,  two  or  three,  this  trouble  is  largely 
eliminated. 

In  one  instance  ten  horses  and  a  motor-truck  were  used  in 
hauling  a  heavy  grinding-mill.     Two  horses  were  left  on  the 


Fig.    1 — Two   Sets  of   5-in.   Tired    Wheels   Gave   Same   Effect  As 
Wider   Tired    Trucks. 

pole,  and  the  other  eight  were  placed  four  abreast  in  the 
lead.  Each  of  the  four-horse  units  was  attached  directly  to 
the  load  by  chains  from  the  middle  of  a  long  spreader.  It 
was  also  necessary  to  attach  the  ends  of  the  spreaders  to  the 
load,  so  that  if  the  oft  horses  should  pull  more  than  the  near, 
for  instance,  no  harm  would  result.  The  motor-truck  was 
used  with  a  pushpole  in  the  rear. 

In  another  case  ten  horses  were  used,  six  in  front  of  the 
load,  two  abreast,  and  four  in  the  rear,  hitched  to  a  push-pole. 
This  is  much  preferable  to  having  the  ten  horses  strung  out, 
two  abreast,  in  front  of  the  load. 

The  width  of  tires  on  the  vehicle  is  evidently  of  minor  im- 
portance on  paved  thoroughfares,  but  on  earth  roads  a  great 
burden  is  added  if  the  wheels  sink  into  the  road.  Tires 
should  be  at  least  6  in.  wide  for  loads  of  over  5  tons.  Fig. 
1  shows  how  two  sets  of  5-in.  tired  wheels  were  used  with 
essentially  the  same  effect  as  though  wider-tired  trucks  had 
been  available.  The  two  pairs  of  wheels  used  at  each  end  of 
the  load  were  placed  close  together,  and  so  connected  with 
chains  that  they  would  "follow"  correctly  in  going  around 
curvet 

In  one  case  when  It  became  necessary  to  resort  to  tackle 
in  order  to  get  a  heavy  crusher  up  a  steep  grade,  two  horses 
were  left  on  the  pole  to  steer  the  load,  and  a  motor  truck 
was  trigged  in  position  to  serve  as  an  anchor  for  one  end  of 
the  tackle.  The  advantage  of  having  an  anchor  so  readily 
movable  is  evident. 


37-Year-Old  Crusher  Still  in  Service. — A  No.  5-B  Gates 
crusher  with  openings  10  x  30  in.,  sold  in  1882,  is  still  in  op- 
eration at  the  Richmond,  Wis.,  quarry  of  the  Mayville  White 
Lime  Works.  This  quarry,  after  8  years  of  idleness,  was 
placed  in  service  last  spring.  The  old  crusher  was  rebabbit- 
ted  at  that  time  and  since  then  has  had  no  repairs.  H.  A. 
Martin,  vice-president  of  the  Mayville  White  Lime  Works 
writes  to  the  AUis-Chalmers  Manufacturing  Co.,  that  judging 
from  the  present  condition  of  the  crusher  "it  should  be  crush- 
ing stone  for  a  good  many  years  yet." 
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Leakage  Resistance  of    Street 
Railway   Road   Beds 

According  to  Mr.  E.  R,  Shepard,  Electrical  Engineer  of  the 
Bureau  of  Standards,  it  seems  that  street  railway  engineers 
have  given  little  thought  to  the  question  of  insulating  road- 
beds or  constructing  them  in  such  a  manner  as  to  offer  high 
resistance  to  leakage  currents.  He  has  collaborated  with  the 
U.  S.  Forest  Products  Laboratory  at  Madison,  Wis.,  in  a  paper 
on  this  subject  giving  the  results  of  numerous  experiments 
conducted  and  the  conclusions  drawn  therefrom.  What  fol- 
lows is  an  abstract  of  this  paper,  as  given  in  "Electric 
Traction": 

The  leakage  path  traversed  by  stray  currents  from  electric 
railways  consists  of  several  elements  and  varies  greatly  with 
the  different  types  of  roadbed  construction.  In  the  case  of 
open  track,  the  current  leaves  the  rails,  entering  the  ties 
through  the  spikes  and  the  base  of  the  rails,  and  then  passes 
into  the  ballast  and  finally  into  the  adjacent  earth  from  which, 
part  of  it  finds  its  way  to  metallic  structures,  and  eventually 
to  the  negative  pole  of  the  generator.  In  paved  streets  an 
additional  leakage  path  is  offered  through  direct  contact  of 
the  rails  with  the  earth,  pavement,  or  other  material  in  which 
they  are  imbedded. 

In  this  paper  the  part  of  the  circuit  in  which  we  are  con- 


cerned is  termed  "the  roadbed"  and  consists  of  the  pavement, 
ties,  and  ballast.  By  far  the  greatest  part  of  the  total  resist- 
ance of  the  leakage  path  is  to  be  found  in  the  roadbed,  particu- 
larly in  open  construction,  where  the  wood  ties  almost  act  as  in- 
sulators between  the  rails  and  the  earth.  In  the  case  of  the 
earth  ballast  or  where  the  rails  are  laid  on  a  natural  gravel 
ballast,  the  extent  of  the  roadbed  is,  of  course,  indefinite.  In 
determining  the  resistance  of  any  types  of  roadbed,  an  at- 
tempt was  made  to  measure  the  resistance  of  the  earth  be- 
tween the  roadbed  and  the  remote  ground,  but  as  this  is  only 
a  very  small  fraction  of  the  total  resistance  where  ordinary 
types  of  construction  are  involved,  it  is  here  included  in  the 
roadbed  resistance. 

Owing  to  the  difficulties  involved  in  making  resistance 
measurements  on  city  tracks  and  the  limited  number  of  types 
available  for  such  tests,  it  was  decided  to  build  short  sec- 
tions of  a  number  of  different  types  of  roadbeds  on  which 
frequent  measurements  could  be  made.  It  was  realized  that 
such  roadbeds  might  exhibit  quite  different  characteristics 
from  similar  types  subjected  to  the  action  of  traffic,  to  the 
surface  drainage  from  city  streets,  and  to  the  presence  of  salt 
which  is  frequently  used  to  prevent  freezing.  Such  roadbeds 
would,  however,  permit  of  a  careful  study  of  the  effect  of 
moisture  and  temperature  and  would  also  enable  compara- 
tive measurements  to  be  made  which  could  be  checked  by 
similar  data  obtained  from  city  tracks  under  operation. 

Fourteen  types  of  experimental  roadbeds  were  built  on  the 
Bureau  grounds  early  in  1915.  In  selecting  these  types  of 
roadbeds  an  attempt  was  made  to  include  those  most  com- 
monly used  in  practice  as  well  as  to  introduce  certain  modi- 
fications in  the  way  of  insulating  materials  which  it  was  be- 
lieved might  prove  of  practical  value  in  reducing  stray  cur- 
rents. 

Ties  treated  with  several  different  kinds  of  preservatives 
were  also  used  in  order  to  determine  the  effect  of  such  treat- 
ments on  the  resistance  of  the  wood  and  the  leaching  effect  of 
the  weather  on  the  different  preservatives. 

Conclusions  Regarding  Leakage  Resistance  of  Roadbeds.— 
The  results  of  resistance  measurements  on  the  various  types 
of  roadbeds  led  to  the  following  conclusions. 

1.  Roadbeds  constructed  with  solid-concrete  ballast  and 
vitrified  brick,  or  other  nonporous  pavements,  have  a  low  leak- 
age resistance  to  earth,  which  is  affected  only  moderately  by 
seasonal  and  weather  changes.  There  is  little  difference  be- 
tween wood  and  steel  ties  in  their  effects  on  the  resistance 
of  roadbeds  of  this  kind.  Insulating  layers  of  bituminous  ma- 
terials are  not  of  practical  value  in  reducing  leakage  currents 
from  such  roadbeds.  The  resistance  of  1,000  ft.  of  single  road- 
bed of  this  type  is  from  0.2  to  0.5  ohm  under  ordinary  condi- 
tions, but  may  be  double  or  treble  these  values  when  the 
ballast  is  frozen  to  a  depth  of  1  ft.  or  more.    For  double  road 
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bed  of  this  type  the  resistance  is  approximately  70  per  cent 
of  that  for  single  roadbed,  or  the  leakage  from  double  track 
would  be  about  40  to  50  per  cent  greater  than  from  single 
track. 

2.  Roadbeds  constructed  with  a  foundation  of  clean, 
crushed  stone  under  a  concrete  paving  base  have  a  much 
higher  resistance  than  roadbeds  with  a  solid-concrete  bal- 
last. In  the  case  of  the  experimental  roadbeds  the  ratio 
was  found  to  be  about  3  to  1. 

3.  Roadbeds  with  a  full  crushed-stone  ballast  and  a  Tarvla. 
finish  have  a  very  high  leakage  resistance,  which  is  of  the 
order  of  2  to  5  ohms  from  1,000  ft.  of  single  track.  The  leak- 
age from  a  double  roadbed  of  this  type  and  other  high  re- 
sistance types  is  from  80  to  100  per  cent  greater  than  from 
single  roadbeds. 

4.  The  resistance  of  earth  roadbeds  in  which  the  ties  are 
embedded,  and  therefore  kept  in  a  moist  condition,  is  much 
lower  than  that  of  open-construction  roadbeds,  being  from  1 
to  1:5  ohms  for  1,000  ft.  of  single  track  under  normal  condi- 
tions and  considerably  more  when  the  ground  is  frozen. 

5.  The  resistance  of  roadbeds  of  open  construction  is  sub- 
ject to  wide  variations,  depending  on  the  condition  of  the 
ties  and  ballast.  In  very  dry  weather  with  good  ballast  the 
resistance  will  be  10  to  15  ohms,  and  even  more  for  1,000  ft. 
of  single  track,  but  when  wet  will  drop  to  from  3  to  5  ohms. 
Cinders,  gravel,  and  particularly  crushed  stone,  when  used  as 
ballast  in  opentrack  construction,  produce  very  high  resist- 
ance roadbeds.  Earth  has  a  tendency  to  keep  the  ties  moist 
and  therefore  increases  the  leakage. 

6.  Open-construction  track  is  often  considered  as  being 
insulated  from  the  earth,  but  this  is  not  strictly  true,  even 
though  the  leakage  may  not  be  in  harmful  amounts  when 
compared  with  other  types  of  construction.  Assuming  a  po- 
tential difference  between  a  track  and  the  earth  of  5  volts 
and  a  leakage  resistance  of  10  ohms  per  1,000  ft.  of  single 
roadbed  the  total  leakage  per  mile  of  track  would  be  2.64 
amperes.  This  small  leakage  current  would  not  ordinarily 
be  harmful  to  underground  structures  in  the  vicinity  of  the 
track. 

7.  Zinc  chloride  and  other  chemical  salts  used  as  preserv- 
atives render  ties  highly  conducting  and  greatly  increase  leak- 
age currents  from  tracks.  Unless  combined  with  some  other 
material  such  as  creosote,  these  salts  gradually  leach  out. 
particularly  in  damp  climates,  and  eventually  their  influence 
on  the  resistance  of  roadbeds  disappears.  Creosote  has  very 
little  effect  upon  the  resistance  of  wood  ties,  but  a  treating 
material  consisting  of  75  per  cent  gas  oil  and  25  per  cent 
creosote  appears  to  increase  their  resistance  materially.  No 
direct  comparison,  however,  was  made  between  these  two- 
treatments.  Open-track  construction  on  which  ties  treated 
in  this  manner  were  employed  had  a  leakage  resistance  about 
twice  as  great  as  similar  roadbeds  with  untreated  ties  and 
about  four  limes  as  great  as  roadbeds  with  chemically 
treated  ties. 

Suggestions  Regarding  Roadbed  Construction. — Electric 
railway  companies  can  do  much  toward  reducing  leakage  cur- 
rents from  their  tracks  by  observing  the  following  suggestions 
regarding  roadbed  construction: 

1.  Solid-concrete  ballast  should  be  abandoned,  and  clean 
crushed  stone  should  be  used  as  a  foundation  under  ties. 
This  type  of  construction  is  approved  by  the  American  Elec- 
tric Railway  Association,  as  it  gives  greater  resiliency  to  the 
track  and  is  cheaper  than  the  full  concrete  ballast. 

2.  Where  crushed  stone  or  gravel  is  used  it  should  be- 
kept  clean  by  proper  coverings  or  pavements.  If  earth,  sand, 
or  street  dirt  is  permitted  to  filter  into  ballast  of  this  char- 
acter, its  function  as  an  insulating  material  is  greatly  im- 
paired. 

3.  Salt,  which  is  often  used  to  prevent  frogs  and  switches 
from  freezing,  will  greatly  reduce  the  resistance  of  roadbeds 
and  should  be  avoided  ifpossible. 

4.  In  open  construction  rails  should  be  kept  out  of  contact 
with  the  earth.  The  roadbed  should  be  well  drained  to  pre- 
vent fine  material  from  washing  into  the  ballast  and  to  keep- 
the  ties  as  dry  as  possible.  Vegetation  should  be  kept  down,. 
as  this  tends  to  make  the  roadbed  moist  and  to  fill  the  bal- 
last with  foreign  material. 

5.  Zinc  chloride  and  similar  chemical  preservatives  should 
he  avoided  where  the  escape  of  stray  currents  is  objection- 
able or  where  block  signals  are  used.  A  treating  mixture  of 
creosote  and  gas  oil  improve  the  insulating  properties  of 
wood  ties. 
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Using  Old  Pit  for  Winter  Storage 
of  Gravel 

A  novel  scheme  of  underwater  storage  of  gravel,  which  will 
permit  a  continuance  of  operations  all  winter  in  preparation 
for  next  year's  business,  is  being  successfully  carried  out  by 
W.  K.  and  Geo.  V.  Miller,  ow^ners  of  the  Granite  Sand  «&  Gravel 
Co.  at  Indianapolis,  Ind.  At  the  same  time  they  have  found  a 
new  application  for  the  dragline  cableway  excavator.  The  2 
cu.  yd.  Sauerraan  dragline  bucket  which  they  have  operated 
on  a  600-ft.  span  cableway  for  six  years,  and  which  has  prac- 
tically exhausted  all  the  material  within  its  reach,  will  hence- 


forth be  used  on  a  shoi  ter  span,  serving  essentially  as  a  con- 
veyor only. 

A  barge  equipped  with  a  derrick  carrying  a  IV4  yd.  clam- 
shell bucket,  and  a  bottom-dump  barge  of  60  cu.  yd.  capacity, 
propelled  by  a  small  gasoline  engine,  have  been  added  to  op- 
erate in  conjunction  with  the  dragline  cableway  excavator. 
Th>  floating  clamshell  excavates  along  the  banks  of  the  pit 
and  loads  into  the  dump  barge,  which  conveys  the  material  to 
a  point  close  to  the  screening  plant  and  in  the  path  of  the 
cableway,  the  latter  being  lowered  under  water  while  the 
barge  is  discharging  its  load.  The  material  is  then  picked  up 
and  conveyed  to  the  screening  plant  by  the  cableway  exca- 
vator, and  as  the  distance  is  only  200  to  300  ft.,  the  material 
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Plan   and    Elevation   Showing    Underwater    Storage    Method. 
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is  handled  to  the  plant  at  the  rate  of  about  2  cu.  yd.  a  minute. 

Although  the  entire  plant  may  be  operated  only  occasion- 
ally during  the  winter,  the  excavating  and  storing  of  material 
will  proceed  without  interruption.  As  the  pit  has  a  40-ft. 
■depth  of  water,  ample  space  is  afforded  for  storing  the  mate- 
rial where  it  is  safe  from  freezing  and  where  it  can  be  re- 
claimed with  a  minimum  of  effort  and  expense  to  meet  the 
rush  demands  of  contractors  next  spring.  Mr.  \V.  K.  Miller 
states  that  with  this  stored  material  to  draw  from  and  with 
the  excavator  bucket  working  on  the  shorter  span  cableway, 
the  capacity  of  the  plant  will  be  increased  10  to  15  cars  per 
day  next  year. 

In  addition,  the  new  method  eliminates  the  cost  of  strip- 
ping which  would  amount  to  about  $2,500  per  acre.  An  aver- 
age overburden  of  2  to  4  ft.  is  allowed  to  cave  into  the  pit. 
If  the  material  excavated  by  the  clamshell  is  very  dirty,  it  is 
run  through  a  Stocker  washer  mounted  on  the  same  barge 
as  the  clamshell.  This  washer  discharges  into  the  hopper 
barge.  If  the  material  excavated  is  clean,  as  is  the  case 
most  of  the  time,  the  clamshell  discharges  directly  into  the 
barge.     One  man  operates  the  dump  barge. 

A  final  advantage  of  this  scheme  is  that  the  two  parts  of 
the  plant  are  independent  and  either  can  be  operated  without 
the  other,  as  the  business  may  demand. 


Costs  of  Railway  Ditching  by  Various 
Methods 

An  interesting  comparison  of  costs  at  1918  prices  of  clean- 
ing railway  ditches  by  different  methods  was  given  in  a  com- 
mittee report  at  the  recent  annual  meeting  of  the  Roadmast- 
ers'  and  Maintenance  of  Way  Association  in  Chicago.  The  data 
given  are  for  single  track  lines  with  six  trains  during  work 
ing  hours;  roadbed  in  soft  clay;  ditches  7  ft.  from  rails. 
3  ft.  wide  and  2  ft.  deep.  The  following  is  a  summary  of  the 
output  and  costs  by  the  different  methods: 


Ditcher  of  steam-shovel  type,  on  cars. 
Steam  ditcher  of  drag-scraper  type... 

Push  cars  and  laborers 

Car  barrows  and  laborers 

Wheelbarrows    and    laborers 

Casting  or   shoveling 


Output 

Cost 

per  day. 

per 

Cu.    yd. 

cu.  yd 

224 

t0.4130 

252 

.4034 

38^4 

.6862 

13 

.7670 

19 

.7142 

38^4 

.3525 

The  unit  costs  for  the  various  methods  follow: 

Ditcher  of  steam  shovel   type  on  cars: 

Per  day. 

Ditch   labor    $18.90 

Work    train   labor 23.86 

Rental    of    equipment •' 31.00 

Maintenance    of    equipment 1.45 

Supplies     /••■'• 12.80 


C't.). 


$92.51 


Total   (224  cu.  yd.  at  41.: 
Steam  ditcher  of  drag  scraper  type: 

Ditch   labor    *ll  i,c 

Work   train   labor "nn„ 

Rental  of  equipmei.t ^    x2 

Maintenance    of    equipment ia'm 

Supplies    10.62 

Total  (252  cu.  yd.  at  40.3  ct.) $101.66 

Two  push  cars  and  hand  labor: 

1  foreman  at  $S3 '  S'ii, 

11  laborers   at  $2.25 19-80 


Total   (3SVi   cu.  yd.   at  58.6  ct.). 
Car  barrows  and  hand  labor: 

1  foreman    

4  laborers  at   $1-80 


$22.57 


7.20 


Total  (13  cu.  yd.  at  76.7  ct.) $  9. 97 

■W^leelbarrowE  and  hand  labor:  t  t  m 

1  foreman    *,  5 "J J 

6  laborers  at  $1.80 lO-o" 


Total  (19  cu.  yd 
Casting  or  shoveling: 

1  foreman     

6  laborers  at   $1.80.. 


at  71.4   ct.i. 


Total  (38'^  cu.  yd.  at  35.2  ct.). 


$13.57 

$  2.77 
10.80 

$13.57 


Safe  Practice  in   Use  of  Wire 
Rope  in  Hoisting 

In  the  course  of  its  investigations  of  safely  in  mining,  the 
Fuels  and  Mechanical  Divisions  of  the  Bureau  of  Mines  col- 
lected much  information  bearing  on  the  use  of  wire  rope. 
This  information  has  been  compiled  in  a  technical  paper  is- 
sued recently  by  the  bureau.  This  paper,  prepared  by  R.  H. 
Kudlich  and  O.  P.  Hood,  outlines  approved  practice  and  the 
important  precautions  to  insure  safety.  While  it  aims  simply 
to  emphasize  the  essentials  of  good  practice  and  to  give  rea- 
sons underlying  such  practice,  it  contains  so  much  useful  in- 
formation that  we  are  reprinting  it. 

Size  of  Rope. — Never  exceed  the  working  load  of  the  rope  as 
given  in  the  manufacturers  table.  The  rope  must  have  a  fac- 
tor of  safety  to  allow  for  wear,  corrosion,  and  severe  strains 
due  to  starting,  etc. 

The  factor  of  safety  is  calculated  by  dividing  the  breaking 
strength  of  the  rope  by  the  sum  of  the  weight  to  be  hoisted 
plus  the  weight  of  rope  in  the  shaft.  The  table  below  gives 
values  for  the  factor  of  safety  recommended  by  the  Bureau  of 
Mines: 


HOISTI.NT, 


Electrification  of  Italian  Railways.— The  Italian  government 
proposes  to  electrify  nearly  4,000  miles  of  state  railways  and 
many  of  the  lines  privately  operated.  The  project  will  in- 
volve an  expense  of  $154,400,000  and  will  require  at  least  10 
years  for  its  execution.  Up  to  the  present  time  about  265 
miles  of  railway  in  Italy  are  electrically  operated.  The  new- 
work  will  be  executed  either  directly  by  the  state  railway  ad- 
ministration or  by  private  firms  under  the  supervision  of  the 
state,  as  may  be  decided  by  the  ministry  of  transportation. 


ROPE   SAFETY   FACTORS   FOR  VARIOUS   DEPTHS 
OF    SH.\FTS. 


Minimum 

Minimum 

factor  of 

factor 

of 

siifety  when 

safety 

for 

rope 

must  be 

new  rope. 

discarded. 

8 

6.4 

7 

5.8 

6 

5.0 

5 

43 

4 

3.6 

Length  of  rope.   ft. 

500  or  less 

500  to  1,000 

1.000  to  2,000 

2,000   to  3,000 

:i.O00  and  more 

Material  In  the  Rope. — The  material  of  the  rope  should  be 
adapted  to  the  service  in  which  it  is  to  be  used.  Use  soft 
steel  rope  in  shallow  shafts  where  there  is  strongly  acid  water 
and  drums  or  sheaves  are  small.  Use  hard-drawn  steel  or 
plow-steel  rope  in  deep  shafts,  on  slopes,  or  on  rope-haulage 
ways. 

Rope  made  of  the  softer  grades  of  steel  is  more  flexible  and 
less  affected  by  corrosion,  whereas  rope  made  of  steel  of  high 
tensile  strength  is  not  so  heavy  for  a  given  strength  and  re- 
sists abrasion  better. 

Construction  of  Rope. — The  construction  of  the  rope  should 
be  adapted  to  the  service  in  which  the  rope  is  to  be  used. 
Where  flexibility  is  required,  a  rope  of  a  large  number  of 
small  wires  may  be  used  if  it  is  not  subject  to  excessive  ex- 
ternal wear,  whereas  a  rope  made  of  a  smaller  number  of 
larger  wires  must  be  used  where  the  rope  is  subjected  to  se- 
vere external  wear. 

The  smaller  the  wires  of  which  the  strand  is  made  the 
greater  the  strength  and  flexibility  of  the  rope.  In  vertical 
shafts  the  rope  generally  used  is  made  of  six  strands  of  19 
wires  each,  laid  around  a  hemp  core.  In  slopes  and  on  haul- 
ageways  where  the  rope  is  subjected  to  excessive  wear  by 
rubbing  against  the  sides,  floor,  and  roof,  the  rope  generally 
used  is  composed  of  six  strands  of  seven  wires  each,  laid 
around  a  hemp  core. 

Lay  of  the  Rope. — Lang-lay  rope  should  be  used  except 
where  the  tendency  of  the  rope  to  untwist  is  harmful  and  can 
not  be  resisted.  In  such  places  regular  lay  ropes,  or  special 
nonspinning  ropes  should  be  used.  Lang-lay  rope  should  be 
used  especially  where  external  wear  Is  severe,  it  it  can  be 
prevented  from  untw-isting. 

In  the  most  common  form  of  rope  the  wires  are  laid  Into 
round  strands.  Such  ropes  are  either  regular  lay  or  lang-lay; 
that  is,  the  wires  and  the  strands  are  laid  in  opposite  direc- 
tions or  in  the  same  direction.  Regular  lay  rope  does  not 
tend  to  untwist  when  loaded,  but  only  a  small  portion  of  each 
wire  in  a  strand  is  subject  to  external  wear  against  sheaves, 
drums,  and  to  internal  wear  against  the  wires  of  the  other 
strands.  Lang-lay  rope  tends  to  untwist  under  load,  but  a 
considerable  length  of  each  wire  'comes  In  contact  with  the 
sheaves  or  drum  or  with  the  wires  of  another  strand,  and  thus 
wear  on  the  outside  of  the.  rope  is  distributed  and  "nicking"  of 
the  inside  wires  is  greatly  reduced. 

Length  of  Rope. — New  ropes  must  be  long  enough  to  per- 
mit cutting  off  the  end  and  resocketing  six  times  or  more.  At 
least  two  laps  of  rope  must  be  on  the  drum  when  the  cage, 
car,  or  skip  is  at  the  bottom  of  the  hoist  after  the  last  cutting 
has  been  made.  Ropes  used  on  shafts  or  slopes  for  handling 
men  must  be  in  one  piece  from  end  to  end  and  not  spliced. 
Ropes  used  on  slopes  where  men  are  not  handled  and  on  haul- 
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age  ways  may  be  spliced,  but  the  splice  must  always  be  made 
sufficiently  long  to  allow  the  strands  to  lock  well  into  one  an- 
other. 

Directions  for  splicing  rope  may  be  obtained  from  any  wire- 
rope  manufacturer.  They  are  the  result  of  much  experience 
and  testing  and  should  be  followed  exactly  when  making  a 
splice. 

In  balanced  hoisting,  the  length  of  the  two  ropes  must  be  so 
adjusted  that  when  one  cage  or  skip  is  at  the  top  landing  the 
other  will  just  rest  on  the  bottom. 

Any  slack  rope  will  cause  the  cage  to  start  with  a  jerk, 
especially  if  the  engine  is  started  rapidly.  This  jerk,  repeated 
with  each  hoist,  causes  severe  stress  in  the  rope  and  will  soon 
result  in  serious  injury  to  it. 

The  effect  of  the  jerks  may  be  considerably  diminished  by 
interposing  springs  between  the  rope  and  the  weight  of  the 
cage. 

As  the  rope  stretches  the  slack  should  be  taken  up  before  It 
becomes  too  great.  When  the  rope  is  new  it  will  be  neces- 
sary to  take  up  the  slack  rather  often,  but  as  the  rope  is  used 
it  stretches  less  and  need  not  be  adjusted  so  often. 

Sheaves  and  Drums. — Sheaves  and  drums  must  be  at  least 
as  large  as  the  minimum  size  recommended  by  the  rope  manu- 
facturer and  should  be  as  large  as  conditions  permit.  Sheaves 
must  be  well  balanced,  as  light  as  is  compatible  with  strength 
— in  order  to  cut  down  inertia  in  starting  and  stopping — and 
should  have  well-oiled  babbited  bearings. 

In  good  practice,  the  diameter  of  sheaves  should  be  66  to 
100  times  the  diameter  of  the  rope.  Ropes  made  of  large 
wires  and  steel  of  high  tensile  strength  require  larger  sheaves 
than  the  minimum  specified  for  that  size  of  rope.  If  the 
sheaves  are  heavy,  poorly  balanced,  or  the  bearings  are  not  in 
good  condition,  the  rope  will  slip  on  the  sheave  at  starting 
and  stopping,  with  resultant  wear.  Sheaves  with  smooth, 
well-chilled  iron  throats  or  with  rubber-lined  throats  will  last 
longer  and  wear  the  rope  less  than  those  with  rough,  soft- 
iron  throats.  The  plane  of  rotation  of  the  sheaves  must  be 
exactly  in  the  plane  of  the  entering  and  leaving  rope,  to  pre- 
vent chafing  and  wear  of  the  rope. 

Position  of  Drum. — The  hoisting  drum  must  be  so  set  that 
the  maximum  fleet  angle  will  not  cause  the  rope  to  crush 
against  or  climb  upon  the  rope  already  on  the  drum  or  rub 
against  the  sides  of  the  groove  of  the  sheave  or  the  grooves  of 
a  grooved  drum.  Usually  it  is  advisable  to  make  the  drum 
long  enough  to  carry  all  the  rope  in  one  layer,  in  order  to 
lessen  the  wear  and  crushing  of  the  rope. 

The  maximum  fleet  angle  will  vary  with  the  size  of  rope, 
and  with  the  size,  and  shape,  and  length  of  the  drum.  An 
angle  of  IVz"  on  either  side  of  a  plane  passing  through  the 
center  (hoisting)  line  of  the  shaft  or  the  slope  and  the  sheave, 
is  permissible  for  ordinary  proportions  of  rope  and  drum. 
The  fleet  angle  for  extra  small  or  long  drums  should  be  cal- 
culated for  each  drum. 

Idler  Sheaves  and  Rollers. — On  slopes  the  rope  must  be 
kept  from  dragging  on  the  ground  by  rollers  or  idler  sheaves. 
These  should  be  light,  true,  and  supported  on  easy-running 
bearings  to  make  them  start  and  stop  easily.  The  rope  must 
be  prevented  from  rubbing  against  the  side  walls,  roof,  or 
bottom  at  curves,  by  a  series  of  small  rollers  or  sheaves  so 
placed  as  to  cause  only  a  small  reflection  angle  at  each  roller. 
The  diameter  of  such  turn  sheaves  or  rollers  should  be  at  least 
eight-tenths  of  the  deflection  angle  times  the  diameter  of  the 
rope. 

Handling  and  Storage  of  Rope. — Rope  must  be  stored  in  a 
dry  place;  it  must  not  be  kept  in  a  place  so  hot  as  to  destroy 
the  hemp  core.  If  a  rope  is  stored  outdoors,  the  reel  must  be 
raised  off  the  grouna  and  well  protected  from  the  weather. 
In  moving  a  reel  of  rope  the  bearing  should  always  be  on  the 
flanges  of  the  reel  and  never  on  the  rope.  To  uncoil  the  rope, 
the  red  should  be  mounted  on  a  horizontal  support  and  al- 
lowed to  revolve  as  the  rope  is  drawn  off.  A  rope  must  never 
be  pulled  up  over  the  flange  of  the  reel  when  laid  on  its  side. 
A  rope  must  never  be  allowed  to  kink.  Before  the  load  is  at- 
tached a  rope  must  be  hung  loose  in  a  shaft  and  allowed  to 
twist  or  untwist  as  much  as  it  will  under  its  own  weight. 

Attachment  of  Rope  to  Its  Load. — The  rope  may  be  attached 
to  its  load  by  means  of  a  socket,  or  it  may  be  bent  back  on 
itself  to  form  an  eye  and  the  loose  end  clamped  to  the  rope 
with  rope  clips  or  clamps.  Properly  done,  the  former  method 
of  attachment  develops  the  full  strength  of  the  rope,  but  it 
has  several  disadvantages.  Poor  workmanship  is  concealed, 
showing  only  when  the  rope  slips  or  breaks  in  the  socket;  it 


can  not  be  readily  inspected;  the  rope  is  rigidly  held  in  the- 
socket  and  the  effect  of  bending  is  concentrated  just  above 
the  socket;  and  it  is  much  more  diflScult  to  make.  The  latter 
method,  fastening  by  clips,  develops,  at  most,  only  about  85 
per  cent  of  the  strength  of  the  rope — usually  not  more  than- 
80  per  cent;  bruises  and  crushes  the  rope  where  the  clips  are 
applied,  and  is  liable  to  slip;  but  it  can  at  all  times  be  readily 
inspected  and  requires  little  skill  in  making.  Rope  makers, 
however,  recommend  the  socket  method  of  fastening,  and  if 
properly  made  it  never  fails.  After  either  a  socket  or  clamp 
attachment  is  made  it  must  always  be  tested  by  making  sev- 
eral trips  under  a  heavy  load  before  men  are  allowed  to  ride. 

The  method  of  making  the  socket  joint  is  as  follows:  The 
rope  should  be  securely  seized  or  bound  at  the  end  with  soft 
iron  wire  before  the  end  of  the  rope  is  cut  square.  An  addi- 
tional seizing  should  be  placed  on  the  rope  a  distance  equal  to 
the  (fength  of  the  socket  from  the  end.  After  the  rope  is 
trimmed  off,  the  seizing  on  the  end  of  the  rope  should  be 
taken  off,  the  rope  opened  down  to  the  second  seizing,  the 
hemp  center  cut  out  and  the  wires  broomed  out.  That  is,  they 
should  all  be  untwisted  but  not  straightened.  Then  the  wires 
should  be  thoroughly  cleaned  in  benzine,  naphtlia,  or  gasoline, 
as  far  as  they  are  to  be  inserted  in  the  socket,  and  then  dipped 
in  commercial  muriatic  acid  for  30  to  60  seconds  until  the  acid 
has  cleaned  each  wire.  Next,  the  rope  end  should  be  dipped 
in  boiling  water,  to  which  a  small  amount  of  soda  has  been 
added  to  clean  off  and  neutralize  the  acid.  Then  the  rope  end 
is  inserted  in  the  socket  and  warmed,  if  the  temperature  is 
below  65°  F.,  to  prevent  cooling  the  zinc  too  rapidly.  The- 
socket  is  placed  with  its  axis  vertical  and  coinciding  with  the 
axis  of  the  rope,  the  bottom  is  sealed  with  clay  or  putty,  and 
molten  zinc  or  spelter,  heated  to  a  temperature  that  will  just 
char  wood,  is  poured  into  the  socket  until  it  is  full.  The 
socket  should  preferably  be  forged  from  one  piece  of  soft  iron, 
without  welds. 

The  clamped  attachment  is  made  as  follows:  The  rope  is 
bent  back  over  a  thimble  of  the  proper  size  and  the  loose  end 
clamped  against  the  long  end  of  the  rope  with  the  proper 
number  of  clips.  The  Crosby  type  of  U-bolt-and-drop-forging 
clip  has  proved  most  satisfactory.  The  clips  should  be  spaced: 
a  distance  equal  to  six  times  the  diameter  of  the  rope  apart, 
the  drop  forging  being  against  the  long  end  and  the  U-bolt 
against  the  loose  end  of  the  rope.  The  number  of  clips  re- 
quired to  develop  approximately  80  per  cent  efficiency  of  the- 
rope  and  the  proper  length  of  wrench  to  tighten  the  bolts  are 
given  in  the  table. 

NITMBER  OF  CROSBY-TYPE  ROPE  CLIPS  REQUIRED  TO  DE- 
VELOP 80   PER  CENT  OP   STRENGTH  OP  6-19 
PLOW-STEEL    ROPE. 

Length  of 
Diameter   of  Number   of  wrench  to  EfBciency. 

rope.  clips.  tighten  bolts. 

Inches.  Inches.  Per  cent. 

%  5  18  77.39 

%  B  18  79.13 

1  5  24  77.8'9 

1%  S  R4  80.00 

IVi  6  U  82.15 

The  clips  must  be  carefully  inspected  each  day  and  tight- 
oned  if  they  show  any  signs  of  loosening  through  the  stretch- 
ing of  the  rope. 

Renewal  of  Rope  Fastenings. — If  one  broken  wire  is  found 
in  the  rope  at  the  fastening,  the  fastening  should  be  cut  off 
and  renewed. 

Even  it  no  broken  wires  are  found  the  rope  must  be  cut  off 
and  the  fastening  renewed  periodically,  as  this  is  the  weakest 
part  ot  the  rope  and  most  liable  to  suffer  from  bending  and 
vibrating  stresses.  The  length  of  time  between  renewing  fas- 
tenings should  vary  with  the  life  of  the  rope.  The  following 
table  gives  the  period  recommended  in  "Rules  and  Regula- 
tions for  Metal  Mines": 

TIME    INTERVAL   PERMISSIBLE  BETWEEN  RESOCKETINGS 

FOR  ROPES  OF  VARIOUS  EXPECTED  TERMS  OF  SERVICE. 

Average  Time  Average  Time 

length  of  between  length    of  between 

service.  resccketing.  service.  resocketing. 

Months.  Months.  Months.  Months. 

6  1  IS  3 

S  l>/2  21  3% 

10  2  24-36  4 

A  piece  of  rope  equal  in  length  to  half  the  circumference  of 
the  sheave  should  be  cut  off  when  a  fastening  is  renewed,  so 
as  to  bring  a  new  part  of  the  rope  in  contact  with  the  sheave 
where  the  wear  is  most  severe. 

After  three  years  in  service,  even  if  idle,  rope  may  not  be 
used  unless  tested  for  ultimate  tensile  strength. 

Unlay  the  piece  of  rope  cut  off  and  examine  the  inside  wires 
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for  corrosion  and  wear.  If  they  are  broken,  badly  worn,  or 
corroded,  cut  off  another  piece  and  examine  it.  If  a  consid- 
erable length  of  rope  is  in  bad  condition,  the  rope  must  be 
•discarded. 

At  some  mines  It  has  proved  advisable  to  turn  the  rope  end 
for  end  after  it  has  been  in  service  some  time,  thus  equalizing 
the  wear  on  the  two  ends. 

If  the  same  size  rope  is  used  in  two  shafts,  in  one  of  which 
men  and  material  are  hoisted,  and  in  the  other  material  only, 
it  is  well  to  use  a  new  rope  first  In  the  former  shaft  until  it 
shows  signs  of  wear  and  then  put  it  in  the  latter  and  wear  it 
■out  there.  Likewise  a  rope  can  be  used  first  on  a  shaft  and 
then  worn  out  on  a  slope  or  haulage  way. 

Safety  Chains.— Where  the  height  of  sheave  above  the  land- 
ing permits,  safety  chains  attached  to  a  clamp  a  short  dis- 
tance above  the  socket  may  be  used  as  an  additional  precau- 
tion. The  clamp  should  depend  only  on  friction  to  prevent  its 
slipping  on  the  rope  and  it  should  not  be  roughened  to  grip  or 
distort  the  wires  of  the  rope.  The  rope  must  not  be  heated 
by  pouring  lead  into  the  clamp.  The  clamp  should  never  rest 
on  the  socket  and  the  safety  chains  should  be  slack  so  the 
weight  of  the  cage  comes  on  them  only  when  the  socket  or 
drawhead  has  been  broken. 

Attachment  of  Ropes  on  Slopes.— When  the  rope  must  be 
uncoupled  from  the  cars,  it  may  be  attached  by  a  socket  and 
chain  or  by  a  shackle.  But  when  the  rope  is  permanently  at- 
tached to  the  car,  it  is  safer  to  pass  the  rope  entirely  around 
the  car,  clamping  it  to  the  car  at  various  places,  and  to  clamp 
the  free  end  of  the  rope  to  the  rope  above  the  car. 

Lubrication  of  Ropes.— A  hoisting  rope  should  be  consid- 
ered as  a  piece  of  machinery,  having  many  wearing  surfaces 
that  must  be  thoroughly  lubricated.  The  lubricant  should 
■consist  of  oils  and  greases  that  will  penetrate  between  the 
wires  and  strands,  and  should  not  harden  on  the  outside.  A 
lubricant  that  hardens  is  cracked  while  bending  over  the 
sheaves  and  drums,  so  that  moisture  can  penetrate  to  the 
center  and  cause  internal  corrosion. 

Tar  should  never  be  used;  it  forms  a  hard  shield  on  the  out- 
side of  the  rope  and  does  not  penetrate  and  lubricate  the  in- 
ner parts. 

If  possible,  the  rope  should  be  lubricated  when  dry,  so  as  to 
give  the  lubricant  a  better  opportunity  to  penetrate  the  core 
and  to  adhere  to  the  wires. 

The  lubricant  must  be  applied  often  enough  to  keep  the 
wires  well  covered  and  to  keep  the  hemp  core  from  drying 
out.  All  the  accumulated  dirt  and  gummed  lubricant  should 
be  cleaned  from  the  valleys  between  the  strands  of  the  rope 
50  that  the  fresh  lubricant  can  penetrate. 

The  rope  may  he  cleaned  by  scraping  and  the  use  of  a  wire 
brush,  or  with  a  special  device  that  permits  a  great  number 
of  jets  of  compressed  air  to  play  on  the  rope,  removing  all 
old  lubricant  and  dirt. 

The  lubricant  may  be  poured  on  or  applied  with  a  brush, 
but  the  most  thorough  and  economical  method  is  to  apply  it 
with  a  special  device  by  which  the  lubricant  is  applied  to  all 
sides  of  the  rope  and  the  excess  wiped  off.  For  vertical  ropes 
this  device  consists  of  a  box  and  for  inclined  or  horizontal 
ropes  a  trough  that  may  be  clamped  around  the  rope,  allowing 
the  rope  to  pass  through.  This  box  is  kept  filled  with  the 
lubricant  and  the  rope  passing  through  it  is  covered  on  all 
sides  with  the  lubricant.  A  wiper  on  the  upper  end  of  the 
box  wipes  off  the  excess  and  returns  it  to  the  box. 

Inspection  of  Hoisting  Ropes.— Hoisting  ropes  should  be  in- 
spected at  least  once  a  day  and  their  condition  noted  and  re- 
corded by  a  competent  man,  who  must  be  held  responsible  for 
the  condition  of  the  ropes. 

For  the  daily  inspection,  he  should  stand  at  the  head  of  the 
shaft  where  he  can  see  and  feel  the  rope  as  it  is  hoisted  past 
him  at  a  speed  of  not  more  than  50  ft.  per  minute.  He  must 
inspect  one  rope  at  a  time,  examining  it  and  its  connections 
carefully.  He  must  note  the  amount  of  wear  of  the  wires,  the 
stretching  of  the  rope,  broken  wires,  etc.,  and  as  soon  as  he 
finds  dangerous  conditions  the  rope  must  be  replaced. 

Special  attention  should  be  paid  to  the  rope  just  above  the 
socket;  at  the  clamps  and  safety  clamps,  if  these  are  used; 
where  the  rope  rests  on  the  sheaves,  and  where  it  leaves  the 
drum  at  each  end  of  the  hoist.  .      ,.         j 

Rules  for  Discarding  Ropes.— No  standard  rules  for  discard- 
ing ropes  have  been  made;  they  vary  with  different  conditions 
and  in  different  localities.  Various  rules  for  discarding  ropes 
are  based  on  (a)  the  stretch  of  the  rope,  (b)  the  number  of 
broken  wires  in  a  given  length,  of  rope  or  of  the  entire  rope. 


(c)  the  amount  of  wear  of  the  wires  at  the  crown  of  the 
strands,  (d)  the  length  of  time  the  rope  has  been  in  service, 
(e)  the  number  of  trips,  (f)  the  tonnage,  or  (g)  the  ton-miles 
hoisted  by  the  rope. 

In  the  absence  of  more  definite  rules  for  discarding  ropes, 
according  to  American  practice,  the  following,  quoted  from 
"Rules  and  Regulations  for  Metal  Mines,"  are  suggested: 

Safety  factors  must  never  fall  below  4.5.  Ropes  of  stand- 
ard construction  shall  be  discarded  when  there  are  six  broken 
wires  in  one  rope  lay,  when  wires  on  crown  are  worn  to  65 
per  cent  of  their  original  diameter,  when  there  are  more  than 
three  broken  wires  reduced  by  wear  more  than  30  per  cent  in 
cross  section,  and  when  marked  corrosion  appears. 


A  New  Tie  Plate 

A  new  form  of  tie  plate  described  in  "Railway  Maintenance 
!ingineer"  has  claimed  for  it  two  useful  purposes  in  addition 
to  the  ordinary  purposes,  in  that  it  prevents  the  spikes  from 
lifting,  and  that  it  provides  for  shifting  the  rail  to  take  up 
flange  wear  on  curves  without  redriving  any  spikes  or  mov- 
ing the  plate.     This  new  tie  plate  is  known  as  the  McSafety 


Two    views   of    New   Tie    Plate, 
tie   plate,   and   is   manufactured   by  the   Railway   Safety  Tie 
Co.,  Milwaukee. 

In  this  new  appliance  the  rail  is  held  in  place  by  a  special 
fastening  entirely  independent  of  the  four  spikes  that  hold 
the  plate  down  on  the  rail,  although  a  portion  of  the  fasten- 
ing is  so  located  as  to  offer  an  obstruction  to  the  withdrawal 
of  the  spikes  from  their  holes.  The  tie  plate  proper  is  cut 
from  flat  steel  or  iron  plate.  Each  end  is  split  in  the  mid- 
dle by  a  vertical  cut  extending  in  about  2%  in.  from  the  edge. 
The  two  edges  of  these  cuts  are  bent  up  to  an  angle  about 
45°  so  as  to  separate  the  edges  about  1  in.  This  arrange- 
ment forms  projections  on  the  upper  surface  of  the  plate 
which  restrain  the  rail  against  a  sidewise  movement.  The 
main  purpose,  however,  is  to  form  the  sockets  for  the  rail 
c'lamps.  These  are  small  forgings  with  a  nose  that  projects 
over  the  top  of  the  rail  flange  and  a  wedge-shaped  base  that 
fits  into  the  recess  under  the  plate  formed  by  bending  up  the 
edges  of  the  cut.  The  rail  clamp  is  kept  in  place  and  held 
in  bearing  on  the  rail  flange  by  a  split  key  driven  through  a 
slot  in  the  clamp  and  passing  over  the  upturned  edges  of 
the  plate  which  are  also  slotted  slightly  to  prevent  the  key 
and  clamp  from  backing  away  from  the  rail.  This  key,  when 
in  position,  passes  directly  over  the  two  spikes  that  hold 
down  the  plate  on  that  side,  so  that  the  spikes  can  raise  but 
a  very  small  amount  before  being  stopped  by  the  key. 

The  device  has  one  further  feature.  The  distance  between 
the  interior  faces  of  the  two  bent-up  portions  of  the  plate 
on  the  two  sides  is  slightly  greater  than  the  width  of  the 
rail  base.  This  excess  width,  %  to  %  in.,  is  taken  up  by 
inserting  a  flat  strip  of  steel  that  fills  the  space  snugly. 
When  installing  tie  plates  of  this  kind  on  a  curve  the  plates 
for  both  the  inside  and  outside  rails  are  installed  with  these 
strips  of  metal  on  the  gage  side  of  the  rail.  As  the  outer 
rail  of  the  track  becomes  flange  worn,  thereby  increasing  the 
gage  distance,  these  strips  of  me"tal  on  the  tie  plates  of  one 
rail,  and  later  on  the  other  rail,  can  be  transferred  to  the 
outer  side,  thereby  decreasing  the  gage  distance  by  an 
amount  equal  to  the  width  of  the  strip.  Thus  means  are 
afforded  for  adjusting  the  gage  without  disturbing  the  tie 
plate  or  the  track  spikes. 

This  tie  plate  has  been  put  in  service  for  a  few  rail  lengths 
on  curves  on  the  C.  &  N.  W.  Ry.  and  the  C,  M.  &  St  P.  Ry. 
respectively,  and  have  stood  up  satisfactorily  under  about  a 
year's  trial,  under  very  heavy  traffic  conditions. 
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Limiting  Features  of  Chilled  Iron 
Wheels 

A  valuable  study  of  the  chilled  wheel  in  its  various  aspects 
has  been  prepared  by  Mr.  Geo.  W.  Lyndon,  President,  and 
Mr.  P.  K.  Vial,  Consulting  Engineer,  Association  of  Manufac- 
turers of  Chilled  Car  Wheels,  and  is  quoted  in  a  recent  Issue 
of  the  Electric  Railway  Journal,  from  which  the  following  is 
taken : 

The  life  of  chilled  iron  wheels  is  reduced  somewhat,  due  to 
the  fact  that  the  tread  of  the  wheel  is  used  for  applying  the 
brakes  to  retard  the  speed  of  cars.  These  braking  operations 
develop  high  temperatures  in  the  tread  of  the  wheel  in  a  short 
time,  producing  thermal  cracks  regardless  of  the  type  of  metal 
of  which  the  tread  is  composed.  The  coefficient  of  friction  be- 
tween the  wheel  and  the  rail  is  very  irregular,  which  causes 
the  wheel  to  slip  and  cause  flat  spots.  The  friction  of  the 
brakeshoe  is  also  of  variable  quantity  and  depends  upon  the 
velocity  of  wheel  rotation  and  shoe  pressure.  At  10  miles  per 
hour,  the  coefficient  of  friction  in  a  modern  brakeshoe  will 
reach  40  per  cent  or  more.  With  a  coefficient  of  friction  as 
high  as  this  the  tendency  to  skid  is  very  great  if  the  friction 
between  the  wheel  and  rail  is  very  much  less.  Some  average 
values  for  the  coefficient  of  friction  between  the  wheel  and 
rail  under  different  conditions  are:  clean  dry  rail,  20  to  25 
per  cent;  clean,  thoroughly  wet  rail,  18  to  20  per  cent;  oily 
and  moist  rail,  15  to  18  per  cent;  sleety  rail,  15  per  cent;  snow- 
covered  or  frosty  rail,  10  per  cent. 

A  comparison  of  these  values  shows  why  the  number  of  flat 
wheels  is  very  much  greater  in  winter  than  in  summer.  The 
percentage  of  slid  flat  and  comby  wheels  developed  in  Janu- 
ary and  February  is  easily  three  times  as  great  as  that  for 
July  and  August. 

Wheels  of  equal  circumference  should  be  selected  for 
mounting  on  the  same  axle,  as  this  materially  improves  the 
wheel  performance,  and  at  the  same  time  reduces  train  re- 
sistance. 

If  one  wheel  is  of  a  tape-size  %  in.  greater  than  its  mate 
the  result  will  be  a  slippage,  when  in  service,  of  6  ft.  per  mile, 
and  if  each  wheel  is  expected  to  give  a  performance  of  60,000 
miles  the  slippage  will  be  360.000  ft.  or  approximately  70 
miles,  providing  the  difference  in  diameter  remains  the  same 
as  when  the  wheel  went  into  service.  This  latter  assumption, 
however,  will  not  hold,  for  the  slippage  reduces  the  diameter 
of  the  smaller  wheel  so  that  the  difference  is  continually  grow- 
ing greater,  thereby  hastening  the  time  when  the  wheel  must 
be  removed  from  service  on  account  of  wear. 

Not  only  does  slippage  shorten  the  lite  of  the  wheel  but,  on 
account  of  the  difference  in  diameter,  the  small  wheel  grinds 
the  rail  and  a  sharp  flange  is  the  result.  The  continual  grind- 
ing against  the  rail  also  very  materially  increases  train  re- 
sistance, rail  wear  and  the  tendency  for  derailment  on  curves 
having  worn  rails. 

Another  common  defect  in  wheels  is  known  as  "shellout." 
Years  ago  it  was  supposed  that  shelling  occurred  on  account 
of  defects  in  the  metal  in  the  tread  of  the  wheel;  that  possibly 
there  was  some  foreign  material,  as  slag  or  sand,  imbedded  in 
the  metal  which  gave  rise  to  this  defect.  It  was  found  that 
the  detect  existed  only  in  the  class  of  service  having  maxi- 
mum amount  of  skidding  and  under  equipment  of  considerable 
weight.  It  was  also  found  that  where  a  shelled  spot  occurred 
in  one  wheel  the  mate  wheel  had  a  similar  defect  in  the  same 
plane. 

The  conclusion  reached  from  this  study  was  that  the  tre- 
mendous amount  of  heat  generated  at  the  small  contact  area 
between  the  wheel  and  rail  during  the  period  while  the  wheel 
is  sliding  is  responsible  for  the  peculiar  result.  The  metal  at 
this  spot  is  heated  almost  to  the  melting  point  and  is  immedi- 
ately cooled,  giving  it  a  very  high  temper.  The  subsequent 
pounding  on  the  rail  causes  the  metal  to  disintegrate,  starting 
at  the  surface  at  the  center  and  increasing  in  depth  as  the 
disintegration  recedes  from  the  center.  This  condition  is  ag- 
gravated by  the  improper  boring  and  mounting  of  wheels,  and 
also  by  irregularities  in  braking  power  between  different  cars, 
irregularities  in  the  equipment  itself  arising  from  unequal  pis- 
ton travel,  improper  brake  hangers  and  other  improper  adjust- 
ments. 

The  amount  by  which  a  wheel  may  be  worn  in  tread  before 
removal  from  service  is  left  largely  to  the  judgment  of  the  car 
inspectors.  The  idea  behind  the  M.  C.  B.  rule  on  this  point  is 
that  when  a  wheel  is  sufficiently  worn  to  permit  the  rim  to 


project  below  the  top  of  rail,  where  it  is  likely  to  receive 
blows  from  frogs  and  crossings,  or  when  the  flange  becomes 
so  high  that  the  apex  is  likely  to  strike  the  bottom  of  flange- 
way,  it  should  be  removed  from  service.  Wheels  that  are  ex- 
cessively hollow  are  likely  to  damage  tracks  and  crossings  on 
account  of  the  overhanging  rim,  and  of  the  high  flange,  which 
causes  excessive  pounding  and  rapid  deterioration  of  the  track 
at  these  points. 

It  is  the  practice  in  track  work  to  allow  a  minimum  of  %  in. 
for  flange  clearance  at  the  bottom  of  flangeways  in  frogs, 
crossings,  guard  rails,  etc.  This  allows  the  tread  to  wear 
down  %  in.  before  the  flange  will  strike  frog  and  crossing  fill- 
ings on  new  rails. 

In  regard  to  the  amount  a  wheel  shall  be  worn  hollow,  the 
M.  C.  B.  Association  proceedings  for  1905  recommend  that 
wheels  be  allowed  to  wear  down  %  in.  before  they  are  con- 
demned unless  worn  through  the  chill.  Wheels  of  the  ordi- 
nary taper  can  be  worn  %  in.  from  the  original  contour  at  the 
throat  befort  they  can  become  worn  3/16  in.  hollow.  It  is  also 
evident  that  if  the  rim  wears  down,  a  total  of  more  than  %  in. 
can  be  secured  before  the  wheel  is  worn  sufficiently  to  con- 
demn it.  It  is  also  evident  that  it  is  possible  to  modify  the 
taper  and  especially  the  drop-off  taper  in  such  a  manner  that 
more  than  %  in.  wear  can  be  secured  before  the  wheel  is  3/16 
in.  hollow. 


Cost  Units  for  Railway  Switches 

The  following  data  relate  to  switch  installations  in  Detroit, 
Mich.,  tor  the  Michigan  Central  R.  R.: 

Cost  of  material  in  switches  from  ledger  account. 

no-Ill.    rail: 

Number  of  switches   installed 2 

Highest  cost  per  switch $197.28 

Lowest   cost   per    switch 195.82 

Aver,if?e    cost    per    switch 196.55 

SO-lb.   rail: 

Kumber    of    switches    installt-il 32 

Highest  cost  per  switch $274.90 

Lowest    cost   per   switch 142.02 

Averag-e  cost  per  switch 178.17 

63-lb.  rail: 

Number   of   switches   installed. 24 

Highest  cost  per  switch $222.19 

Lowest  cost    per    switch 131.70 

.\verage  cost  per  switch 1(;3.74 

70-lb.   rail: 

1  installed,  cost $155.54 

Cost  of  material  in  industry  tracks.     Exclusive  of  switch 
material. 

Number   of   jobs 35 

Total    length    of    track,   laid,    ft HO. 933 

Highest  cost  per  foot S1.3094 

Lowest   cost  per   foot 5578 

Average   cost   per  foot 7950 

Installing   switches,   laying   switches    and    setting   concrete 
dumping  posts. 
Installing  switches: 

Number   installed    59 

Lowest  cost   of  installation $16.06 

Highest   cost   of    installation 79.96 

-Average   cost  of  installation 45.50 

L.'iyin.g  track: 

Number    of    iobs 35 

Total  length  "of  track,   ft.* 30,281 

Average   length  per  job,  ft 865 

Lowest   cost  per  Hn.    ft $0.0577 

Highest  cost  per  lin.  ft 2545 

Average  cost  per  lin.   ft 1488" 

''Exclusive  of  switches. 
.getting  bumping  posts: 

Number  set    17 

Tjargest  number  on   one  job 7 

Smallest  number  on  one  job 1 

Average  number  on  one  job 1.7 

Highest    cost   per  post $6.40 

Lowest  cost  per  post 2.01 

Average   cost  per  post 4.21 

The  above  information  has  been  furnished  us  by  Mr.  A.  M. 
Van  Auken.  Assistant  Engineer,  Monon  Route. 


A  225-Mile  Oil  Pipe  Line. — Members  of  the  engineering  and 
construction  staffs  of  the  J.  G.  White  Engineering  Corpora- 
tion. New  York,  which  has  been  awarded  the  contract  for  225 
miles  of  the  White  Oil  Corporation's  pipe  line,  have  made  a 
local  inspection  and  survey  of  the  proposed  route.  The  present 
plans  for  the  pipe  line,  which  will  extend  from  Houston,  Tex., 
to  the  Ranger,  Desdemona,  and  adjacent  oil  fields,  contem- 
plate the  use  of  8-in.,  29-lb.  pipe,  with  a  capacity  of  20,000 
bbl.  of  crude  oil  per  24-hour  day;  the  line  to  be  operated  at  a 
pressure  of  700  lb.  per  square  inch.  Pumping  stations  will  be 
located  at  intervals  of  approximately  40  miles.  The  equip- 
ment of  each  station  will  consist  of  three  duplex,  double  act- 
ing, outside  packed  plunger  power  pumps,  direct  driven  by 
three  Dielesel  type  crude  oil  engines.  According  to  prelimi- 
nary estimates  the  cost  of  the  work  approximates  $5,000,000. 
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Suggestions    for    Repairing    Rock 
Crushers 

Rock  crushers  are  usually  designed  to  stand  all  the  work 
they  may  be  called  upon  to  perform.  However,  they  are  sub- 
ject to  about  the  hardest  service  of  any  equipment  in  a  crush- 
ing plant,  and  as  a  consequence  repairs  will  be  necessary 
sooner  or  later.  Useful  suggestions  for  making  them  are 
given  by  Mr.  Charles  Labbe  in  the  Engineering  and  Mining 
Journal,  from  which  the  matter  following  is  taken. 

In  most  crushers  the  crushing  jaws  can  be  changed  end  for 
end.  When  worn  at  one  end,  which  is  mostly  the  lower  end. 
taper  bolts  must  he  drawn  very  tight;  and  if  the  jaw  plates 
have  a  chance  to  move  sidewise  it  is  best  to  wedge  them 
tight,  or,  better,  pour  zinc  to  keep  them  in  place.  If  the  pit- 
man cap  studs  break  often  this  is  caused  by  the  back  toggle 


arm,  extending  to  the  lower  part  of  the  other  arm;  then  both 
ends  are  fastened  with  a  bolt,  as  shown  in  the  illustration. 
The  heat  must  be  kept  on  the  sides  of  the  clamp  while  tight- 
ening the  bolt.  In  cooling,  the  contraction  brings  the  broken 
parts  together. 


Emergency    Repair   of    Gyratory    Crusher. 

being  set  on  the  wrong  slant.  The  toggles  must  point  down 
toward  the  pitman,  and  worn  toggle  and  toggle  seats  must  be 
taken  out  and  overhauled  at  the  machine  shop.  There  must 
be  plenty  of  head  room  at  the  crusher,  and  a  crawl  with  chain 
block  must  be  installed  even  before  erecting  the  crusher.  Such 
an  insallation  will  pay  for  itself  at  the  first  repair.  Over 
large  crushers  it  is  imperative. 

In  the  gyratory  rock  crusher  a  common  repair  is  the  bab- 
bitting of  the  eccentric.  A  special  sleeve  is  alw'ays  pro- 
vided, thus  simplifying  the  job.  The  old  babbitt  is  chiseled  or 
melted  off,  the  sleeve  clamped  on  and  the  babbitt  poured  in. 
As  soon  as  cool,  the  sleeve  is  removed  and  the  oil  grooves  are 
cut.  The  concaves  must  be  replaced  when  worn  to  a  safe 
limit.  To  take  them  out.  the  first  one  (which  is  the  hardest) 
must  be  shot  out  with  powder  by  boring  a  small  hole  in  the 
zinc.  Sometimes  blasting  can  be  avoided  if  by  careful  exam- 
ination a  loose  concave  can  be  found  by  trying  with  the  ham- 
mer, the  zinc  chiseled  off  so  as  to  let  drive  a  sharp  moil,  and 
then  a  crowbar  used.  To  put  in  new  concaves,  a  guide  ring  is 
often  used,  which  facilitates  the  work.  If  none  is  at  hand. 
each  concave  is  braced  to  the  head  with  a  strip  of  wood.  Clay 
softened  with  oil  is  used  (as  in  general  babbitting  work)  to 
prevent  zinc  from  running  out.  Be  careful  that  no  foreign 
matter  drops  between  the  concaves,  as  it  will  impair  the 
strength  of  the  zinc  and  make  boiling  certain  when  pouring. 
The  concaves  will  set  tighter  if  they  are  heated  before  pour- 
ing. 

To  take  up  the  wear  and  to  keep  the  crushing  uniform,  the 
shaft  is  raised,  but  when  the  lower  edge  of  the  crushing  head 
comes  above  the  lower  edge  of  the  concaves  nothing  can  be 
trained.  Either  the  concaves  or  the  head  must  be  changed. 
To  take  the  head  ofi,  it  is  best  to  remove  the  entire  shaft  to 
the  machine  shop,  because,  as  a  rule,  it  is  tight,  and  often  the 
hydraulic  press  must  be  used. 

In  some  crushing  plants  a  duplicate  shaft  is  kept  with  a 
different  head.  The  one  already  used  is  put  in  when  a  new- 
set  of  concaves  is  placed,  and  when  the  concaves  are  some- 
what worn  the  shaft  with  the  new  head  is  put  in.  Thus  the 
adjustments  for  uniform  crushing  are  easy  and  a  head  can  be 
changed  at  the  shop  when  convenient. 

A  tedious  repair  is  the  replacement  of  a  broken  shaft;  and 
a  broken  spider  is  as  bad.  if  not  worse.  In  this  emergency  a 
clamp  must  be  forged  in  place  to  fit  around  one  arm  near  the 
shaft  bushing,  another  clamp  fitted  at  the  lower  part  of  the 
broken  arm,  and  a  strong  draw  bolt  put  on  each  side.  But  in 
places  where  big  rocks  hit  the  spider,  bolts  must  be  omitted. 
A  piece  of  flat  iron  is  heated  and  bent  in  place  around  one 

(15 


Suggested  Improvements  in  Water- 
proofing Railroad  Structures 

After  reviewing  at  some  length  several  .systems  of  water- 
proofing in  vogue,  Mr.  Joseph  Ross,  C.  E.,  in  a  paper  before 
the  Municipal  Engineers  of  the  City  of  New  York,  gave  some 
suggested  improvements  in  the  way  of  employing  some  ma- 
terials not  commonly  used  for  waterproofing  subways  and 
other  structures.  Various  modern  systems  of  waterproofing 
were  discussed,  and  after  pointing  out  the  limitations  of  each 
system  Mr.  Ross  offered  the  following  suggestions  in  the  hope 
that  they  might  have  in  them  the  possibility  of  progress. 

The  disadvantage  of  a  felt  membrane  is  that  it  lacks  in 
tensile  strength  or  stretch.  A  cotton  drill  membrane,  on  the 
other  hand,  is  too  expensive  for  its  relative  efficiency,  while 
an  open  mesh  jute  fabric  membrane  has  the  disadvantage  of 
requiring  very  careful  workmanship  in  the  mopping  process 
to  insure  complete  watertightness;  this  is  especially  difficult 
to  accomplish  on  vertical  surfaces.  These  and  other  objec- 
tions to  the  foregoing  materials  when  used  alone  practically 
disappear  when  two  are  combined  so  that  they  alternate  in 
the  membrane.  In  fact,  the  most  efficient  and  economical 
membrane  is  one  composed  of  felt  and  cotton  drill  or  jute 
fabric,  for  then  strength  and  initial,  as  well  as  permanent, 
water-tightness  are  secured. 

In  view  of  the  occasional  breaks  and  other  difficulties  ex- 
perienced with  the  use  of  felt,  jute  and  cotton  fabric  mem- 
branes, due  either  to  deterioration  or  insufficient  strength,  it 
is  suggested  as  practicable  to  substitute  a  wire-cloth  netting 
or  metal  lath  as  reinforcement  for  the  membrane.  This  me- 
tallic reinforcement  should,  of  course,  be  coated  with  a  pre- 
servative paint  not  deleterious  to  the  binder  compound.  It 
could  be  applied  in  the  same  manner  as  felts  and  fabrics  are 
now  applied,  but  not  as  many  plies  would  be  needed.  For 
three  plies  of  felt  or  fabric  one  ply  of  the  wire  mesh  could  be 
substituted,  but  the  total  thickness  of  binder  used  therewith 
should  remain  the  same  as  in  the  former.  For  this  purpose  a 
mastic  form  of  binder  or  a  binder  containing  some  inert 
fibrous  filler  would  be  better  suited  than  a  pure  coal-tar  pitch 
or  asphalt.  Such  a  compound  could  be  made  by  incorporating 
a  small  quantity  of  shredded  asbestos,  cow's  hair,  or  oakum 
in  pitch  or  asphalt. 

A  new  method  of  preparing  a  waterproofing  membrane  has 
been  suggested,  namely,  to  have  the  membrane  come  in  ready- 
made  sheets  on  the  work.  This  finished  membrane  is  to  be 
formed  of  sheets  of  felt  or  fabric  of  the  largest  practicablp 
size,  say,  4  ft.  by  8  ft.,  consisting  of  not  more  than  four  plies 
combined  with  asphalt  or  coal-tar  pitch  (of  the  proper  con- 
sistence) as  binder.  These  composite  sheets  should  be  %-in. 
thick,  have  a  prepared  lap  of  at  least  four  inches  on  all  sides, 
and  be  delivered  on  the  work  properly  crated.  Their  prepara- 
tion in  a  factory  could  be  easily  accomplished.  The  ready 
membranes  might  be  used  to  good  advantage  on  subways  or 
other  large  and  difficult  engineering  works  if  a  good  system  of 
angles  and  connections  with  the  flat  work  could  be  devised. 

Another  form  of  ready  membrane  can  be  made  of  flat  or 
corrugated  sheet  iron,  completely  covered  and  cemented  with 
one  or  two  plies  of  ordinary  felt  or  asbestos  sheeting  on  each 
side.  The  flat  sheets  may  be  used  on  horizontal  surfaces  and 
the  corrugated  sheets  on  vertical  surfaces.  The  method  of 
application  would  be  the  same  for  both — that  is,  applying  and 
holding  the  sheets  in  place  until  the  joints  could  be  properly 
lapped — and  cemented.  These  ready  membranes  would  be 
very  water-tight  in  themselves,  the  only  vulnerable  parts  being 
the  joints.  But  it  is  certain  that  the  joints  could,  with  a  little 
extra  care  and  precaution,  be  easily  protected  and  made  as 
water-tight  as  the  sheets  proper.  The  adoption  of  either  of 
these  methods  and  materials  would  result  in  a  great  saving  of 
field  labor  and  equipment. 

An  efficient  substitute  for  either  felt  or  fabric  membranes 
would  be  a  sheet-lead  membrane  applied  over  a  sand  cushion 
on  horizontal  surfaces  and  dirctly  against  the  masonry  on 
vertical  surfaces.  It  compares  exceptionally  well  in  durabil- 
ity with  any  of  the  other  materials.  It  is,  however,  much  more 
expensive   and   has   not   been   used   often    enough   to   demon- 
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strate  its  entire  reliability.     By  its  use  the  time  of  applica-  Dgj^taJ      ChargCS      fOF       CoiltraCtOr'S 

tion  would  be  considerably  reduced  as  compared  with  other  rvciliai      ^     a    S                                         

membranes  as  ordinarily  applied.     But  here,  too,  the  jomts  EqUipmeilt   BaSed    Oil    C^apaClty 

would  require  the  best  workmanship  and  closest  mspection.  "»                             P^«rof     TTnitc 

An   envelope   of  compact   clay   between   concrete   surfaces  aHQ     r^OWer      UllltS* 

would  also  be  an  effective  substitute  for  the  membrane  or  ^  committee  of  the  Master  Builders  Association  of  St. 
mastic  systems.  This  material  has  been  used  in  tunnels  in  [  quj^  jj^g  recommended  that  rental  charges  tor  contractors" 
the  form  of  layers,  4  in.  thick,  surrounding  the  outside  of  the  equipment  be  based  on  units  of  capacity  or  power.  If  the 
structure.  In  some  cases  the  clay  was  mixed  with  cement  in  recommendations  of  the  committee  are  adopted  one  schedule 
equal  proportions,  and  this,  too.  proved  a  satisfactory  water-  ^^  rental  rates  would  apply  in  all  cases,  whether  on  a  lump- 
proofing  medium.  The  use  of  the  clay  envelope,  however,  ^^^^  j^j,  ^^  cost-plus  work,  in  renting  from  another  contractor, 
would  require  considerably  more  excavation,  and  the  work  of  ^j.  ^^  renting  from  an  equipment  concern. 

application  would  be  no  less  exacting  than  required  with  the  ^j^^  recommended  provisions  and  charges  for  plant  rental, 

other  two  systems.     Its  application  and  efficiency   would  be  according  to  a  weekly  news  letter  of  the  Associated  General 

enhanced  by  using  the  cement  gun.  Contractors  of  America,  are  as  follows: 

An  improvement  worth  considering  in  connection  with  the  ,j,^^  contractor  will  supply  all  construction  equipment  of 
customary  two-course  brick-in-mastic  envelope  in  which  the  gygry  description  for  the  proper  handling  of  the  work.  For 
bricks  are  laid  on  their  largest  bed  and  which  has  a  maxi-  ^^^^  construction  plant,  or  parts  thereof,  as  the  contractor 
mum  thickness  of  5  ins.,  would  be  a  single  course  of  brick-in-  ^^^  ^^^,^  ^r  furnish,  rental  will  be  charged  at  the  rates  men- 
mastic  with  the  bricks  laid  on  their  narrow  side.  This  would  jj^^ed  below,  and  such  construction  equipment  wil  be  carried 
produce  an  equally  good  water-tight  layer  with  a  maximum  ^^  ^j^g  contractor's  regular  payrolls  for  this  work  and  as  a 
thickness  of  but  4  in.  and  would  result  in  a  saving  of  22  per  ^^^^  thereof  at  these  rates,  or  as  otherwise  specified  below 
cent  in  cost  of  materials  alone.  A  4-in.  brick-in-mastic  en-  ^^^  ^^^-^  ^^^  every  working  day,  also  for  Sundays  and  holl- 
velope  is  sufficient  to  withstand  any  water-pressure  that  sub-  ^^^^^  jj  ^gg^  j^  ^j^e  event  of  the  contractor's  equipment  be- 
ways  are  generally  subjected  to.  An  improved  mastic,  com-  ^^^  ^^^^  ^^r  a  longer  period  of  time  per  day  than  the  regular 
posed  of  bitumen,  sand,  mineral  dust  and  a  small  percentage  working  day,  an  additional  pro  rata  charge  of  the  scheduled 
of  long-fibre  asbestos,  used  in  connection  with  this  single  ^^^^^  ^,j[j  ^^  niade  for  such  overtime  as  each  item  is  used, 
course,  would  add  tenacity  to  the  envelope.  The  amount  of  ,pjjg  duration  for  which  rental  will  be  charged,  except  as 
excavation  and  the  labor  cost  would  also  be  reduced  some-  otherwise  provided  below,  is  from  the  time  contractor's 
what.  In  place  of  brick  for  brick-in-mastic,  porous  tile  blocks,  equipment  is  loaded  on  cars  for  shipment  to  the  work,  as 
4  in.  by  8  in.  by  11/2  in.  (this  being  the  smallest  size  made)  ^.jjo^n  ^y  thg  shipping  manifest,  until  contractor's  equipment 
may  be  substituted  and  embedded  in  mastic  in  exactly  the  j^  loaded  again  for  return  to  the  contractor,  unless  other 
same  way  as  the  brick.  Two  courses  of  tile  block  and  mastic  conditions  are  agreed  to  in  writing,  Sundays  and  holidays  ex- 
would  give  a  maximum  thickness  of  3%  in.;  a  single  course.  ggpted  unless  used. 

with  the  tiles  laid  on  their  largest  bed,  would  give  a  maximum  charges  tor  the  use  of  such  construction  equipment  as  Is 

depth  of  2  in.    This  thickness  is  equivalent  to  a  15-ply  felt  or  ,jesirable  or  necessary  for  the  contractor  to  rent  from  outside 

fabric   membrane,  but,  of  course,  it  has  not  the  same  elas-  sources  will  be  made  in  accordance  with  the  bills  rendered  by 

ticity  or  tensile  strength.  tlig  suppliers  of  such  equipment,  together  with  all  expenses  in 

Another  alternative  for  brick-in-mastic — one  which  at  pres-  connection  therewith,  for  which  the  contractor  is  liable, 

ent  is  extensively  used  for  waterproofing  railroad  bridges  and  Contractor's  equipment  will  be  shipped   in  good  operative 

occasionally    subways— is    a    reinforced,    bituminous    mastic  condition,  and  charges  for  ordinary  replacement  of  parts  or 

sheet  of  from  %  in.  to  11/2  in.,  in  thickness.     The  mastic  for  ^^^^^  repairs  necessitated  during  the  progress  of  the  work 

this  layer  is  made  in  the  same  manner  as  the  mastic  herein-  ^.j,   ^^g   billed   at  cost  of   such   replacement  or  repairs.     On 

before   mentioned   for   brick-in-mastic.   except  that  less   bitu-  rented  equipment  charges  for  repairs  will  be  in  accordance 

men  is  used,  and  grit  is  often  included  in  the  mineral  aggre-  ^,^^^  ^^^  agreement  with  the  owners  of  such  equipment, 

gate.     A  sheet  of  this  mastic  1  in.  thick  affords  ample  pro-  under  the  item  "Small  Tools"  are  included  all  tools  used, 

lection  against  any  water-pressure   that   subsurface   railroad  ^^^^  scheduled  below,  including  carts,  wheelbarrows,  shovels, 

structures  are  usually  subjected  to.     One  difficulty  connected  pj^^g   ij^rs,  wrenches,  axes,  drills,  wire  cables,  ropes,  rubber 

with  the  use  of  a  mastic  sheet  for  waterproofing  is  that  it  is  i^oots,  and  similar  items,  and  a  charge  for  the  use  of  same 

easily  cracked.     This   inherent  defect  is  mitigated  by  intro-  ^jjj  ^^  jj^^^g  ^^^  ^^  lump  sum  equal  to  2V2  per  cent  of  the  total 

ducing  a  wire  mesh  or  wire  cloth  between  equal  thicknesses  amounts  of  the  contractor's  payrolls  for  this  work, 

of  mastic   forming  the   sheet.     The  use  of  sheet  mastic   as  ^^^  teams  used  for  and  on  this  work  will  be  charged  for 

against  brick  and  mastic   is   that   it  permits  a  reduction  of  ^^^  carried  on  the  payrolls  at  the  prevailing  local  rates, 

from  3  in.  to  4  in.  of  excavation,  takes  up  less  room  after  ap-  Trucking,  freight,  express,  and  all  other  such  items  as  may 

plication,  and  is  not  as  expensive  as  brick  and  mastic  courses.  ^^  incurred  for  the  delivery  to  the  work  and  reshipment  back 

Another  alternative  for  brick-in-mastic,   though   of  limited  ^^  j^j^^  contractor,  of  all  contractor's  equipment,  and  all  labor 

adaptability,  will  be  found  in  the  application  of  a  2-in.  or  3-in.  ^^^j  g^penses  in  connection  therewith,  and  tor  the  putting  to- 

envelope  of  a  mixture  of  clay  and  cement  applied  by  means  of  ggther,    setting    place    and    moving,    together    with    the    dis- 

the  cement  gun.     This  mixture  and  methods  of  application,  mantling,  moving,  and  reloading  of  all  items  of  contractor's 

if   properly  carried  out,   create   a  dense,  impervious  blanket  equipment  for  this  work,  will  be  billed  in  addition  to  the  other 

about  a  structure.    This  blanket,  too,  is  not  immune  to  cracks,  charges  mentioned  above, 

especially  those  due  to  settlement  or  vibration,  but  this  weak-  Equipment.                               i^o^  RentaJ  Charge. 

ness  mav  he  considerably  reduced  by  proper  reinforcement.  .\<uiinpr  and  listins  machines »  100  per  cylinder 

This  method  would  eliminate  the  need  of  the  usual  sand  wall  -^^'tomobillt  trucks^*'.''. . ! .' ! .' ! .' ! .' '. .'  i  ^  i  •'  ^  ■  ^'  •  ■  •     •'■'•«<'  Pe''  »»" 

in   rock   excavation.  Automobiles!  tires,  extra,  each n  01  per  mi  e 

Lastly,  for  waterproofing  subways  located  above  mean-high  l^rg™"'^'.  ^°.^*'!^. .  '!'.^.™ '.'.'■'. '■  '.'.'.'■'■'■'■'■  '■  '■'■'■'■  '■  •  •  «-0i  p"""  ^O"  ^^i-  "• 

or  ground-water   level   an   addition   of   10   or   15   per   cent  of  Boiler  and  3-drum  engine 0  25  per  hp 

hydrated  lime  to  the  concrete  would  be  ample,  even  at  sta-  |«|jej:  and  2-drum  |[J||j;| ;;; ;;  i:::;:::'::;:: ;  0.20  per  hp! 

tions  where  watertightness  is  imperative,  and  certainly  more  Boiler  only  q-^q  p^''  ^^' 

economical  than  the  usual  steel-bar  reinforcement  of  the  con-  ^'^^^^^  T^pfrand^bottom'diimp".'.! '.;'.".'.■'■•■■  0102  per  cu.  n. 

Crete  between  stations;  however,  a  membrane  applied  around  Bucket',  oranpe  peel  or  clam OJJ  p|J;  j^^-  ^• 

the  structure  at  stations  to  protect  the  costly  decorative  in-  ^^''g^^j^p  .^ood""'  ^'""^^".'.'.'.'.'.'.'.'.'.'.'.'.'■■'■■-  "25  per  cu.'  yd. 

terior  from  possible  defacement  is  most  advisable.  Cars!  steei.  ^°vard  'and  's'ma!lier! ! ! "02  per  cu.  ft. 

Cars,  wooden     side  dump •      P       ^  capacity 

„  ^.  ,  _       .  «  r.,.    1        ■      ,.,■!,    F>      I  J  Cars.  Standard,  freight   n  ik  nor  »-ii    vd 

Compensation  of  Engineers  of  St.  Louis  Will  Be  Increased.  cars!  steel,    side    dump "-iS  P«r  cu.  ya. 

— A  bill  providing  for  increased  compensation  tor  professional  Comoressor.  air— steam    jp^  ^^^  ^^'  f^ 

engineers  employed  by  the  city  of  St.  Louis  has  been  passed  oomprlllor!  por'table'^wUh  poWw! ! !!!::::!! !  o'03  per  cu.  ft. 

hy  the  board  of  aldermen  of  that  city.     This  bill  was  prepared  Countcrweipht  drum p-gj  ^^^  ton  hour 

by  the  municipal  section  of  the  St.  Louis  Chapter  of  the  Amer-  erusher!  with'elevator' screen.' .'.■.'.".■.' .■.■.".■.■.'.■.'  O.IS  per  ton  hour 

ican  Association  of  Engineers  last  spring,  and  its  passage  Is  Cutter,  'bar,  portable  with  power J-J^  p^^.  ^^    boom 

the  culmination  of  a  campaign  which  as  been  waged  since  to  Derrick   steef^"    !!!!!!!!!!!!!  ".08  per  ft.  boom 

have  it  enacted  into  law.  Derrick!  traction    ".■.■.■.■■.■.■.".".■.■.■.'■.'.'.'.'.■.■.■ "-75  per  ft.   boom 
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Derrick,  breast   0.40 

Derrick,  circle   swing    O.GO 

Drill  rii?,  portable     10.00 

Drill  rig,  small  air   : 0.50 

Drill  rig,  steam    1.25 

Drill  rig,  Duntley    electric    2,50 

Elevator,  platform   or    bucket 0,50 

Elevator,  with  bins  for  concrete 0.75 

Engine,  skeleton,  3-i3rum 0.20  per  hp. 

Engine,  2-drum    0.15  per  hp. 

EIngine,  1-drum    0.10  per  hp. 

Engine,  steam   or  gas 0.10  per  hp. 

Engine,  derrick,  swinging 1.00 

Engine,  traction     20.00 

Excavator — Keystone  No.  3 20.00 

Grader,   belt,   elevating 10.00 

Hammers,  riveting    0.50 

Hood,  elevating  machine,  hand  power   1.00 

T^eveling    instrument,    engineers' 0.50 

Locomotive,   :ifi-in.    dinkey    7.50 

Tjocomotive,  standard  gauge    15.00 

Locomoti\'e.  crane     1.00  per  ton 

Mixers,  with  power  and  side  loader 0.30  per  cu.  ft. 

Mi.xers,  with   power    0.25  per  cu.  ft. 

Mixers,  without  power   0.20  per  cu.  ft. 

Motorcycle 1.50 

Motors     0.10  per  hp. 

Motor    boats    0.50  per  hp. 

Pile  driver  leads    0.05  per  lin.    ft. 

Pile  hammers,   steam    0.02  per  100  lbs. 

Pile  hammers,    drop    0.01  per  100  lbs. 

Pumps,  centrifugal,  belt  driven per  M.  gal.  hr. 

Pumps,  centrifugal,  with  power per  M.  gal.  hr. 

Pumps,  duplex    and    triplex per  M.  gal.  hr 

Pumps,  pulsometer per  M.  gal.  hr. 

Pumps,  diaphragm,  hand 0.50 

Pumps,  diaphragm,  with  power 1.50 

Plow     0.60       , 

Rail    0.10  per  ton 

Rail   bender    0.30 

Roller,  horse   or  hand 1.00  per  ton 

Roller,  power     2.00  per  ton 

Road    machine    1.00 

Saw,   no  power '. 0.50 

Scraper,  wheel    0.50 

Scraper,  slip     0.25 

Sprinkling  cart   1  ^'0 

Steam  shovel,  revolving  traction 30,00 

Sewer  potter  machine,  no  power 4.00 

Tamps,   compressed  air,   for  track 0.75 

Torch,   acetylene    3.00 

Transit    0.75 

Trench  diggers,  to  24   in.  width 

Tug  bo.ats   

Typewriters     0.20 

Wagons 0.50 

Wagons,   float    2.00 

Crew,  fuel   and  lubricants  not  included  in   these  prices.     Rental 

prices  are  per  day  based  on  manufacturers'  rating  for  equipment. 


Bituminous  Paving  for  Highway  Crossings 

As  evidence  of  an  effort  to  reduce  the  cost  and  the  main- 
tenance of  railway  crossings  of  streets  and  highways  as  well 
as  to  conserve  the  use  of  lumber,  a  committee  of  the  Roadmas- 
ters'  and  Maintenance-of-way  Association  submitted  a  report 
at  the  recent  annual  convention  in  which  three  methods  of 
paving  at  the  crossings  are  proposed  and  recommended. 

As  a  preparation  for  the  paving  it  is  specified  that  the  bal- 
last must  be  cleaned  out  to  2  in.  below  the  bottom  of  the  ties 
for  the  width  of  the  crossing  and  for  2  ft.  outside  the  rails. 
The  rails  are  painted  with  asphalt  under  the  base  and  up  to 
the  underside  of  head,  and  the  joints  are  bonded. 

In  the  first  method  a  mixture  of  hot  asphalt  and  Vain,  stone 
is  packed  and  tamped  around  the  rails  for  a  width  of  8  in.  on 
each  side.  The  interior  space  is  then  filled  with  stone  ballast 
up  to  the  underside  of  the  rail  head,  and  well  rolled  or  tamped. 
Fine  stone  is  filled  in  to  the  level  of  the  tops  of  the  rails,  road 
oil  being  sprinkled  freely  as  the  stone  is  placed,  and  the  sur- 
face is  finished  by  rolling  and  sprinkling. 

In  the  second  method,  the  asphaltic  mixture  along  the  rails 
is  only  4  in.  wide,  while  bituminous  material  is  poured  with 
the  ballast  filling  and  the  V3-in.  stone  surfacing. 

Under  the  third  method,  stone  ballast  is  packed  between  the 
rails  up  to  their  heads.  On  this  is  laid  a  bituminous  macadam 
composed  of  clean  gravel  or  stone  screenings  up  to  %-in.  size 
and  a  2:1  emulsion  of  road  oil  and  water.  Two  gallons  of  this 
mixture  are  used  for  1  cu.  yd.  of  stone. 

Traffic  should  be  kept  off  for  24  hours,  but  if  this  is  not  pos- 
sible the  crossing  should  be  watched  and  any  ruts  or  patches 
smoothed  out,  until  the  material  has  hardened.  Where  paved 
crossings  need  only  surfacing,  about  2  in.  of  the  old  material 
may  be  removed  and  this  bituminous  macadam  substituted. 

The  costs  per  crossing  for  the  three  methods,  together  with 
the   ordinary   plank   crossing,   are   given   as   follows,   at  1918 

prices: 

Double-track  Single-track 

crossing.  crossing. 

1     Stone   and   road   oil ^'^'Ir  ^^c'cl 

2.  Stone   and  bituminous 1^'T  ,5n? 

3.  Stone   and  bituminous  macadam              29.45  13.95 

4.  Plank   crossing    56.00  25.00 
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The  Engineer  as  a  Public  Servant* 

By  WILLARD  BKAHAN, 
Principal  Assistant  Engineer,    New   York  Central   Railroad,  West- 
ern L.ines. 

We  are  engineers.  What  does  that  mean?  Well,  I  sup- 
pose we  may  say.  modestly  and  historically,  that,  as  a  rule, 
the  engineer  is  a  college  man.  We  must  then  also  say.  If 
I  hat  be  true,  that  in  a  majority  of  cases  he  has  been  educated 
in  one  of  our  great  state  universities;  because,  while  we  have 
engineering  schools — very  excellent  ones — that  are  not  state 
universities,  yet  the  state  university  graduate  is  by  far  in  the 
majority.  In  these  state  universities  where  young  men  are 
educated  we  are  educated  laigely  at  public  expense,  especially 
in  land  grant  colleges. 

Xow.  my  friends,  it  that  be  true,  if  we  are  educated  at  the 
public  expense,  as  I  see  it,  we  are  quite  in  the  category  of  a 
graduate  of  West  Point  or  Annapolis.  Those  men,  we  are 
proud  to  say.  when  war  is  declared,  and  when  there  is  trouble 
in  their  line,  while  they  may  have  gone  out  of  service,  while 
they  may  have  been  retired,  at  once  volunteer  because  they 
feel  that  they  owe  a  debt  to  their  country  for  their  education, 
for  the  uplifting  chance  they  got,  and  they  are  always  willing 
to  extend  their  services. 

So  it  is  with  us.  The  engineer  is  a  public  servant,  not  only 
by  his  profession  but  by  his  education  and  by  the  debt  he 
owes  his  country.  I  never  apologize  for  the  necessity  of  driv- 
ing an  engineer  into  doing  something  for  the  public,  because 
he  owes  it  to  the  public.  We  owe  more  to  the  public  than  the 
lawyer  or  the  doctor  or  any  other  professional  man.  Think 
that  over.     I  believe  I  am  right  in  it. 

Now,  it  that  be  true,  there  is  another  fact  that  you  must 
put  beside  it.  The  engineer  was  not  only  educated  tech- 
nically and  to  a  considerable  degree  at  public  expense,  but 
the  engineer  was  educated  for  leadership.  Some  are  not 
leaders,  very  true.  Some  are  designing  engineers.  Some  are 
research  engineers.  But  not  all  West  Pointers  are  leaders. 
General  Seibert,  I  learned,  has  never  considered  himself  that 
at  all,  but  still,  by  and  large,  the  engineer  is  expected,  and 
rightfully,  to  assume  leadership  of  his  fellow  men.  By  his 
training,  by  the  opportunity  which  the  public  has  given  him. 
he  has  been  put  up  on  the  mountain  side  of  progress  a  little — 
a  considerable — above  the  average  of  his  fellow  men.  He 
will  see  the  dawn  of  a  new  day.  He  will  see  the  coming  of 
the  new  light  and  the  new  conditions  which  surround  us  now 
clearer  and  quicker  than  his  neighbor  can  be  expected  to  see 
them.  Haven't  we  seen  it  in  this  war  in  many  ways  over  and 
over  again? 

I  do  not  feel  any  burden  arising  from  that,  hut  to  me  it  is 
a  source  of  rejoicing.  1  well  recall,  back  in  my  'varsity  days, 
a  picture  and  a  line  under  it.  The  picture  was  that  of  the 
Vaudois,  in  times  of  persecution,  those  Swiss  mountaineers 
who  kept  the  faith,  the  Waldenses,  as  some  call  them,  and 
they  really  did  believe  that  they  held  to  the  Christian  faith 
when  it  was  wiped  out  every  place  in  the  world.  And  these 
were  the  lines  under  this  picture,  which  great  and  good  An- 
drew D.  White  has  given  to  us  for  our  uplift  and  our  benefit — • 
you  see  I  remember  them  over  forty  years.  These  are  the 
words  put  on  the  lips  of  these  people,  these  mountaineers: 
For  the  strength  of  the  hills,  we  bless  Thee,  our  God.  our 

Fathers'  God, 
"Thou   hast  made  thy  children   mighty   by  the   touch  of  the 

mountainside." 

Now,  my  friends,  that  is  my  conception  of  your  profession 
and  mine,  and  if  I  miss  every  other  point  here  tonight,  I  want 
you  to  get  that  note,  the  note  of  leadership,  the  note  of  supe- 
rior knowledge  of  the  working  conditions  and  the  economic 
conditions  and  the  social  conditions  of  this  hour,  for  you  will 
do  one  of  two  things — you.  as  engineers,  will  lift  or  you  will 
lean.  And  my  duty  here  tonight  is  to  adjure  you  to  lift,  for 
God  knows  there  never  was  a  time  in  the  history  of  the 
human  race  when  lifting  was  needed  more. 

We  have  men  in  our  department  on  the  New  York  Central 
Railroad  that  have  not  done  an  honest  day's  work  since  the 
war  broke  out,  and  their  salaries  in  the  thousands.  Now  put 
that  in  your  pipe  and  smoke  it.  It  is  not  news  to  us.  1  have 
told  it  to  the  chief  engineer  and  he  admits  it.  What  are  you 
going  to  do?  He  says,  "I  can't  discharge  them  because  the 
law  is  that  way."  But  may  God  help  them  when  the  roads 
get  back  to  private  control,  because  they  will  see  a  new  light. 


*From  an  address  delivered  before  the  Ohio  Association  of  Tech- 
nical  Societies. 
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I  have  patience  with  the  hobo  when  he  acts  that  way,  al- 
though I  have  a  higher  regard  for  a  hobo  than  many  have.  I 
have  all  patience  with  the  negro.  He  is  but  a  grownup  child.  1 
cannot  blame  a  foreigner  who  cannot  speali  a  word  of  my 
language.  We  have  mills  in  Pittsburgh  where  50  per  cent  of 
the  men  do  not  understand  a  single  word  of  English.  I  have 
patience  with  that  sort  of  people.  That  is  what  we  are  here 
for,  to  lift  and  to  guide  and  to  lead.  But  the  man  who  has  a 
diploma  from  a  state  university,  a  land  grant  college,  and 
who  acts  that  way — he  ought  to  be  shot. 

There  is  the  head  of  a  great  labor  union,  my  neighbor.  I 
have  heard  him  many  and  many  a  time,  earlier  than  five 
years  ago,  say  this:  "What  we  want,"  referring  to  his  broth- 
erhood, his  labor  organization,  "is  more  money  in  the  pay  en- 
velope on  Saturday  night,  and  that  is  all  we  want.  We  don't 
care  whether  we  have  got  a  place  to  sleep  or  anything  to  eat. 
We  don't  care  anything  about  this  welfare  work  and  the  Y. 
M.  C.  A.  at  the  end  of  the  division  to  take  care  of  the  men. 
All  we  want  is  more  money  in  the  pay  envelope  Saturday 
night."  Of  course  he  was  lying  at  the  time.  He  knew  it  and 
so  did  I.  What  does  he  say  now?  He  says,  "This  won't 
do.  This  is  a  vicious  circle.  We  cannot  have  this  any 
longer."  He  has  seen  a  new  light.  He  knows  more  than  he 
did.  Said  he:  "Why,  this  is  what  has  brought  on  the  high 
cost  of  living.  We  started  the  high  cost  of  living  on  the  rail 
roads.  We  were  the  worst  sinners  of  all.  We  got  scared  be- 
fore we  were  hurt,  or  even  hit.  We  started  this  uplifting" — 
if  you  will  call  it  such— this  madness  as  I  will  call  it.  this  mid- 
summer madness. 

The  result  is  this,  we  are  face  to  face  with  a  sad  condition, 
a  menacing  condition.  Do  not  deceive  yourself  that  we  are 
simply  having  a  lot  of  strikes  on  our  hands.  That  is  not  the 
worst  of  it.  The  worst  of  it  is  that  the  men  who  head  those 
unions  and  who  have  advocated  these  strikes  in  the  years 
gone  by,  now  see  this,  that  the  power  that  they  have  started 
has  gotten  entirely  beyond  their  control  and  they  are  the  men 
actively  trying  to  stop  this  trouble  and  they  do  not  know 
whether  they  can  do  it  or  not. 

I  stopped  a  gang  of  a  hundred  hoboes  once  who  were  going 
to  hang  a  man,  one  of  our  men  and  these  were  our  own  em- 
ployes. They  couldn't  get  around  me.  The  snow  was  too 
'deep.  I  was  alone.  1  explained  to  them  and  argued  with 
them  and  talked  to  them  like  a  big  brother,  like  a  Dutch 
uncle,  and  like  an  Irish  washerwoman,  and  they  all  went  back 
except  fifteen.  Not  more  than  fifteen  of  the  hundred  had  any 
resolution  whatever  in  that  direction,  and  that  is  a  very  big 
per  cent.  These  fifteen  were  partly  drunk.  They  wouldn't 
go  back.  I  drew  my  toe  across  the  snow  path  and  stepped 
back.  I  had  to  talk  to  them  for  twenty  minutes,  and  that  is 
long  enough  to  convince  anybody  except  a  meeting  of  this 
sort. 

I  said  to  them.  "I  am  done  talking.  You  say  you  are  going 
to  hang  that  man.  Now  come  on."  They  commenced  to 
sober  up.  I  said  to  them,  "The  first  man  that  crosses  that 
mark  will  be  killed."  I  was  a  deputy  sheriff  and  it  was  part 
of  my  duty  to  quell  rioting.  I  had  a  pistol,  a  32,  with  five 
shots.  I  know  there  should  have  been  six.  There  were  fif- 
teen who  had  remained  but  not  more  than  five  had  courage  to 
pven  approach  the  mark — not  more  than  five  out  of  the  hun- 
dred. 

Well,  if  you  are  able  bodied,  and  you  ought  to  be  if  you  got 
through  the  university,  do  you  mean  to  say  to  me  that  you  will 
let  three  or  five  hoboes  bluff  you  or  drive  you  around  over  the 
country?  Really  you  are  not  in  very  much  danger.  If  you 
have  been  with  those  men  for  some  time,  plenty  of  them  will 
not  see  you  get  hurt.     Don't  you  know  that? 

This  lawless  element,  and  this  is  my  point,  numerically 
amounts  to  but  little.  Take  out  the  foreigner  who  does  not 
know  what  he  is  talking  about  or  what  is  said  to  him,  and 
the  hobo  element  or  the  negro  element  is  very  small.  And 
oh,  if  we  had  a  little  bit  of  backbone  about  us,  if  we  had  a  few 
less  lawyers  and  courts  and  a  few  less  newspapers  to  write 
up  what  terrible  fellows  we  are,  we  could  handle  this  labor 
situation.  It  Is  only  the  froth,  and  some  of  the  damnable 
things  we  have  in  civilization  we  have  only  because  of  the 
political  methods  that  make  it  worth  while  to  talk  about  It 
and  to  keep  things  in  a  permanent  commotion.  It  is  the  ques- 
tion of  votes.  There  Is  the  trouble.  You  let  men  have  that 
before  they  can  read.  They  can  vote  before  they  know  what 
our  institutions  are.  Of  course  it  is  all  wrong.  This  is  the 
land  of  the  free  and  the  home  of  the  brave,  but  it  Is  costing 
us  a  lot  to  keep  It  so. 


Testing  Some  Very  Old  Rails  for 
Internal  Strains  and   Trans- 
verse Fissures 

As  a  contribution  to  the  much-discussed  subject  of  the  cause 
of  transverse  fissures  in  rails.  Mr.  W.  C.  Cushing,  Chief  Engi- 
neer of  Maintenance  on  the  Pennsylvania  Lines  West  of  Pitts- 
burgh, has  given  in  Bulletin  No.  218  of  the  American  Railway 
Engineering  .Association,  results  of  tests  on  some  exception- 
ally old  rails,  long  in  service.     To  quote  Mr.  Cushing: 

"If  stored-up  internal  stresses  in  rails  proceeding  in  com- 
bination from  three  principal  components  which  affect  them 
in  service,  namely: 

(1)   Cooling  strains  of  fabrication, 

(21   Cold-rolling  strains  from  wheel  loads, 

(3)  Direct  stresses  in  track, 
tell  the  whole  story  of  the  cause  of  the  "transverse  fissures,' 
then  it  might  be  reasonably  expected  that  rails  especially 
long  in  service  would  be  not  only  likely  to  have  that  type  of 
defect,  but  would  be  almost  certain  to  have  It,  particularly  if 
the  elastic  limit  of  the  metal  were  very  low,  thus  reducing 
the  ratio  between  it  and  the  wheel  load.  The  writer  there- 
fore made  an  investigation  to  study  the  subject  from  that 
point  of  view,  and  collected  such  rails  as  might  be  considered 
as  fairly  fulfilling  the  premises,  after  which  they  were  sur- 
veyed chemically,  mechanically,  and  microscopically  at  the 
Altoona  Laboratory  of  the  Pennsylvania  Railroad." 

The  rails  selected  and  their  respective  lengths  of  service 
were  as  follows: 

English  rails  (wrought  iron),  Louisville  Division 41  years 

•Gorman  rails  (iron  and  steel  pile),  l^ong  Island  R.  R 45  vears 

P.  R.  R.,  Bessemer,  Pittsburgh  Division 25  years 

P.  R.  K.,  Bessemer,  Columbus  Division 22  years 

A.   S.   C.  E..   Bessemer.   Pittsburgrh   Division 10  years 

P.  R.  R.,  Bessemer,  Cincinnati  Division 19  years 

The  severity  of  service  in  each  case  was  of  course  not  the 
same,  the  greatest  severity  being  on  the  Pittsburgh  Division. 

All  of  these  rails  were  carefully  examined  for  transverse 
fissure  defects,  but  none  were  found. 

An  examination  of  the  German  rails  disclosed  that  they 
were  rolled  from  slab-piled  blooms,  the  layers  consisting  alter- 
nately of  steel  and  iron  with  the  vertical  axis  of  the  rails  at 
right  angles  to  the  direction  of  piling.  The  tests  showed  that 
there  was  improper  fusion  between  the  layers. 

Notwithstanding  some  high  internal  stresses,  low  elasticity 
and  lack  of  homogeneity  in  the  structure,  found  in  some  of 
the  rails  tested,  these  same  rails  had  served  under  heavy 
traffic  for  25  and  19  years,  respectively,  and  a  careful  exam- 
ination of  an  entire  group  of  Bessemer  steel  rails  failed  to 
disclose  any  signs  of  transverse  fissures. 

It  is  reasonable  to  expect,  therefore,  that,  if  severity  of 
service,  especially  by  exceedingly  heavy  wheel  loads,  be  the 
sole  cause  of  the  defect  known  as  transverse  fissure,  these 
rails,  after  their  unusually  long  service,  and  in  some  of  the 
oases  under  the  heaviest  wheel  loads  in  use,  would  be  sure 
to  be  filled  with  transverse  fissures.  That  such  was  proved 
by  careful  examination  not  to  be  the  fact,  that  rails  adjacent 
to  and  undergoing  precisely  the  same  conditions  of  service  as 
those  in  which  transverse  fissures  have  been  found  do  not 
have  any,  and  that  rails  never  put  into  service  as  well  as 
those  which  have  been  in  service  have  been  shown  by  Waring 
and  Wickhorst  to  contain  microscopical  cracks,  seems  to 
prove  beyond  a  doubt  that  the  cause,  the  real  cause  of  trans- 
verse fissures  must  be  sought  in  the  processes  of  manufac- 
ture. The  wheel  loads  are  the  instruments  of  development 
from  the  initial  defects,  and  it  is  true  that  the  service  has 
become  uncotnmonlv  severe. 


A  $4,000,000  County  Road  Letting.— Bids  are  now  bein^ 
asked  by  Maricopa  county,  Arizona,  on  one  of  the  largest 
highway  construction  programs  ever  let  at  one  time  by  a 
county.  The  work  calls  for  the  building  of  278  miles  of  high- 
ways, for  which  a  $4,000.non  bond  issue  has  been  authorized. 
The  plans  and  specifications  includes  roads  of  concrete,  as- 
phaltic  concrete  and  crushed  rock  with  asphaltic  concrete. 
The  bids  are  to  be  opened  at  Phoenix,  Ariz.,  on  Jan.  12,  by  the 
County  Highway  Commission,  of  which  A.  F.  Jones  is  secre- 
tary. 
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Management  and  Office  System 

This  section  is  published  twice  a  month:  (I)  In  the  Waterworks  and 
Hydraulic  Monthly  issue,  and  (2)  in  the  Railway  and  Excavation 
Monthly  issue.  It  covers  what  may  be  broadly  termed  "management 
engineering"  as  applied  in  the  civil  engineering  and  construction  fields. 


Advantages  of  Small  Sketch  Sheets 
in  Supplying  Information  to 
Field    Parties  on  Con- 
struction Work 

By  WALTER  A.  BOWEN. 

While  the  loose  leaf  system  for  keeping  field  notes  has  been 
in  use  for  sometime  by  engineers,  the  writer  has  not  seen 
this  system  used  elsewhere  to  furnish  data  to  field  men  to 
the  extent  that  he  has  developed  it  on  a  recent  big  war-time 
construction  Job. 

This  job  was  typical  of  many  others  under  way  at  the  time 
with  the  construction  of  shops,  offices,  warehouses,  water, 
sewer,  electrical,  air  and  oil  lines  being  rushed,  and  the  field 
engineering  parties  in  great  demand  by  the  construction 
forces. 

All  plans  were  furnished  the  field  office  by  the  main  oflSce 
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Fig.    1 — Information   Sheet  for   Field    Men. 

several  miles  away.  All  structures,  roads,  utilities,  etc.,  were 
located  by  co-ordinates,  the  general  co-ordinate  plan  being  re- 
vised almost  daily  during  the  first  few  weeks  of  the  job.  De- 
tail plans  of  buildings  did  not  show  location  or  actual  eleva- 
tion of  sills,  pile  cut-offs,  etc.,  this  information  being  fur- 
nished by  the  field  engineering  office  from  grade  plans. 

Because  of  these  conditions,  with  the  large  number  of  field 
men  employed,  there  being  20  parties  of  four  men  each,  all 
information  was  furnished  the  field  men  on  letter  size  white 
bond  blue  lined  cross  section  paper  or  unruled  vellum  with  a 
mimeographed  heading  as  shown  in  Fig.  1.  The  sketches 
were  drawn  approximately  to  scale  in  pencil  or  ink  and  had 


all  necessary  information  for  the  field  party.  Points  requiring 
particular  attention,  such  as  varying  pile  cut-offs,  etc.,  were 
shown  in  colored  inks. 

The  compiling  of  these  data  from  the  plans  brought  to 
light  errors  or  omissions  in  the  layout  which  would  have 
wasted  much  time  of  the  field  parties  in  having  to  return  to 
the  office  for  further  instructtions  had  the  blue  prints  beea 
used  in  the  field.  The  field  office  was  thus  able  to  correct 
these  slight  errors  or  omissions  in  the  minimum  of  time  and 
with  no  loss  of  time  for  the  field  parties. 

The   draftsman    making   the   field   layout  indicated   on   the 
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Fig.   2 — Assignment    Sheet   for    Office    Work. 

sketch  sheets  only  the  necessary  work  to  be  done  and  the 
shortest  way  for  the  field  men  to  properly  perform  it,  which 
was  another  saving  of  time,  as  the  party  was  not  idle  waiting 
for  the  chief  to  plan  the  work. 

Another  advantage  was  the  small  size,  as  the  letter  size 
sheets  were  easier  to  handle  in  the  field  than  the  large  blue 
prints,  particularly  during  cold  or  windy  weather. 

Sketches  for  the  field  men  requiring  considerable  computing 
to  secure  the  data  were  traced  on  vellum  sheets  headed  as  in 
Fig.  1,  and  the  paper  original  filed,  the  field  men  using  the 
vellum  which  was  quite  as  durable  as  the  paper.  The  com- 
putations were  made  on  the  original  sketch  sheet,  but  only 
the  result  of  these  computations  was  shown  on  the  sketch 
traced  for  the  field  parties. 

This  system  has  also  been  found  to  save  considerable  time 
in  furnishing  the  designing  section  with  information  regard- 
ing temporary  structures  which  are  to  be  converted  into  per- 
manent buildings,  in  making  insurance  surveys  or  supplying 
them  with  the  miscellaneous  information  which  was  required 
t'aily. 

The  field  men  taking  these  sheets  into  the  field  on  work 
requiring  the  collection  of  considerable  data,  either  fastened 
the  sheets  by  thumb  tacks  to  small  drawing  boards  made  from 
pieces  of  compo-board  or  in  three-ring  loose  leaf  canvas  cov- 
ered note  books. 

Carbon  copies  were  made  when  on  this  class  of  work,  the 
original  being  sent  to  the  designing  section  and  the  carbon 
copy  indexed  and  filed  at  the  field  ofiice.  The  filling  in  of 
I  he  headings  gave  the  office  a  complete  record  of  the  sketch 
from  its  beginning  to  its  return  for  filing. 

The  sketch  sheets  were  filed  in  canvas  bound  loose  leaf 
books  holding  200  sheets,  the  limits  of  sketch  numbers  being 
marked  on  the  back  of  the  book. 
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Fig.   3 — Assignment   Sheet   for   Field   Work. 

Sketch  numbers  were  taken  by  draftsmen  from  a  letter 
size  typewritten  list  of  consecutive  numbers  posted  on  the  bul- 
letin board,  the  title  of  the  sketch  being  written  after  the 
number  showing  that  it  had  been  assigned  to  a  sketch  sheet. 
When  filled  these  sheets  were  filed  in  a  loose  leaf  binder  and 
the  title  added  to  the  loose  leaf  alphabetical  index. 
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According  to  the  demands  of  the  construction  department, 
two  to  eight  draftsmen  were  kept  busy  making  these  sketches 
or  compiling  data  and  making  computations  for  them. 

In  order  to  handle  the  large  number  of  requests  tor  serv- 
ices of  the  field  men,  the  writer  kept  assignment  sheets  for 
the  field  and  ofl^ce  work  with  headings  as  shown  in  Fig.  2 
and  Fig.  3.    These  also  fit  a  pocket  loose  leaf  note  book. 

Data  used  daily  by  the  field  men  were  furnished  on  small 
blue  prints  3%  in.  by  6%  in.  made  from  tracings  or  carbon 
backed  vellums.  This  size  was  adopted  due  to  many  of  the 
field  men  having  loose  leaf  note  books  holding  this  size  sheet 
and  in  which  they  kept  field  notes  of  minor  importance. 


The  Stock   Bonus   Plan  of  the  du 
Pont  Co. 

The  E.  I.  du  Pont  de  Nemours  Co.  for  many  years  has  been 
using  a  bonus  plan,  which  is  regarded  as  being  one  of  the 
elements  in  the  company's  success.  The  company  adopted 
the  plan  as  a  policy  in  order  to  reward  in  a  special  manner, 
those  of  its  employes  who  have  contributed  in  an  unusual 
degree  to  the  success  of  the  company  by  their  inventions, 
ability,  industry  and  loyalty — a  result  which  frequently  can- 
not be  accomplished  through  salary  alone.  It  also  desires  to 
interest  such  employes  as  stockholders  in  its  business. 

In  the  Annual  Report  of  1918,  Pierre  S.  du  Pont,  then 
president,  speaking  of  the  actual  working  out  of  the  bonus 
plan,  said: 

"The  oflicers  and  directors  believe  it  has  been  of  great 
value  in  securing  and  retaining  at  highest  efficiency  the 
best  men  in  the  explosives  industry.  The  bonus  plan  fur- 
nishes for  distribution  among  employes  of  recognized  merit 
a  number  of  shares  of  stock  of  the  company  each  year.  As 
the  amount  of  this  bonus  stock  is  based  on  earnings,  many 
shares  were  available  for  distribution  during  the  years  1915 
to  1918.  In  the  years  191.5,  1916  and  1917,  there  was  awarded 
as  B.  bonus  a  total  of  G,2SG  shares  of  common  stock  of  E.  I. 
duPont  de  Nemours  Powder  Co.,  24,301  shares  of  debenture 
stock  of  E.  I.  duPont  de  Nemours  &  Co.,  42,839  shares  of 
common  stock  of  E.  I.  duPont  de  Nemours  &  Co.  For  the 
year  191S,  S,006  shares  of  debenture  stock  of  E.  I.  duPont  de 
Nemours  &  Co.,  and  8,680  shares  of  the  common  stock  of 
E.  I.  duPont  de  Nemours  &  Co.  (cost  value  J.j, 162, 4931  have 
been  awarded  for  distribution  as  B.  bonus  to  2.329  employes 
of  the  executive  and  finance  committee  and  finally  approved 
by  the  special  committee  of  the  board  of  directors.  The 
total  cost  of  these  securities  for  the  four  years.  1915-1918,  has 
been  $16,379,914.  The  merits  of  the  plan  have  been  recog- 
nized by  the  officers  and  directors  of  the  company  and  its 
predecessor  for  many  years." 

At  the  present  time  there  are  7.203  stockholders  of  the 
company  of  whom  3,220,  or  45  per  cent  are  employes.  Most 
of  the  employes  have  become  stockholders  by  means  of  the 
bonus  stock  plan. 

Awards  according  to  the  bonus  plan  are  made  under  one 
or  both  of  the  following  clauses: 

Class  "A''  bonuses  are  given  for  inventions  or  other  con- 
spicuous service  entirely  irrespective  of  the  company's  earn- 
ings, each  case  being  considered  on  its  merits  without  re- 
gard to  departmental  lines  or  limitations  as  to  length  of 
service. 

Class  "B"  bonuses  are  in  the  nature  of  profit  sharing  with 
those  who  have  contributed  most  in  a  general  way  to  the 
company's  success. 

The  tol^il  value  of  stock  at  actual  cost  to  the  company, 
which  may  be  awarded  each  year  under  class  "B"  is  ap- 
proximately 7  per  cent  of  the  surplus  left  from  earnings  after 
the  payment  of  debenture  stock  dividend  and  5  per  cent  div- 
idend on  the  common  stock.  Class  "B"  bonuses  are  awarded 
the  first  of  the  year  and  can  only  be  given  to  employes  who 
have  been  with  the  company  for  at  least  two  years,  although 
exceptions,  in  special  cases,  to  this  rule — as  to  time  of  serv- 
ice— may  be  made  if  approved  by  an  affirmative  vote  of  three- 
fourths  of  the  executive  committee. 

Recommendations  for  bonuses  are  made  by  the  heads  of 
departments  who  give  the  name  and  character  of  duties  of 
each  employe  recommended,  the  amount  of  bonus  recom- 
mended, the  reasons  therefore,  and  the  name  of  the  officials 
approving  the  same.  These  recommendations  are  acted  upon 
by  the  executive  committee. 

The  executive  committee  appoints  a  bonus  trustee  who  has 


the  management  of  all  matters  relating  to  the  bonus  granted. 
When  bonuses  are  awarded,  a  certificate  for  the  number  of 
shares  allotted  to  each  beneficiary  is  issued  in  his  name  and 
delivered  to  the  bonus  trustee,  who  holds  the  certificate  until 
they  are  finally  delivered  to  the  beneficiary. 

The  bonus  trustee  opens  an  account  with  each  beneficiary, 
charging  him  with  the  par  value  of  the  stock  awarded  and 
crediting  him  each  month,  beginning  with  January  of  the 
year  in  which  the  award  is  made,  with  one-sixtieth  of  its 
par  value.  Thus,  at  the  end  of  five  years  when  the  credits  so 
made  equal  the  debits  the  bonus  trustee  delivers  to  each 
beneficiary,  who  has  remained  continuously  in  the  company's 
employ  during  that  period,  the  certificates  of  stock  free  from 
all  restrictions. 

If  a  beneficiary  leaves  the  service  of  his  own  volition, 
or  is  dismissed  because  of  unsatisfactory  service,  that  por- 
tion of  his  bonus  represented  at  the  time  by  the  debit  bal- 
ance in  his  account  reverts  to  the  company  and  a  certificate 
for  the  portion  of  his  bonus  represented  by  the  total  credits 
of  his  account  are  delivered  to  the  beneficiary  free  from  all 
restrictions,  provided,  however,  that  no  fractional  share  is 
issued  and  that  the  company  shall  purchase  any  fractional 
share  to  which  the  beneficiary  is  so  entitled  for  cash  at  par. 

Upon  the  death  of  the  beneficiary  the  bonus  trustee  de- 
livers the  certificate  or  certificates  evidencing  the  total  bo- 
nuses awarded  him  to  the  executor  or  administrator  of  his 
estate. 

There  are  a  number  of  other  employes'  benefits,  such  as 
the  "Stock  Purchase  Plan,"  the  "Merit  Pay  Plan,"  which  is 
confined  to  workmen  at  the  plants,  and  the  group  "Insurance 
for  Employes." 


Time  Tests  of  Loading  65-lb.  Rail  on  Flat 
Car  by  Hand 

The  following  data  were  obtained  on  work  done  near  Ypsi- 

lanti,  Mich.,  on  the  Michigan  Central  R.  R.,  on  April  12,  1917. 

The   gang   consisted   of  the   following: 

1  foreman  at $90.00  per  month 

1   timekeeper  at    "5.00  per  month 

1  cook  at    2.10  per  day 

1  water  bov  at 2.10  per  day 

15  laborers  "at   2.10  per  day 

The  equipment  consisted  of  two  hand  cars. 

The  gang  was  surfacing  tracks  near  Milepost  29  until  11:30 
a.  m.  It  then  knocked  off  for  V-  hour  for  dinner.  The  trans- 
porting of  the  men  consumed  40  minutes  for  a  distance  of  3 
miles  to  a  point  (Milepost  32)  on  the  main  track  opposite  the 
pile  of  rails  to  be  loaded. 

The  material  loaded  consisted  of  102  odd  lengths  of  used 
rail  including  2,756  ft.  of  65-lb.  rail  and  20  ft.  of  80-lb.  rail. 

The  labor  time  distribution  was  as  follows: 

T^eft  mile  post  20  at  12:00. 

.Arrived  mile  post   :{2  at  12:40. 

I..oaded  rail  and  lumber  from  12:40  to  3:45:   t'nis  includes  delays. 

I.,eft  mile  post  32  at  3:45. 

Arrived  mile  post  21>  at  4:10. 

Delays  in  loading  the  rails  were  as  follows: 

Minutes. 
Stopped  at  Ypsilanti  station  for  foreman  to  receive  reports 

of  tr.ains    S 

Removing:  hand  cars  from  track 2 

Walking-  from  hand  cars  to  where  rails  lay 5 

Waiting  for  rails  to  he  measured  before  placing  on  flat  car         9>r4 

>rovina'  Hat  car  about  10  ft 3 

Moving    Mat    car   about    2. 000   ft.    (rails   were    in    two    piles 

:iliout   2  000    ft.    apart) 22 

Loading    lumber    35 

The  later  item  involved  the  loading  of  42  pieces  of  3  in.  x 

10  in.  x  16  ft.  planks  in  a  box  car.     The  lumber  lay  opposite 

the   pile   of  rails   so  no  time  was   lost  in   moving  from   rail 

to  lumber.     The  results  of  a  test  made  to  determine  the  time 

required  to  lift  and  throw  10  rails  on  flat  car  follow: 

15  se<:.  27  sec. 

38  sec.  40  sec. 

65  sec.  35  sec. 

18  sec.  20  sec. 

22  sec.  27  sec. 

It  will  be  noted  that  it  took  307  seconds  or  5  minutes,  7 

seconds  to  load  the  10  rails  (25  to  33  ft.  long).    This  gives  an 

average  of  %  minute  for  loading  each  rail.    "We  are  indebted 

to  Mr.  J^..  M.  Van  Auken,  Assistant  Engineer,  Monon  Route, 

for  the  above  information. 


Port  Works  for  Chile. — The  Chilean  parliament  on  Nov.  28 
authorized  a  loan  of  $25,000,000  for  the  construction  of  port 
works  at  Valdivia,  Lebu.  Constitucion  and  Talcalurano. 
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Improvements  in  Time  Study 
Methods 

Of  interest  lo  efficiency  engineers  or  others  concerned  with 
time  studies,  is  an  article  bearing  the  above  title  in  the  Aug- 
ust number  of  "Industrial  Management."  The  author,  Mr. 
A.  H.  Chubberly  of  the  E,  I.  du  Pont  de  Nemours  Co.,  says: 

Those  who  are  familiar  with  the  methods  followed  by  the 
average  time-study  man  cannot  help  hut  realize  that  there  is 
much  chance  for  improvement.  So  I  wish  to  point  out  a  few 
Improvements  that  will  help  time-study  men  to  increase  their 
own  efficiency,  and  to  make  more  accurate  and  a  greater 
number  of  studies  in  a  given  time. 

For  certain  purposes  it  may  suffice  to  divide  an  operation 
Into  large  enough  elements  to  require  only  one  entry  every 
two  or  three  minutes;  for  others,  an  entry  may  be  required  as 
often  as  seven  or  eight  or  more  times  in  one  minute.  Dur- 
ing the  writer's  experience  in  making  time  studies  containing 
short  time  elements,  the  need  has  often  been  felt  for  a  device 
to  hold  more  than  one  stop  watch,  so  that  one  could  be 
stopped  but  not  snapped  back  to  zero  while  another  could  be 
used  to  record  the  time  of  the  next  element.  It  would  then 
be  possible  to  make  entries  on  the  time  study  sheet  before 
the  registering  watch  was  snapped  back  to  zero,  and  with  such 
an  arrangement  it  was  thought  it  would  be  easier  to  make  ac- 
curate time  studies  provided  the  arrangement  for  operating 
the  two  watches  was  not  too  cumbersome. 

A  Four-Watch  Board. — A  time-study  board  was  devised  to 
meet  this  requirement.  This  device  has  four  watches.  Three 
are  decimal  timers  and  one  is  an  ordinary  cheap  day  watch. 
The  two  watches  on  the  left-hand  side  of  the  board  are  con- 
nected by  a  tandem  control  so  that  by  operating  a  single 
lever  the  first  watch  is  stopped  and  the  second  watch  is 
started,  and  by  operating  the  same  lever  in  the  opposite  di- 
rection the  second  watch  is  stopped  and  the  first  watch  is 
started.  To  snap  either  watch  back  to  zero,  the  stem  at  the 
top  is  used. 

In  making  studies  of  repetitive  operations.  It  Is  good  prac- 
tice to  observe  the  operation  for  a  short  while  before  at- 
tempting to  record  any  elapsed  time  readings.  Then  the 
elements  of  the  operation  are  written  down  in  advance  in  the 
order  of  their  occurrence.  If  the  same  operation  is  done 
differently  by  different  operators,  the  time-study  sheets  will 
show  the  actual  methods  of  each  operator.  Later  on,  when 
a  standard  practice  instruction  card  is  being  made  out,  the 
sequence  of  operations  which  is  the  most  desirable  may  be 
adopted. 

Advantages  of  the  Four-Watch  Board.— Another  advantage, 
and  perhaps  the  most  important  from  the  standpoint  of  sav- 
ing the  time-study  man's  time  and  increasing  the  observer's 
efficiency  while  making  studies,  is  that  when  one  watch  is 
stopped  at  the  elapsed  time  for  an  element  the  other  watch  is 
started  automatically  by  the  same  movement.  This  watch 
that  was  stopped  continues  to  register  the  time  elapsed  until 
It  Is  snapped  back,  which  need  not  be  until  after  the  entry 
has  been  made  on  the  sheet.  It  may  then  be  snapped  back 
to  zero  where  it  will  remain  until  the  other  watch  is  stopped 
when  it  will  again  start  automatically  to  record  the  time 
elapsing  for  the  next  element. 

The  two  watches  on  the  right-hand  side  of  the  board  both 
run  continually,  one  registering  hours  and  minutes  and  the 
other  registering  minutes  and  hundredths  of  a  minute.  In 
the  illustration,  the  second  hand  on  the  day  watch  is  shown 
making  one  revolution  to  each  revolution  of  the  decimal  hand 
on  the  stop  watch.  The  half-hour  hand  of  the  stop  watch 
makes  two  revolutions  for  each  revolution  of  the  hour 
hand  on  the  ordinary  watch.  After  using  this  time-study 
board  for  some  time,  however,  it  was  noted  that  the  second 
hand  on  the  day  watch,  and  the  half-hour  hand  on  the  stop 
watch  were  not  needed  and  it  was  an  improvement  which 
simplified  things  somewhat  to  have  them  removed.  Accord- 
ingly, the  time  study  boards  now  in  use  by  the  writer  have 
no  second-hand  on  the  day  watch  and  no  half-hour  hand  on 
the  one  stop  watch. 

These  watches  that  run  continually  are  used  to  record 
starting  or  finishing  exact  time  of  any  complete  cycle  or  oper- 
ation, and  are  also  useful  to  check  up  the  individual  cycles. 

The  watches  running  under  tandem  control  make  one  com- 
plete revolution  per  minute  and  each  minute  is  divided  dec- 
imally into  100  parts.  Each  one-hundredth  part  of  a  minute 
Is  measured  off,  by  three  quick  jumps  of  the  decimal  hand. 


When  one  watch  is  stopped  and  the  other  started,  there  Is 
the  possibility  of  an  error  equal  to  one  of  these  small  Jumps  or 
about  one  three-hundredth  part  of  a  minute.  Therefore.  If 
the  recording  watches  are  reversed  quite  a  number  of  times, 
there  might  be  a  small  loss  when  the  total  of  times  recorded 
are  checked  up  with  the  difference  between  the  time  of 
starting  and  the  time  of  finishing  as  shown  by  the  two  watches 
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Specimen  Time  Study  Sheet, 
that  run  continuously.  However,  one  of  the  greatest  ad- 
vantages of  making  time  studies  with  this  device  is  the  pos- 
sibility of  obtaining  time  studies  covering  60  full  minutes  for 
every  hour  of  the  observations.  It  will  also  be  possible  to 
check  up  the  total  time  of  all  elements  shown  in  any  cycle 
against  the  actual  time  elapsed  as  shown  by  the  readings 
from  the  day  watch  and  decimal  timer  correct  to  the  same 
part  of  a  minute  as  recorded  by  the  tandem  stop  watches. 


CHART  SHOWING  T1ME5  OF  MOTIONS 

OF  THE  PRESENT AVERASECYCLE 


CHART  SHOWING  TIMES  OF 

PfOTOSEO  STANDARD  CVCLE. 


Graphic   Illustration   of   Average   and   Proposed   Cycle. 

If  any  element  of  the  operation  or  time  has  elapsed,  which 
is  not  accounted  for,  it  will  immediately  show  up  during  the 
checking  process.  On  the  other  hand,  if  the  total  time  of 
Clements  observed  checks  up  it  will  prove  absolutely  that  the 
total  Umes  shown  In  the  studies  are  true  and  correct. 

Reading  Continuously  Running  Watches.— To  read  the  hour, 
minutes,  and  the  hundredth  parts  of  a  minute  accurately  on 
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watches  that  are  running  continuously,  It  is  hest  to  note  the 
elapsed  time  recorded  by  reading  from  the  decimal  hand 
first,  as  follows:  ".20  after  9:30."  It  should  he  written  thus; 
"9:30.20."  It  is  then  possible  at  any  later  time  that  may  be 
convenient  to  determine  the  amount  of  time  elapsed  between 
the  starting  and  the  finishing  of  the  extra  cycle  or  operation 
by  deducting  the  time  which  had  elapsed  at  the  start  from 
the  time  which  had  elapsed  at  the  finish  of  the  extra  cycle 
or  operation  observed. 

When  making  speed  studies  of  machines  or  operations,  it 
is  desirable  to  know  accurately  what  per  cent  of  the  total  time 
of  man  or  machine  is  spent  "waiting,"  and  what  per  cent  is 
spent  "working."  From  this  may  be  estimated  approximately 
the  amount  of  time  that  is  lost  which  might  be  applied  to 
production.  These  may  easily  be  obtained  when  using  the 
improved  device  by  adopting  the  plan  of  merely  running  one 
of  the  tandem  watches  to  record  "working"  and  the  other  to 
record  "waiting." 

No  matter  for  whatever  purposes  time  studies  may  be  taken, 
they  should  show  as  separate  elements  all  times  or  motions 
which  may  be  finally  combined  or  eliminated,  and  also  all 
other  information  so  arranged  that  the  results  are  plain  and 
convincing.  The  proper  conclusions  may  then  be  drawn 
promptly. 


Labor  and  Material  Requirements  for 
Painting  Railway  Sign  Boards 

Interesting  information  on  laoor  and  paint  requirements  for 
painting  railroad  signs  is  given  by  tests  made  at  the  paint 
shop  of  the  Middle  Division  of  Michigan  Central  R.  R.  For 
the  sign  bearing  the  inscription  "Danger.  No  thoroughfare. 
People  are  forbidden  to  come  upon  the  railroad  premises,"  the 
material  required  was  as  follows: 

Vi  lb.  white  lead  paint  mixed  (or  priming. 

^4  lb.  white  lead  paint  for   second  coat. 

Vs  lb.  lamp  black  mixed. 

3  oz.  putty. 

2  oz.  shellac. 

The  sign  was  18  in.  x  37  in.  inside  dimensions  and  was 
stenciled  on  one  side  only. 

The  labor  time  on  this  sign  was  as  follows: 

Minutes. 

Shellacing  knots   2 

Primii.g    6 

Puttying  nail  holes 2 

Applying    second    coat 5 

Stenciling: 

Fixing   stencil   on    sign    board 2 

Preparing   black    paint    5 

Daubbing    stencil    or    stenciling    letters 3 

Finishing    in    letters 6 

Painting  board  black 2 

Setting  up  signs  to  dry 2 

The  labor  time  for  signs  of  the  same  size  as  the  above  but 
lettered  on  both  sides  was  as  follows: 

Minutes. 

Fixing    stencil    ^     1 

Daubbing  stencil  or  stenciling  letters 7 

One  side  filling  in  letters,  per  side 7 

Daubbing  letters  or  stenciling  letters,   second   side..  6 

Finishing   in    letters,    second    side 6 

Panting  board  black 5 

The  foreman's  time  on  this  work  was  50  minutes  at  $95  per 
month.  Labor  lettering  was  paid  at  rate  of  34  ct.  per  hour; 
labor  for  priming  and  second  coat  was  at  rate  of  30  ct.  per 
hour.  White  lead  mixed  cost  10%  ct.  per  pound;  lamp  black 
mixed  cost  20  ct.  per  pound.  We  are  indebted  to  A.  M. 
Van  Auken,  Assistant  Engineer.  Monon  Route,  for  the  above 
information. 


Cost  of  Digging  Drainage  Ditch  with  Dragline. — A  gaso- 
line driven  1/2  cu.  yd.  drag  line  during  the  past  season  ex- 
cavated a  drainage  ditch  for  the  Modesto  Irrigation  District 
of  Stanislaus  County,  California,  at  a  cost  of  13  ct.  per  cubic 
yard.  This  figure  comprises  actual  running  expenses,  in- 
cluding labor  and  material,  but  not  interest  or  deprecation. 
The  material  excavated  was  50  per  cent  sandy  loam  and  50 
per  cent  clay  hard  pan.  The  ditch  had  a  G-ft.  bottom,  was  S 
ft.  deep,  with  slopes  of  1%  to  1.  It  was  approximately  2 
miles  in  length.  The  crew  included  one  operator  at  $200 
per  month;  one  oiler  at  $5  per  day  and  one  2-horse  team 
and  driver  at  $7  per  day.  The  quantity  of  earth  moved  per 
12-hour  shift  amounted  to  approximately  400  cu.  yd.  We  are 
indebted  to  P.  F.  Jones,  Chief  Engineer  of  the  district,  for 
the  above  information. 


The  Iron  Rule  vs.  the  Golden  Rule 

By  ROBERT  W.  SHELMIRE. 

A  survey  of  any  library  will  disclose  many  books  on  the 
science  of  management  and  the  principles  thereof,  but  how 
often  are  the  science  and  its  principles  absolutely  correct?  Is 
there  not  a  great  deal  of  human  opinion  mixed  up  with  these 
principles? 

A  principle,  it  should  be  understood,  is  an  unchanging  rule. 
One  which  is  correct,  reliable  and  if  rightly  applied  no  mis- 
takes could  be  made.  Such  are  the  principles  of  geometry, 
algebra  and  arithmetic.  Errors  may  be  made,  but  knowing 
the  principle,  the  figures  can  be  revised  and  the  correct  solu- 
tion always  be  obtained. 

John  D.  Rockefeller  says,  "I  believe  that  the  application  of 
right  principles  never  fails  to  effect  right  relations."  Upon 
analjsis,  this  statement  indicates  that  it  is  not  a  matter  of 
belief  but  actual  knowledge.  Right  relations  come  from  the 
application  of  right  principles.  It  never  fails;  but  what  are 
these  principles? 

In  my  investigations  of  this  problem  I  have  come  to  the 
conclusion  that  we  have  been  trying  to  get  to  the  top  of  the 
ladder  at  one  jump  rather  than  climbing  it  round  by  round. 
The  Golden  Rule  in  industry  has  been  suggested  many  times 
by  many  people,  but  seldom  applied.  Why  experiment  with 
scientific  formulae  until  this  simple  little  rule,  "Whatsoever 
ye  would  that  men  should  do  to  you,  do  ye  even  so  to  them," 
is  put  into  practice?  If  it  was  right  2,000  years  ago  it  is 
surely  right  today.     Why  not  give  it  a  good  trial? 

The  old  method  of  management  was  by  the  Iron  Rule.  Let 
no  one  believe  for  a  moment  that  this  rule  is  now  obsolete. 
Evidence  of  this  fact  exists  all  around  us  hut  there  is,  how- 
ever, a  chanfAcd  atmosphere. 

Straw-boss,  foreman,  manager  have  learned  to  be  less  arro- 
gant. Capital  and  labor  have  both  learned  that  neither  have 
absolute  power  over  the  other.  This  change  has  been  brought 
about  not  so  much  from  any  desire  to  do  right  but  from  fear 
of  the  consequences  of  doing  wrong.  There  still  exists  in  the 
minds  of  a  large  proportion  of  the  people  an  inordinate  greed, 
a  selfish  desire  to  have,  to  control,  to  dominate.  This  is  the 
principle  of  the  Iron  Rule. 

A  contractor  agrees  to  pay  double  time  at  night  and  the 
men  refuse  to  work  in  the  daytime.  A  clerk  asks  for  a  raise 
and  his  employer  says,  "You  can  quit  if  you  are  dissatisfied." 
The  profiteer  mulcts  the  public  in  every  way  possible.  We 
claim  to  be  a  Christian  nation,  but  is  this  Christian?  Did 
Christ  teach  these  things?  Did  he  say,  "Do  others  or  they 
will  do  you?' 

Now  few  of  us  like  to  be  preached  to  but  as  a  plain  busi- 
ness proposition  it  can  be  proved  that  it  pays  to  supplant  the 
Iron  Rule  with  the  Golden  Rule. 

The  cry  today  is  greater  production.  How  can  we  produce 
more  with  less  men  working  shorter  hours?  Change  the  state  of 
mind  from  one  of  selfishness  to  one  of  desire  to  "do  unto 
others"  and  the  problem  would  be  solved  immediately.  This 
is  quite  impossible  of  instant  achievement  of  course,  but  it  is 
possible  to  make  the  beginning. 

Provide  the  conditions  which  create  an  interested  worker. 
Train  him  to  do  his  work  properly.  Give  him  some  responsi- 
bility. Pay  him  more  than  enough  to  live  on.  Bar  all  pa- 
ternalistic welfare  schemes.  Eliminate  so  far  as  possible  the 
uncertainty  of  work.  Share  the  profits  with  him.  Do  these 
things  and  you  will  find  it  pays.  It  increases  the  morale 
which,  after  all,  is  the  thing  most  desired.  The  worker  must 
know  that  the  employer  is  giving  him  a  square  deal  and  both 
need  to  get  each  other's  viewpoint.     Try  the  Golden  Rule. 

Engineers  and  Architects  Co-operate  for  City  Planning  and 
Zoning. — Co-operative  efforts  are  being  made  in  Philadelphia 
between  the  architects,  engineers  and  other  allied  professions 
and  organizations  for  city  planning  and  zoning.  At  a  meet- 
ing last  week  the  Philadelphia  Planning  Conference  adopted 
an  outline  for  a  permanent  organization,  the  purpose  of  which 
shall  be  "To  provide  means  for  co-operation  between  organ- 
izations interested  in  the  physical  development  of  the  metro- 
politan area  of  Philadelphia."  This  organization  is  the  out- 
growth of  a  meeting  held  at  the  invitation  of  the  Engineers" 
Club  of  Philadelphia  when  delegates  from  some  35  civic  agen- 
cies and  city  departments  and  bureaus  met  on  Oct.  10,  1919, 
to  consider  provisions  of  the  new  city  charter  wherein  it  is 
optional  with  tlie  new  administration  to  create  commissions 
on  city  planning  and  zoiring.  D.  Knickerbocher  Boyd  is 
chairman  of  the  executive  committee. 
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Selling  Construction  Service  by 
Correspondence* 

By  CHARLES  F.  DING  MAN, 
Engineer,  Flynt  Building  &  Construction  Co. 
Engineering  and  construction  organizations  can  use  the 
letter  as  a  business  getter  to  an  extent  that  may  surprise 
them.  My  experience  has  been  that  well-written  letters  can 
save  thousands  o£  dollars  in  traveling  expenses  each  year,  to 
say  nothing  o£  the  time  saved  through  the  elimination  of  pre- 
mature and  unnecessary  calls;  and  still  bring  in  all  the  busi- 
jiess  that  the  organization  can  properly  handle. 

This  does  not  mean  that  letters  will  bring  in  orders  for 
buildings  in  the  same  way  that  they  might  for  baby  carriages, 
but  we  have  demonstrated  conclusively  that  the  right  kind  of 
letters  will  so  pave  the  way  as  to  enable  the  salesman  to  get 
all  preliminary  details  shaped  up  and  enable  them  to  talk 
actual  business  on  the  first  call.  We  used  to  find  it  necessary 
to  follow  a  prospect  sometimes  through  three  or  four  inter- 
views before  we  began  to  get  really  "under  the  skin." 

One  hundred  and  seventy-three  thousand  dollars  in  a  single 
contract  from  a  single  letter  seems  like  a  lot  to  claim,  yet  I 
have  the  word  of  a  client  that  he  chose  our  organization  from 
several  that  were  competing,  for  the  reason  that  while  we  re- 
frained from  calling  and  taking  up  his  time  with  long  inter- 
views, our  letter  told  him  about  our  service  in  such  a  manner 
as  to  show  him  that  he  would  get  the  greatest  satisfaction 
from  his  investment  by  dealing  with  us.  This  was  by  no 
means  a  competition  of  prices,  for  we  received  the  contract 
on  the  basis  of  cost  plus  ten  per  cent. 

What  might  be  considered  as  our  first  step  toward  adver- 
tising was  the  writing  of  individual  letters  to  prospective 
clients  whose  names  were  obtained  from  trade  reports  and 
other  sources.  They  were  of  the  ordinary  conventional  or 
trapped  type,  written  from  our  own  standpoint,  and  as  may 
be  expected,  produced  no  more  than  the  usual  amount  of  busi- 
ness that  comes  from  such  letters.  It  was  not  until  we  had 
given  study  to  this  phase  of  salesmanship  that  we  developed 
a  letter  that  could  be  depended  upon  to  produce  favorable  re- 
plies. 

The  principle  underlying  all  these  letters  was  that  of  an 
offer  of  service.  We  never  mentioned  selling  the  prospect 
anything  until  he  had  broached  that  subject  himself.  Of 
course,  we  never  failed  to  tell  of  the  expert  service  rendered 
by  our  various  departments,  but  our  primary  appeal  was  sim- 
ply an  offer  of  service  in  any  manner  that  would  be  helpful  to 
the  prospect,  a  promise  to  relieve  him  of  all  those  bothersome 
details  which  some  people  believe  to  be  inherent  in  building 
operations.  * 

The  remarkable  success  which  attended  the  use  of  these 
semi-individual  letters  induced  us  to  try  the  plan  of  circular- 
izing a  large  list  of  industries  which  we  thought  would  sooner 
or  later  be  in  need  of  more  buildings,  instead  of  waiting  until 
we  learned  through  trade  reports  that  they  actually  contem- 
plated such  work. 

Our  first  circulars  were  in  the  form  of  folders,  each  month 
of  a  different  shape,  but  always  with  a  return  card. 

These  produced  fairly  satisfactory  results,  but.  even  though 
I  understand  that  it  is  considered  axiomatic  in  the  advertis- 
ing profesfiion  that  we  must  make  it  easy  for  the  prospect  to 
reply,  it  was  not  until  we  adopted  the  plan  of  sending  each 
month  a  short  letter,  printed  in  "typewriter"  face  type  on  an 
ordinary  press  and  without  any  reply  card,  that  we  began  to 
get  inquiries  which  we  are  turning  into  business. 

We  use  a  selected  list  which  consists  of  the  managing 
Tieads  of  the  manufactories  in  the  industries  to  which  we 
cater  and  in  selected  territory.  We  never  send  our  advertis- 
ing matter  unless  we  have  an  individual  name  to  address  it  to. 
The  gratifying  feature  of  this  is  that  business  obtained  thus 
is  obtained  through  salesmanship  and  through  the  superior 
value  of  the  service  to  be  renderd.  It  is  free  from  destruc- 
tive price  competition. 

While  we  try  to  have  our  circulars  neatly  and  attractively 
gotten  up,  printed  on  a  fairly  good  grade  of  stock  and  prop- 
erly illustrated,  we  realize  that  as  models  of  the  copy  writer's 
art  or  as  masterpieces  of  the  layout  man's  craftsmanship  they 
might  not  draw  a  single  prize.  But  our  study  of  the  results 
obtained  leads  us  to  believe  that  the  average  factory  owner 
or  manager  will  pay  more  attention  to  a  few  short  sentences 


of  plain  statement  printed  on  a  fairly  plain  lay-out  than  he 
will  to  a  very  artistic  work  that  lacks  the  few  plain  state- 
ments. A  circular  full  of  useful  information  is  frequently 
filed  for  reference.  Often  an  Inciuiry  comes  in  which  we  can 
tell  was  inspired  by  a  circular  several  months  old. 

Since  our  proposition  is  addressed  directly  to  the  utili- 
tarian sense,  our  advertising  is  dressed  in  clothes  that  are  in 
harmony  with  its  nature. 

The  inquiries  which  come  to  us  through  our  advertising 
usually  reach  us  before  the  prospective  client's  project  has 
fully  crystallized.  This  gives  us  a  chance  to  afford  the  client 
the  benefit  of  our  experience  and  frequently  enables  him  to 
plan  a  much  more  economical  building  than  would  otherwise 
be  practicable.  It  also  gives  us  the  much  desired  opportunity 
to  educate  him  to  see  the  advantages  he  gains  by  engaging 
a  construction  organization  on  the  same  basis  as  he  engages 
any  other  professional  service. 

In  cases  where  a  manufacturer,  or  other  building  owner, 
has  had  a  loss  through  fire,  we  write  immediately  and  offer 
the  services  of  our  engineering  department  to  assist  in  ad- 
justing the  insurance  or  in  any  other  way  that  will  help  to 
minimize  the  inconvenience  and  to  get  things  going  again. 
We  do  not  stress  the  fact  that  we  would  like  to  get  the  con- 
tract to  rebuild  as  much  as  we  do  our  desire  to  be  of  assist- 
ance. 

There  was  one  case  where  I  should  have  had  the  opportu- 
nity to  say  that  letters  did  the  whole  thing,  if  I  had  waited  an- 
other day.  It  happened  that  I  was  passing  the  office  of  a 
prospective  client  with  whom  I  had  been  corresponding.  1 
called.  In  response  to  my  question,  "Is  there  are  reason  why 
I  can't  take  that  contract  for  the  service  station  back  with 
me?"  he  replied:  "No,  I  was  going  to  write  you  to  that  effect 
tonight"  So  the  letters  had  really  sold  the  building  for  me. 
I  had  never  called  upon  the  client  before. 

Most  of  the  campaigns  conducted  in  behalf  of  engineering 
or  construction  organizations  seem  to  follow  rather  too 
closely  the  procedure  used  in  promoting  a  tangible  com- 
modity. This  has  been  possible  because  the  organization  be- 
ing exploited  had  some  one  feature  of  its  service  which  it  ac- 
centuated above  everything  else  and  the  campaign  hinged 
upon  that.  Most  notable  in  that  class  are  those  campaigns 
which  exploit  standardized  types  or  designs  of  buildings. 

The  campaign  which  I  have  described  differed  from  these 
in  that,  on  the  one  hand,  it  aimed  to  exploit  service  only,  and, 
on  the  other  hand,  was  evolved  as  it  went  along  instead  of 
being  fully  planned  in  the  beginning.  I  realize  that  the  more 
scientific  way  is  to  plan  the  entire  campaign  fully  in  advance, 
but  this  one  started  without  any  intentions  of  being  a  real 
advertising  campaign  and  grew  up  to  be  one  later. 


*From    Printers   Ink. 


The  Need  for  Railroad  Expansion 

It  is  a  matter  of  general  knowledge  that  the  railroad  prob- 
lem is  one  of  the  most  serious  confronting  the  country  today. 
Anyone  using  the  railroads,  either  for  travel  or  for  shipping. 
is  aware  that  the  present  railway  facilities  are  far  behind 
present  requirements;  and  while  the  nearly  two  years'  trial  of 
government  operation  has  been  under  the  handicap  of  unusual 
war  conditions,  no  opponent  of  government  ownership  and  op- 
eration would  claim  that  the  lack  of  adequate  facilities  is  due 
to  government  operation.  It  is  nevertheless  true  that  from 
the  very  nature  of  things,  the  period  of  government  operation 
has  not  improved  the  conditions. 

Mr.  Samuel  O.  Dunn,  in  an  editorial  in  the  Railway  Age.  has 
made  a  rather  careful  analysis  of  the  railway  satisfies  and 
draws  some  conclusions  which  should  be  of  interest  in  view  of 
the  pending  railroad  legislation  in  congress.  Briefly  summar- 
ized, his  figures  and  conclusions  are  as  follows: 

In  the  10  vears  from  June  30,  1905,  to  June  30.  1915,  the  in- 
crease in  the  freight  business  was  61  per  cent  and  the  in- 
crease in  the  passenger  business  45  per  cent.  Meantime,  the 
investment  made  in  new  facilities  was  $5,300,000,000,  or  44  per 
cent.  The  increase  in  freight  business  since  the  year  ended 
June  30,  1915,  has  been  57  per  cent,  and  the  increase  in  pas- 
senger business  32  per  cent,  each  being  almost  as  great  as  it 
was  in  the  preceding  10  years.  If  the  new  investment  had 
been  as  great  in  proportion  to  the  increase  in  traffic  during 
the  last  four  and  a  half  years  as  it  was  during  the  preceding 
10  years  it  would  have  been  about  $5,000,000,000.  As  a  matter 
of  fact,  it  has  been  less  than  $1,900,000,000.  Furthermore,  be- 
cause of  advances  in  wages  and  in  prices  of  materials,  a  dol- 
lar would  not  buy  during  the  last  iVz  years  more  than  two- 
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thirds,  and  perhaps  not  more  than  one-halt  as  much  as  It 
would  buy  on  the  average  during  the  preceding  10  years. 
Therefore,  equated  on  the  1905-1915  basis  of  the  value  of 
money,  the  investment  during  the  last  41/2  years  has  been  only 
about  11,300,000,000. 

Assuming  that  investment  should  have  been  made  during 
this  4%  years  as  fast  in  proportion  to  the  increase  of  traffic  as 
it  was  during  the  preceding  ten  years,  the  investment  in  the 
railways  has  fallen  behind  approximately  $3,700,000,000  dur- 
ing this  time.  But  that  is  stating  the  deficiency  in  the  pre- 
war value  of  money.  In  the  year  1919  two  dollars  will  not 
buy  a  railroad  any  more  labor,  equipment  and  materials  than 
a  dollar  would  on  the  average  in  the  years  1905-1915.  The 
average  wage  of  an  employe  is  now  125  per  cent  higher  than 
it  was  then.  Now,  the  deficiency  of  investment  must  be  made 
up  in  dollars  of  the  present  value.  On  that  basis  it  would 
take  over  $7,000,000,000  to  make  up  the  deficiency  in  railroad 
investment  which  has  been  allowed  to  accrue  since  1915. 

Great  Increase  of  Traffic — Little  Increase  of  Facilities. — 
This  deficiency  in  investment  is  strongly  reflected  in  the  re- 
markably small  increase  in  facilities  which  has  been  made. 
During  the  ten  years  ending  with  1915  the  increase  in  the 
freight  traffic  of  the  country  was  61  per  cent  and  the  increase 
in  the  number  of  freight  cars  in  service  was  36  per  cent.  Dur- 
ing the  last  iVz  years  the  increase  in  the  freight  traffic  of  the 
country  has  been  57  per  cent  and  the  increase  in  the  number 
of  freight  cars  in  service  has  been  only  about  5  per  cent. 

Between  1905  and  1915  the  increase  in  passenger  traffic  in 
this  country  was  45  per  cent  and  the  increase  in  the  number 
of  passenger  cars  in  service  was  36  per  cent.  Since  1915  the 
increase  in  passenger  business  has  been  32  per  cent  and  there 
has  been  practically  no  increase  in  the  number  of  passenger 
cars.  The  increase  in  the  number  of  locomotives  in  the  coun- 
try in  the  10  years  from  1905  to  1915  was  30  per  cent.  In 
spite  of  the  enormous  increase  of  traffic  since  1915  there  has 
been  practically  no  increase  in  the  number  of  locomotives. 
The  increase  in  the  railroad  mileage  of  the  country  between 
1905  and  1915  was  over  40,000  miles,  or  over  4.000  miles  a 
year.  There  has  been  almost  no  increase  in  mileage  at  all  in 
the  last  four  years,  the  mileage  torn  up  or  abandoned  being 
practically  equal  to  that  built.  There  has  been  a  great  in- 
crease in  the  efficiency  with  which  railway  facilities  have 
been  used  in  recent  years — most  of  this  increase  having  taken 
place  under  private  management  during  1916  and  1917 — and 
therefore  it  undoubtedly  would  be  an  exaggeration  to  assume 
that  there  must  be  an  investment  of  $7,000,000,000  to  make 
good  the  deficiency  which  has  accrued  since  1915.  But  allow 
all  that  we  dare  for  that  increase  of  efficiency,  and  cut  the 
estimated  deficiency  in  half,  and  you  will  still  have  a  de- 
ficiency to  make  good  of  $3,500,000,000. 

With  a  deficiency  of  at  least  $3,500,000,000  to  make  good  and 
an  investment  of  at  least  $1,000,000,000  a  year  required  to 
provide  for  the  growth  of  business,  it  follows  that  the  rail- 
ways, it  they  are.  to  provide  for  the  needs  of  American  com- 
merce, must  raise  and  invest  at  least  $6,000,000,000  or  $6,500,- 
000,000  of  new  capital  within  the  next  3  years,  if  they  are  to 
catch  up  with  the  needs  of  the  country.  This  is  a  conserv- 
ative estimate.  They  ought  to  acquire  within  that  time,  for 
example,  about  800,000  freight  cars,  20,000  locomotives  and 
10,000  passenger  cars  and  to  provide  other  facilities — new 
lines,  tracks,  sidings,  yards,  terminals,  roundhouses,  shops, 
and  so  on — in  proportion. 

It  has  become  impossible  for  the  railroads  to  handle  all  the 
traffic  which  is  offered  to  them  at  any  time  when  the  country 
is  producing  to  anywhere  near  the  limit  of  its  capacity.  In 
the  fall  of  1917  the  Railroads'  War  Board  warned  the  govern- 
ment that  even  then  it  had  become  impossible  to  handle  all 
the  available  freight  and  that  if  the  essential  war  traffic  was 
to  be  handled  the  so-called  "non-essentials"  would  have  to  be 
excluded.  In  1918,  under  government  operation,  in  spite  of 
the  fact  that  the  government  had  almost  unlimited  power  and 
the  advantage  of  $577,000,000  worth  of  additional  facilities 
the  railway  companies  had  provided  in  1917.  it  was  able  to  in- 
crease the  freight  handled  only  2  per  cent,  and  it  found  it  nec- 
essary constantly  to  embargo  many  kinds  of  commodities. 
Last  spring,  when  the  railways  lost  a  large  amount  of  war 
business,  there  was  a  temporary  surplusage  of  cars,  but  as 
soon  as  the  country  began  to  produce  again  on  a  peace  basis 
this  surplusage  disappeared  and  during  recent  months  it  has 
again  been  impossible  to  handle  all  the  available  freight. 

It  has  been  impossible  to  furnish  sufficient  cars  to  the  coal 
mines  and  that  has  cut  down  the  production  of  coal.     It  has 


been  impossible  to  furnish  enough  cars  for  the  movement  of 
lumber  and  that  has  curtailed  the  production  of  lumber.  It 
has  been  impossible  to  furnish  enough  cars  for  the  movement 
of  wheat  and  that  has  curtailed  the  movement  of  wheat.  The 
various  state,  municipal  and  other  governments  have  appro- 
priated $633,000,000  to  be  spent  during  the  next  year  in  build- 
ing new  roads.  Those  roads  can't  be  built  simply  because 
the  railways  can't  handle  the  materials. 

Railways  Limiting  Factor  In  Production. — People  talk  about 
the  need  for  an  increase  in  production.  There  is  great  need 
of  an  increase  of  production,  but  there  cannot  be  any  further 
substantial  increase  of  production  in  this  country  until  there 
has  been  a  substantial  increase  in  the  facilities  of  transporta- 
tion, because  there  can  be  no  substantially  increased  produc- 
tion without  increased  transportation.  Unless  there  is  in- 
vested in  new  railroad  facilities  within  the  next  3  years  at 
least  $6,000,000,000  of  new  capital,  it  is  a  perfectly  safe  pre- 
diction that  3  years  from  now  the  railroads  will  still  be  un- 
able to  move  all  the  commodities  that  country  can  produce; 
and  regardless  of  the  amount  of  new  investment  made  in  rail- 
roads meantime  there  will  not  be  a  year  in  the  next  three,  un- 
less there  is  a  severe  depression  in  general  business,  when  the 
railroads,  whether  under  government  or  private  management, 
will  be  able  to  move  all  the  traffic  which  the  industries  of  the 
country  can  offer. 

Many  people  seem  to  think  that  as  soon  as  the  railways  are 
returned  to  private  operation  there  will  be  a  restoration  of  the 
good  freight  and  passenger  service  which  formerly  was  ren- 
dered. The  good  service  formerly  rendered  will  not  be  re- 
stored immediately  or  very  soon  after  a  return  to  private  op- 
eration because  the  cars,  locomotives,  tracks  and  yards  re- 
quired to  render  it  do  not  and  will  not  exist.  They  can  be 
provided  only  by  a  vast  expenditure  of  new  capital,  and  unless 
there  is  a  vast  expenditure  of  new  capital  they  never  will 
exist. 

Having  provided  means  of  preventing  abuses  in  financial 
management  in  future  the  public  must  also  in  its  own  interest 
in  some  way  assure  to  those  who  make  investments  in  rail- 
ways that  they  will  be  given  opportunity  to  derive  a  reason- 
able return  from  their  investments. 


Intensity  of  Pressure  on  Rails 

A  sub-committee  of  the  American  Railway  Engineering  As- 
sociation has  reported  in  Bulletin  No.  218  on  some  experi- 
ments with  rails  to  determine  the  intensity  of  pressures  from 
rolling  wheel  loads.  The  rail  specimens  were  prepared  by 
drilling  the  head  with  very  small  holes,  which  were  then 
reamed  taper  and  fitted  with  measuring  plugs,  with  the  idea 
that  any  closure  of  the  holes  could  be  measured  by  the  lesser 
penetration  of  the  plugs.  These  holes  were  drilled  at  dis- 
tances from  the  running  surface  which  were  expected  to  de- 
fine the  limits  of  the  fiow  produced  and  depths  were  chosen 
of  approximately  %  to  %  in.,  varying  by  16ths.  Other 
tapered  holes  were  drilled  from  the  under  side  of  the  head 
upward,  nearly  to  the  running  surface. 

When  the  test  rail  (M)  thus  prepared,  was  placed  in  the 
machine  and  reciprocated  under  a  chilled  wheel  carrying  an 
initial  load  of  nominally  30.000  lb.  closure  of  all  holes  began 
at  once  and  gradually  increased  throughout  the  test.  After 
110,000  passes,  the  load  was  increased  to  nominally  that  of 
35,000  lb.  for  120,000  additional  passes,  with  the  effect  of 
somewhat  increasing  the  closing  rate. 

In  a  second  test  with  the  test  rail  A,  when  the  initial  load 
was  but  15,000  lb.,  increasing  by  steps  to  20,000  lb.,  25,000  lb. 
and  finally  30,000  lb.,  no  measurable  result  was  produced  at 
the  two  lower  loads,  but  slight  results  from  the  25,000  lb.  load 
and  the  final  effect  with  the  30,000  lb.  load  was  less  than  in 
the  original  test. 

Measurement  showed  that  in  all  tests  the  scleroscope  hard- 
ness of  the  metal  within  the  space  covered  by  the  wheel  con- 
tacts had  gradually  increased;  the  indications  were  that  the 
surface  hardness  produced  by  the  rolling  action  had  adapted 
the  rail  to  fin.ally  carry  with  little  deformation  loads  which,  if 
applied  initially,  would  have  produced  very  considerable  flow. 

It  is  to  be  noted  that  the  scleroscope  hardness  continued 
to  increase  during  the  service  test;  originally  but  27  on  the 
top  surface  of  the  head,  it  finally  reached  42  at  the  end  of  the 
test.  The  original  surface  scleroscope  hardness  is  lower  than 
that  observed  across  the  sawed  end  of  the  rail,  the  probable 
reason  being  the  surface  decarbonization  of  the  rail  during 
the  heating  process.     This  general  increase   in  the  surface 
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hardening  probably  explains  the  remarkable  wearing  qualities 
of  many  old  rails  which  were  surface  hardened  by  compara- 
tively light  loads  when  first  laid  and  as  a  result  they  subse- 
ouently  carried  heavy  loads  with  impunity. 

Subsequently,  these  two  pieces  of  rail  were  placed  In  track 
carrying  heavy  loaded  freight  tonnage  for  two  periods  of 
two  weeks  each.  A  surprising  increase  in  the  rate  of  flow- 
was  immediately  apparent  as  shown  by  the  closure  of  all  of 
the  holes  on  the  gage  side,  so  that  the  method  of  measuring 
by  tapered  plugs  could  no  longer  be  used. 

The  service  experiment  seems  to  indicate  that  with  this 
section  and  composition  of  rail,  the  load  of  25,000  lb.  per  car 
wheel  should  not  be  exceeded,  but  the  committee  is  not  pre- 
pared to  accept  this  as  a  general  conclusion.  The  intensity 
of  pressure  which  a  given  spot  on  the  head  of  a  rail  will  stand 
Is  evidently  influenced  by  the  resistance  of  the  metal  sur- 
rounding that  spot,  a  larger  or  differently  shaped  head  may 
yield  to  a  much  less  extent.  Some  of  the  New  York  Central 
experiments  show  that  where  the  wheel  and  rail  contour  fit, 
the  areas  of  contact  with  a  given  load  are  much  increased 
and  this  by  longer  contact  across  the  head.  If  but  one  wheel 
contour  and  but  one  rail  contour  existed  and  could  be  main- 
tained, this  would  go  far  toward  settling  the  question,  but  it 
must  be  remembered  that  with  the  existing  diversity  due  to 
modifications  of  the  original  contour  produced  by  service,  this 
ideal  condition  is  not  likely  to  be  reached.  It  is  very  certain 
that  the  practice  of  allowing  wheel  contours  to  depart  widely 
from  the  original  standard  before  renewal  or  returning  is  at 
the  direct  expense  of  severe  punishment  of  any  rail  section 
that  can  be  devised.  Moderate  pressure  may  be  expected 
where  rail  and  wheel  conform,  but  where  this  is  not  the  case, 
very  severe  kneading  of  the  steel  in  the  head  of  the  rail  may 
be  expected. 

The  New  York  Central  experiment  referred  to  was  based  on 
very  careful  measurement  of  the  area  of  contact  between 
wheel  and  rail  as  measured  on  very  thin  copper  sheets,  with 
a  locomotive  and  tender.  The  average  pressures  for  all 
wheels  in  two  tests  were  82,150  lb.  and  57,425  lb.  per  square 
inch,  respectively,  different  locomotives  and  different  rail 
being  used  in  the  two  tests. 

The  committee  freely  admit  that  the  scale  of  their  experi- 
ments is  too  small  to  justify  any  sweeping  conclusions.  There 
is  some  question  whether  the  presence  of  the  drilled  holes, 
constituting  mechanical  defects,  has  facilitated  flow  that 
would  otherwise  not  have  occurred.  The  general  distortion 
of  the  head,  not  confined  to  the  positions  of  the  holes,  indi- 
cates that  the  metal  in  the  head  was  in  a  condition  of  gen- 
eral flow. 

A  short  review  of  various  proposed  methods  of  treating 
rails  so  as  to  prevent  flow  in  the  head  due  to  excessive  loads 
is  appended  to  the  committee's  report  as  follows: 

Full  length  rail  of  both  100-lb.  and  125-lb.  P.  S.  section  have 
been  heat  treated  and  subsequently  placed  in  track  under  the 
heaviest  loaded  freight  movement  in  comparison  with  un- 
treated rail  from  the  same  heat.  The  rail  remained  in  the 
track  until  some  of  the  untreated  rail  had  reached  its  limit 
of  wear,  at  which  time  all  of  the  treated  and  untreated  rail  of 
hoih  sections  was  removed.  In  all  cases  the  heat  treated  rail 
showed  for  this  period  a  much  lower  rate  of  abrasion,  but  we 
■do  not  consider  the  results  conclusive  because  of  the  very 
small  amount  of  rail  and  because  the  only  safe  comparison  is 
to  continue  such  a  test  until  the  same  amount  of  metal  has 
1)een  abraded  from  the  heads  of  all  the  rail  under  test;  this 
for  the  reason  that  the  rate  of  abrasion  is  not  necessarily  pro- 
portionally the  same  during  the  entire  life  of  a  rail. 

It  can  be  positively  said  that  the  intensity  of  pressure  in 
this  case  was  well  within  the  capacity  of  the  rail  of  both  the 
100-lb.  and  125-:b.  sections. 

The  heat  treatment  for  this  rail  consisted  of  heating  in  a 
vertical  furnace  to  840"  C;  quenching  for  30  seconds  in  water 
at  25°  C;  and  annealing  at  450°  C.  for  two  hours.  The  dip- 
ping was  vertical. 

It  is  fair  to  say  that  no  mill  is  at  present  in  shape  to  heat 
treat  its  product.  To  do  so  would  entail  considerable  expense 
and  change  in  plant.  This  process  can  therefore  hardly  be 
■considered  as  an  available  one  at  the  present  time. 

There  has  been  offered  a  method  of  accelerated  cooling  of 
the  head  of  the  rail  by  blowing  air  or  steam  on  the  head 
alone,  it  bein.g  claimed  that  this  produces  a  hardening  of  the 
steel  and  refinement  of  the  grain  in  the  head.  While  this 
process  has  been  applied  to  some  experimental  rail,  the  com- 
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mittee  has  no  data  as  to  the  effect  of  the  treatment  In  In- 
creasing the  resistance  to  pressure. 

There  is  also  the  possibility  of  alloy  steels,  among  which 
the  manganese  is  best  known,  both  in  rail  and  in  froga  and 
crossings.  It  cannot  be  said  that  any  of  these  have  passed 
beyond  the  experimental  stage  and  we  merely  mention  them 
as  possibilities. 

Finally,  and  most  Immediately  available,  is  Increase  in  the 
weight  of  section  with  widening  of  the  head,  thus  safely  allow- 
ing of  some  hardening  and  also  distributing  the  weflr  over  a 
wider  section. 


Report  of  Am.  Elec.  Ry.  Ass'n.  on 
Concrete  Fence  Posts 

The  Committee  on  Buildings  and  Structures  of  the  Amer- 
ican Electric  Railway  Association,  at  the  October  meeting  In 
.\tlantic  City  submitted  a  report  on  concrete  posts  and 
methods  of  casting  for  same.  The  conclusions  arrived  at 
after  making  some  simple  tests  and  after  investigating  the 
methods  used  by  several  railroad  companies  are  abstracted 
from  the  report,  as  follows: 

Based  on  investigations  made  by  this  sub-committee  it 
would  seem  that  in  the  manufacture  and  use  of  concrete  posts 
the  following  conditions  must  be  considered:  Due  to  the 
price  of  reinforcing  steel,  cost  of  plant  and  manufacture,  also 
the  cost  of  transportation  of  the  finished  post  to  the  point  at 
which  it  is  to  be  used,  it  cannot  be  expected  that  the  first  cost 
of  the  concrete  post  will  compare  favorably  with  that  of  a 
wooden  post. 

If  a  concrete  post  is  properly  built  with  suflicient  amount 
of  reinforcement  and  sufficiently  rich  mixture  of  concrete  the 
post  suould  give  a  life  which  would  entirely  justify  its  cost. 
As  a  parallel  case  concrete  trolley  poles  which  can  be  built 
for  $14  or  $15  first  cost  will  give  satisfaction  comparable  with 
a  steel  pole  costing  $45,  but  of  course  do  not  compare  favor- 
ably in  cost  with  a  wooden  pole  which  might  be  used  instead, 
costing  only  $7.50. 

Some  of  the  concrete  posts  which  have  been  built  in  large 
quanties,  using  only  No.  6  steel  wires  for  reinforcing  the  4^ 
in.  diameter  top  post,  have  not  been  satisfactory,  although 
the  cost  has  been  low  enough  to  compare  very  favorably 
with  wooden  posts.  The  reason  for  the  failure  of  these  posts 
in  our  judgment  is  a  lack  of  sufficient  reinforcement,  the  re- 
inforcement is  too  close  to  the  surface  of  the  post  and  the 
concrete  mixture  does  not  contain  a  sufficiently  rich  mortar. 
As  the  strength  of  the  concrete  depends  entirely  upon  the 
strength  of  the  mortar  used  therein  the  mortar  also  being 
weaker  than  the  sand  or  pebbles  forming  the  aggregate,  in 
order  to  get  the  strongest  possible  concrete  the  mortar  should 
be  made  as  strong  as  possible  without  using  too  much  cement 
and  only  enough  mortar  used  to  properly  cover  the  aggregate 
so  that  it  will  not  be  necessary  to  apply  a  surface  finish, 
which  should  never  be  done.  Following  this  principle  the 
mortar  used  in  the  manufacture  of  concrete  posts  should 
never  exceed  the  proportion  of  2  parts  of  sand  to  1  part 
cement  measured  by  volume,  aggregate  not  to  exceed  4  parts, 
preferably  2ii  parts,  small  broken  stone  or  pebbles  not  over 
%  in.  in  size. 

In  the  use  of  reinforcement  we  believe  that  a  post  should 
not  be  less  than  5  in.  in  diameter  at  the  ground  line  and  the 
reinforcement  should  be  placed  approximately  %  in.  from  its 
outer  surface  to  the  outer  surface  of  the  post  and  should  con- 
sist of  at  least  four  V-i-'n.  diameter  steel  reinforcing  rods, 
with  proper  facilities  for  handling  the  posts  at  the  plant  and 
in  the  field  a  post  5  in.  in  diameter  at  the  ground  line  would 
be  a  substantial  size  to  adopt.  Posts  should  be  set  not  over 
14  ft.  centers. 

Several  patented  machines  for  casting  these  posts  which 
include  metal  forms  which  are  left  on  the  post  while  the 
same  is  getting  the  proper  set  are  on  the  market.  As  far  as 
our  investigations  extended  these-machines  seem  to  be  very 
practical  for  the  purpose  intended.  At  least  60  days  should 
be  given  for  the  post  to  set  in  the  yard  before  the  same  is 
placed  in  the  ground.  IVfore  time  should  be  allowed  if  pos- 
sible. 

No  attempt  has  been  made  in  this  report  to  give  a  draw- 
ing of  the  type  of  post  above  described  inasmuch  as  the  dif- 
ferent companies  would  prefer  to  use  different  types  of  forms 
which  would  affect  the  shape  of  the  post.  We  wish,  however, 
to  emphasize  the  point  that  in  much  of  the  present  practice 
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of  building  reinforced  concrete  fence  posts  an  attempt  has 
been  made  in  the  hope  of  securing  a  cheap  post,  to  manufac- 
ture posts  with  too  little  reinforcement  and  too  lean  a  con- 
crete. If  success  is  to  be  attained  reinforcement  and  con- 
crete along  the  lines  specified  above  must  be  used. 


Truck    Backs  Down  15%  Grade  to  Dump 

Spoil 

In  disposing  of  the  spoil  from  the  grading  of  the  new  ath- 
letic field  at  the  University  of  Tennessee,  a  SV^ton  Mack 
truck  is  backed  down  a  15  per  cent  grade  so  as  to  dump  into 
a  30  ft.  hollow  which  is  to  be  filled.  The  grading  involves  the 
handling  of  over  50,000  cu.  yd.  of  earth,  which  is  being  ex- 
cavated with  a  steam  shovel.  Two  routes  are  being  used  in 
getting  the  dirt  to  the  place  of  disposal.  One  of  these  is  a 
short  cut  down  a  15  per  cent  grade  that  extends  back  about 


Loading   3'/2-Ton    Truck   With    Steam    Shovel. 

<;00  ft.,  and  the  other  is  a  longer  route  over  very  bad  road 
to  the  other  side  of  the  hollow  where  the  slope  is  more  grad- 
ual. On  the  longer  route  14  1%-ton  capacity  wagons  each 
drawn  by  3  mules,  and  two  light  trucks  are  being  used.  The 
3%-ton  truck  is  used  on  the  short  cut,  and  although  forced 
to  back  down  the  entire  grade,  is  making  34  trips  a  day.  The 
contractors  for  the  gracing  are  the  Dempster  Construction 
Co.,  Knoxville,  Tenn. 


Twelve   Thousand   Grade   Crossings    in    Pennsylvania. — The 

Bureaus  of  Engineering  and  of  Accidents  of  the  Public  Serv- 
ice Commission  of  Pennsylvania,  which  have  been  making  a 
survey  of  the  grade  crossing  problem,  have  found  12,000 
grade  rrossings  of  steam  railroads  in  Pennsylvania,  and  in  a 
report  say  the  majority  of  them  are  without  protection. 


Cleveland  Engineers  Get  Raise  in  Salaries. — Following  a 
recent  hearing  granted  to  the  engineer  employes  of  the  city 
of  Cleveland  before  the  Board  of  Control  of  that  city,  the  lat- 
ter body  authorized  an  increase  of  10  per  cent  in  salaries  of 
professional  engineers  employed  by  the  city. 


News    Letter 

St.  Louis  Items 

S.  Hanephin.  R.  No.  2,  .Tonesboro,  111.,  was  awarded  contract  for 
building  the  Cedar  Creek  drain.ise  levee  near  Ware  Station,  111. 
Hanephin  will  .sublet  ".'i.OOO  yards  of   this  at  a  good   price. 

Walter  Dennison  ha.s  55  of  his  teams  at  work  on  a  levee  at 
Newport.  Ark.,  and  40  teams  on  a  levee  near  Cyppeel,  Ark.;  also 
was  awarded  contract  the  other  day  for  7"  miles  of  State  road 
work   in   north  Arkansas  between  Batesville  and  Mamouth  Spring. 

Ira  J.  Printy  has  moved  his  team  outfit  on  to  General  M'otors 
Co.  job  in  the  western  part  of  the  city. 

Cameron.  Joyce  &  Co.  were  awarded  four  miles  of  concrete 
work  on   the   State   Highway  near  Greenville.   111. 

C.  A.  Ramuelson  was  in  town  hunting  up  work  for  Mrs.  J.  Mc- 
Tnerney's  outfit  which  is  idle  in  Indianapolis.  642  Congress  St., 
Indianapolis.  Ind.,  will  catch  her. 

Keatingr  Bros,  are  filling  a  trestle  for  the  Chicago  &  Illinois 
Midland  R.  R. 

Z.  C.  Mitchell  of  the  L.  J.  Smith  Const.  Co.,  shipped  another 
steamshovel.  that  they  had  stored  here,  on  to  their  job  on  the 
White  River  branch  of  the  Missouri  Pacific  R.  R.,  in  northwest 
Arkansas. 


Costello  Bros..  Mike  and  Rich,  were  in  a  couple  of  times  since 
last  issue.  Their  outfits  are  at  work  on  the  Southern  R.  R.  in 
Tennessee. 

Ralph  Thomas,  representing  the  C.  R.  Cummins  Co.,  of  Cleve- 
land. Ohio,  is  scouting  around  hunting  up  new  jobs.  Was  with 
us  a  day  last  w^eek. 

Mulvill  Bros,  are  repairing  a  dam  for  the  Chicago  &  Alton  R.  R. 
at   Bowling   Green,   Mo. 

Mark  Ragsdale.  of  the  A.  V.  Fetter  Co.,  states  they  are  going 
to  place  Iheir  steamer,  Gardie  Eastman,  in  the  towing  business 
down   south    during   the   winter. 

The  Leonard  Const.  Co..  of  Chicago,  is  enlarging  the  Corn 
Products  Co.  plant  at  Pekin,  111.  Have  leased  one  of  M.  L.  Wind- 
ham's shovel  outfits. 

Columbus  S.  Jones,  the  boss  stationman,  secured  some  nice 
bank  widening  work  in  Oklahoma  the  other  day. 

Wickham  Bros..  Council  Bluffs,  la.,  were  awarded  some  exten- 
sive road  building,  tile  laying  and  grading  contracts.  Expect  to 
begin  work  about  March  15th. 

Contractor  when  in  want  of  labor  or  work  for  their  outfits 
write  Koenig's  Labor  Agency,  612  Walnut  St..  St.  Louis.  Mo.;  503 
Delaware  St.,  Kansas  City,  Mo.,  or  509  S.   13th  St..   Omaha.  Neb. 

The  Southern  Traction  Co..  an  uncompleted  line  extending  from 
Kast  St.  Louis  to  Belleville  and  beyond  that  town  inte  rich  coal- 
producing  territory  of  Illinois,  was  purchased  on  Dec.  11th,  by 
C.  B.  Fox,  general  manager  of  the  Aluminum  Ore  Co..  and  presi- 
dent of  the  .\lton  &   Southern   R.   R.  A.   B.   Koenig. 


Personals 

Joseph  K.  Pettingill  and  George  D.  Remer  have  iieen  appointed 
assistant    mgineers    to    the   Michigan    Public   Utilities   Commi.^sion. 

Harry  L.  Shaner,  formerly  city  engineer  of  Lynchburg,  Va.,  has 
been  elected  Commissioner  of  Public  Works  of  Winston-Salem. 
N.  C. 

Edward  B.  Temple,  assistant  chief  engineer  of  the  Pennsyl- 
vania R.  R.,  has  been  appointed  a  member  of  the  State  Aid  Com- 
n;;ission   of  Pennsylvania. 

J.  C.  Ragsdale,  superintendent  of  the  city  water  works  and 
electric  light  plant  at  Alexandria,  La.,  has  resigned  and  is  suc- 
ceeded  by  John  R.   Langley. 

Roy  Ferguson  of  Visalia,  Ca!.,  assistant  engineer  of  the  State 
Railroad  Commission  of  California,  has  been  appointed  to  an 
engineering  post  with  the  new  Polish  government  and  will  have 
ch.arge  of   oil   exploration   and   development   work   in   Poland. 

W.  B.  Storey,  federal  manager  of  the  Atchison.  Topeka  &  Sant.a 
Fe  Ry. ,  has  been  elected  president  to  succeed  E.  P.  Ripley,  re- 
signed. Mr.  Storey  was  graduated  from  the  University  of  Cali- 
fornia in  ISSl  and  immediately  entered  the  railroad  business  witli 
the  Southern  Pacific,  becoming  assistant  engineer  the  following 
year.  In  1S93  he  accepted  a  position  as  assistant  engineer  for 
the  U.  S.  Debris  Commission,  holding  that  post  until  1895,  when 
he  became  chief  engineer  and  general  superintendent  of  the  San 
Francisco  &  San  Joaquin  Valley  Ry.  Between  1900  and  1906  he 
was  chief  engineer  of  the  Atchison,  Topeka  &  -Santa  Fe  R.  P... 
and  in  19^6  became  chief  engineer  of  that  system,  holding  that 
position  until  1909.  when  he  became  vice-president. 


Obituaries 

Dnn  Mrphy.  foreman  of  bridges  and  buildinss  for  the  Frisco 
Ry.,  .tied  Dec.  fi  in  St.  Louis,  Mo. 

i-lenry  Nelch,  senior  inember  of  Nelch  &  Son.  contractors, 
Sprinsf'elfl.   III.,  died   Dec.  6   of  paralysis.     He  was  (>7  years  old. 

Henry  Laurence  Gantt,  an  authority  on  shop  management,  for- 
mer .student  and  instructor  at  McDonogh  School  and  a  graduate 
of  .Tohns  Hopkins  TTniversity,  died  last  month  at  his  home  in 
Montclair,  N.  J.,  of  heart  disease  following  an  attack  of  indiges- 
tion. 

Cornelius  Kennedy,  veteran  street  paving  contractor,  died  Dec. 
7  at  his  home  in  Parkersburg.  W.  Va.  Mr.  Kennedy  entered  the 
paving  business  in  tlie  early  eighties  and  constructed  the  first 
brick  street  paving  in  many  cities  in  West  Virginia,  Ohio  and 
western  Maryland.  He  took  an  active  part  in  construction  work 
up  until  a  few  months  before  his  death,  being  the  senior  member 
of  C.  Kennedy  &  Son,  street  and  road  builders.  Recently  Mr.  Ken- 
nedy disposed  of  his  interests  to  the  Kennedy  Construction  Co.. 
of  which  his  son  John  R.  Kennedy,  who  has  been  associated  with 
him  since  his  boyhood,  is  president  and  general  manager.  This 
firm  liolds  extensive  contracts  in  West  Virginia  at  the  present 
time.     Mr.    Kennedy  was  S3   years  old. 

Frederick  P.  Stearns,  a  well  known  consulting  engineer,  for- 
mer president  of  the  American  Society  of  Civil  Engineers,  died 
Dec.  1  in  Boston.  Mass.,  aged  6.3  years.  He  came  to  Boston  at 
the  age  of  IS  and  entered  the  employ  of  the  city  engineering  de- 
partinent.  He  was  engaged  in  securing  a  water  supply  from  the 
Sudbury  River  and  later,  as  chief  engineer,  sttpervised  the  con- 
struction of  a  tunnel  under  Dorchester  Bay  and  of  the  reservoir 
on  Moon  Island.  In  1S86  Mr.  Stearns  was  made  chief  engineer  of 
the  .Massachusetts  State  Board  of  Health,  remaining  until  1895. 
From  that  year  until  1907  he  \^  as  chief  engineer  of  the  Massachu- 
setts Metropolitan  Water  Works.  He  served  as  consulting  engi- 
neer for  the  Charles  River  Basin  Commission  from  1903  to  1910. 
and  became  .a  member  of  the  Board  of  Water  Supply  for  New 
York  in  1905.  He  was  ,a  member  of  the  Board  of  Consulting  Engi- 
neers  of   »he   Panama    Canal. 


Industrial  Notes 

The  Blaw-Knox  Co.  held  its  annual  sales  convention  in  Pitts- 
burgh, Dec.  3-6.  About  300  Blaw-Knox  salesmen,  engineers  and 
representatives  attended. 

The  Link-Belt  Co.  is  making  an  addition  to  its  Belmont  foun- 
dry at  Indianapolis.  Ind.  The  extension  virtually  consists  in 
completing  the  new  furnace  buildings,  Nos.  7  and  S.  but  for  the 
present  installing  only  furnace  No.  7,  which  will  be  a  15-ton  capac- 
ity instead  of  10-ton,  like  the  present  furnaces.  Necessary  ma- 
chinery, such  as  rolling  mills,  sand  blast  and  other  foundry  equip- 
ment needed  to  take  care  of  the  additional  capacitv,  is  being  pur- 
chased. The  building  wil  be  about  70  ft.  wide  by  400  ft.  long. 
When  completed  it  will  complete  the  foundry  as  originally  laid' 
out. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street  Cleaning 

(b)  Streets  (d)   Municipal   Miscellanies 

(e)   Management   and   Office 
Syatem 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation  and  Drainage 

(b)  Sewers  and  Sani-        (d)   Power  and  Pumping 

tation 

(e)   Management    and    OflSe^ 
System 


Railways   and   Excavation — 3rd   Wednesday 

(a)  Excavation    and  (c)   Quarries  and  Pits 

Dredging  (d)   Hallways.    Steam    and 

(b)  Rivers  and  Canals  Electric 

(e)   Management    and    Offlc> 
System 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor  Structures 


(d)  ML-ic.  Ilaneous  Structures 

(e)  properties    of    Materials 
(t)   Management    and    Offloe 

Systea 
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"Home  Rule"  as  the  Precursor  to 
Municipal  Ownership 

"Home  rule"  is  a  political  slogan  that  is  often  used  as  If 
it  were  an  axiom  of  complete  generality.  Changed  from  the 
slogan  form  to  the  axiom  form  it  becomes:  Local  govern- 
ment is  self-evidently  preferable  to  any  other  form  of  po- 
litical control. 

In  this  form  the  doctrine  of  "home  rale"  appears  more 
vulnerable  than  its  advocates  wish  it  to  appear,  so  they  are 
accustomed  to  avoid  the  alleged  axiom  and  adhere  to  the 
slogan. 

"Home  rule"  means  "local  government."  "Local"  is  a 
relative  term.  City  government  is  "local"  as  compared  with 
country  government.  Country  government  is  local  compared 
with  state  government.  State  government  is  "local"  com- 
pared with  national  government.  If  it  were  true  that  local 
government  is  univer- 
sally preferable  to  gov- 
ernment that  is  not 
local,  it  would  follow 
that  the  "more  local" 
the  government  the 
better.  This  would 
lead  in  all  cases  to 
ward  government  in 
preference  to  city  gov- 
ernment, city  in  pref- 
erence to  county,  coun- 
ty in  preference  to 
state,  state  in  prefer- 
ence to  national  gov- 
ernment. If  so,  the 
ward  should  be  the 
political  unit  in  control 
of  streets,  sewers,  po- 
lice department,  etc. 
The  absurdity  of  such 
an     extreme     of     local 


28  Pages =40  pages 

The  28  pages  of  articles  in  Engineering  and  Gjn- 
tracting  contain  as  many  words  as  40  pages  of  the  size 
eind  typography  commonly  used  by  other  engineering 
periodicals.  Ours  is  the  same  size  of  type  and  type- 
page  as  that  of  The  Literary  Digest — easily  read,  yet 
giving  a  large  volume  of  reading  matter  per  page.  Our 
28  pages  of  articles  would  fill  112  pages  of  the  standard 
6x9  in.  text-book.  It  would  take  10  such  books  of  580 
pages  each  to  hold  all  the  articles  printed  each  year  in 
Engineering  and  Contracting,  to  say  nothing  of  our 
weekly  construction  news. 


government  is  apparent,  and  it  serves  to  illuminate  the  ab- 
surdity of  regarding  "home  rule"  as  being  universally  desir- 
able. 

Many  politicians  and  even  some  editors  of  high  grade 
daily  papers  favor  the  regulation  of  street  car  and  other 
utility  rates  by  city  councils  or  city  commissions,  and  they 
hold  this  preference  not  because  experience  demonstrates 
such  "home  rule"  to  be  desirable,  but  merely  because  it  is 
"home  rule."  Illusti-ative  of  this  we  quote  the  following 
from  a  recent  issue  of  the  Chicago  Dally  News: 

It  is,  of  course,  humiliating  to  the  people  of  Chicago  to  be 
compelled  to  rely  upon  a  state  commission  to  tell  them  what  fare 
they  must  pay  on  the  street  cars  operating  on  Chicago  streets  by 
virtue  of  franchises  granted  by  the  city.  Now  the  citizens  have 
been  given  a  little  time  in  advance  of  the  constitutional  conven- 
tion, for  one  more  striliing  object  lesson  in  the  need  of  home  rule  in 
th.nr  relations  with  their  local  public  utilities.    A  city  commission 

or  board  would  scarcely 
have  fallen  into  the  er- 
rors which  the  state 
body,  responsible  only 
to  tJie  state  executive, 
and  too  busy  carefully 
to  study  complex  and 
mixed  local  situations, 
plainly  has  been  be- 
trayed. Further,  a  de- 
cision  by  a  state  com- 
mission in  the  nature  of 
tilings  cannot  have  the 
moral  weight  and  sanc- 
tion that  a  decision  by 
a  competent  local  body 
under  a  home  rule  char- 
ter   would    command. 

The  •  Chicago  Daily 
News  sees  in  the  fail- 
ure of  the  city  authori- 
ties to  secure  a  return 
to  the  old  5  ct.  fare  an 
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evidence  that  the  good  old  principle  of  home  rule  has  been 
violated  with  dire  consequences.  It  finds  humiliation  in  being 
compelled  to  bow  to  the  decision  ot  a  tribunal  that  is  not 
local,  merely  because  it  is  not  local.  And  being  humiliated 
and  outraged,  it  is  only  natural  that  it  first  sees  red,  and 
then  talks  red,  for  it  accuses  the  Illinois  Public  Utilities 
Commission  of  being  "too  busy  to  carefully  study  complex 
and  mixed  local  situations"!  This  accusation  is  made  in 
the  face  of  the  fact  that  the  Illinois  Public  Service  Commis- 
sion has  spent  more  time  gathering  and  analyzing  all  the 
facts  relative  to  the  Chicago  street  railways  than  all  the 
city  councils  and  mayors  have  spent  during  the  entire  history 
of  Chicago. 

If  the  Chicago  Daily  News  wants  municipal  ownership 
of  street  railways,  it  can  do  nothing  that  will  aid  more  to 
bring  this  about  than  it  is  doing  when  it  speaks  dispar- 
agingly of  the  state  public  utilities  commission. 

Every  one  who  has  studied  rate  regulation  knows  that 
the  main  defect  m  our  present  system  is  the  fear  on  the 
part  of  rate  commissioners  that  they  will  lose  their  jobs  if 
they  do  not  please  the  public  that  pays  the  rates.  City 
councils  and  city  rate  commissioners  are  usually  cowardly 
to  such  an  extreme  that  it  is  almost  impossible  to  get  a 
fair  rate  decision  from  them.  State  commissioners  are  much 
less  cowardly,  but  even  they  are  not  always  entirely  unin- 
fluenced by  the  effect  that  their  decisions  will  have  upon 
the  voters.  It  is  generally  agreed  that  the  fairest  rate  de- 
cisions are  usually  rendered  by  the  federal  courts,  because 
the  federal  judges  are  not  afraid  of  losing  their  jobs  if  they 
fail  to  please  the  public. 

The  public,  be  it  remembered,  is  pleased  in  proportion  as 
the  rates  are  lowered.  This  is  so  well  known  to  politicians 
that  the  platform  of  many  a  would-be  city  mayor  consists 
mainly  of  one  plank:  "I  favor  lower  rates  for  public  utility 
service."  At  this  moment  Mayor  Thompson  of  Chicago  is 
standing  on  such  a  platform,  and  loudly  denouncing  the 
Illinois  Public  Service  Commission  for  not  giving  the  citizens 
a  5  ct.  car  fare. 

The  public  is  ignorant  of  the  facts  but  is  prone  to  follow 
any  leader  who  denounces  public  utility  corporations  and 
promises  a  reduction  in  their  rates.  If  the  Chicago  Daily 
News  aims  to  crowd  all  the  utilities  in  Chicago  into  the 
hands  of  the  politicians,  let  it  join  Mayor  Thompson  in  de- 
manding "home  rule." 


committee  on  public  affairs.  Every  local  engineering  so- 
ciety, be  it  an  independent  organization  or  a  chapter  of  a 
national  association,  should  have  a  similar  committee  com- 
posed of  engineers  who  have  both  the  inclination  and  the 
ability  to  teach  the  public  the  necessity  ot  employing  men 
who  are  political  engineers  in  the  true  sense  of  the  word 
engineer. 


Political  Engineering 

If  engineering  is  applied  science,  and  if  science  can  be 
applied  to  political  affairs,  then  it  should  not  be  incongruous 
to  speak  of  political  engineering.  The  term  does  sound 
incongruous,  we  must  admit,  but  why?  Simply  because 
typical  politics  is  almost  void  of  science. 

Thorough  gathering  of  data,  followed  by  careful  classifica- 
tion and  systematic  analysis,  are  three  processes  that  dis- 
tinguish scientific  from  unscientific  methods.  Apply  this 
criterion  to  the  actions  of  the  average  legislator  if  you  wish 
to  understand  why  it  is  that  the  transactions  of  congresses 
and  city  councils  are  so  frequently  futile  or  positively  harm- 
ful. Herbert  Spencer,  after  listening  for  many  days  to  a 
debate  in  the  House  of  Commons,  ending  in  the  passage  of 
an  Important  bill,  remarked  that  he  believed  that  the  House 
would  do  better  in  future  to  select  its  most  stupid  member 
and  let  him  formulate  the  bills,  provided  only  he  were  re- 
quired to  spend  in  study  as  many  hours  as  would  ordinarily 
be  spent  in  debate. 

Nearly  everyone  who  has  followed  the  procedure  of  our 
own  national  and  state  legislators  and  city  councilmen  Is 
satisfied  that  our  legislative  bodies  are  unscientific  in  their 
methods,  cumbersome  and  slow  in  their  actions,  and  seldom 
correct  in  their  conclusions.  This  is  generally  admitted,  but 
there  the  matter  ends.  The  machine  is  obsolete,  but  no  seri- 
ous attempt  is  made  to  scrap  it  and  substitute  one  that  is 
up  to  date. 

It  is  our  belief  that  the  engineers  of  this  country  can  and 
will  be  the  prime  movers  in  effecting  a  radical  change  in 
governmental  management.  They  are  the  only  large  body 
of  men  trained  to  apply  science  in  the  solution  of  economic 
problems.  The  problems  of  political  government  are,  in 
most  respects,  identical  with  the  problems  that  engineers 
are  accustomed  to  solve.  Even  where  they  differ  in  detail 
the  principles  to  be  applied  are  the  same. 

The  Engineering  Council  of  the  "founder  societies"  has  a 


The  Public  Is  a  Poor  Employer 

The  public  is  a  poor  employer.  Perhaps  a  sudden  and 
great  rise  in  the  general  level  of  wages  and  prices  was 
needed  to  drive  deep  the  truth  of  this  generalization.  Hun- 
dreds of  army  and  navy  ofl5cers  have  resigned  during  the 
past  few  months  because  their  salaries  were  grossly  inade- 
quate. Thousands  of  public  school  teachers  have  resigned  for 
the  same  reason.  Engineers  in  the  employ  of  cities,  coun- 
ties and  states  have  given  up  their  jobs  by  the  hundreds,  and 
will  soon  leave  in  greater  numbers  unless  salaries  are  raised. 
Postal  clerks  and  mail  carriers  go  about  in  old  shiny  clothes 
or  new  "shoddy."  Policemen  join  unions  and  even  strike. 
All  this  because  the  public  is  not  a  liberal  or  even  a  fair 
employer. 

The  public  wants  low  taxes,  and  easily  loses  its  patience 
with  any  administration  that  raises  taxes,  be  the  reason  what 
it  may.  So  the  politicians  play  the  game  ot  keeping  taxes 
down  wherever  they  can  not  personally  profit  by  keeping 
them  up. 

On  the  other  hand,  let  a  large  labor  union  threaten  these 
same  politicians  with  loss  of  their  jobs  unless  union  wages 
are  raised,  and  you  will  usually  see  wages  raised  regardless 
of  taxes.     This  is  what  happened  in  the  railway  field. 

Under  our  present  form  of  government,  the  income  of  any 
class  of  public  employes  is  largely  dependent  upon  the  num- 
ber ot  votes  they  can  control,  as  measured  against  the 
number  of  taxpayers  who  will  be  disgruntled  if  taxes  are 
raised.  Not  a  very  economic  system  of  wage  regulation  is 
it?  Yet  many  a  civil  engineer  has  favored  government  own- 
ership of  railways  and  other  public  utilities.  To  all  such 
we  suggest  thinking  the  matter  over  a  bit,  in  the  light  of 
present  difficulty  in  getting  the  public  to  pay  salaries  pro- 
portionate to  the  real  value  of  services. 


Advertise  Engineering 

A  pamphlet  recently  issued  by  the  American  Library 
Association  states  that  "Probably  70  per  cent  of  the  entire 
population  of  the  country  has  no  access  to  any  adequate  col- 
lection of  books  or  to  a  public  reading  room."  This  is  bad, 
but  what  is  much  worse  is  that  of  the  20  per  cent  that  do 
have  access  to  adequate  libraries  probably  not  5  per  cent 
avail  themselves  regularly  of  their  opportunities. 

In  spite  of  the  fact  that  illiteracy  is  relatively  rare  in 
America,  and  that  nearly  all  our  people  have  presumably  been 
taught  the  value  of  knowledge  and  how  to  acquire  it,  we  are 
not  a  knowledge  seeking  people.  The  re«son  that  we  are  not 
is  plainly  to  be  found  in  our  defective  methods  of  education. 

As  we  conceive  it,  every  educator  should  have  three  pri- 
mary objects:  First,  the  arousing  of  interest  in  the  subject 
at  hand.  Second,  habituating  the  students  to  search  for,  an- 
alyze and  use  information.  Third,  training  the  student  to 
think.  This  third  object  has  been  given  a  good  deal  of  dis- 
cussion in  recent  years,  but  the  second  object  has  almost 
been  lost  sight  of,  and  the  first  object  has  fared  little  better. 
In  short,  the  psychology  of  teaching  has  been  almost  ignored. 
The  result  is  that  relatively  few  people  have  a  thirst  for 
knowledge,  and  fewer  have  acquired  habits  of  studying  and 
using  printed  information. 

Although  the  percentage  of  college  graduates  who  have 
acquired  studious  habits  is  undoubtedly  larger  than  of  those 
who  have  never  attended  college,  still  the  colleges  have  tailed 
to  make  the  average  college  man  habitually  studious;  nor  do 
we  except  engineering  colleges  from  this  charge. 

Although  new  habits  are  formed  with  greater  difficulty  the 
older  a  person  is,  still  few  men  are  too  old  to  acquire  a  new 
habit,  provided  they  are  properly  "coached."  Acquiring  a  new 
habit  by  self  training  is  very  difficult.  Hence  the  desirability 
of  working  under  a  teacher  or  trainer  even  where  the  habit 
might  possibly  be  acquired  without  guidance. 

To  most  engineers  the  habit  of  systematic  and  thorough 
searching  for  information  is  new.  In  other  words,  most  engi- 
neers do  not  possess  that  habit.   Their  failures  to  make  satis- 
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factory  progress  are  mainly  attributable  to  this  deficiency. 
Even  wliere  the  question  is  merely  one  of  securing  better 
income,  there  is  a  problem  to  be  solved,  and  there  are  data 
to  be  searched  for  if  it  is  to  be  solved  satisfactorUy.  But 
how  many  ill  paid  engineers  regard  their  small  remuneration 
as  evidence  that  they  have  not  studied  the  science  and  art 
of  salesmanship?  Do  they  not  ordinarily  blame  their  em- 
ployers instead  of  blaming  themselves? 

We  suggest  that  engineering  societies  form  classes  to 
acquire  the  habit  of  searching  for  information.  Let  each  of 
the  local  chapters  appoint,  from  among  their  members, 
mental  trainers  who  will  drill  the  members  In  searching  for 
data  on  subjects  in  which  they  are,  or  should  be,  interested. 
Start,  for  example,  with  advertising  and  salesmanship.  There 
are  scores  of  books  and  magazines  on  the  subject,  and  it  is 
a  subject  that  should  concern  every  man  who  has  services 
to  sell.  That  engineering  services  sell,  as  a  rule,  for  a  low 
price  is  not  due  to  the  great  supply  of  engineers,  for  there  is 
only  one  engineer  per  thousand  of  population.  The  price  is 
low  because  the  demand  is  weak,  and  the  demand  is  weak  be- 
cause engineering  has  never  been  properly  advertised  and 
marketed.  That  it  has  not  been  advertised  is  clearly  the  re- 
sult of  ignorance  on  the  part  of  engineers,  and  the  ignorance, 
in  turn,  exists  only  because  engineers  are  not  habituated  to 
study  all  their  problems  systematically  and  thoroughly.  So 
we  come  back  finally  to  our  starting  point — the  general  ab- 
sence of  studious  habits. 


Should  Architects  Advertise? 

The  publication  of  a  page  advertisement  of  architects 
specializing  in  school  work  in  the  leading  school  publication 
1b  interesting  and  significant  of  the  changing  attitude  of 
members  of  this  profession  toward  advertising,  states  The 
Architect  and  Engineer.  While  for  many  years  the  ban  has 
heen  placed  on  the  use  of  advertisements  by  architects  for 
the  purpose  of  getting  clients,  the  fact  that  architects  as 
a  body  have  resorted  to  business  promotion  methods  along 
other  lines  has  helped  to  demonstrate  the  inconsistency  of 
the  ruling  regarding  advertising  in  publications. 

The  architect  is  permitted  to  solicit  commissions  directly 
In  person,  and  to  use  letters  for  this  purpose.  If  he  may  seek 
clients  in  this  fashion,  why  should  he  not  offer  his  services 
through  the  medium  of  a  dignified  advertisement,  especially 
when  this  is  directed  to  a  particular  group  of  people,  to  whom 
lie  is  in  a  position  to  render  a  valuable  specialized  service? 

There  is  no  analogy  betv.een  the  medical  man  and  the 
architect,  and  the  fact  that  doctors  do  not  advertise  does  not 
represent  an  argument  against  architects  advertising.  Doc- 
tors are  not  permitted  to  solicit  cases  either  directly  or  in- 
directly, and  the  freedom  with  which  architects  are  permitted 
to  present  their  claims  to  consideration  puts  them  in  a  dif- 
ferent class  from  that  occupied  by  the  physicians. 

The  tendency  toward  specialization  on  the  part  of  archi- 
tects, which  has  been  marked  of  recent  years,  makes  these 
professional  men  more  interested  than  heretofore  in  cultivat- 
ing those  in  the  fields  with  which  their  work  is  principally 
connected.  Class,  trade  and  technical  papers  in  those  fields 
are  logical  mediums  by  means  of  which  to  make  their  an- 
nouncements and  get  in  touch  with  those  desiring  specialized 
architectural  service. 


November  Building  Operations. — Building  contracts  award- 
ed during  the  month  of  November,  1919,  In  the  territory  north 
of  the  Ohio  and  east  of  the  Missouri  rivers,  amounted  to 
$221,450,000,  according  to  statistics  compiled  by  the  F.  W. 
Dodge  Co.  This  figure,  although  29  per  cent  less  than  the 
figure  for  the  month  of  October,  was  somewhat  in  excess  of 
the  average  of  the  monthly  figures  for  the  first  10  months  of 
the  year.  Of  the  total  amount  for  October,  32  per  cent,  or 
171,267,000  was  for  residential  buildings;  31  per  cent,  or 
$70,222,000,  for  industrial  buildings;  15  per  cent,  or  $33,878,- 
000  for  business  buildings;  and  10  per  cent,  or  $21,451,000  for 
public  works  and  utilities.  The  November  figures  brought 
the  total  for  contracts  awarded  for  the  first  11  months  of  1919 
up  to  $2,332,902,000.  The  total  for  the  first  11  months  of  1918 
amounted  to  $1,631,929,000,  33  per  cent  of  which  was  for  gov- 
ernment work.  Even  though  the  increase  of  construction 
costs  be  taken  into  account,  the  figures  Indicate  a  total  vol- 
ume of  construction  in  the  first  11  months  of  1919  somewhat 
In  excess  of  the  average  annual  volume  of  the  5  years  previ- 
ous to  1919. 


"Notes  on  Indeterminate 
Structures" 

To  the  Editor:  The  article  by  Mr.  George  Paaawell  on 
"Some  Notes  on  Indeterminate  Structures"  in  your  issue  of 
Sept.  24,  1919,  and  the  discussion  by  Mr.  M.  Grodsky  in  the 
issue  of  Nov.  26.  1919,  bring  to  notice  a  very  interesting  sort 
of  problem,  and  the  writer  regrets  that  the  discussion  ap- 
parently did  not  settle  the  difference  of  opinion  as  to  the 
correct  analysis  of  this  rather  simple  frame. 

The  problem  is  the  determination  of  the  bending  moments 
and  reactions  for  the  frame  shown  in  Fig.  la.  As  was  pointed 
out  In  the  discussion,  Mr.  Paaswell's  calculations  were  based 
upon  one  false  premise,  namely,  that  with  the  thrust  H  in 
the  proper  direction  as  shown  in  Fig.  lb. 

V,=:Hh/b  -f  P(b-a)/b (1) 

This  equation  is  supposed  to  be  derived  by  writing  equations 
for  the  equilibrium  of  the  body  as  a  whole.  Taking  moments 
about  A  and  C,  respectively,  gives 

ZM  =  0  —  M.vB  -f  Men  +  Pa  —  Hh  —  ( P  —  V,  )  b 

2M  ^  O  =  M.\ii  +  McB  —  P ( l>a)  —  Hh  -f  V,  b 

These  two  equations  are  identical  and  will  not  yield  Equation 

1  unless  Mab  is  equal  to  Men,  which  can  never  be  true  with 

this  type  of  loading.     That   Equation  1  does  not  hold  true  is 
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not  strange  since  this  structure  is  in  reality  a  nohioged 
arch,  a  three-fold  statically  indeterminate  structure.  The 
third  statically  Indeterminate  quantity  such  as  V,  or  Mcb 
must  be  chosen,  and  the  partial  derivative  of  the  Internal 
work  with  respect  to  this  quantity  set  equal  to  zero,  as  was 
done  by  Mr.  Grodsky. 

Another  method  of  analysis  may  serve  to  check  the  final 
working  equations  which  were  derived.  By  the  use  of  the 
Slope-Deflection  Method*  it  is  known  that  tor  Pig.  la,  letting 
n  =  I,  h/I:b,  and  K  ^  I,/h 

Mab  =  2EKe    (2) 

Mba  =i  4EKe  =  2M,vB     (3) 

Mbc  =  4nEKe  —  Cbc      (4) 

Mcb  =  2nEKe  -f  CcB  =  -Mbc/2  +  Cbc/2  -f  Ccb    (5) 

in  which  equations  e  is  the  slope  of  the  elastic  curve  at  the 
point  A.  and  Cbc  and  Ccb  are  the  moments  which  would 
occur  at  B  and  C  if  BC  were  a  "fixed"  beam. 

From  Equations  3  and  4,  assuming  th«t  E  is  constant, 

Cbc     \  /       I,b 

Mbc  =  — Mb.\  =  — 2.M.M)  =  —  I  )  =  — Cbc 


n  -i-  1 


I,b  +  I,h 


From  Equations  4  and  5. 
nCBC 

Mcb  = V  CcB 

2  (n-f  1) 
Knowing  these   moments   the  reactions   may   be, found   from 
the   equations   of   statical   equilibrium.     For   example,   since 
from  equations  2  and  3  the  point  of  contraflexure  In  AB  Is 
at  a  height  of  h/3,  the  horizontal  thrust  Is 

H  =  3MBA/2h 
and  by  taking  moments  about  the  point  C  it  is  found  that 
V,  =  P  (b-a)  —  (Mnc-f-  Mcb)  " 
Values  of  Cbc  and  Ccb  for  a  single  concentrated  load  P  on 
Pa(b-a)=  Pa=(b-a) 

BC  are and  —■ ,  respectively;   for  a  triangular 

b=  b= 

load  w  increasing  from  B  to  C  they  are  Wb/15  and  Wb/10, 
while  for  a  uniform  load  W  they  are  both  equal  to  Wb/12.   As 

•See  Bulletin  lOS,  En^neering  Experiment  Station,  University  of 
Illinois,  Urbana,  111.,  entitled  "Analysis  of  Statically  Indeterminate 
Structures  by  the  Slope-Deflection  Method."  by  W.  M.  Wilson,  F. 
E.  Riohart  and  C.  Weiss. 
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noted  by  Mr.  Paaswell,  values  of  moments  due  to  a  vertical 
load  on  BC  may  be  adapted  to  apply  to  the  case  of  a  hori- 
zontal load  on  AB  by  interchanging  the  notation,  so  that  for 
the  cases  of  loading  noted  in  the  original  article  the  expres- 
sions for  the  moments  given  in  Table  1  may  be  found.     It 

7ii?/;/e  /    Ssnd/ng  Mo/nenfs  tn  the  /^rame  of  /^/g  / 
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will  be  noted  that  the  values  given  under  the  first  case  of 
loading  agree  with  those  derived  in  Mr.  Grodsky's  discussion. 

F.  E.  RICHART, 
Research    Associate,    Engineering    Experi- 
ment Station,  University  of  Illinois. 
Urbana,  111. 


Unionism  and  the  Engineer 

To  the  Editor:  In  your  issue  of  Nov.  2Cth,  p.  612,  appears 
an  article  headed  "Position  of  the  A.  A.  E.  on  Trade  Unionism 
in  the  Profession."  It  is  of  course  the  recognized  appeal  of 
the  "professional"  engineer  to  the  younger  generation  to  up- 
hold the  "dignity"  of  the  profession.  The  thousands  of  tech- 
nical men  who  have  already  chosen  unionism  as  the  most 
available  vehicle  for  their  material  advancement,  and  other 
thousands  who  are  almost  persuaded,  have  no  quarrel  with 
professionalism  per  se.  They  believe  that  the  great  body  of 
employed  engineers  and  draftsmen  are  technical  men  and 
often  of  the  highest  type,  but  that,  in  general,  so  long  as 
they  remain  employed,  they  cannot  be  called  "professional" 
in  a  true  sense.  (We  refer  to  a  definition  of  "professional 
man"  set  forth  by  the  present  president  of  the  A.  A  E.) 
Many  of  them  will  become  professional  men,  and  properly, 
but  most  of  them  will  continue  to  be  paid  by  the  day  or  the 
week  or  the  month  to  apply  in  a  limited  space  the  tabulated 
results  of  engineering  science. 

But  even  were  these  men  wrong  in  this  belief,  there  is  in 
this  "credo"  of  the  A.  A.  E.,  no  indication  of  a  convincing 
argument  against  the  adoption  of  union  principles  by  techni- 
cal men  for  their  material  welfare.  There  are,  however, 
numerous  statements  apparently  considered  to  be  axiomatic, 
which  seem  to  us  to  be  fairly  wide  open  for  discussion.  "We 
read,  "Production  should  be  increased,  not  limited.  .  .  . 
The  law  of  supply  and  demand  for  men  or  material  must  ulti- 
mately prevail.  Attempts  may  be  made  to  limit  the  supply 
of  either,  but  ...  we  believe  rather  in  increasing  the 
demand  through  the  promotion  of  legitimate  enterprise." 

Is  it  not  a  part  of  the  function  of  the  law  of  supply  and 
demand  to  react  upon  production  so  as  to  limit  an  over  supply 
or  to  prevent  the  bottom  falling  out  of  prices?  If  so,  then 
the  first  statement  is  only  partly  true,  and  needs  further 
specification. 

Again,  we  may  admit  the  ultimate  triumph  of  the  law  of 
supply  and  demand,  but  we  are  not  ultimate,  we  are  proximate 
— very  much  so.  and  merely  to  believe  in  increasing  the  de- 
mand through  promotion  of  legitimate  enterprise  Is  to  sub- 
stitute further  trust  in  the  future  for  a  much  needed  and 
too  long  delayed  relief.  Moreover,  this  matter  of  supply 
and  demand  is  not  as  simple  as  it  sounds.  Demand  for  en- 
gineering service  is  a  legitimate  demand  by  "capital"  or  "en- 
terprise," for  labor.  The  supply  of  engineering  service  may 
be  individual  so  that  it  may  be  immediately  applied  on  the 
demand,  as  are  the  doctor's  services  in  the  case  of  human 
suffering  or  those  of  the  attorney  when  some  one  is  en- 
meshed in  the  toils  of  the  law.  Usually,  however,  an  en- 
gineering demand  creates  a  secondary  demand  for  other 
technical  men,  that  is,  for  the  raw  material  of  engineering 
service;  and  here  as  elsewhere  there  is  the  middleman, 
namely,  the  engineering  firm,  or  the  engineering  department 
of  the  large  corporation,  whose  natural  interest  it  has  al- 
ways been  to  supply  the  demand  of  enterprise  at  as  low  a 
cost  as  possible  for  raw  material,  viz.,  designers,  draftsmen, 


tracers,  rodraen,  instrument  men,  inspectors,  assistant  en- 
gineers. Now  middlemen  or  brokers,  in  other  lines  are  con- 
stantly under  the  suspicion  of  acting  on  this  natural  tendency 
to  "buy  low  and  sell  high,"  and  to  control  by  various  means, 
both  the  buying  price  and  the  selling  price  of  a  commodity. 
Is  it  then  strange  if  these  employing  engineers  fall  under 
the  same  suspicion  (and  they  have  of  late  frequently  con- 
fessed their  past  sins  in  this  regard)  at  least  so  far  as  "buy- 
ing low"  is  concerned,  even  though  it  be  only  for  the  pur- 
pose of  making  efliciency  records? 

If  unions,  too,  have  learned  to  make  use  of  such  methods, 
are  they  any  more  than  observant  pupils?  And  if  thou- 
sands of  technical  men  have  found  the  engineering  societies 
to  be  controlled  largely  by  this  "middleman"  type  of  en- 
gineers, are  they  to  be  blamed  if  they  tuj-n  to  some  other 
torm  of  organization  to  get  results? 

Also,  it  occurs  to  some  of  us  to  ask — if  the  laws  of  supply 
and  demand  have  been  operating  and  ought  to  continue  oper- 
ating, wherefore  should  the  A.  A.  E.  or  the  unions  either,  at- 
tempt to  interfere  in  any  way  with  the  process?  Of  if  they 
have  failed  to  operate,  does  the  program  of  the  A.  A.  E.  offer 
any  assurance  for  the  employed  technical  man  as  to  the 
future? 

As  to  the  rewards  of  "ability,  initiative  and  constructive 
effort,"  we  can  subscribe  as  heartily  as  the  A.  A.  E.  to  the 
necessity  and  justice  of  that;  but  knowing  how  few  those 
rewards  can  be,  shall  we  not  object  to  the  continuance  of 
methods  by  which  the  90  per  cent  or  more  of  the  good  average 
pluggers  are  lulled  to  sleep  by  pretty  promises  while  the  10 
per  cent  or  less  receive  rewards  large  enough  to  keep  the 
promises  bright? 

We,  also,  can  deprecate  heartily,  "any  methods  that  may 
benefit  a  class  at  the  expense  of  the  nation  as  a  whole."  The 
outstanding  fact,  however,  is  that  engineers  as  a  class  have 
but  just  begun  to  share  equitably  in  the  benefits  which  decades 
of  material  prosperity  have  brought  to  the  nation  but  mostly 
to  the  promoters  of  "legitimate  enterprise." 

This  condition  in  the  early  years  of  our  prosperity  forced 
and  fostered  the  growth  of  unionism,  but  does  that  mean 
that  its  measurable  successes  are  evidence  of  an  avowed  pur- 
pose to  better  a  class  at  the  expense  of  the  whole  nation? 
Rather  a  defensive  determination  that  since  some  classes 
have  not  benefited  in  proportion  to  their  services  they  shall 
benefit  as  they  should. 

We  read  further,  "The  aim  of  the  profession  is  to  advance 
civilization  and  to  render  the  highest  service  to  humanity. 
Except  when  their  acts  further  this  aim,  it  is  an  advocate  of 
neither  capital  nor  labor."  This  is  a  purely  negative  state- 
ment. It  must  normally  advocate  both.  And  when  there  is 
disagreement  and  unrest  is  general,  how  shall  neutrality  be 
maintained? 

If  the  A.  A.  E.  be  governed  by  this  "professional"  creed, 
will  not  the  small  and  distinctly  professional  group  apply  the 
principles  and  direct  the  attitude  of  the  organization?  Will 
not  the  close  relations  of  that  group  to  so-called  capital  lead 
them  of  necessity  to  the  side  of  capital  in  a  controversy? 
Wherein  then  can  the  average  technical  man  satisfy  him- 
self that  the  interests  of  the  90  per  cent  are  being  cared  for 
except  as  they  meet  with  the  pleasure  of  capital? 

Such  questions  as  these  are  bound  to  arise  in  the  mind  of 
the  employed  man  whose  economic  status  is  that  of  labor 
regardless  of  his  desires  or  of  his  final  goal. 

COMMITTEE  ON  PUBLICITY, 
Local    14,   Chicago,   of   Technical   Engineers,   Architects   and 
Draftsmen  Union. 


Razing    Brick    School    Building    with    Dynamite. — A    brick 

school  building  at  Ozark,  Ala.,  damaged  by  fire  so  that  only 
the  outside  walls  and  partitions  remained,  was  razed  with 
dynamite.  The  structure  was  60  x  80  ft.  in  plan,  and  40  ft. 
high,  with  walls  20  in.  thick.  At  a  point  3  ft.  above  the 
ground,  holes  were  drilled  in  the  brick  wall  about  14  in.  deep 
and  large  enough  to  allow  the  placing  of  the  40  per  cent 
ammonia  dynamite  cartridges  with  detonator  inserted.  The 
charges  were  confined  with  a  proper  amount  of  clay  and  mor- 
tar. Four  shots  were  fired  simultaneously  and  this  perform- 
ance was  repeated  four  times  to  completely  raze  the  walls. 
The  explosions  toppled  over  the  walls  and  piled  the  bricks 
in  a  somewhat  orderly  fashion  so  that  their  salvaging  was  ac- 
complished economically  and  in  such  quantities  as  to  mate- 
rially decrease  the  number  required  when  the  new  building 
was  erected. 
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The    New    260    Ft.    Span    Single 

Leaf  Bascule  Bridge  of  the 

Illinois  Central  R.  R. 

The  largest  single  leaf  bascule  bridge  yet  constructed  will 
be  placed  in  service  early  next  month,  over  the  South 
Branch  of  the  Chicago  River  at  16th  St.,  Chicago,  on 
the  St.  Charles  Air  Line.  The  St.  Charles  Air  Line  is  a 
short  section  of  railroad  operated  by  the  Illinois  Central  R.  R. 
and  owned  jointly  by  it  and  the  following  railroad  com- 
panies: The  Chicago,  Burlington  &  Quincy,  the  Chicago  &. 
Northwestern,  and  the  Michigan  Central.  It  runs  in  an 
easterly  and  westerly  direction  near  16th  St.  and  connects 
the  terminals  on  the  lake  front  with  the  various  railroads 
using  the  terminals  in  the  vicinity  of  the  river  and  though 
short  in  length  is  nevertheless  an  important  factor  in  rail- 
road operation  in  Chicago.  The  river  was  formerly  crossed 
near  16th  St.  by  means  of  a  double  track  horizontally  swing- 
ing draw  bridge  297  ft.  6  in.  long.  (See  Fig.  1)  at  an  angle 
of  42^  43'  providing  two  channels  59  ft.  clear  in  the  East,  or 
main   channel,   and   5.5   ft.   in   the   west   channel   for   naviga- 


form  retaining  walls  holding  the  earth  fill  under  the  road- 
way and  are  themselves  tied  together  transversely.  These 
walls  are  necessary  on  account  of  a  small  slip  alongside 
and  to  the  north  of  the  bridge  and  also  to  give  clearance  for 
the  movement  of  the  counterweights  as  hereinafter  described. 

Superstructure. — The  superstructure  consists  of  a  through 
Warren  truss  main  double  track  span,  with  subdivided  panels 
and  inclined  top  chords  260  ft.  long  between  end  bearings  and 
a  58  ft.  counterweight  tower  span  designed  for  Coopers  E-60 
loading,  in  accordance  with  the  Illinois  Central  standard 
specifications.  The  principles  of  counterbalancing  and  op- 
eration are  much  the  same  as  in  other  bridges  of  this  type. 
The  counterbalancing,  however,  is  effected  by  a  pair  of  con- 
crete slabs,  termed  "wing  counterweights,"  one  for  each 
truss,  which  for  this  large  bridge  were  found  more  econom- 
ical, on  account  of  the  increase  in  leverage  thus  gained, 
than  the  single  block  of  counterweight  otttimes  used.  They 
are  5  ft.  7  in.  thick,  60  ft.  high  and  37  ft.  wide  and  are  built 
around  the  structural  steel  members  of  the  counterweight 
trusses  which  support  them  and  are  reinforced  in  vertical 
planes  with  %  in.  round  rods  and  in  horizontal  planes  with 
Vo    in.    square   rods.     In    addition    3    in.    expanded    metal    is 
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Ficj.   1  —  Present   Location   and   Proposed 

tion  at  right  angles  to  the  channel.  The  alignment  and  track 
arrangement  were  changed  to  accomodate  the  new  double 
track  bridge  which  crosses  the  river  at  an  angle  of  63°  28' 
being  260  ft.  long  between  end  bearings  of  the  moving  leaf 
and  providing  a  clear  channel  for  navigation  200  ft.  wide  at 
right  angles  to  the  channel.  It  should  be  noted  that  the  lo- 
cation adopted  for  the  new  bridge  was  very  nearly  fixed  by 
the  track  arrangement  on  the  east  side  of  the  structure.  By 
locating  it  as  far  north  as  possible  traffic  was  not  interrupted 
and  the  span  length  was  decreased.  The  south  wye,  how- 
ever, on  the  east  side  of  the  river  fixed  the  most  northerly 
location  which  was  the  one  finally  adopted. 

Figure  2  is  a  general  plan  and  elevation  of  the  new  bridge 
including  the  short  concrete  trestle  approaches,  showing 
substructure  and  superstructure,  and  will  readily  be  recog- 
nized as  the  Strauss  heel  trunnion  type  of  bascule  bridge. 

The  bridge  is  supported  by  cylinder  piers  extending  down 
to  rock,  pier  I  being  the  rest  pier  supporting  the  front,  or, 
free  end.  of  the  bascule  span;  pier  II  supporting  the  trun- 
nion, or  pivot  end,  of  the  bascule  span  and  also  the  foot  of 
the  triangular  counterweight  tower;  pier  III  supporting  the 
vertical  leg  of  the  tower  which  carries  the  counterweight 
trunnion  at  its  apex.  The  dead  load  on  pier  I  is  zero,  on 
pier  II,  the  weight  of  the  moving  leaf  plus  a  portion  of  the 
fixed  counterweight  tower,  and  on  pier  III,  the  weight  of 
the  counterweight  plus  the  remaining  portion  of  the  tower. 

These  loads  are  constant  and  vertical  for  any  position  of 
the  leaf  and  are  applied  directly  over  the  center  of  each  pier. 
Each  pier,  in  fact,  is  a  pair  of  cylinders  braced  together  by 
concrete  girders  transversely  and  piers  II  and  III  are  tied 
together  longitudinally  as  well.     These  longitudinal  lies  also 


Future   Location   of   Bascule    Bridge. 

placed  2  in.  from  outer  faces  of  the  concrete.  Each  con- 
crete counterweight  weighs  approximately  885  tons  at  148 
lb.  per  cubic  foot.  The  rectangular  apertures  showing  in 
the  face  of  the  counterweight  are  for  the  purpose  of  adding 
adjustment  blocks  to  obtain  the  exact  required  weight.  The 
calculations  were  based  on  half  of  the  number  of  these  aper- 
tures being  filled  when  tke  bridge  is  in  equilibrium.  The 
total  weight  of  the  blocks  equals  7  per  cent  of  the  total 
counterweight. 

As  the  bridge  opens  the  counterweights  move  entirely  out- 
side the  range  of  the  railroad  clearance  and  when  the  bridge 
is  fully  open  their  lowest  point  is  8  ft.  below  the  base  of 
rail.  The  vertical  retaining  walls  between  piers  II  and  III 
holding  the  earth  fill  beneath  the  tracks  permit  such  move- 
ment below  the  base  of  rail. 

In  order  to  support  the  concrete  counterweights  con- 
centrically about  the  counterweight  trusses  the  section  above 
the  railroad  clearance  of  each  tower  truss  is  offset  and  over- 
hangs so  that  the  horizontal  distance  between  center  lines 
of  the  upper  and  lower  sections  is  5  ft.,  a  deep  portal  gir- 
der in  both  the  planes  of  the  vertical  and  inclined  tower 
posts  extending  between  the  towfir  trusses  amply  providing 
for  the  eccentric  loading  from  the  counterweight  trunnions 
which  together  with  the  counterweight  trusses  are  centrally 
located  with  respect  to  the  overhanging  upper  section  of  the 
tower  trusses. 

The  counterweight  trusses  in  moving  do  not  interfere  with 
the  upper  section  of  the  tower,  since  the  single  trunning 
bearing,  typical  of  these  bridges  is  used  and  by  virtue  of 
the  offset  above  described  the  counterweights  proper  clear 
the  lower  section  of  the  tower  in  moving  along  side. 

The  lower  section  of  the  tower  trusses  being  in  line  with 
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the  main  trusses  of  the  moving  leaf,  it  will  be  seen  that  the 
counterweight  trusses,  which  are  in  line  with  the  upper 
sections  of  the  tower  trusses,  will  be  5  ft.  off  center  with 
the  main  trusses  of  the  bascule  span;  the  two  counterweight 
links  (structural  members)  connecting  the  counterweight 
trusses  with  the  hip  of  the  moving  leaf  trusses  and  85  ft. 
7  9/16  in.  long  between  connection  pins,  are  therefore  not 
parallel  with  each  other  in  plan,  being  42  ft.  4  in.  between 
center  lines  at  the  counterweight  end  and  32  ft.  4  in.  be- 
tween center  lines  at  the  moving  leaf  end.  These  members 
are  in  direct  tension  transmitting  the  counterbalancing  ef- 
fect between  counterweight  and  leaf  and  are  braced  together 
by  struts  and  diagonals  to  take  up  the  horizontal  com- 
ponent of  the  link  stress  due  to  the  10  ft.  difference  in  hori- 
zontal distance  between  centers  at  either  end. 

Operation. — The  bridge  is  opened  or  closed  in  1%  minutes, 
being  operated  in  the  usual  manner  characteristic  of  this 
t>-pe,  by  means  of  straight  racks  bolted  to  a  pair  of  operat- 
ing struts,  one  pivoted  to  the  end  post  of  each  truss,  which 
are  engaged  by  operating  pinions   located   in   the   portal   of 


springs  to  the  extended  position  when  the  bridge  is  lowered 
thus  being  in  correct  position  for  the  next  opening.  This 
device  is  a  new  feature  and  if  proven  satisfactory  it  will  be 
used  on  such  bridges  in  the  future.  A  similar  air  buffer  is 
located  underneath  the  front  end  of  the  leaf  which  conies 
into  play  when  the  bridge  closes,  the  piston  rod  coming  into 
contact  with  the  bridge  seat  of  the  rest  pier. 

The  bridge  is  locked  to  the  bridge  shoe  at  the  front  end 
by  motor  driven  latch  bars  moving  in  guides  in  the  bottom; 
chords  of  the  main  trusses,  and  controlled  by  the  bridge 
operator.  These  locks  are  interlocked  with  the  train  signals 
so  that  the  operator  can  not  obtain  current'  for  opening' 
them  until  the  signals  for  trains  approaching  the  bridge  are 
.«et  at  danger.  Likewise  no  current  is  available  for  the 
bridge  operating  motors  until  the  locks  are  fully  open  when 
it  is  impossible  to  set  the  train  signals  at  clear.  The  usual 
electric  contact  devices  automatically  break  the  current 
when  the  bridge  has  nearly  reached  its  limiting  positions  and 
the  motor  brakes  are  automatically  applied.  An  emergency 
brake   is   also   provided   acting   on    each   operating   strut  in- 
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Fig.   2 — General    Plan    and    Elevation    of   200-Ft.    Span    Single    Leaf     Bascule    Bridge. 


the  counterweight  tower.  The  pinions  are  actuated  through 
an  equalizer  and  reduction  gears  by  two  150  H.P.  electric 
A.C.  motors  on  a  440-volt  3-phase  60-cycle  circuit,  all  located 
in  a  stationary  fireproof  cabin  built  in  the  portal  of  the 
tower  above  the  overhead  railroad  clearance  line.  The 
electrical  equipment  and  controllers  together  with  a  62  H.P. 
gasoline  engine  for  emergency  drive  are  all  located  under 
the  same  root  with  the  operator  thus  facilitating  inspection 
and  maintenance. 

On  account  of  the  unprecedented  size  of  this  bridge  it  was 
considered  advisable  to  use  an  air  buffer,  in  addition  to  the 
oak  bumping  blocks  ordinarily  employed,  on  the  operating 
strut,  which  comes  into  play  when  the  bridge  reaches  the 
nearly  open  position.  It  consists  of  an  air  cylinder  with 
15  In.  bore  and  231/2  in.  stroke  secured  to  the  top  of  each 
strut  near  the  moving  leaf  end:  the  piston  rod  is  4  in.  in 
diameter  and  6  ft.  3  in.  long  free  to  move  in  a  guide  casting 
secured  to  the  strut  at  the  mid-point  of  the  piston  rod  ex- 
tended. The  rod  is  normally  held  in  its  extended  position  by 
a  pair  of  coiled  springs,  one  end  secured  to  the  piston  and 
the  other  to  the  guide  casting.  When  the  bridge  nears  the 
limit  of  its  opening  the  extended  piston  rods  come  into  con- 
tact with  a  short  I-beam  bumping  girder  secured  to  the  in- 
clined post  of  the  counterweight  tower  in  the  path  of  the 
operating  strut  and  the  compression  of  the  air  in  the  cylin- 
der gradually  arrests  any  further  movement  of  the  bridge 
after  the  power  has  been  cut  off  and  motor  brakes  applied. 
Valves  in  the  cylinder  head  allow-  adjustment  so  as  to  secure 
proper  cushioning  effect.  The  other  end  of  the  cylinder  is 
open  to  allow  the  return  of  the  piston  by  the  force  of  the 


corporated  with  the  operating  strut  guide.  The  brake  Is 
operated  by  single  action  compressed  air  cylinders,  in  line- 
with  the  strut  secured  to  flanges  on  the  bottom  of  the  guide. 
The  pistons  of  the  cylinders  are  connected  by  means  of  con- 
necting levers  and  eccentrics  to  eight  brake  shoes — four  each 
for  the  top  and  bottom  flanges  of  the  strut.  The  operator 
applies  the  brakes  by  admitting  compressed  air  Into  th«- 
cylinders,  a  control  valve  being  located  in  the  operator's 
cabin  immediately  adjacent  to  the  leaf  motor  controllers.  A 
supply  of  compressed  air  is  maintained  by  an  air  compres- 
sor inside  the  cabin  and  an  air  tank  just  outside  the  cabin 
overhead.  The  emergency  brake  is  for  use  when  the  ordi- 
nary motor  brakes  are  insufficient  in  case  of  accident  to  the 
operating  machinery  or  other  emergency  and  also  serves  as 
a  positive  lock  for  the  bridge  in  any  position  irrespective  of 
the  bridge  operating  machinery.  They  also  relieve  this  ma- 
chinery from  the  stress  due  to  the  shock  of  applying  emer- 
gency braking  forces,  on  an  intermediate  shaft  of  the  operat- 
ing jnachinery,  which  method  was  employed  before  this  air 
brake  was  developed,  and  the  safety  of  these  brakes,  there- 
fore, is  not  dependent  upon  the  gears,  shafts  and  other  ma- 
chinery parts  intermediate  between  the  point  of  applica- 
tion and  the  operating  pinion  and  rack.  They  are  not  even 
dependent  upon  the  teeth  of  the  racks  and  pinions,  being 
applied  directly  on  the  structural  flanges  of  the  operating 
struts. 

Erection. — On  account  of  the  new  location  of  the  bridge  (see 
Fig.  1)  no  interruption  of  railroad  traffic,  during  construction 
of  the  new  bridge,  was  occasioned,  but  it  was  necessary  to 
avoid    interference    with    river   traffic   during   the    period    of 
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erection  which  necessituled  erection  in  llie  open  position. 
The  tower,  counterweight  linl^s  and  counterweight  trusses 
were  erected  from  the  timber  gantry-like  falsework  and  the 
moving  leaf  by  derricks  supported  on  the  leaf  itself  and 
moved  up  as  the  steel  was  placed  in  position,  much  on  the 
order  of  the  steel  frame  in  a  tall  building.  The  method  of 
erecting  the  tower  and  counterweiglit  trusses  constitutes  a 
new  departure  in  bridges  of  this  character  and  was  used  on 
account  of  the  heavy  members  in  this  part  of  the  structure, 
the  heaviest  single  members  being  the  rear  section  of  the 
bottom  chord  of  the  counterweight  truss  with  trunnion, 
weighing  70  tons.  The  contractor  considered  it  expedient 
to  use  the  extra  falsework  in  order  to  obtain  a  better  pur- 
chase on,  and  greater  facility  in  handling  the  material.  Here- 
tofore in  similar  bridges  ordinary  derricks  located  on  the 
ground  and  on  the  moving  leaf  when  carried  to  sufficient 
height  were  considered  equal  to  the  task  of  hoisting  and 
placing  the  members  in  position  for  the  tower  and  counter- 
weight trusses  as  well  as  for  the  moving  leaf. 

Provision  for  Moving  Superstructure  to  Comply  with  Pro- 
posed River  Straightening. — An  unusually  interesting  feature 
of  the  entire  construction  is  the  provision  for  turning  the 
bridge  through  a  horizontal  angle  of  about  160°  to  provide 
for  the  proposed  future  straightening  of  the  Chicago  river 
between  12th  St.  and  16tli  St.,  which  had  to  be  taken  into 
account  when  plans  for  the  construction  of  a  new  bridge 
were  being  considered  in  1915.  Progress  towards  adopting 
plans  for  a  new  bridge  were,  in  fact,  halted  by  the  advance- 
ment of  the  plans  of  the  Chicago  Railway  Terminal  Com- 
mission for  straightening  the  Chicago  river.  The  proposed 
new^  river  channel  would  cross  the  St.  Charles  Air  Line  about 
400  ft.  westerly  from  the  present  river  channel  and  the 
designers  of  the  type  of  bridge  finally  adopted  proposed  a 
plan,  after  much  study,  of  building  the  superstructure  of  the 
new  bridge  to  span  the  present  river  channel  with  pro- 
vision for  revolving  it  intact  on  a  circular  track  and  rollers 
onto  new  substructure  to  be  built  to  accommodate  the  future 
new  river  channel.     This   plan,   for  the  first  time  proposed. 
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Fig.   3 — Bridge   Witli    Leaf   Raised. 


ing  center  pivot  swing  bridj;e  in  the  present  channel,  on  tha 
grounds  of  possible  complete  rebuilding  again  to  comply 
with  the  future  river  straightening. 

In  moving  the  superstructure  the  bridge  will  be  locked  la 
a  partly  open  position,  by  means  of  the  operating  strut*, 
high  enough  to  clear  obstructions  in  the  path  of  the  front 
end  of  the  leaf  and  the  entire  structure  will  then  be  revolved 


Fig. 


-Bridge    in   Closed    Position. 


through  the  required  arc  until  it  comes  into  its  new  and 
final  position.  Practically  the  only  change  in  the  existing 
structure  is  the  addition  of  a  floor  in  the  tower  span,  to  be 
provided  when  the  process  of  moving  is  undertaken. 

Aside,  therefore,  from  its  huge  size,  this  structure  Is 
unique  in  being  the  first  bascule  bridge  designed  to  be 
moved  bodily  after  completion. 

Conclusion. — The  bridge  was  built  by  the  Illinois  Central 
K.  R.  under  the  direction  of  Former  Chief  Engineer  A.  S. 
Baldwin  and  Present  Chief  Engineer  F.  L.  Thompson.  Maro 
Johnson,  Assistant  Engineer,  assumed  direct  charge  during 
construction  of  the  sub  and  superstructure.  The  Strauss 
Bascule  Bridge  Co.  acted  as  consulting  engineers  for  the 
railway  and  were  selected  by  the  four  railway  companies 
interested  to  furnish  the  design  under  its  patent  rights  and 
prepare  the  general  detail  plans  for  the  structure  and  ap- 
prove the  shop  plans.  The  Foundation  Co.  built  the  sub- 
structure, beginning  construction  October,  1917,  and  com- 
pleting It  in  August,  1918.  The  American  Bridge  Co.  (Gary 
plant)  fabricated  the  steel  and  machinery  which  was  erected 
by  the  Ferro-Construction  Co.  of  Chicago  who  began  work  in 
October,  1918,  but  were  interrupted  by  delays  in  receipt  of 
material  in  November,  resuming  operations  in  February.  1919, 
and  completed  the  erection  with  minor  interruptions  August, 
1919.  The  structural  steel  weighs  1.544  tons  and  the  trunnion 
pins  and  operating  machinery  166  tons.  The  main  trunnions 
are  25  in.  in  diameter,  the  counter  weight  trunnions  46  in.  and 
the  first  and  second  link  pins  20%  in.  and  31  in.  respectively. 


permitted  the  building  of  a  bascule  bridge  in  one  location 
and  its  operation  in  that  location  for  as  long  a  period  of 
years  as  necessary,  when  it  can  be  turned  around  across  the 
future  channel  and  operated  in  its  reverse  position. 

This  plan  avoided  any  justifiable  delay  in  conforming  with 
the  U.  S.  Government's  requirement,  to  remove  the  obstruct- 

(14?) 


Mass  Meeting  of  Chicago  Technical  Employes.— The  Chi- 
cago Local,  No.  14  of  the  International  Federation  of  Tech- 
nical Engineers',  Architects'  and  Draftsmen's  Union,  held 
a  mass  meeting  In  the  Aryan  Grotto  Theater,  Chicago,  on 
Dec.  11.  Short  addresses  were  delivered  by  Col.  Henry  A, 
Allen  of  the  lOSth  Illinois  Engineers,  and  by  Oscar  Nelson, 
Vice  President  of  the  Chicago  Federation  of  Labor.  The 
principal  address  of  the  evening  was  made  by  Anthony  J. 
Oliver,  President  of  the  International  Federation  which  Is 
now  composed  of  some  40  local  unions  representing  a  mem- 
bership of  over  6,000. 
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Advantages  of  the  Slope  Deflection 
Method  of  Analyzing  Statically- 
Indeterminate  Structures 

By  M.  GRODSKY 
Engineer    of    Concrete    Design,    Brid&'e    Division,    City    of    Chicago. 

The  increasing  use  of  statically  Indeterminate  structures 
warrants  paying  more  careful  attention  to  their  analysis  than 
has  been  done  heretofore. 

The  usual  methods  of  analyzing  rigid  frames  and  statically- 
indeterminate  structures  were  the  "elastic"  and  the  "least 
work."  The  "elastic"  method  is  outlined  in  "Modern  Framed 
Structures,"  by  Johnson,  Bryan  and  Turneaure,  Vol.  2,  begin- 
ning with  page  383  of  the  9th  edition.  The  method  of  "least 
work"  is  mentioned  in  several  textbooks,  but  nowhere  is  it 
worked  out  to  an  extent  of  completeness  desirable  for  the 
practicing  engineer.  Of  the  two  methods,  that  of  "least  work" 
is  the  more  comprehensive  and  also  the  more  powerful. 

It  cannot  be  said  that  the  two  methods  were  popular  with 
the  average  engineer,  whenever  he  had  to  analyze  a  statically- 
indeterminate  structure.  He  had  heard  of  them,  but  was 
discouraged  by  the  amount  and  character  of  the  calculations 
they  require.  To  make  matters  worse  there  are  practically 
no  examples  worked  out  in  textbooks. 

Recently  there  came  into  existence  a  third  method  which 


F/ff./ 

promises  to  be  of  real  help  to  the  engineer  analyzing  statically- 
indeterminate  structures.  It  is  the  so-called  "slope-deflection" 
method.  While  analysis  by  "slope-deflection"  gives  the  same 
results  as  by  "least  work,"*  slope  deflection  possesses  sev- 
eral advantages  over  the  latter.     These  are  as  follows: 

1.  The  calculations  are  very  much  simpler  in  the  "slope- 
deflection." 

2.  The  "slope-deflection"  does  not  involve  any  calculus. 
This  is  a  great  advantage,  as  the  average  engineer,  not  using 
calculus  often,  is  cautious  in  applying  it,  and  has  a  little  dis- 
trust to  results  obtained  through  it.  The  "slope-deflection" 
requires  only  the  solution  of  algebraic  equations  of  a  simple 
type. 

3.  While  the  fundamental  equation  of  the  "slope-deflection" 
is  as  easy  to  remember  as  that  of  "least  work,"  the  practical 
application  of  it  to  a  case  in  hand  is  easier  and  not  so  in- 
volved as  that  of  "least  work." 

In  the  Sept.  24,  1919  issue  of  "Engineering  and  Cont/acting" 
there  were  analyzed  two  statically  indeterminate  struc- 
tures by  "least  work."  It  will  be  interesting  for  comparison 
of  advantages  of  the  two  methods  to  analyze  the  same  cases 
by  "slope-deflection." 

It  is  proper  now  to  make  a  few  preliminary  remarks  about 
this  method.  The  fundamental  equation  is  Mab  =  2EI/1  (2eA 
+  08  —  3  d/l),  where 

Mab  is  the  moment  at  the  end  A  of  member  AB, 

I  is  the  average  moment  of  inertia  of  the  member, 

1  is  the  length  of  span  of  the  member, 

Oa  i^  the  tangent  of  the  angle  at  A  which  the  deformed 
elastic  axis  makes  with  its  original  position, 

Gb  is  similarly  the  tangent  at  B,  and 

d  is  the  deflection  of  one  end  of  the  member,  measured  on  a 
line  perpendicular  to  the  original  position  of  the  member.  As  re- 
gards signs,  Mab  is  positive  when  causing  clockwise  rotation  Q\ 
and  Gb  are  positive  when  the  tangent  is  turned  in  a  clockwise 
direction  from  its  initial  position  and  d  is  positive  when  the 
deflecting  end  of  the  member  moves  clockwise  with  reference 
to  the  other  end. 

As  shown  in  Fig.  1  Mab,  Mba,  Ga,  Gb  and  d  are  all  posi- 


•Both  methods  usually  neglect  work  done  by  axial  forces. 


five;  the  original  elastic  line  being  AB',  and  the  deflection  d 
is  that  of  end  B  from  original  position  B'. 

For  any  load  on  member  AB  a  factor  (F)  is  added  to  or 
subtracted  from  the  equation  for  M.  This  factor  is  equal  to 
the  moment  at  the  end  of  a  fixed  beam  with  same  span  and 
load.  Its  sign  is  not  governed  by  the  usual  consideration  of 
which  side  of  the  beam  is  in  tension,  but  by  the  rotation  It 
causes.  Thus  for  a  uniform  load  of  w  lbs.  per  ft.  the  factor  is 
wlV12,  and  for  the  end  A  of  member  AB   (Fig.  2)  its  sign  is 


J^^l^i 


y//////y/////y///y/y;>//y///yy///y/^ 


B 


fig.  ^ 


minus,  because  it  causes  anticlockwise  rotation.  At  the  end 
B  its  sign  is  plus  because  it  causes  clockwise  rotation.  Table 
1  shows  the  values  of  the  factors  for  ordinary  loadings. 

These  factors  are  easily  worked  out:  either  analytically  or 
by  area-moments. 


/v^3 


Thus  in  Fi 
Mab  = 


2EI      /                         3d  \ 
(      2Ba  +  Be I 

1  V  '  / 

/  3d  \ 

I    Ga  +  2Gb I 


2E1 

Mba  = I    Ga  +  2gb 

I       \  1 


Pa(l  — a)  = 

1= 
Pa-(1  — a) 


F 


APPLICATION. 
Example  1 — 

Take   a    beam   continuous   over  two   supports   as   shown   in 

3 


F/g.   4-. 
Fig.  4.     Assume  a  constant  moment  of  inertia  and  a  uniform 
load  of  w  lbs.  per  ft. 

(A)     No  settlement  of  supports  .'.d^o. 

Ga^o.     Elastic  curve  horizontal  at  A  due  to  fixity. 

Gd^o.     Elastic  curve  horizontal  at  D  due  to  fixity. 

0c  :^ — 6b.    Structure  is  symmetrical  about  the  middle. 


Mab^ 


2EI 


a 


(eA  =  o,  d  =  o) 
2  EI 

Mba  = I     Ga 

a 

(0A  =  O,  d=o). 
2EI 

Mbc  = 


/                        3d    \ 
I     20A  +  Gb I 

)). 

/                          3d    X 
I     Ga  +  2eB I 


wa- 


2EIGb 


12 


!EI    / 


3d 


20B  +  Be 


) 


12 


wb- 


12 


4BIGb  wa« 

+ 

a  12 


2EIeB 


wb- 


12 


12 


(6c  =  ~Gb). 

From   a   well-known   principle   in  mechanics,   viz.   that   the 
summation    of   external    moments    at   a   joint    in    equilibrium 
equals  zero,  DM  about  joint  B  =  o.     .".  Mba -f  Mbc  =  o. 
4EIGb       wa=       2EIeB         wb- 

-f + =  0 

a  12  b  12 
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2Eiet 


( 


2         1      \        wb-       wa- 
-  +  -      \  =  - 

a        b     y        12  12 


2EieB : 


(wb-  —  wa-) 


ab 


12  (2b  +  a) 

Substitute  this  value  in  equations  for  Mab.  Mka,  Mbc. 

2EIeB       wa=        (wb=  —  wa=)           b              wa= 
Mab  = = = 


a  12 

— wCa^  +  3a=b  — b-') 

12(2b  -4-  a) 

2EIeB       wb= 
Mbc  = 


12 


(wb=  —  wa=) 


(2b  4- a) 


12 


wb- 


12 


—  w(a'  +  2b=) 


(2b  +  a) 


12 


12(a  +  2b) 

Note:     Mbc  is  the  moment  at  the  end  B  of  member  BC,  etc. 

(B)     Assume  supports  B  and  C  to  settle  an  amount  equal  to  d. 

Then 


2EI 


Mab  =  - 


(='"-^*-7) 


) 


2EieB 


CEId 


12 


12 

2EI    - 

f 

3d 

Mba  = 

— 

ga  +  2eB - 



a      \ 

L 

a 

4EIeB         6EId 


12 


a' 


+  ■ 


12 

Mbc  = 
Mba  4 
.".2EI( 

2EIeB 


2EI 


I  2eB  +  ec  J 

) 


\vb= 


2EIeB       wb-- 


b 
Mbc  =  o 

/     2         1 
5b  I    — +  — 
Y  a         b 

(2b  +  a  X 
ab       ) 


12 


12 


6EId         wa- 

-^ 

a=  12 


wb= 
12 


wb= 
12 


( wb=  - 


wa-) 


ab 


wa- 


12 
GEId 


6EId 


a' 
ab 


2EIeB: 


12 


2b  +  a 


Substitute  in  Mab  and  Mbc 

wb-  —  wa=          b             6EId 
Mab  = 1 


2b  +  a 
b 


6EId 


12(2b  -fa) 


12 
(b=- 


2b  +  a 
-  a^b  —  2a-b  - 


a- 


•a=)  + 


2b  4-  a 
6EId 


a- 
(b  — 2b 


12 


■a) 


•w(a'  4-  3a=b  — b') 


a-(2b  4- a) 
6EId(a4-  b) 


12(2b4-a) 
— w  ( a" 
Similarly  Mbc  = 


a=(2b  4- a) 
IV)  6EId 

4- 


a(2b  4- a) 


13(2b4-a) 
Mba  is  found  in  a  similar  way. 

Knowing  the   moments  at  the  supports   the  reactions   are 
found  easily.     Take  in  Fig.  5  AB  as  a  free  member.    It  being 


/V/ 


'M 


U&. 


M, 


wm/////i///////ir/;/ii/;/;//;i///.',',/i'r^-7m. 


'SA 


'^Ai 


a 


Vtl 


B 


F/^.  S 


in  equilibrium  the   summation  of  moments  about  any  point 
equals  zero.     Hence  taking  moments  about  B 

wa= 

2M  =  Mab  4-  Rab  X  a f-  Mba  =  o 

2 


■fAs    there   is    in    span    EC   no   movement    of   one    end    relative    to 
the  other,  d  for  span  BC  =  o. 


From  which  Rab  is  easily  obtained. 

(C)  The  moments  at  supports  and  reactions  for  any  num- 
ber of  spans  and  for  supports  at  different  levels  may  be  ob- 
tained by  a  similar  procedure. 

Example  2: 

Consider  a  symmetrical  frame  shown  in  Fig.  6   loaded  with 


7 


I. 


A. 


I. 


7 


f/g  & 


various  symmetrical  loads.  Due  to  symmetry  the  tangent  at 
C  is  horizontal  (ec  =  o);  eo^ — Gb:  also  d=:o.  Due  to  flilty 
of  ends  Ga  =  0,  Oe  ^  o.  Under  such  conditions  only  half  of 
the  figure  need  be  considered. 

(A)     Any  Symmetrical  Vertical  Load. 
2EI:Gb  2E1.  X  2Gb 


Mab  =  - 


h 
4ELGB 


Mbc  -- 


b 
2EI,eB 


Fee     (F — loading   factor.) 


M  B  A  =  - 


MCB  =  - 


4-FcB 


2iM  at  joint  B  =  o 
4EI.eB  4EI,eB 

4 


Fbc  =  o 


■■  Mba  4-  Mbc  =  o 
Pncbh 
08  = 


h  b 

Substitute  in  values  for  Moments: 
2EI:        FBcbh  I.b 

Mab  = = 

h      (I,h -r  I,b)4E       (Lb  4- I,h) 


4E(Lb4-  I,h) 
Fbc 


Lb 


M 


in: 


Mbc  =  — Mba  — - 


Lb 


(Lb  -L  I,h) 


2El,bh  X  Fec 


(Lb  4-  I.h) 
—  Fbc 
I,h 


Fbc 


Fbc 


Mcb: 


4-Fcb  =  - 


+  FCB 


b4E(Lb4-I,h)  (I,b4-I,h)        2 

By  considering  AB  a  free  member  and  applying  principle 
2M  =  o,  we  obtain  H.     Thus  in  Fig.  7  2M  =  Mab  4-  Mba  — 

Ijb  3  Fbc 

Hh  =  o  .-.     Hh  =  MAB4-MBA= 

(Lb  4-  I.h)        2 
By  considering  BC   a  free   member  and  applying  2M  =  o, 
we    obtain    V.      Thus    in    Fig.    S    2M  =  Mbc  4-  Mcb  4-  Vb  — 
2Pa:=o  (where  a  is  lever  arm  of  load).        .'.    Vb  ^=  IPa  — 
Mbc  —  Mcb 

Results  due  to  three  cases  of  vertical  loading  are  shown 
in  Table  2. 

(B)     Any   Symmetrical   Horizontal  Load. 

Gb  I, 

Mab  =  2EL Fab  Mbc  =  2E  —  X  298 

h                                                      b 
4ELeB                                                  2EI, 
Mba  = h  Fba  Mcb  = Gb 


2M  =  o 


•  '■Mba  4-  Mbc^ 


(^0 


bh 


4-  Fba  =  0      Gb  =  —  Fba 


4E(I:b4-Iih) 


Substituting  this  value  of  Gb  in  values  of  moments: 

bl,          Fba 
Mab  ^ ■ Fab 


Mba  =  - 


(bL4-hI,) 
hi, 
Fba 


(hi,  4-  bL) 
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MbC: 


hi. 

Fba 

hi,  +  bL 

•      hi,       Fba 
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MCD  =  - 


hi,  4-  bL     2 

Values  of  H  and  V  may  be  obtained 
as  before.  Table  3  contains  results 
for  three  cases  of  horizontal  loading. 

In     both     vertical     and     horizontal      '^ 
loadings    numerical    substitutions    are 
exceedingly  simple  and  hence  omitted 
here. 

Example  3: 

In  order  to  compare  the  amount  of 
calculations  involved  in  "Slope-deflec- 
tion" and  in  "Least  Work,"  one  case 


"ff 


UL 


.H 


f/^.  7 


Ma6 


from  Example  2  is  worked  out  here  by  the  method  of  "least 
work." 

Consider  frame  and  load  as  shown  in  Fig.  6.  Due  to  sym- 
metry of  frame  only  half  of  it  need  be  considered.  There  is 
no  work  in  member  CF. 

Moment  in  AB        M  =>  Ma  —  Hx 
dM  dM  dM 

dMA  dH  dV 


d  (Work 


dW 

dH 
dW 


;-k)         1       /"h  MAh  Hh" 

=  —     /       (M^— Hx)   dx  = 

I,  y    o  I.     21, 

1     rh  Hh' 

__   /     ( Ma  —  Hx)  (— X)  dx  = 

\,J    o  31, 


(omitting  E) 
MAh' 


:0 


dV 
Moment  in  BC  M  =  Ma  —  Hh  -f  Vx. 

dM  dM  dM 

dMA  dH  dV 

'  b  MAb       Hhb        Vb' 

(Ma  — Hh  +  Vx)dr  = 1 

dMA           T-  J    o                                              I.            I.  Jt 
(i\v                         dw            MAbh           Hh"b          Vhb' 
=  — h  X  = h 


dW 


^/' 


dH 
dw 

dV 


dMA 


•l        /-b 

/      (Ma  — 
\     J   O 


I,  I,  21, 

MAb'       Hhb 

Hh  +  Vi)idx=: 


21, 


Vb* 

+ 

21,  31, 


n' 


4 


n^.8 


Additional  moment  in  BC  (due  to  load  P)  =:  — P(x  — a). 
dM     dM     dM 

, , same  as  before. 

dMA,  dH,      dV 

dw       p    r^ 


dM 

P    (b  — a)' 


P       Tb  P     /     X'  \b 

—     /      (X  — a)di=; I ax     I        = 

I.     y    a  1,     V    2  /a 


I.         8 

dW  dW 

=  — h  X 

dH  dM 


Ph  (b  — a)' 


dW  P    r  b  p     /    X'       ax'   \  1 

= /     (X  — a)xdx  = I I 

dV  I,/      a  1,     V    3  2      /i 


(2b'  — 3ab"  +  a*) 

61, 
Equations  of  work  for  both  members: 


dM.« 


MAh 


Hh' 


MAb 


T  T 

or  Ma  (hi,  +  bl,)  - 
dW 
dH 


Hhb  Vb' 

-f 


P(b— a)' 


I, 


I. 


21,  21, 

Hh  Vb'I,      PI, 

(hi,  +  2bl,)  H = (b— a)'..(l) 

2  2  2 


Hh»        MAh' 
31,  21, 


MAbh     Hh'b     Vb'h      Ph 

+ -f (b- 

I,  I.  21,        21, 


a)'  =  o 


A.. 


-%. 


^!ci 


H 


V 


TABLE    1. 


Aoad'/^ff 

—        /7?o/^  at 
'AS     /t//  hanitnd 

'1*      hand  (nd 

e         », 

/a 

A 

UJ*/f^   ' 

B 

A 

r    %       J 

f^A 

M 

e 

'? 

^       t 

A 

-„,^fflnif[lll 

30 

"■£ 

ff 

A 

a 

F 

0 

6 

A 

,  a 

if    ^-^         V 

0 

A 

'Ji/^MM,^  1 

'^^e 

48 

B 

TABLK    2. 


V£f^T/CAL    /  CAl?S 


■^\ 

> 

„ 

CaiCZ      - 

^-r/ 

<~ 

1. 

I. 

I, 

I 

L  J 

■F 

/"cViV 


4        l^l'"!.} 


6      iH^T,) 


Fa(i-c:j'- Ih 


_  Fv'i'i-a) 


(efi'hl,) 


Cast  3 


Ul^^ 


liI{^M'.) 


■JP  J. 


fA    (^Jl'-i^l 


S  LkT,*CT^) 


If 


^b(2ai-/.Z) ,  7^ 


(aCCl^  -J^^,) 


T.VBI.E    3. 


Mcs 


Ho^/SOA/T/fl    lOAPS 


case  * 


n 


Pa[J<-a)' 


Fa(l<-a)'   I, 


3  Fa(A-a)  I. 


/z. 


^L' 


wVJ.  ._ 


^Q 

■^A'  V 


f^ 


y/''J, 


i^((^STj''t/,) 
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3  3  — 3PI. 

or  Hh(hI,  +  3bL) MAlhI,+2bL) Vb=I..= (b— a)».(2) 

2  2  2 

dW 

dV 

M..\b--         Hhb-'  Vb'        P 

.". \ (2b'  — 3ab=  +  a')  =o 

21,  2Ii  31,        61, 

or  SMAb=— 3Hbb=  +  2Vb'  =  P(2ti»  —  :Jab- +  a') (3) 

Eliminate  V. 
From  (1) 


Vb-  =  P(b— a)' 
From   (2) 

Vb=  =  P(b— a)' 
From  (3) 


2Ma  Hh 

(hi,  +  bL)  + (hl,+  2bl,) (4) 

U  I, 


Ma  2Hh 

(hi,  +  2bl..)  H (hi,  +  3bl,) 

I,  ;!I, 


■  3ab=+  a") 


Vb=  =  —  ( 2b' 

2b  2 

Subtract  (4)  from   (5). 

Ma  Hh 

0= (2hl,  — hi,) (hi, 

L  I, 

MAhl,        Hh=I, 

O  := 

I,  3Ia 

3Ma  =  Hh  

Subtract  (6)  from  (4) 


3MAb        3Hhb 

+ 


.(5) 


(fi) 


2hl, 


(71 


/  3  a=X 

o  =  P   I  —  ?ba  +  a-  H ab 1 

y  2  2by 

Ma    /  3bLX  Hh 

I   2hl,  +  2bl, I     H 

I.      V  2^1. 


Hh 

—      I  hi,  + 

Pa 

2b                          2L 
Solve  for  Hh  from  (8) 
Pa(b  — a)' 
Hh  = 


(4hl,  +  bl.) 


Hh 
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I2hl, +  bl,) 
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I, 


MA(4hI,  +  bl,) 


■  +  ■ 


.(9) 


b  (2hl,  +  bl,) 

Equate   (7)  and   (9) 

Pa(b  — a)'L  (4hl,  +  bl.) 

3Ma  = h  Ma 


(2hl, +  bl,) 


b(2hl,  +  bL) 

r4hl,  +  bl: 
3 


(2hl,  +  bl;) 
1  Pa(b  — a)'I, 

2hl, +  bL     J  b(2hl, +  bl,) 

Pa(b  — a)'I, 


.(10) 


(bl,  +  hi,) 
3Ma  3Pa(b- 


-a)n. 


From   (7)     H=- 


.(11) 


h  2bh(bl,  +  hl,) 

Knowing  Ma  and  H,  V  may  be  obtained  from  Equations 
1,  2  or  3. 

This  comparison  of  a  simple  case  of  symmetrical  loading 
shows  the  advantage  of  the  "slope-deflection"  over  the  "least 
work." 

For  unsymmetrical  frames  and  loads,  the  calculations  by 
"slope-deflection"  are  only  slightly  increased;  while  by  "least 
work"  they  are  highly  complicated.  In  another  article  such 
a  comparison  (for  unsymmetrical  frames  and  loads)  may  be 
worked  out. 


Analysis  of  Statically  Indeterminate 

Structures    by     the     Slope 

Deflection  Method 

A  214  page  bulletin  that  should  be  of  much  value  to  the 
engineer  designing  statically  indeterminate  structures  has 
been  issued  recently  by  the  Engineering  Experiment  Sta- 
tion of  the  University  of  Illinois.  The  bulletin  contains  a 
mathematical  analysis  of  the  stresses  in  various  structures, 
including  continuous  girders,  two-legged  rectangular  bents, 
trapezoidal  bents,  three-legged  bents,  rectangular  frames 
and  office  building  frames.  The  stresses  are  analyzed  by 
the  slope  deflection  method  based  upon  the  work  of  Otto 
Mohr  and  C.  E.  Greene  as  developed  by  Manderla,  Mohr, 
Kunz  and  Wilson  and  Maney. 

The  feature  of  the  work  which  is  entitled  to  especial  aX- 
tention  is  the  separation  of  the  moments  in  a  member  Into- 
two  parts.  One  part  depends  upon  the  physical  and  geo- 
metrical properties  of  the  member  and  the  restraint  of  the 
ends  of  the  member.  The  olher  part  depends  upon  the  ex- 
ternal load  to  which  the  member  is  subjected.  To  illustrate, 
consider  the  case  of  a  two-legged  rectangular  bent  with 
equal  legs  and  carrying  any  system  of  vertical  loads  on  top. 
If  the  legs  are  hinged  at  the  bases,  the  moment  at  the  end  A 
of  the  top  member  AB  is  given  by  the  equation 

MAB  =  3/10n  [Cab  +  Cba] 
in  which  Cab  and  Cba  are  constants  depending  upon  the 
loading  on  the  member  AB.  Values  of  the  constants  C  are 
given  in  the  bulletin  for  all  types  of  loadings.  In  this  way 
equations  were  derived  for  determining  stresses  in  a  large 
number  of  structures  due  to  any  system  of  loading.  By  sub- 
stituting proper  values  tor  C  the  equations  are  applicable  to 
the  same  frames  carrying  any  specific  system  of  loads. 

Some  statically  indeterminate  structures  have  been  an- 
alyzed which  are  of  special  interest.  The  usual  one-span 
girder  with  fixed  ends  (tangents  to  the  elastic  curve  at  the 
ends  horizontal)  has  been  modified  to  include  the  case  in 
which  the  ends  of  the  girder  are  restrained  but  are  not  fixed. 
That  is,  rotation  at  the  end  of  the  girder  is  resisted  but  not 
prevented  entirely.  Likewise  the  case  is  considered  in  which 
the  supports  are  not  on  the  same  level.  These  modifications 
are  carried  throughout  the  treatment  of  continuous  girders. 

The  effect  of  settlement  and  heaving  of  foundations  is  con- 
sidered in  the  treatment  of  continuous  girders,  two-legged 
and  three-legged  bents.  This  treatment  of  two-legged  bents 
should  be  of  special  Interest  to  a  designer  of  bent.s  and 
towers. 

In  the  treatment  of  the  oflice  building  frames  a  number  of 
interesting  conditions  were  considered.  These  included, 
stresses  in  columns  and  girders  due  to  settlement  of  one  col- 
umn, arrangement  of  loads  on  different  panels  to  produce, 
maximum  bending  moments  in  the  columns,  likewise  for 
maximum  bending  moment  in  the  girders,  and  the  moments 
in  girders  and  columns  due  to  eccentric  loads  on  the  ex- 
terior columns. 

A  number  of  illustrative  numerical  problems  are  given 
These  include  the  following  Moments  In  a  four-span  con- 
tinuous girder  with  restrained  (not  fixed)  ends  where  the 
supports  are  all  on  different  levels,  the  lengths  of  all  spans 
are  different,  and  the  loads  on  all  spans  are  different;  mo- 
ments in  a  two-legged  rectangular  bent  with  fixed  bases  and 
a  uniformly  varying  distributed  load  on  both  legs  (in  reality 
a  section  of  a  concrete  culvert  partly  submerged  in  water), 
and  moment  due  to  settlement  of  the  foundations  of  a  two- 
legged  rectangular  bent  with  fixed  bases. 

The  authors  of  the  bulletin  are  W.  M.  Wilson,  Assistant 
Professor  of  Civil  Engineering;  F.  E.  Rideout,  Instructor  In 
Theoretical  and  Applied  Mechanics,  and  Camillo  Weiss,  In- 
structor in  Structural  Engineering," of  the  University  of  Illi- 
nois. The  bulletin  can  be  obtained  from  the  Engineering 
Experiment  Station,  University  of  Illinois,  Urbana,  111.,  for  $1 


Sixty-nine  Per  Cent  Capacity  of  Fabricating  Shops  Con- 
tracted for  in  November. — The  records  of  the  Bridge  Builders- 
&  Structural  Society  as  collected  by  its  secretary,  show  that 
during  the  month  of  November,  1919.  69  per  cent  of  the  en- 
tire capacity  of  the  bridge  and  structural  shops  of  the  coun- 
try was  contracted  for. 
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Safety    Measures    for  Hoisting  in 
Building  Operations 

Useful*  suggestions  lor  accident  prevention  in  tlie  building 
trades  have  been  compiled  by  the  Federal  Board  of  Vocational 
Education  in  a  bulletin,  designed  to  form  the  basis  of  in- 
struction in  safety  and  hygiene  in  vocational  schools.  The 
following  is  abstracted  from  the  bulletin: 

Importance  of  Proper  Location  of  Hoisting  Equipment. — 
For  buildings  of  considerable  size  a  mechanical  hoist  of 
some  kind  is  necessary.  Steam  hoisting  engines  are  still  the 
most  common.  Electric  motors  are  often  used  to  operate 
hoists  when  electric  current  is  available. 

The  location  of  the  hoist  with  reference  to  the  work  is  im- 
portant. During  the  early  stages  of  construction  it  may  be 
necessary  to  have  the  hoist  located  outside  the  foundation 
walls. 

In  handling  material  in  construction  work  by  means  of  a 
boom  derrick  it  is  important  that  the  derrick  be  so  located 
as  to  minimize  the  danger  of  injury  from  the  boom  as  it 
swings,  or  in  case  it  should  drop.  The  workmen  must  guard 
against  injury  to  the  building  or  other  workmen  by  swinging 
loads.  Beams,  structural  steel,  or  other  unwieldy  loads  are 
liable  to  swing  and  carry  away  some  part  of  the  building, 
scaffold,  or  strike  persons  or  teams. 

There  are  many  contractors  who  prefer  to  put  the  hoist 
on  the  second  floor  as  soon  as  possible,  as  this  gets  it  more 
out  of  the  way.  and  it  is  easier  to  protect  the  cables  and 
signal  cords.  The  location  will  be  decided  by  the  contractor 
according  to  the  circumstances.  The  important  consideration 
is  the  safety  of  the  workmen.  Wherever  located,  the  hoist 
should  be  protected  from  weather  and  from  falling  objects. 
A  substantial  roof  is  very  important.  The  full  attention  of 
the  engineer  is  needed  for  his  work  and  his  efficiency  is 
greatly  increased  by  a  feeling  of  security. 

There  are  dangers  that  result  from  placing  the  hoisting 
engine  on  an  upper  floor.  Vibration  is  more  serious.  There 
is  much  more  danger  of  coal,  tools,  or  material  being  dropped 
on  some  one  below.  There  is  the  chance  of  water,  oil,  or 
cinders  falling  through  to  a  lower  floor  and  the  fire  risk  is 
greater.  These  risks  can  be  provided  against  by  a  good  solid 
floor  and  protection  against  fire  by  a  good  fireproof  protec- 
tion under  the  boiler.  The  products  of  combustion  are  ob- 
jectionable in  a  building  and  exhaust  steam  and  steam  from 
the  safety  valve  may  dangerously  obscure  the  vision  of  work- 
men. If  steam  is  brought  to  the  engine  from  a  central  plant 
the  hot  pipes  must  be  protected  so  that  anyone  passing  will 
not  by  chance  take  hold  of.  or  accidentally  come  in  contact 
with  them,  and  be  burned. 

Hoist  shafts  and  elevators  should  be  provided  w'ith  gates 
or  railings,  and  these  should  be  located  far  enough  from  the 
opening  to  prevent  anyone  being  struck  by  bucket  or  car 
while  leaning  over.  All  openings  in  the  floor  should  be  pro- 
tected by  toe  boards. 

All  Brakes  Must  Be  Absolutely  Reliable. — T'requent  tests 
and  very  careful  inspection  is  necessary.  Brake  linings  wear 
and  require  readjustment  or  renewal.  The  brakes  must  al- 
ways be  in  condition  to  hold  the  maximum  load.  All  hoists 
must  always  be  kept  under  complete  control  at  all  times  and 
particularly  when  lowering  heavy  loads. 

Sometimes  oil  gets  on  brake  drums  and  prevents  the  brake 
holding  the  load.  A  dog  should  be  provided  to  hold  the  load 
when  it  is  to  be  suspended  for  any  time  as  a  friction  brake 
Is  not  reliable. 

Extemporized  or  makeshift  brakes  are  sometimes  used. 
Any  form  of  brake  that  is  not  thoroughly  dependable  must 
be  removed  as,  if  left  so  it  can  be  used,  it  is  liable  to  be  de- 
pended on  and  lead  to  serious  accident. 

In  case  of  a  failure  of  any  part  of  the  hoisting  apparatus 
it  endangers  not  only  those  in  direct  charge  of  the  hoisting 
work,  but  other  workmen  who  may  not  even  know  that  they 
are  in  danger.  An  accident  in  hoisting  has  possibilities  of 
such  serious  results  that  reliable  men  should  have  charge  of 
such  work. 

Visual  Signals  Preferable. — The  use  of  whistles  as  signals 
on  a  hoisting  job  is  dangerous.  The  noise  that  is  always 
present  to  a  more  or  less  degree  may  make  serious  confusion 
and  cause  accidents.  The  person  giving  the  signals  should 
always  be  in  sight  of  the  engineer.  If  this  is  not  possible 
have  another  man  located  where  he  can  see  both  the  engineer 
and  the  man  in  charge  who  will  pass  the  signals. 


Perfect  understanding  of  signals  is  very  necessary.  Uni- 
form standard  signals  throughout  the  country  are  very  de- 
sirable. 

In  case  the  signals  are  given  by  bell  operated  by  cords  or 
wires,  these  cords  or  wires  must  be  guarded  so  that  they 
will  not  be  fouled  in  any  way. 

The  proper  operation  of  hoisting  signals  may  be  a  life  or 
death  matter,  and  the  system  should  be  inspected  and  tested 
every  time  the  engineer  begins  work.  Cords  or  wires  must 
be  fully  protected  from  injury  where  they  pass  through  the 
floors.  A  good  way  to  protect  signal  cords  or  wires  is  to 
incase  them  in  wrought-iron  pipes  that  are  securely  anchored 
in  place.  A  good  railing  at  least  7  ft.  high  is  often  used.  It 
should  be  strongly  braced. 

Material  hoists  should  not  be  used  to  carry  workmen.  They 
are  seldom  provided  with  proper  safeguards  and  are  often 
carelessly  operated. 

Workmen  are  much  inclined  to  take  chances,  particularly 
if  it  will  save  them  a  little  inconvenience.  Riding  on  hoists 
and  crane  slings  to  avoid  climbing  ladders  or  stairs  is  dan- 
gerous and  should  not  be  allowed. 

Reliable  stop  limits  must  be  provided  to  prevent  overwind- 
ing of  the  hoisting  ropes. 

There  should  always  be  at  least  two  full  turns  of  hoisting 
rope  on  the  winding  drum,  and  the  end  of  the  rope  should  be 
fastened  securely  by  suitable  clamps  or  zinc  plugs.  There 
is  danger  if  the  end  of  the  rope  is  served  to  a  spoke  of  the 
winding  drum,  as  it  may  be  whipped  loose  by  rapid  revolu- 
tions of  the  drum. 

Precautions  for  Hand-Operated  Hoists. — For  small  jobs  and 
for  some  work  on  large  jobs  the  hand-operated  hoist  or  der- 
rick, sometimes  called  a  "breast  derrick,"  is  often  used.  The 
gears  should  be  thoroughly  protected  and  provided  with  a 
ratchet  stop  that  will  always  hold  the  load  at  any  point.  Par- 
ticular care  must  be  used  in  lowering  a  load  with  the  hand 
winch.  The  cranks,  usually  two  in  number,  are  loose,  so  one 
or  both  may  be  taken  off.  Extreme  care  must  be  exercised 
that  these  cranks  do  not  come  off  unexpectedly.  A  brake  is 
not  usually  provided  and  loads  have  to  be  lowered  by  the 
tiand  cranks.  If  one  crank  should  slip  off  it  would  throw  an 
unexpected  load  on  the  other  man.  His  crank  might  be 
jerked  from  his  hand;  the  load  would  cause  a  rapid  revolu- 
tion of  the  crank,  and  anyone  near  would  be  in  danger.  Often 
an  extemporized  brake  is  applied  for  lowering  light  loads. 
In  this  case  the  operator  must  be  sure  that  the  brake  will 
hold  the  load.  Before  lowering  the  load  by  the  brake  both 
cranks  must  be  removed  to  avoid  the  danger  of  their  being 
thrown  off  and  striking  some  one,  and  also  because  a  rapid 
revolution  of  the  cranks  would  cause  a  violent  shaking  of 
the  whole  derrick  and  may  destroy  the  winding  mechanism 
or  unstep  the  derrick,  unless  it  is  very  securely  anchored 
en  a  solid  footing. 

In  all  cases  where  wire  or  hemp  rope  is  wound  on  a  spool 
it  should  wind  on  in  smooth  layers.  If  allowed  to  climb  or 
spool  on  in  irregular  fashion  it  results  in  severe  wear  to  the 
rope  and  often  in  irregular  jerking  that  is  dangerous,  par- 
ticularly when  raising  the  load. 

Proper  lubrication  of  the  hoisting  rope  is  Important  not 
only  to  prevent  rusting,  but  to  prolong  the  life  of  the  rope  by 
reducing  the  wear.  It  also  greatly  reduces  the  tendency  to 
climb  on  the  drum.  Precaution  should  always  be  taken  to 
have  a  snatch  block  or  guide  pulley  so  located  that  the  rope 
will  be  given  a  proper  direction  onto  the  winding  drum.  This 
guide  pulley  should  be  far  enough  away  from  the  drum  to 
avoid  a  tendency  of  the  rope  to  climb.  Much  trouble  may 
be  caused  by  having  the  drum  too  near  the  pulley  that  changes 
the  direction  of  the  rope. 

Derrick  Foundations.' — It  is  very  important  that  the  der- 
rick rest  on  a  good  foundation  and  be  so  braced  that  there  is 
no  danger  of  its  slipping.  The  operators  must  also  have  good 
footing. 

Each  end  of  the  mast  of  a  boom  derrick  must  be  anchored 
in  such  a  way  that  there  will  be  no  chance  of  its  moving  or 
getting  out  of  plumb. 

In  the  case  of  guyed  derricks  it  Is  a  common  construction 
at  the  spider  head  to  have  a  shackle  and  link  between  the 
thimble  of  the  guy  and  the  spider  head.  It  is  the  practice 
of  some  of  the  best  engineers  to  require  a  piece  of  wire  cable 
to  be  run  around  the  masthead  and  through  the  thimbles  of 
the  guys.  Use  two  turns  if  the  size  of  the  thimbles  will  per- 
mit. Fasten  the  ends  of  the  encircling  cable  by  not  less  than 
three  clamps.     If  either  the  shackle,  the  link,  or  the  spider 
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should  break  this  cable  will  hold  the  guy.  It  has  In  some 
cases  prevented  the  fall  of  the  derrick. 

Close  attention  must  be  given  to  the  anchoring  of  the  foot 
of  the  mast.  The  tendency  to  slip  at  the  foot  increases 
greatly  as  the  boom  nears  the  horizontal.  This  tendency  to 
slip  also  increases  directly  with  the  load. 

When  the  Day's  Work  Is  Finished. — The  boom  should  be 
lowered  to  the  horizontal  or  raised  to  the  vertical  before  leav- 
ing at  night,  so  there  will  be  no  danger  of  its  swinging  with 
the  wind  or  being  meddled  with  by  curious  persons  when 
none  of  the  workmen  are  around. 

This  should  be  done  by  a  competent  person  who  has  had 
experience  as  a  derrick  man  or  rigger.  All  parts  of  hoists 
must  be  inspected  at  least  every  other  day  and  moving  parts 
thoroughly  lubricated.  Slow-moving  parts  under  heavy  load 
are  very  liable  to  cut  unless  regularly  lubricated  with  suit- 
able lubricant.  A  good  graphite  grease  Is  suggested.  The 
ropes  should  be  watched  for  signs  of  wear.  A  weakness  will 
usually  show  by  broken  wires  or  twine  before  the  rope  breaks. 

Sheave  pins  work  under  excessive  unit  load  and  are  par- 
ticularly liable  to  wear  because  of  the  sand  and  grit  that  is 
almost  invariably  present  on  a  construction  job.  The  pulleys 
that  may  be  at  inconvenient  locations  must  not  be  overlooked. 
All  must  be  inspected  and  lubricated  at  regular  and  frequent 
Intervals. 

The  Hoisting  Rope. — Do  not  use  cheap  rope  In  hoisting. 

In  the  use  of  wire  rope  improperly  connected  trouble  Is 
often  experienced  by  the  fall  having  a  tendency  to  rotate  and 
twist  the  ropes  together,  which  causes  serious  wear  on  the 
ropes  and  increased  strain  on  the  whole  hoisting  mechanism. 
Instead  of  an  effort  to  prevent  this  twisting  by  a  rope  at- 
tached to  the  fall  and  held  by  a  workman  it  is  better  to  dis- 
connect the  cable  and  unwind  it  in  a  direction  contrary  to  that 
In  which  the  twist  occurs.  A  few  minutes'  time  spent  in  cor- 
recting the  trouble  will  save  much  time  and  wear  and  greatly 
Increase  the  efBciency  of  the  work  by  removing  cause  for 
mental  irritation  of  the  operators  of  the  derrick. 

Wire  rope  must  not  be  kinked.  If  a  kink  is  formed  it 
must  not  be  pulled,  but  should  be  straightened  out  carefully. 
A  kink  in  a  wire  rope  has  the  same  injurious  effect  as  a  kink 
In  a  wire.  When  it  is  straightened  out  after  being  pulled,  the 
rope  is  very  much  weakened.  Wire  rope  in  comparatively 
short  lengths  is  shipped  in  coils.  Longer  lengths  are  shipped 
on  reels  or  spools.  If  in  a  coil,  it  should  be  uncoiled  by  rolling 
the  coil  like  a  hoop  along  the  floor  and  letting  the  free  end 
stretch  out  without  kinks.  If  the  rope  is  on  a  reel,  the  reel 
should  be  mounted  so  it  can  turn  and  the  rope  pulled  off.  If 
this  can  not  be  done,  the  rope  must  be  untwisted  so  as  to  take 
out  the  kinks  before  these  are  pulled  so  as  to  form  short 
bends. 

Safety  Measures  for  Gears,  Boilers,  Etc. — All  exposed 
gears  must  be  effectively  covered,  and  revolving  set  screws, 
keys,  or  keyways  must  be  protected  so  there  is  no  chance  of 
clothing  being  caught  by  them. 

Revolving  or  reciprocating  parts  should  be  covered  or  ef- 
fectively guarded,  particularly  on  the  side  of  the  engine 
where  the  operator  stands.  The  engineer  should  be  provided 
with  a  good  footing  that  is  not  slippery. 

The  use  of  steam  boilers  always  involves  risks.  A  portable 
boiler  of  a  type  usually  used  with  a  hoisting  engine  is  more 
liable  to  abuse  and  deterioration  than  stationary  boilers  and 
should  be  carefully  inspected.  The  types  usually  used  are  in- 
ternal fire  box  boilers  of  small  size,  usually  vertical.  The 
boiler  is  called  on  for  full  load  for  a  few  minutes  and  then 
perhaps  no  load  for  some  time.  The  engineer,  who  is  usually 
also  the  fireman,  regulates  the  steam  pressure  by  opening  the 
fire  door  to  check  the  fire.  This  causes  a  rush  of  cold  air 
onto  the  hot  sheets  which  results  in  severe  strain. 

The  nature  of  the  water  used  in  a  steam  boiler  has  a  great 
deal  to  do  with  the  safety  of  operation.  On  construction  work 
It  is  the  custom  to  use  whatever  water  is  available.  Many 
times  oil,  cement,  grit,  and  other  waste  finds  its  way  into  the 
boiler  with  resulting  injury.  The  use  of  a  good  strainer  and 
reasonable  care  In  the  selection  of  feed  water  would  largely 
prevent  this  hazard. 

On  the  small  boilers  of  most  contractors  no  attention  is 
paid  to  protecting  the  gauge  glass  which  indicates  the  water 
level.  There  are  a  number  of  cases  where  engineers  have 
lost  their  sight;  and  others  where  persons  have  been  seriously 
scalded  and  even  killed  as  a  result  of  the  gauge  glass  breaking. 
There  are  numerous  satisfactory  safety  devices  on  the  mar- 


ket which  protect  against  such  accidents.  Something  should 
be  provided  to  eliminate  this  hazard. 

The  small  size  of  the  boiler  prevents  band-boles  of  suffi- 
cient size  through  which  the  boiler  may  be  easily  cleaned  and 
Inspected.  Scale  and  dirt  collect  In  the  water-leg  and  on  the 
crown  sheet  with  the  resulting  danger  of  burned  fire  box 
sheets. 

The  Personal  Factor. — Careful  inspection  and  intelligent 
men  in  charge  are  the  best  ways  of  securing  safety. 

The  hoisting  engineer  should  be  a  reliable  man  who  is  an 
expert  In  handling  the  hoist.  On  his  ability  depends  the 
safety  of  the  workmen  and,  to  a  large  extent,  the  speed  of  the 
work.  This  Is  a  poor  place  to  economize.  A  poor  hoisting 
engineer  may  easily  cause  a  loss  of  many  times  his  salary  by 
delay  of  the  work  as  well  as  danger  to  the  workmen. 


Low  Cost   Concrete    Houses  in  Industrial 
Development 

Concrete  houses  cast  in  place,  using  standardized  forms, 
built  for  the  housing  development  at  Union,  N.  J.,  by  the 
Ingersoll-Rand  Co.,  cost,  according  to  "Concrete  in  Archi- 
tecture and  Engineering,"  from  which  the  following  details 
are  taken,  about  $2,000  each  for  material  and  labor.  The 
houses  contain  four  rooms,  bath  and  cellar.  The  first  floor 
consists  of  living  room,  kitchen,  pantry  and  a  small  entrance 
hall.  The  second  floor  has  two  bedrooms,  a  bath  with  open 
plumbing,  two  clothes  closets  and  a  small  stair  hall.  The 
house  is  electric  lighted.  Exterior  is  stuccoed,  and  the  in- 
side face  of  all  exterior  walls  is  painted  with  a  waterproof 
paint  and  furred  with  wood  lath  and  plaster,  an  air  space  in 
the  wall  being  thus  provided.  Inside  partitions  and  ceilings 
have  one  thin  coat  of  plaster  directly  on  the  concrete.  The 
floor  is  pine  on  wood  sleepers  which  in  turn  are  nailed  to 
wood  blocks  embedded  in  the  concrete.  Basement  walls  are 
8  ins.  thick,  upper  walls  6  ins.  Floors  are  3  Ins.  thick  be- 
tween beams  which  are  8  ins.  deep,  and  spaced  3  ft.  apart. 
Each  house  requires  65  cu.  yd.  of  concrete  and  1,000  lbs.  of 
reinforcing  steel.  Outside  dimensions  are  16  ft.  by  24  ft. 
6  ins. 

These  houses  were  built  by  trained  crews  of  about  ten 
men.  When  the  work  at  Union.  N.  J.,  was  first  undertaken 
on  a  large  scale,  a  crew  was  trained  and  the  work  was 
standardized  as  actual  progress  indicated  where  improve- 
ment could  be  made.  Men  from  this  first  crew  were  then 
selected  as  foremen  for  other  crews.  Certain  parts  of  the 
work  were  assigned  to  certain  men  who  thus  became  more 
and  more  proficient  as  they  accumulated  experience.  The 
construction,  of  course,  was  progressive  so  that  at  a  given 
instant  a  number  of  houses  were  in  various  stages  of  com- 
pletion. Complete  data  are  available  on  the  first  twelve 
houses  constructed  at  Union,  from  which  it  appears  that 
the  average  cost  per  house  was  .$965.66  for  labor  and  $997.36 
for  material,  or  a  total  cost  of  $1,963.02.  The  average  time 
was  about  1.500  labor-hours  per  house,  which  is  equivalent 
to  about  19  days  for  a  full  crew  of  10  men  working  8  hours 
a  day.  On  the  three  principal  operations,  concreting,  erect- 
ing forms  and  wrecking  forms,  the  average  labor-hours  were 
199,  235  and  199.  respectively. 


Why  West  Point  Graduates  "Get  Along"  In  Civil  Life.— The 
proportion  of  the  alumni  of  West  Point  going  into  civil  life 
who  have  filled  high  stations  in  civil  life  In  our  country  Is 
greater  than  that  of  any  other  institution  in  our  country.  The 
following  explanation  of  this  fact  Is  given  by  MaJ.  Gen.  Wil- 
liam M.  Black  in  an  address  before  the  Society  for  the  Pro- 
motion of  Engineering  Education.  "It  certainly  is  not  a 
broad  education  that  West  Point  gives.  Nobody  claims  that. 
It  certainly  is  true  that  cadets  do  not  get  a  thorough  under- 
standing of  all  that  is  taught,  and  I  could  make  other  con- 
fessions. But  West  Point  must  jdo  something  or  It  could  not 
give  the  results  it  Is  giving  to  the  country.  And  what  is 
that  something?  I  think  we  could  sum  It  up  easily.  It  is, 
first  of  all,  that  there  is  inculcated  in  the  young  man  there 
the  idea  of  duty,  that  when  a  thing  is  to  be  done  It  must  be 
done.  It  doesn't  make  any  difference  whether  you  want  to  do 
it  or  don't  want  to  do  it;  it  doesn't  make  any  difference 
whether  you  think  you  cannot  do  it;  you  have  to  do  It,  and 
that  is  the  first  thing  that  is  pushed  Into  them  and  pushed 
into  them  for  four  years." 
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A   Low   Cost   Concrete   Bulkhead 

By  HUNLEY  ABBOTT. 

A  reinforced  concrete  bulkhead  which  cost  less  than 
creosoted  timber  construction  has  recently  been  built  on 
Hampton  Roads,  near  Newport  News,  Va.  This  economy 
resulted  chiefly  from  the  novelty  and  simplicity  ot  the  con- 
crete bulkhead  design. 

Some  residential  property  which  was  being  developed 
required  about  715  ft.  of  bulkhead  along  the  waterfront  with 
wings  returning  to  the  shore  at  each  end.     The  top  of  the 


The  slabs  were  molded  along  with  the  piles.  They  were 
4  in.  thick,  9  ft.  8  ins.  long  and  varied  in  width  from  2  to  3  ft. 
They  were  reinforced  with  %  in.  round  rods  on  3,  4  and  6  in. 
centers,  depending  on  the  position  of  the  slab  in  the  wall. 
The  slabs  were  placed  three  high  to  form  the  back  of  the 
wall,  the  lowest  one  being  placed  in  a  trench  to  secure  • 
certain  depth  below  natural  ground  level. 

No  anchorage  system  was  provided  for  this  low  bulkhead 
since  the  concrete  piles  driven  12  ft.  into  the  firm  soil  were 
considered  strong  enough  to  resist  the  earth  pressures.  Dur- 
ing driving,  however,  a  soft  spot  was  encountered  at  one  end. 


Front* 
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Elevation,    Section    and    Details    of    Concrete    Bulkhead. 


bulkhead  was  to  be  6  ft.  above  low  tide  and  the  height  of  the 
bulkhead  varied  from  3  to  6  ft.  above  the  ground  line,  most 
ot  it  being  6  ft.  high.  The  soil  was  compact  sand  and  firm 
clay.  Dredged  fill  was  to  be  pumped  in  behind  the  bulk- 
head to  make  land.  The  bulkhead  retained  this  dredged  fill 
and  also  acted  to  some  extent  as  a  breakwater. 

The  bulkhead  was  built  by  driving  a  line  of  concrete  piles 
on  10  ft.  centers  and  placing  back  of  these  piles  a  series  of 
reinforced   concrete  slabs   which   spanned   from   pile   to   pile. 


of  the  bulkhead  and  some  of  the  concrete  piles  were  tied", 
back  to  wooden  anchor  piles  by  %  in.  tie  rods.  These  tie 
rods  passed  through  the  pipe  sleeves  in  the  concrete  pile 
and  by  placing  the  plate  washer  on  the  rod,  it  acted  as  a 
support  of  the  slab  edges  in  addition  to  its  function  as  a  tie 
rod.  The  bolts  and  tie  rods  were  counter  sunk  in  the  outer 
face  of  the  concrete  piles  and  these  counter  sunk  holei 
pointed  up  with  rich  mortar  to  prevent  rust  and  to  give  a 
better  appearance  to  the  finished  structure. 


Front   View   of   Bulkhead    at   Very    Low   Tide. 


These  slabs  extended  from  the  top  of  the  concrete  piles  down 
to  a  depth  of  2  to  3  ft.  below  the  natural  surface  of  the 
in  the  upper  portion  and  the  slabs  were  held  in  place  by  bolts 
through  these  pipe  sleeves  and  large  plate  washers  in  the 
inside  of  the  wall. 

The  concrete  piles  were  12  in.  square  and  18  ft.  long  and 
were  reinforced  with  four  %  in.  round  rods.  When  they 
had  cured  for  30  days  they  were  dragged  to  position  and 
driven  12  ft,  into  the  ground  by  a  land  pile  driver. 


It  should  be  borne  in  mind  that  this  type  of  construction, 
can  only  be  used  where  firm  soil  exists  at  or  near  the  surface 
of  the  ground.  Otherwise,  the  fill  will  press  down  and  fore* 
soft  mud  under  the  bottom  of  the  slabs.  Where  conditions 
justify  its  use,  however,  it  makes  an  absolutely  permanent 
bulkhead  at  very  low  expense.  The  following  detail  Job 
costs  may  be  of  interest. 

Pile  forms  (used  once)  15  ct.  per  square  foot  of  covered 
area.    (Piles  cast  in  two  tiers  with  tar  paper  between.) 

Slab  forms  (used  once)  10  ct.  per  square  foot  of  covered 
area.    (Slabs  cast  in  three  tiers  with  tar  paper  between.) 

Concrete  piles,  complete  but  not  driven,  $1.40  per  lln.  ft. 

Concrete  slabs,  complete  but  not  placed,  50  ct.  per  sq.  ft. 

The  total  actual  cost  of  the  bulkhead  was  between  IS 
and  $10  per  running  foot.  This  included  everything  but  the 
dredged  fill. 

The  design  was  made  and  the  work  supervised  by  th« 
writer  for  Alsop  &  Peirce,  contractors,  Newport  News,  Va. 


Rear  View   of   Bulkhead   at  Very   Low   Tide. 


Annual  Meeting  of  Levee  and  Drainage  Contractors'  Aato- 
elation. — The  third  annual  meeting  of  this  association  will 
be  held  Dec.  30  at  the  Planters  Hotel,  St.  Louis,  Mo.  The 
meeting  will  be  addressed  by  several  prominent  speakers  on 
(luestions  of  vital  importance  to  the  members  of  this  associa- 
tion and  to  all  concerned  with  drainage  and  levee  work. — 
0.  S.  Gannon,  421  Bank  of  Commerce  Bldg.,  St.  Louis,  Mo., 
is  Secretary. 
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Training  the  Architect  by  Direct 
Method 

Suggestive  comments  upon  the  direct  methods  of  education 
as  applied  to  the  study  of  architecture,  as  followed  In  the 
A  E  F.  schools  of  architecture,  first  at  Le  Mans  and  later  at 
the  A  E.  F.  University,  Beaune,  Cote  d'Or,  are  given  by  Mr. 
Ernest  Coxhead  in  a  recent  issue  of  The  Journal  of  the  Amer- 
ican Institute  of  Architects.  The  suggestions  relate  chiefly 
to  those  methods  applied  in  the  training  of  the  architect, 
which  are  supposed  to  fit  him  for  the  supreme  service  as 
an  architect  of  creative  and  constructive  ability,  and.  in  no 
way  is  it  intended  that  they  should  influence  other  courses 
of  training  which  are  necessary  to  fit  an  architect  for  gen- 
eral practice,  such  as  draughtsmanship,  specification  writing, 
theory,  history,  engineering,  business  conduct  or  other  re- 
quirements. 

The  "Following  is  abstracted  from  Mr.  Co.xhead's  article: 
The  direct  method,  as  applied  to  training  for  architecture 
or  "field  work."  as  it  was  named  in  the  overseas  schools 
referred  to.  should,  by  its  clear-cut  advantages  to  the  stu- 
dent require  only  to  be  understood  to  be  advocated,  adopted 
and  insisted  upon  as  a  major  course  of  the  student's  career 
from  its  commencement  in  the  freshman  year.  Instead  of 
this  "field  work"  is  at  present  generally  prescribed  for  stu- 
dents toward  the  end  or  after  the  completion  of  the  4-year 
school  course  and  for  those  who  have  the  means  and  in- 
clination for  a  supplemental  overseas  study  trip. 

While  Europe,  with  its  centuries  of  accumulated  archi- 
tectural treasures,  affords  the  richest  field  for  the  study  of 
architecture  of  the  past  and  the  traditions  upon  which  we 
must  build  our  ideas  for  the  future  development  of  archi- 
tecture, after  we  have  brushed  away  sentimentality,  there 
remains  as  the  chief  asset  of  a  course  of  overseas  "field 
work"  the  stimulating  power  to  visualize  and  interpret  in 
terms  of  scale,  proportion,  sense  of  masonry,  our  own  con- 
ceptions before  transferring  them  to  paper.  Again  the  power 
to  visualize  architecture  is  not  to  be  developed  to  any  extent 
merely  by  seeing  things,  or  by  gaining  fleeting  impressions, 
but  by  observation,  focused  and  concentrated  upon  the  ob- 
ject in  general,  and  in  detail,  by  actual  conUct  with  the 
building  and  by  means  of  measured  drawings  and  sketches 
and  notes,  further  impressing  upon  the  mind  the  observa- 
tions made. 

The  essence  of  the  direct  method  then  lies  in  taking  the 
student  to  architecture  and  confronting  him  with  it  in  three 
dimensions,  life-size,  as  opposed  to  the  atelier  method  of 
focusing  his  attention  upon  mere  documentary  representation 
of  the  actual  building. 

In  the  latter  case  his  sense  of  scale  is  undeveloped,  his 
ideas  of  proportion  remain  distorted,  and,  by  laborious  mental 
effort,  he  sometimes  is  able  to  construct  in  his  mind  from 
the  documentary  study  of  plan,  elevation,  and  section  what 
the  subject  of  study,  or  something  akin  to  it,  is  in  the 
reality. 

The  direct  method  is  a  reversal  of  this  indirect  method  of 
architectural  study.  In  the  first  instance,  the  student  Is 
taken  to  architecture;  in  the  latter,  he  is  referred  to  paper 
representation  of  architecture. 

The  question  immediately  arises  as  to  how,  in  a  country 
where  architecture  has  little  or  none  of  the  background  of 
tradition  found  in  Europe,  we  can  incorporate,  with  profit, 
such  a  method  of  training  in  our  schools  of  architecture,  tc 
any  great  extent  or  even  in  a  supplementary  way.  The 
answer  should  be  that  tradition  is  something  to  be  noted  but 
not  bound  by.  It  records  the  logical  course  of  events  in 
the  history  of  architecture,  but  after  all,  the  important  thing 
to  the  student  of  the  art  is  to  train  his  mind  on  logical  con- 
sruction,  criticism  of  design,  and  the  placing  of  Ornament 
and  to  visualize  these  things  by  the  most  effective  and  ex- 
peditious methods  available,  using  the  opportunities  nearest 
at  hand  for  the  purpose— whether  overseas  or  in  our  own 
country. 

The  thought  here  is  to  show  that  "field  work" — the  direct 
method  of  training  students  of  architecture — is  available  for 
use  in  our  schools  without  crossing  the  seas.  In  our  larger 
cities,  especially  in  the  East,  there  are  many  examples  of 
contemporary  work  of  unquestioned  merit  as  to  architectural 
design  and  esthetic  excellence,  and  these,  having  withstood 
the  depreciating  and  critical  test  of  decades  of  time,  may 
be  acclaimed  as  to  authorship  to  be  the  product  of  an  epoch, 


rather  than  the  individual  mind,  and  so  have  come  to  ac- 
quire that  Impersonal  character  which  fascinates  the  student 
overseas  and  downs  superficial  criticism  and  prejudices.  This 
fact  then  furnishes  us  with  sufficient  material  to  warrant 
home  training  by  the  direct  method. 

Further,  the  principle  of  direct  training  as  related  to  de- 
sign, having  been  once  established,  should  be  made  an 
Important  feature  in  the  student's  course,  as  also  related  to 
the  fabrication  and  construction  of  everything  contributing 
to  structural  problems  of  building. 

Colleges  of  architecture,  by  the  impersonality  of  these 
institutions,  can  sometimes  obtain  privileges  for  student 
bodies  to  visit  buildings  under  construction  or  completed, 
private  or  public,  or  gardens,  or  machine  shops  where  the 
individual  might,  without  this  authority,  be  refused  access 
for  inspection  or  "field  work." 

In  further  advocacy  of  the  method,  take  the  concrete 
example  of  two  students  each  having  a  problem  for  study — a 
column  of  cornice.  Student  A  finds  a  column  in  a  building 
which  pleases  him.  or  is  directed  to  one,  and.  equipped  with 
measuring-lines,  draughting  material,  proceeds  to  reproduce 
it  on  paper  from  the  actual  live  model.  By  this  process  he 
has  visualized  without  much  mental  effort.  Its  shape,  di- 
mensions and  proportions,  and  his  graphic  notes  are  further 
aids  to  memorize  the  parts.  He  has  sensed  the  weight, 
texture,  and  functions  of  the  column  simultaneously.  Fur- 
ther. If  he  has  sketched  the  column,  his  knowledge  of  per- 
spective has  been  developed.  In  the  case  of  B,  he  has  repro- 
duced a  reduced  documentary  representation  of  a  column 
with  plan,  elevation,  and  section,  further  developing  the 
drawing  by  casting  shadows  accurately,  all  with  the  same 
idea  and  purpose  of  Student  A,  namely,  to  visualize  the 
functions  and  characteristics  of  a  column.  While  B  may.  by 
laborious  mental  effort,  finally  visualize  the  columns  In  a 
limited  sense,  and  has  perhaps  produced  a  more  beautiful 
drawing.  A  will  certainly  have  sensed  architecture  to  a 
greater  extent  at  least  than  B,  and  this  is  what  the  student 
is  training  tor. 

Without  further  enlargement  as  to  the  possibilities  of 
.such  training  if  put  into  operation,  the  experiment  of  train- 
ing by  direct  method  as  conducted  overseas  has  at  least  the 
sanction  of  the  great  master  architects  of  old,  whose  meth- 
ods of  training  and  study  must  have  been  largely  in  accord 
with  what  is  here  suggested  as  the  logical  process  to  produce 
the  best  work  and  so  raise  the  standards  of  architecture. 

We  have  heard  a  great  deal  recently  about  ways  of  in- 
creasing the  architect's  service  to  his  client.  Our  school 
curricula  has  been  expanded  and  enlarged  to  train  students 
in  business  and  technical  subjects  having  the  enhancement 
of  the  architect's  service  in  view.  To  this  end  new  methods 
and  systems  have  been  adopted,  new  courses  added  to  every 
phase  of  architectural  study,  with  the  Idea  of  more  efficient 
service.  Is  there  to  be  no  consideration  given  for  improve- 
ments of  methods  now  in  general  use  by  students  applying 
themselves  to  the  study  of  design,  and  with  the  same  object 
in  view,  of  effectually  rendering  the  services  of  the  architect 
more  necessary  and  of  greater  value  to  the  commonwealth? 


Effect  of  Vibration  in  Structures. — Four  years  ago  the 
Aberthaw  Construction  Co.  started  an  investigation  on  the 
vibration  of  buildings,  particularly  manufacturing  buildings. 
The  study  was  intended  to  cover  not  only  the  causes  of  vi- 
bration, but  also  the  effects  on  the  structure,  on  the  machin- 
ery installed,  on  the  health  and  well  being  of  the  workers, 
and  on  the  quantity  and  quality  of  production.  A  prelim- 
inary report  was  published  in  the  fall  of  1916;  but  our  entry 
into  the  war,  and  the  many  new  problems  which  that 
brought,  put  a  summary  stop  to  the  work.  It  Is  now  being 
taken  up  again  with  the  idea  of  following  It  through  to  a 
point  where  a  complete  report  can  be  published.  The  Aber- 
thaw Construction  Co. .will  therefore  be  glad  to  have  en- 
gineers, manufacturers,  and  othe"rs  having  knowledge  of  the 
subject,  or  having  had  specific  experiences  which  would 
throw  light  on  any  of  its  phases,  communicate  with  the 
company  at  27  School  St..  Boston.  The  previous  work  on 
this  problem  showed  a  wide  diversity  of  opinion  on  some  of 
its  angles.  It  also  developed  that  there  is  very  little  quan- 
titative Information  extant  which  can  be  relied  upon  as  giv- 
ing authoritative  data.  It  Is  particularly  desired,  therefore, 
that  Information  of  this  character,  however  limited  in  its  ap- 
plication, may  be  made  available  for  the  study. 
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_,              "IT»1          ""/^           A             A     ■P'                        X     O           *-  material  and  equipment.     Freight  and  other  transportation  charges, 

CiOSt  ix  lUS  igClOntraCt     rOrm    OI     OSnt  transportation  and  expenses  of  the  Constructor  or  his  representa- 

■^            J  tives  to  or  from  the  work,  or  auto  mileage  for  same  at  six  cent* 

rJrOtJierS  (6  ct.)  per  mlle. 

,  .   ,             ,     ,                    ,     ,  PLANT:     The   Constructor   shall   use   his   best   judgment  as   to 

A   cost  plus   contract  under   which   much   large    work  has  j,^^  character  and  qur,ntitv  of  plant   required  from  time   to  time 

been  done  with  entire  satisfaction  to  owner  and  contractor  j^^  ^^^  ^,^^.^^  ^^^  5„^i,  ^j  ^^y  ti,^g  ^p^^  request  of  the  owner 

is  given  below.     This  contract  was  developed  by  Bent  Broth-  furnish  a  statement  of  any  equipment  he  proposes  to  buy  or  hire, 

ers  of  Los  Angeles,  Cal.    Regarding  it  Mr.  Arthur  Bent  states  and  the  price  thereof. 

in  a  recent  News  Letter  of  the  Associated  General  Con-  PROFIT  FEE:  The  profit  fee  paid  the  Constructor  shall  be 
tractors  of  America:  "We  find  owners  quite  willing  to  give  deemed  to  cover  and  include  the  Constructor's  profit,  the  benefit 
us  half  of  any  saving  we  make  after  the  estimated  cost  has  °'  his  organization,  his  skill  and  energy,  his  administrative  ex- 
been  established  at  what  they  consider  a  fair   figure.     And  P'="=«=''  ^is  legal  expenses,  and  all  expense  of  any  office  or  offices 

,        c    J    .,                i        4.-        1    t                        1             1,              .         ,  of  his  other  than  the  field  office  on  the  work. 
we  also  find  it  easy  to  stimulate  our  employes  by  saymg  to  purchase  and  sale  OF  materials:    All  materials  and 
them,  -every  time  you  waste  a  dollar  it  costs  us  50  cts.  and  guppues  used  by  the  Constructor  shall  be  purchased  by  the  owner 
hurts  our  future   chances,  too.'    We  have  achieved   some   of  upon    requisitions    approved    by    the    Engineer.     The    Constructor 
our  record   low-costs   on   concrete   work   under   this   form   of  upon  demand  of  the  Engineer  shall  furnish  schedules  of  the  ma- 
contract    with    the    further    factor    of    a   share    of    the    bonus  terials  necessary  for  the  work  from   time   to  time  and   the  prices 
distributed  to  the  head  men.     We  do  not  find  profit  sharing  at  which  the  Constructor  can  purchase  such  materials, 
very   feasible   or  satisfactory,   but  bonus   sharing  is   entirely  -*J'  materials,   supplies,   plant  and   tools   which   have  been   In- 
so  and  is  also  thoroughly  logical  "  eluded  under  actual  cost  of  the  work  and  which  are  on  hand  upon 
.   .                       .  completion  of  the  work  and  which  have  not  been  rented,  shall  be 
The    provisions    covering    the    contractor's    compensation  sold  within  ninety  days  from  the  completion  of  the  work  and  the 
under  the  contract  form  developed  by  Bent  Brothers  are  as  amount  derived  from  such  salvage  shall  be  applied  to  reduce  the 
follows:  actual  cost  of  the  work.     The  Constructor,  however,  shall  be  given 
Whereas.    The    party    of    the    first    part    is    about    to    construct  ^^^^    option    to    purchase    any    or    all    of    said    materials,    supplies, 

plant  and  tools  at  such  prices  as  are  obtainable  for  same. 

Whereas,    The   party   of   the    first   part   desires   to    employ   the  DELAYS  AND  CHANGES:    In  case  the  owner  shall  delay  the 
parties  of  the  second  part  as  Constructor  to  supervise  and  have  '"°^^   °'^   '"    ^"^    "^'^^   increase   its   cost   by   change    of    design   or 
charge  of  the  above  mentioned  work.  otherwise,    such   increased    cost    shall   be   added    to    the    Construe- 
Therefore,    for    and    in    consideration    of    the    mutual    promises  ^'^'^'^  estimated  cost  as  a  new  basis  for  computing  the  profit  fee. 
hereinafter    contained,    it    is    hereby    agreed    between    the    parties 

hereto  as  follows:  1920    Wagc    Scale    ill    Ncw  York  Building 

Bent    Brothers    shall    hereinafter    be    referred    to    as    the    Con-  >t.        j 

structor.  Tfades 

The   Constructor  agrees   that   the   estimated   cost   of   the   said  Under  an  agreement  entered  into  early  this  month  by  the 

Termer  thV  ConsVructor's-  e-sthnat'e'd  c!st ''  ''''"''  '"'""  ""  employers  and  employes  in  the  building  trades  of  New  York 

Said    Constructor's   estimated   cost   is   based   upon   certain   unit  ^^^^'  *^^  ^^^°  '^^^^  ^"^^^  ^°'"  """"""^  '^'^^^^''^  °^  ^^''°'"  "^^^  ^^ 

prices,    among   which   are    the   following:     (Note   that   no   attempt  ^^  follows:                                                                                       Per  8-hour 

is  made   to   give   more   than    the   tew  principal   items   whose   flue-  "^^^^ 

tuation  would  seriously  affect  the  cost.)  Asbestos  workers  and  insulators $8.00 

It  is  agreed  that  the  Constructor's  estimated  cost  of  $ ^^^  S'^^^  workers    .- 7.00 

may  be  increased  or  reduced  by  the  increase  or  decrease  in  price  Carpenters    8.00 

of  one  or  more  of  the  above  items,  and   in   such  case,   such   new  Cement  masons   8.00 

amount  shall  be  the  Constructor's  estimated  cost  for  the  purpose  Composition   roofers    and    waterprooters ?7.00    and    7.50 

of  computing  his  fee.  Dock  builders    7.50 

The   -Constructor    shall    receive    for    his    services    a    fee    to    be  Electrical    workers    8.00 

known   as    the    Constructor's    fee,    which    shall    be    determined    as  Electrical  workers'   helpers   4.50 

follows :  Elevator  constructors   8.00 

If   the   actual   cost   of   the   work   is   equal   to    the   Constructor's  Elevator    constructors'     helpers 6.00 

estimated  cost,   the  Constructor  shall  be   paid    per  cent  Hoisting  engineers  (weekly.  $46.50):  broken  time 9.00 

( )    thereof,    which    shall    be    known    as    tlie    Constructor's  Hoisting   engineers   on   combination   machinery 16.00 

estimated   fee.    If   the   actual   cost   of  the   work   is   less   than   the  House  shorers  and   sheathpilers 7.50 

Constructor's    estimated    cost,    the   Constructor   shall   be   paid    the  Housesmiths  and  bridgemen 8.00 

above   Constructor's   estimated   fee.   and   in   addition   thereto   one-  Housesmiths'  finishers   8.00 

half  of  the  amount  which  the  actual  cost  of  the  work  is  less  than  Housesmiths'   helpers    6.00 

the  Constructor's  estimated   cost.     If  the  actual  cost  of  the  work  Marble  carvers  (April  1,  1920) 9.00 

Is   more    than    the    Constructor's   estimated    cost,    the    Constructor  Garble  cutters  and  setters  (April  1,  1920) 8.0O 

shall  be  paid  the  Constructor's  estimated  fee  less  one-half  of  the  Marble  polisjiers,  bed  rubbers  and  sawyers  (April  1,  1920)        7.50 

amount   which   the  actual   cost   of   the   work    is   in   excess   of   the  Marble  cutters'  helpers   6.00 

Constructor's   estimated   cost,    except   that    in   no    event   shall    the  Mosaic   and    tcrrazzo   workers 7.00 

Constructor  be  paid  less  than  one-third  of  the  Constructor's  esti-  Painters   and    decorators    8.00 

mated   fee.  Plasterers    8.50 

The  Constructor  herewith  submits  a  detailed  written  statement  Plasterers'    helpers    6.00 

(Exhibit    "A")    of   the   principal   plant,   machinery   and    equipment  P'^^tiers  and   gas  fitters S.OO 

proposed  for  u.se  and  the  estimated  cost  thereof,  and  information  I^oofers  and  sheet  metal  workers S.OO 

as  to  within  what  dates  the  plant  and  equipment  can  probably  be  Steam   and   hot   water    fitters S.OO 

put  to  use.  Steam  and  hot  water  fitters'   helpers 6.00 

The  actual   cost  of  the  work  shall  Include   the   actual   net  ex-  '^"''  ^^^vevs   8.00 

penditures   of   the   Constructor   in    the   performance   of   the    work.  Tile  layers'   helpers    6.00 

included  in  which  are  the  following  items:                                             '  Upholsterers    9.25 

(a)  The  cost  of  all  plant  and  equipment  u.-sed  for  the  work  '^""^  agreement  calls  for  a  working  Week  of  44  hours.  It 
whether  purchased  or  rented.                                                                   '  also   provides   for  a   permanent   board   of   arbitration,   which 

(b)  All  materials  and  supplies,  and  hand  tools  purchased  for  shall  consist  of  five  meriibers  of  the  executive  committee  of 
the  work.  ^j^g  board  of  governors   of  the  Building  Trades   Employers' 

(c)  All  wages  and  salaries  paid  laborers,  mechanics,  watch-  Association  and  five  members  of  the  executive  committee  of 
'I'ru:J-^lTl  fH™"'?v,'  ^"P';""'™<i<'"t«  a"<J  a"  other  employes  the  Building  Trades  Council,  to  whom  shall  be  referred  all 
"s             ^                           ■  ^^^  ^"  '"'"'^'  °'  '"^'"^  ^"'^  '"°'°'-  disputes  that  may  arise  relative  to  alleged  violations  of  the 

(d)  Premiums  on  employers'  liability,  on  fire  and  all  other  agreement,  or  the  intent  and  meaning  of  any  part  thereof, 
insurance,  and  such  losses  and  expense  as  are  not  compensated  '^^'^  decision  of  the  board  of  arbitration  is  to  be  final,  and  if 
by  Insurance  or  otherwise,  as  found  to  have  been  actually  sus-  "^®  board  fails  to  agree  after  three  consecutive  daily  meet- 
tained,  including  settlements  made  with  the  written  approval  and  '^^Ss,  they  shall  select  an  umpire,  whose  decision  shall  be 
consent  of  the  owner  by  the  Constructor  in  connection  with  the  final  and  binding  on  all  parties  to  the  agreement. 

work,  such  as  clearly  result  from  causes  other  than  the  fault  and  

neglect  of  the  Constructor.  90-ft.   Piles  for  Canadian    Dock.— Piles   50   ft.    to   90    ft.   in 

(e)  Transportation  and  legitimate  expenses  involved  In  pro-  length  are  being  used  by  the  J.  G.  White  Engineering  Corp. 
curing  and  bringing  labor,  mechanics  or  other  employes  to  or  from  In  the  construction  of  a  1.190-ft.  long  pile  dock  at  Port  Alfred, 
the  work  and  m  expediting  the  production  and  transportation  of  Que.    The  penetration  is  from  35  ft.  to  40  ft. 
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Recognition  and  Remuneration  of 
the  Engineer 

The  joint  committee  of  the  technical  organizations  of  Can- 
ada has  recently  formulated  an  act  for  the  registration  of  en- 
gineers. In  connection  with  this  proposed  bill  the  status 
committee  submitted  an  interesting  report  discussing  the 
need  for  legislation.  The  matter  following  is  abstracted  from 
this  report. 

The  phrase.  "Status  of  the  Engineer,"  may  be  roughly  de- 
fined as  the  reputation  and  degree  of  prestige  which  the  en- 
gineer enjoys  or  deserves  in  the  eyes  of  his  fellow-citizens, 
having  due  regard  to  the  value  of  his  services  to  the  pub- 
lic at  larce.  Status  involves  two  essential  factors:  First,  rec- 
ognition nf  engineering  as  an  essential  profession,  through  the 
agency  of  both  public  sentiment  and  legal  enactment;  and, 
second,  an  adequate  scale  of  remuneration  for  services,  as 
compared  with  other  professions  and  with  trades.  These  two 
factors  may  be  shortly  defined  as  "recognition"  and  "remune- 
ration." In  handling  the  above  two  phases  of  this  problem  it 
is  necessary  to  determine  whether  they  are  of  equal  impor- 
tance, or  whether  one  takes  precedence  over  the  other,  and. 
finally,  if  the  latter  is  the  case,  to  fix  the  order  of  precedence. 

Engineering  Service  a  Commodity. — The  argument  under 
this  head  can  be  conveniently  established  by  analogy.  From 
the  bald  standpoint  of  remuneration,  engineering  service  is 
just  as  properly  a  commodity  as  manual  labor,  and  the  rev- 
enue derived  from  its  sale  is  governed  first  by  the  number  of 
purchasers  who  need  it,  or  think  they  need  it,  and  second, 
by  the  amount  of  such  commodity  the  individual  purchaser 
can  be  prevailed  upon  to  absorb  in  place  of  some  other  com- 
modity which  he  has  used  previously  in  place  of  it.  There 
is  no  virgin  market  for  engineering  services.  It  must  com- 
pete in  long-established  markets  with  other  commodities 
which  it  must  supplement  or  displace. 

The  organization  of  the  trade  union  was  essentially  an  ex- 
pedient to  advertise  the  worth  and  importance  of  a  commod- 
ity which,  tor  lack  of  a  better  term,  may  be  called  "manual 
labor."  The  unity  of  interest  created  by  such  organizations 
enabled  the  manual  worker  to  make  use  of  the  strike  as  an 
additional  advertising  expedient,  and  as  a  result  of  the  forced 
recognition  thereby  realized,  he  was  able  to  demand  a  higher 
price  for  the  commodity  he  produced,  and  by  the  sale  of  which 
he  existed. 

There  was  no  virgin  market  for  shredded  wheat.  A  care- 
fully planned  and  extensive  advertising  campaign  w-as  In- 
stituted to  prevail  upon  the  public  to  eat  shredded  wheat  in- 
stead of  oatmeal  porridge.  Through  this  expedient  recogni- 
tion of  shredded  wheat  was  grafted  on  the  public  mind.  It 
was  educated  to  think  it  needed  shredded  wheat,  and  there- 
after remuneration  accrued  to  the  Shredded  Wheat  Co.,  with 
resulting  prosperity. 

Whether  the  commodity  is  "manual  labor"  or  whether  it  Is 
"shredded  wheat,"  it  must  be  recognized  before  it  can  be  sold. 
The  greater  the  public  need,  whether  fundamental,  as  in  the 
case  of  manual  labor,  or  cultivated,  an  in  the  case  of  shredded 
wheat,  the  greater  and  more  certain  will  be  the  remuneration. 

Recognition  the  Precursor  of  Remuneration. — Considered 
from  the  non-aesthetic  standpoint  as  a  commodity,  engineer- 
in,?  service  must  conform  to  the  same  economic  laws,  and 
recognition  must  of  necessity  be  the  precursor  of  remunera- 
tion. This  proposition  would  seem  to  be  amply  vindicated 
by  the  fact  that  it  applies  to  any  individual  consultant  who 
has  a  large  clientele,  and  who  can  demand  a  large  fee  for 
his  services.  Almost  invariably  it  will  be  found  that  such  a 
man  has  demanded  a  higher  price  for  his  services  as  their 
value  became  more  fully  recognized  and  established.  He  first 
obtained  recognition  through  the  medium  of  some  form  of 
advertising,  which  educated  an  ever-increasing  body  of  the 
public  to  need  him,  or  think  they  needed  him,  and  remunera- 
tion followed  as  a  matter  of  course. 

The  problem  of  establishing  the  status  of  the  engineer 
therefore  resolves  itself  essentially  into  devising  some  means 
of  applying  to  engineers  as  a  class  the  laws  which  have 
operated  successfully  in  the  case  of  the  engineer  as  an  indi- 
vidual. In  other  words,  engineering  service  generally  must 
have  recognition  commensurate  with  its  value  to  the  com- 
munity at  large  before  adequate  remuneration  can  he  ob- 
tained for  engineers  as  a  class. 
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If,  therefore,  the  engineer  is  to  take  the  place  In  the  com- 
munity to  which  ha  is"  entitled  by  virtue  of  bis  attainments 
and  the  high  class  of  service  he  can  render,  the  primary  re- 
quirement is  recognition. 

Recognition   is  obtainable   by   two  general   methods,  more 
or  less  distinct — namely,  by  general  publicity  and  by  legls- 
-lation. 

How  to  Obtain  Publicity  for  the  Engineering  Profession. — 
The  ordinary  means  of  obtaining  publicity  for  the  engineering 
profession  are  many  and  diverse.  The  outstanding  require- 
ment under  this  head  is  for  engineers  as  a  class  to  participate 
in  tho  affairs  of  national  and  provincial  government.  This 
contention  is  so  fundamentally  sound  and  has  been  so  often 
repeated,  and  so  generally  recognized,  that  it  is  not  necessary 
to  enlarge  upon  it.  It  is  true  beyond  the  possibility  of  argu- 
ment that  the  status  of  the  engineer  as  related  to  national 
affairs  cannot  be  advanced  or  conserved  unless  engineers 
themselves  exercise  active  governmental  functions,  and  pass, 
as  well  as  frame,  the  laws  relating  to  or  incidentally  af- 
fecting the  profession.  The  civil  service  bill  now  before  the 
Dominion  house  is  a  luminous  exemplification  of  this  condi- 
tion. This  hill  is  of  vital  importance  as  related  to  the  status 
of  engineers  as  a  class.  It  seeks  to  give  engineers  in  the  civil 
service  a  professional  status  as  distinguished  from  the  status 
of  the  ordinary  departmental  clerk,  and  also  to  establish  an 
advanced  salary  scale.  It  has  been  framed  with  the  assistance 
of  engineers,  but  it  is  fairly  safe  to  say  that  there  is  not  a 
single  practising  engineer  in  the  House  of  Commons  to  ar- 
gue and  support  the  passing  of  this  bill.  Its  very  doubtful 
fate  rests  mainly  in  the  hands  of  lawyers,  doctors  and  farm- 
ers. The  probable  opposition  and  non-support  of  such  men 
cannot  be  charged  so  much  to  active  enmity  as  to  excusable 
ignorance  and  lack  of  interest,  for  which  condition  engineers 
themselves  are  mainly  responsible. 

Among  other  channels  of  publicity  may  be  mentioned  the 
active  participation  of  engineers  in  town  planning,  housing 
and  settlement  problems,  and  in  developing  such  problems 
into  specific  schemes  for  government  ratification  and  admin- 
istration. Conditions  governing  publicity  in  the  broad  sense 
demand  that  engineers  must  seek  out  and  identify  themselves 
with  all  beneficent  movements  and  projects,  particularly  those 
which  have  a  wide  public  appeal. 

Finally,  there  comes  the  question  of  unionism  as  a  means 
of  obtaining  recognition  through  publicity.  The  various  tech- 
nical organizations  of  this  country  could  assume  the  essen- 
tial functions  of  a  trade  union  if  their  constitutions  were  eo 
amended  as  to  permit  them  to  adopt  the  principle  of  col- 
lective bargaining  and  to  promulgate  strikes.  This  method 
of  obtaining  recognition  is  without  doubt  repugnant  to  the 
majority  of  engineers,  and,  while  some  transitory  benefit 
might  be  derived  by  junior  engineers,  the  general  effect 
would  be  a  very  material  lowering  of  the  status  of  the  en- 
gineer in  his  own  estimation,  and  in  the  estimation  of  the 
public  from  whom  he  derives  sustenance.  It  is  difficult  to 
conceive  of  a  town  manager,  a  commissioner  of  works  or  a 
consulting  engineer  participating  in  a  strike,  or  to  imagine 
that  the  diverse,  and  at  the  same  time  interlocking,  activities 
of  engineers  could  he  so  grouped  and  segregated  as  to  ren- 
der them  susceptible  to  the  principle  of  collective  bargain- 
ing. The  proper  sphere  of  activity  for  any  man  who  wishes 
to  use  collective  bargaining  and  the  strike  as  an  economic 
weapon  is  in  a  trade,  and  not  in  a  profession.  The  value  of 
creative  engineering  work  and  the  work  incidental  to  the 
solution  of  engineering  problems  in  general  must  be  ap- 
praised on  an  individualistic  and  not  on  a  collective  basis. 
Unionism  does  not  therefore  appear  to  be  a  proper  medium 
of  publicity  for  engineers  to  employ  as  a  means  of  obtaining 
recognition. 

The  other  factor  involved  in  the  problem  of  recognition  Is 
legislation.  In  its  relation  to  the  matter  of  recognition,  leg- 
islation should  be  considered  as  a  defensive  weapon,  as  dis- 
tinguished from  publicity,  an  offensive  weapon.  In  other 
words,  publicity  should  be  the  sword,  and  legislation  the 
shield,  of  the  engineering  profession. 


Canal  Reconstruction  in  France. — Out  of  a  total  of  228 
miles  of  canals  or  rivers  rendered  unnavigable  at  the  date 
of  the  armistice,  only  62  miles  remained  unserviceable  on 
Nov.  1.  1919.  and  on  a  considerable  part  of  these  navigation 
is  possible  with  light-draft  vessels.  It  is  expected  that  the 
greater  part  will  be  ready  for  service  by  the  end  of  the 
present  year. 
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Standardization  in  Construction 

Although,  according  to  P.  B.  McDonald,*  the  craze  for 
■tandardizing  everything  that  possibly  could  be  standardized 
reached  its  high  point  in  Taylor's  efficiency  engineering, 
there  still  seems  to  be  room  for  more  of  it.  Ernest  T.  Trigg, 
President  of  the  National  Federation  of  Construction  Indus- 
tries, in  an  address  before  the  Engineers  Club  of  Philadel- 
phia, points  out  a  number  of  things  and  methods  in  construc- 
tion that  may,  with  profit,  be  "standardized."  The  following 
notes  are  taken  from  his  address: 

The  arguments  for  standardization  are  summed  up  as  fol- 
lows: 

1.  It  permits  of  manufacture  on  a  quantity  basis. 

2.  It  makes  It  possible  to  produce  a  supply  during  the 
Black  season,  thereby  tending  to  prevent  seasonal  employ- 
ment, decreasing  labor  turnover  and  facilitating  prompt  de- 
livery. 

3.  It  reduces  maintenance  cost  and  makes  repair  easier. 

4.  It  eliminates  poor  design  and  unsatisfactory  supplies. 

5.  It  reduces  the  labor  and  machine  costs,  both  at  the  fac- 
tory and  at  the  site  of  erection. 

6.  It  makes  possible  closer  co-operation  between  archi- 
tects and  engineers  and  the  men  who  produce,  distribute  and 
Install  material  and  equipment. 

7.  It  assures  a  uniform  degree  of  safety  and  efficiency 
during  and  after  construction. 

In  a  word,  a  properly  executed  program  of  standardization 
In  the  construction  industry  appears  to  point  the  way  to  a 
better  service,  from  the  standpoint  of  both  the  construction 
Interests  and  the  consumer,  and  to  reduced  cost. 

Arguments  against  standardization  are: 

1.  It  limits  efforts  to  make  pleasing  designs. 

2.  It  limits  choice. 

In  answer  to  the  objection  that  it  limits  efforts  to  make 
pleasing  designs,  it  might  be  said  that  standardization  ap- 
plies more  to  the  constituent  parts  of  building  than  to  the 
whole.  It  seems  unlikely  that  standardization  would  ever  be 
carried  to  the  point  of  limiting  pleasing  designs  for  buildings. 

Regarding  the  matter  of  standardization  limiting  choice,  so 
long  as  standardization  eliminates  only  the  bad,  the  un- 
necessary, and  the  superfluous,  choice  in  the  real  sense  of  the 
term  is  not  limited.  It  is  quite  likely,  no  matter  how  tar 
standardization  may  ever  go.  that  there  will  be  people  in 
the  world  who  will  want  to  pay  the  price  for  excessive  in- 
dividuality, and  it  is  just  as  likely  that  it  will  continue  to  be 
for  sale. 

Plumbing,  screw  threads,  pipe  and  pipe  fittings  have  been 
more  or  less  standardized.  Engineering  societies  have  done 
a  great  deal  toward  standardization  of  specifications  for  ce- 
ment, steel,  alloys,  and  other  materials  of  construction,  but 
Mr.  Trigg  suggests  further  progress  along  the  following 
lines: 

Engineering  Standards. — These  including  chemical  and 
physical  compositions  of  raw^  materials  and  technical  di- 
mensions, illustrated  by  the  work  already  done  on  screw- 
threads,  etc.  Such  engineering  standards  in  many  cases  have 
already  been  developed  through  the  work  of  the  engineering 
societies. 

Commercial  Standards. — In  this  field  much  less  has  been 
done  than  with  engineering  standards,  and  it  is  here  that  a 
widely  representative  commercial  organization,  rather  than 
a  professional  or  technical  society,  must  take  the  lead. 

There  are  many  matters  along  this  line  claiming  the  at- 
tention of  the  construction  industry  at  this  time,  and  a  few 
examples  of  which  are  given  below: 

Freight  Elevators.— At  present  freight  elevator  manufac- 
turers are  making  about  33  different  kinds  of  freight  eleva- 
tors; some  models  vary  from  others  only  in  inches  or  frac- 
tions of  inches  and  have  but  slight  differences  in  speed.  The 
manufacturers  say  that  a  much  smaller  number  of  types  will 
fill  all  commercial  requirements.  If  freight  elevators  are 
standardized,  the  manufacturers  can  keep  their  factories 
running  and  build  up  a  stock,  whereas  now  they  tend  to  cus- 
tom-build the  elevators  to  order;  and  the  elevators  can  be 
secured  in  less  time  at  smaller  cost. 

Slate  Slabs.— There  Is  said  to  be  a  need  for  establishing 
standard  sizes  of  slate  slabs  for  structural  purposes  and  also 
for  a  better  general  understanding  of  the  slate  industry  so  as 
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to  prevent  specifying  "clear"  (that  is,  tree  from  veins  and 
ribbons)  because  only  about  20  per  cent  of  slate  slabs  can 
possibly  be  cut  "clear."  The  adoption  of  standard  sizes  of 
slate  slabs  for  structural  purposes  would  permit  slate  manu- 
facturers to  operate  at  full  capacity  during  the  working  sea- 
son and  therefore  to  supply  builders  without  delay  during  the 
entire  rush  season  of  building  erection. 

Concrete  Culvert  Pipe. — The  construction  of  both  railroads 
and  highways  is  intimately  tied  up  with  and.  to  a  large  ex- 
tent, dependent  upon  the  standardization  of  concrete  culvert 
pipe,  which  is  now  being  worked  out  through  the  combined 
effort  of  a  number  of  engineering  and  commercial  organiza- 
tions. 

Tile. — D.  Knlckerbacker  Boyd  in  "The  Architectural 
Forum"  for  July  says.  "No  one  who  has  not  actually  visited 
a  tile  plant  and  kilns  can  begin  to  realize  the  enormous 
amount  of  handwork,  burning,  handling  and  sorting  which  la 
bestowed  upon  the  regulation  of  white  tile,  which  when 
finally  in  the  wall  or  on  the  floor  has  such  a  machine  made 
and  uniform  appearance. 

"One  cannot  but  wonder  when  viewing  the  large  force  of 
people  sorting  tile  why  the  slight  variations  in  shade,  said  by 
some  to  be  over  40,  should  not  be  taken  advantage  of  on  the 
score  of  appearance  alone,  instead  of  causing  this  labor  and 
expense  to  be  put  into  the  process  that  custom  seems  to  have 
established  as  necessary.    Does  the  end  justify  the  means? 

"And  if  it  were  understood  what  countless  numbers  of 
bases,  corners,  angles  and  other  parts  must  be  made  to  ac- 
company each  size  and  shape  of  tile,  the  present  range  of 
choice  in  the  units  comprising  a  plain  white  field  would  be 
reduced  to  the  rejoicing  of  all  concerned. 

"And  just  as  it  is  impossible  to  produce  all  perfect  speci- 
mens and  uniformity  of  size  in  any  product  resulting  from 
concentrated  heat,  so  would  the  situation  be  immeasurably 
helped  if  so-called  firsts,  standards  and  seconds  in  tile  were 
to  be  appropriately  used.  Truly,  it  is  a  waste  of  energy  and 
money  to  use  the  best  specimen  of  kiln  production  in  lining 
an  elevator  or  other  shaft  or  similar  features  in  a  building, 
or  portions  where  light  and  sanitation  are  as  well  served  by 
using  the  grades  remaining  after  the  selection  of  those  more 
nearly  approaching  perfection  has  been  made." 

Bricks. — Just  as  in  the  case  of  tile,  it  works  an  economic 
hardship  for  specifications  for  brick  to  require  their  being 
"of  first  quality  only,  free  from  imperfections,  blemishes,  de- 
fects, etc."  One  quarter  of  the  brick  manufactured  would 
have  to  be  thrown  away  if  only  hard  burned  brick  were 
specified.  The  question  of  a  standard  size  for  bricks  Is  one 
that  has  received  much  attention.  It  is  difficult  to  solve,  be- 
cause brick  machines  get  larger  from  long  use  and  there  la 
a  lack  of  uniformity  regarding  the  effect  of  burning  one  size. 

Mortars  and  Joints. — Within  certain  ranges  of  climate,  mor- 
tars and  joints  should  be  standardized  instead  of  varying  as 
at  present  according  to  individual  judgment. 

Lumber  and  Mill  Work.— The  lumber  trade  associations 
have  worked  out  grading  rules  which  have  established  a 
number  of  lumber  standards.  For  finished  lumber  and  par- 
ticularly for  mill  work,  however,  it  is  said  that  there  is  an 
almost  untouched  field  for  standardization.  There  appears  to 
be  real  need  for  standardized  doors,  windows,  trims,  mould- 
ings, and  built-in-closets,  and  other  furniture  of  various  kinds. 
A  beginning  has  been  made  in  this  work  by  some  manufac- 
turers. Such  standardization,  including  perhaps  the  com- 
pletion of  the  various  units  at  the  factory,  would  eliminate 
much  labor  incident  to  finishing  at  the  point  of  erection. 

It  has  been  suggested  that  waste  products  of  lumber  mills 
might  be  worked  up  into  short  pieces  of  standard  dimensions 
for  those  parts  of  construction  where  longer  pieces  are  sawed 
up  into  short  pieces  at  the  point  of  erection.  This  would  re- 
sult not  only  in  a  saving  of  material,  but  also  in  the  labor 
employed  by  the  contractor. 

A  great  many  other  commercial  standards,  the  needs  for 
which  have  manifested  themselves,  might  he  mentioned,  but 
the  above  rather  heterogeneous  list  will  convey  an  idea  both 
of  the  extent  of  the  needed  standardization  and  the  great 
diversity  of  the  commercial  standards  that  might  be  devel- 
oped. 

3.  Standards  of  Business  Practice.— Business  practice 
standards  sound  abstract,  while  engineering  and  commercial 
standards  appeal  because  of  their  concreteness.  It  is.  how- 
ever, not  an  overstatement  to  say  that  more  business  re- 
verses and  actual  failures  have  been  caused  because  of  the 
lack  of  standards  in  this  field  than  because  of  a  similar  lack 
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in  any  other.     Some  business  practices  that  would  lend  them- 
selves to  standardization  are: 

Cost  Accounting.— The  Saturday  Evening  Post  says,  edito- 
rially: "Of  all  the  handicaps  that  retard  business  success 
none  is  more  serious  than  the  ignorance  of  manufacturers 
In  the  matter  of  production  costs.  The  Federal  Trade  Com- 
mission reports  that  in  the  United  States  only  10  per  cent  of 
our  industrial  establishments  know  what  it  actually  costs 
them  to  manufacture  their  products;  40  per  cent  simply  es- 
timate their  costs,  and  50  per  cent  have  no  method  whatever 
of  finding  out  what  their  production  charges  really  are.  This 
condition  is  largely  responsible  for  a  national  situation 
where  more  than  one-third  of  our  300,000  manufacturing  in- 
dustries did  not  earn  1  per  cent  on  the  billions  of  capital 
Invested  in  them. 

"One  of  our  leading  authorities  on  shop  efDciency  contends 
that  with  correct  equipment  and  proper  instruction,  the 
average  workman  will  do  at  least  three  times  as  much  as  he 
now  does,  and  can  continue  to  do  this  greater  work  month 
after  month.  One  large  automobile  manufacturer  called  on 
science  to  modernize  his  methods,  with  the  result  that  cer- 
tain of  his  costs  were  reduced  two-thirds,  with  the  same 
product  and  the  same  equipment  and  men.  Only  the  intense 
application  of  brains  to  business  will  remedy  the  present 
situation  of  decreasing  profits  and  rising  costs." 

The  president  of  the  Associated  General  Contractors  of 
America,  Mr.  D.  A.  Garber,  recently  said  in  an  address: 

"A  good  friend  of  mine  over  in  Brooklyn  has  been  a  con- 
tractor to  my  knowledge  for  30  years,  and  he  has  been 
successful;  I  don't  know  how;  but  I  suppose  by  the  grace 
of  God — that  is  what  usually  saves  most  contractors.  I 
asked  him  how  he  kept  his  books.  'Well,'  he  said,  'that  is 
simple  enough.  I  do  it  the  same  way  my  father  did.  When 
I  get  a  job  I  figure  up  how  much  money  it  is  going  to  require 
to  run  that  job.  If  I  think  $5,000  will  do  it,  I  take  $5,000  and 
put  it  into  a  new  bank.  Brooklyn  is  pretty  well  supplied 
with  banks.  All  the  money  I  get  from  that  job  I  put  into  that 
bank  account.  When  the  bills  come  due.  1  pay  them  out  of 
that  account,  and  when  the  job  is  complete,  if  I  have  more 
than  $5,000  in  that  bank,  I  know  I  have  made  money.  If  I 
have  less  than  $5,000,  I  know  I  have  lost  money.' 

"You  would  be  surprised,"  Mr.  Garber  goes  on  to  say,  "to 
know  how  many  contractors  have  run  their  business  that 
way  in  the  past.  But  now  we  want  to  keep  our  own  books. 
We  want  to  make  our  own  estimates.  And  we  are  assured, 
if  a  proper  system  of  cost  accounting  is  sent  broadcast  over 
the  country  among  contractors,  that  it  will  be  a  universal 
help  to  them." 

General  Accounting. — There  has  been  so  much  agitation 
over  the  country  about  cost  accounting  that  relatively  small 
attention  has  been  paid  to  the  matter  of  accounting  in  gen- 
eral. Perhaps  it  is  because  of  the  lack  of  a  suitable  system 
of  cost  accounting  that  a  business  man's  pocketbook  is  hit 
first,  but  cost  accounting  is  just  one  link  In  the  accounting 
chain;  and  it  has  been  urged  in  some  quarters  that  stand- 
ardization should  include  the  general  field  of  accounting 
which  might  be  worked  out  for  any  business,  so  that  a 
balance  sheet  can  be  struck,  not  only  once  a  year,  once  in  six 
months,  or  even  once  a  month,  but  so  that  any  day  a  busi- 
ness man  can  see  a  report  showing  where  he  stands  that 
particular  day. 

Contracts. — The  Contract  Record  for  Sept.  17,  1919,  says: 
"A  national  contract  form,  accepted  and  adhered  to  by  all 
contractors  and  architects  throughout  Canada,  is  the  hope 
of  many  in  the  construction  industry."  All  schedules  for 
building  work  in  Scotland  follow  the  plan  laid  down  in  The 
National  Building  Code  of  Scotland,  which  uses  quantity 
surveying  methods.  All  schedules  of  building,  work  there 
must  adhere  to  the  same  conditions  and  therefore  contracts 
are  standardized  on  the  same  footing.  It  is  most  likely  that 
the  American  construction  industry  would  benefit  through 
the  standardization  of  contracts. 

Standards  of  Legislation. — From  certain  quarters  has  come 
insistent  pressure  for  standardizing  municipal  and  state 
building  and  safety  codes,  and  state  inspection  legislation, 
such  as  that  regarding  boilers.  It  is  recognized  that  build- 
ing codes,  for  Instance,  must  vary  to  some  extent  with  re- 
gard to  different  climatic  regions.  However,  uncalled  for 
disparity  in  regulations  in  the  different  cities  and  states 
makes  it  almost  impossible  for  the  manufacturer  of  building 
equipment   to   comply    with    the    various   legal    requirements 
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placed  upon  him,  and  similar  hardships  are  worked  upon 
practically  all  other  construction  people  in  much  the  same 
way.  Undoubtedly  legislation  in  some  cities  and  states  in 
reference  to  a  given  subject  is  superior  to  that  in  other 
localities,  and  the  effort  at  standardization  along  legislative 
lines  should  be  unselfish  and  designed  to  enhance  the  welfare 
and  safety  of  the  public.  Legislative  standardization  would 
also  refer  to  bonds  given  by  bidders,  to  other  financial  rela- 
tionships, to  fire  protection  and  many  other  matters  affect- 
ing the  construction  industry. 

Construction  standards,  in  so  far  as  they  relate  to  ma- 
terials, should  invariably  be  understood  as  representing 
minimum  requirements  that  must  be  complied  with  rather 
than  the  maximum  over  which  no  manufacturer  may  go  in 
respect  to  quality.  Manufacturers  need  not  be  asked  to  de- 
liver up  their  trade  secrets,  nor  architects  their  individuality 
of  design;  but,  if  construction  standards  are  to  assume  real 
importance  in  the  industry,  a  truly  democratic,  co-operative 
spirit  must  be  manifest. 


The  Hoist  as 


Aid   in   Tearing   Down 
Buildings 


Old 


By  employing  a  motor  hoist,  Villadsen  Bros.,  Inc  ,  engineers 
and  contractors.  Salt  Lake  City,  Utah,  effected  a  consider- 
able saving  in  labor  in  demolishing  old  buildings  in  its  Social 
Hall  avenue  development  in  Salt  Lake  City. 

The  motor,  drum,  and  cable  had  been  in  use  as  a  hoist  en 
the  construction  of  new  buildings,  and  the  idea  of  using  it  to 


Motor    Hoist    Demolishing    Old    Buildlnga. 

tear  down  the  old  buildings,  on  the  same  site,  appeared  to  be 
worth  trying  out.     It  proved  very  successful. 

The  cable  arrangement  simply  passed  through  blocks  to 
double  its  pull  and  apply  the  force  from  the  right  direction. 
In  the  position  shown  in  the  illustration  the  cable  was 
passed  between  a  door  and  a  window,  and  a  moment  after 
the  picture  was  taken  the  operator  threw  in  his  clutch  and 
the  whole  section  of  wall  on  that  side  collapsed  instantly. 
When  studded  and  lathed  partitions  were  pulled  down  they 
were  dragged  over  to  the  pile,  and  effectually  broken  up 
into  easily  loaded  parts  In  the  process.  The  motor  is  30  hp., 
three  phase,  of  the  squirrel  cage  type. 


Highway  Contractors'  Conference  in  Chicago. — The  State 
Highway  Department  of  Illinois  has  Invited  all  contractors 
interested  in  highway  work  in  this  state  to  a  conference  to 
be  held  in  the  Red  Room  of  the  LaSalle  Hotel,  Chicago,  at 
10  a.  m.,  Dec.  26.  Among  the  m'atters  to  be  brought  before 
the  meeting  are  the  following.  Discussion  of  features  brought 
out  by  experiences  the  past  year  on  the  part  of  the  contrac- 
tors and  on  the  part  of  the  state.  The  1920  building  con- 
struction program.  Discussion  of  the  question  as  to  hovr 
much  work  should  be  attempted.  Amount  and  different  kinds 
of  state  equipment  that  may  be  available.  Provisions  for 
utilizing  railroad  cars  in  the  handling  of  road  building  ma- 
terials during  the  early  part  of  the  season.  The  question  of 
prices  to  be  paid  for  labor  and  materials  next  year.  The 
question  of  time  limit  on  the  completion  of  contracts. 
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Go  -Operation    Among    Engineers* 

By  Dr.   P.   H.   NEWELL, 
President    American    Association    of    Engineers. 

What  does  cooperation  mean?  We  have  used  the  word 
frequently;  I  have  discussed  it  often  and  have  tried  to  bring 
about  cooperation  among  engineering  bodies.  It  means 
merely  a  working  together  effectively.  While  such  working 
together  is  theoretically  the  wise,  the  most  obvious  thing  to 
do,  practically  it  is  one  of  the  most  difficult  things  to  bring 
about  because  of  the  tendency  of  men  and  organizations  to 
segregate  rather  narrowly  in  order  to  secure  higher  effi- 
ciency; to  work  along  narrow  and  narrower  lines  and  to  keep 
clear  of  all  entanglements  tending  to  divert  their  attention. 

Personal  Advantages  of  Cooperation.— Our  problem,  and 
the  one  we  wish  to  discuss  this  morning  is  how  best  we  may 
cooperate  and  for  what  reason  we  should  cooperate. 

The  reason  is  obvious.  It  is  primarily  and  fundamentally 
in  order  that  we  as  intelligent  men,  as  citizens,  may  benefit 
personally.  There  is  no  use  getting  away  from  that.  There 
is  a  reasonably  and  necessary  selfishness  running  through 
our  plans,  yet  that  selfishness,  while  we  recognize  it,  is  not 
the  beginning  nor  the  end  of  the  problem.  An  intelligently 
directed  selfishness  may  bring  the  highest  results  to  the 
whole  community. 

All  engineers  to  a  certain  extent  are  men  of  vision,  they 
are  idealists,  and  we  can  all  agree  that  to  put  over  a  suc- 
cessful idea  you  must  have  a  near  as  well  as  a  remote  ob- 
ject. We  might  as  well  admit  first  as  last  that  we  begin 
primarily  with  the  conception  that  by  cooperation  we  intend 
to  help  ourselves  and  help  our  associates.  In  doing  that  we 
are  not  losing  sight  of  the  fact  that  in  helping  ourselves  we 
must  help  the  community  and  the  public  at  large.  Moreover 
anything  that  helps  us  but  is  to  the  detriment  of  the  public 
we  must  not  tolerate.  I  want  it  clearly  understood  that 
while  starting  with  the  primary  assumption  that  all  incen- 
tive to  cooperation  must  be  founded  upon  a  desire  to  help 
ourselves,  yet  it  must  not  be  developed  in  such  a  way  as  to 
interfere  with  our  great  ideals.  It  must  lead  to  the  best  re- 
sult for  the  common  good.  I  put  this  proposition  to  you 
frankly  because  in  all  our  plans  we  must  consider  not  only 
what  is  the  immediate  good  but  we  must  not  let  anything 
interfere  with  the  ultimate  good  of  the  community  as  a 
whole;  helping  ourselves  intelligently  and  wisely  to  help  the 
community  at  large. 

How  can  we  do  it? 

Second  Hand  Cooperation  Not  Effective. — The  Engineering 
Council  representing  the  officers  of  the  founder  societies  is 
at  work  as  one  of  the  results  of  these  attempts  at  coopera- 
tion, but  because  of  its  form  of  organization  it  cannot  be  as 
effective  as  a  less  cumbersome  device.  It  has  no  power  to 
enforce  or  carry  out  its  conclusions  being  simply  a  council 
dependent  on  the  good  will  of  the  separate  societies  and  on 
the  personality  of  its  agents.  We  may  theorize  about  the 
efficiency  of  different  forms  of  organization,  as  to  how  best 
to  organize  men;  but  experience  shows  that  some  of  these 
schemes  which  look  well  on  paper  may  not  work  out  because 
they  do  not  appeal  to  the  peculiar  spirit  of  our  people. 

To  illustrate  my  point,  we  formerly  elected  the  U.  S.  Sen- 
ators by  the  vote  of  the  state  legislatures,  but  as  you  know 
there  was  a  feeling  that  the  Senate  thus  chosen  was  not  well 
selected.  It  was  a  representative  body  that  was  the  choice 
of  other  representative  bodies.  This  second  hand  delega- 
tion of  power  never  seemed  to  work  right.  A  similar  criti- 
cism is  made  against  any  council  chosen  in  this  way. 

Here  is  perhaps  a  more  striking  Illustration  of  how  this 
kind  of  cooperation  does  not  satisfy.  Before  the  present  con- 
stitution of  the  United  States  was  adopted  we  had  a  loose 
confederation  of  the  states;  each  state  voluntarily  cooperated 
or  attempted  to  cooperate  with  every  other  state,  the  re- 
sult you  know  was  disastrous.  By  great  good  fortune  the 
people  of  the  United  States  were  led  to  adopt  the  present 
form  of  constitution  without  which  we  probably  never  would 
have  existed  as  a  nation.  Theoretically  the  old  way  of  co- 
operation among  states  was  perhaps  ideal,  practically  it  did 
not  work.  Under  our  constitution  we  are  citizens  of  the 
United  States  first,  last  and  all  the  time.  We  are  not  citizens 
of  the  United  States  because  we  are  citizens  of  Ohio  or  be- 
cause we  are   citizens  of   Columbus  but   we  are   citizens   of 
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the  United  States  and  elect  our  representatives  directly  to 
the  United  States  Congress. 

Similarly,  plans  for  cooperation  among  engineering  socie- 
ties have  not  worked  out  practically  where  the  citizenship  or 
the  membership  is  represented  not  directly  but  by  a  body 
chosen  as  the  result  of  a  second  or  third  delegation  of  power. 
We  want  the  power  to  go  directly  from  each  citizen  or  mem- 
ber to  the  responsible  parties. 

A  National  Organization  of  Engineers  and  Architects. — 
Because  of  the  recognition  of  this  principle  we  have  started 
in  another  form  of  cooperation;  a  conclusion  reached  by 
going  all  around  the  circle,  by  trying  different  things  and 
finally  reaching  this  result.  Parenthetically  I  wish  to  say 
here  that  this  summer  I  have  spent  much  time  in  traveling 
from  the  Atlantic  to  the  Pacific,  from  the  Canadian  line  to 
Mexico,  visiting  town  after  town,  talking  with  engineers  In 
their  offices  and  in  their  meetings,  much  as  I  am  talking  now, 
getting  acquainted  and  urging  them  to  cooperate  and  to  get 
together  along  the  line  where  every  individual  man  will  be 
represented  in  a  national  body  not  indirectly  through  a  local 
organization,  which  in  turn  delegates  its  power,  but  as  mem- 
bers of  one  civic  body,  engineers  and  architects,  and  that  is 
the  American  Association  of  Engineers.  I  hope  you  will  be 
patient  while  I  exploit  this  not  as  the  only  organization  but 
as  the  form  of  organization  that  I  think  is  going  to  win.  The 
final  outcome  may  not  be  in  the  name  of  the  American  Asso- 
ciation of  Engineers  but  it  will  be  some  form  of  organization 
of  engineers  and  architects  which  working  directly  will 
achieve  the  result  to  which  we  are  looking  forward. 

What  is  it  we  desire  to  do?  We  want  to  improve  the  con- 
dition of  the  engineer  and  the  architect.  We  want  to  im- 
prove his  condition  financially,  mentally,  spiritually,  as  a 
citizen,  as  a  man  and  as  a  member  of  a  group  of  trained 
workers.  That  is  why  we  are  trying  to  cooperate,  subor- 
dinating the  interest  of  the  individual  to  the  interests  of  all 
humanity,  and  yet  in  our  enthusiasm  for  these  higher  things, 
not  forgetting  that  the  man  down  in  the  ranks  must  have 
his  fair  share  and  proper  treatment  if  we  are  going  to  have 
a  strong  organization.  That  is  what  we  are  working  to  do  in 
our  cooperation. 

Some  will  say  at  once,  and  this  issue  should  be  met 
squarely.  "These  advocates  of  the  A.  A.  E.  are  attempting  to 
establish  a  glorified  laboring  union."  In  reply  I  may  state 
that  I  do  not  hold  any  brief  for  labor  unions.  They  can  take 
care  of  themselves;  they  are  well  able  to  do  so.  But  I  do 
desire  to  point  out  certain  differences  between  the  kind  of 
organization  needed  to  secure  cooperation  among  brain  work- 
ers and  the  labor  unions. 

In  the  first  place  the  American  Association  of  Engineers 
is  an  incorporated  body.  It  is  a  responsible  body.  It  differs 
from  a  labor  union  in  that  respect  because  whatever  it  does, 
whatever  it  agrees  to  are  matters  for  which  it  is  responsible. 
As  you  know  the  prime  element  of  labor  unions  is  irresponsi- 
bility. Of  course  there  are  all  kinds  of  labor  unions,  as  there 
are  all  kinds  of  churches.  With  some  people  labor  unionism 
is  a  religion.  Men  have  given  their  lives  for  the  labor  union. 
Many  of  them  have  done  great  and  good  work,  others  have 
not,  but  the  danger  today  to  society  exists  because  these 
labor  unions  are  irresponsible  bodies  and  cannot  be  held  to 
any  agreement  into  which  they  enter. 

This  is  an  age  of  organization. — The  unorganized  man  is 
not  effective  in  performing  his  duties  or  securing  his  rights 
nor  is  he  able  to  preserve  the  rights  of  others.  The  question 
before  us  as  engineers  and  architects,  brain  workers,  is  not 
whether  we  shall  organize  but  as  to  what  kind  of  orgaftiza- 
tion  we  shall  create.  Shall  we  enter  an  organization  that  is 
incorporated,  that  is  responsible,  or  shall  we  continue  to  or- 
ganize the  small  groups  of  technical  men  to  discussing  tech- 
nical topics  and  tabooing  all  the  vital  questions  of  society? 

A  noted  preacher  recently  said,  "Some  boys  go  to  hell  be- 
cause there  is  no  other  place  for  them  to  go."  Today  in  the 
unorganized  or  disorganized  condition  among  engineers  and 
architects  we  are  forcing  men  into  labor  unions  because  we 
are  not  freely  admitting  them  into  our  specialized  societies. 
The  great  body  of  these  plain  men  that  I  have  described  as 
the  non-commissioned  officers  of  the  army  of  engineers,  the 
draftsmen,  the  surveyors,  the  checkers,  these  are  the  men 
we  are  forcing  into  labor  unions.  That  is  where  my  Interest 
lies  in  this  great  cooperative  movement,  namely  to  get  those 
men  organized  Into  a  body  that  is  responsible  for  its  acts, 
a  body  in  which  every  man  feels  that  responsibility  legally 
as  well  as  morally,  and  keep  them  out  of  the  irresponsible 
labor  union  that  is  eagerly  seeking  them. 
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That  is  the  condition  we  are  facing.  It  is  not  a  theory. 
It  is  a  fact  that  unless  we  do  cooperate  in  a  sane,  definite 
businesslike  way,  meeting  the  present  conditions  of  society 
as  they  are,  this  Is  going  to  come  about  in  a  very  few  years. 
That  is  why  I  am  so  intensely  interested  in  upbuilding  an  or- 
ganization that  will  keep  these  men  as  I  have  said,  in  a  re- 
sponsible body  led  and  officered  by  natural  leaders,  men  to 

whom  they  can  look  with  respect. 

• 

That  is  what  I  mean  by  ultimate  cooperation  among  en- 
gineers and  architects.  We  have  worked  through  and  be- 
yond this  idea  of  forming  small  societies  of  civil  engineers 
and  of  mechanical  engineers  and  so  on  with  the  idea  of  then 
getting  them  to  work  together,  and  somehow  out  of  that 
same  combiuation  produce  a  powerful  organization.  This 
idea  does  not  work  under  present  economic  conditions.  For 
efficiency  we  must  have  an  organization  in  which  every  man 
is  a  member  just  as  much  as  he  is  a  citizen  of  the  United 
States.  That  does  not  prevent  his  being  an  active  citizen  or 
member  of  his  technical  society,  any  more  than  your  citizen- 
ship in  the  United  States  prevents  you  from  being  a  gbod 
citizen  of  Ohio  or  of  Columbus.  In  tact  it  strengthens  it; 
but  the  two  citizenships  are  independent  and  function  with- 
out any  interference  with  each  other. 

Production  and  Compensation. — There  is  in  the  world  a 
shortage  of  all  goods,  every  necessity  of  life,  and  the  only 
right  thing  we  can  do  is  to  increase  production  and  organize 
to  fight  every  movement  that  there  is  to  keep  down  produc- 
tion, and  at  the  same  time  accompany  that  effort  by  seeing 
to  it  that  a  proper  compensation  is  given  to  all  men  who 
are  engaged  in  that  increased  production. 

How  are  we  going  to  do  it?  Are  you  going  to  organize  a 
union  and  call  a  strike  to  get  more  money?  We  say  most 
emphatically  we  are  not.  In  the  case  of  men  who  are  think- 
ing, it  is  not  necessary  to  do  that.  While  so-called  capitalistic 
organizations  may  organize  a  lockout  or  the  labor  unions 
may  organize  a  strike,  we  believe  we  can  accomplish  per- 
manent good,  not  by  force  or  intimidation,  but  by  using  the 
weapons  that  every  intelligent  man  should  use:  common 
sense,  argument  and  reason. 

Under  present  conditions  of  depreciated  currency,  where 
money  is  worth  half  or  less  than  half  of  what  it  was  before 
the  war,  and  where  the  value  of  currency  has  dropped,  the 
readjustment  to  meet  the  altered  condition  of  our  standard 
of  value  must  be  met  gradually  and  wisely.  And  how  can 
it  be  met?  Only  by  presenting  our  claims  honestly,  sincerely 
and  convincingly. 

Certain  engineers  In  municipal,  public  and  railroad  em- 
ploy, relatively  to  the  value  of  money,  are  getting  less  than 
the  amount  to  which  they  are  entitled,  less  than  the  amount 
on  which  they  have  been  accustomed  to  live  and  the  amount 
which  they  should  spend  to  be  good  American  citizens.  The 
thing  to  do  is  to  present  that  fact,  without  the  alternative 
of  threats  of  going  on  strike,  but  as  intelligent  men,  educating 
the  public  and  the  people  concerned. 

We  have  followed  that  course.  It  is  not  a  question  of 
whether  results  can  be  had  in  that  way;  they  have  been  at- 
tained. Such  a  course  is  not  as  spectacular  as  it  is  to  call 
a  strike  but  in  the  end  it  accomplishes  the  result,  and  it  Is 
done  in  a  way  that  preserves  the  self-respect  of  all  the  men 
and  a  proper  appreciation  of  the  dignity  of  their  profession. 

We  must  get  together  in  some  form  of  organization,  ef- 
fective primarily  for  the  benefit  of  these  men,  but  ultimately 
looking  forward  to  that  larger  benefit  to  humanity.  On  this 
basis  alone  can  an  organization  long  exist.  We  cannot  sur- 
vive permanenty  if  we  adopt  a  low  moral  plane,  if  we  or- 
ganize for  ourselves  excusively;  but  if  we  desire  to  endure 
and  to  have  the  respect  of  the  public  and  to  put  the  men  of 
education  and  experience  where  they  belong,  the  engineers 
and  architects  must  be  organized  and  their  organization 
founded  on  deep  principles  which  will  benefit  the  public  and 
the  human  race. 


National  Conference  on  Construction. — The  annual  meeting 
of  the  Associated  General  Contractors  of  America  and  .af- 
filiated organizations  will  be  held  at  Chicago  Jan.  21-23.  Coin- 
cident with  the  business  sessions  of  the  Association,  a  2-day 
national  conference  on  construction  problems  will  be  held, 
to  which  all  general  contractors  will  be  invited.  The  offices 
of  the  association  are  111  W.  Washington   St.,  Chicago. 


The  Liberal  Element  in  Engineer- 
ing Education* 

By  GEAKGl-:   F.  SWAIN, 
Professor  of  Civil  Enb'iiirerlng,  Howard  University. 

The  question  as  to  the  liberal  element  In  engineering  edu- 
cation, or  a  liberal  education  by  itself,  arises  from  a  recogni- 
tion of  the  fact,  that  since  we  live  among  men,  an  educated 
man  should  have  some  knowledge  outside  of  his  own  voca- 
tion, of  language,  literature,  history,  and  economics,  so  that 
he  may  understand  and  appreciate  what  goes  on  about  him, 
that  he  may  know  something  of  the  thoughts  and  deeds  of 
the  great  men  of  the  past,  and  may  be  able  to  write  and  to 
express  himself  clearly  and  logically.  Without  these  things, 
a  man  may  have  great  skill  and  knowledge,  but  not  attain 
his  greatest  usefulness  or  development. 

Motivation  the  Key  to  Effective  Instruction. — The  difficulty 
is  that  in  the  study  of  these  subjects  the  student  may  not  be 
able  to  relate  them  to  his  experience,  that  is.  his  work  is  not 
motivated,  and  so  he  achieves  small  results.  The  subject  ot 
this  paper  is  mainly  motivation,  or  doing  work  with  a  distinct 
motive,  gained  by  being  able  to  see  what  is  being  done,  the 
need  and  use  and  application  of  it,  which  is  only  possible,  if 
my  view  is  correct,  if  it  can  be  related  to  experience.  It  Is  a 
great  fallacy  to  suppose  that  a  boy  will  gain  what  is  called 
culture  by  listening  to  courses  of  lectures,  especially  if  he  is 
not  interested  in  them.  Some  of  the  most  uncultured  men 
are  college  graduates. 

Few  students  take  much  interest  in  Greek  and  Latin. 
Those  tongues  are  dead,  and  the  student  does  not  realize 
their  significance  in  relation  to  our  own  tongue.  Modern  lan- 
guages have  more  interest  to  him,  because  he  can  use  them. 
History  may  interest  him  little  because  it  does  not  deal  with 
the  present,  and  he  cannot  relate  it  to  the  present  and  coor- 
dinate it  with  his  daily  life.  Economics  he  may  think  he  can 
understand,  because  he  hears  it  talked  about  so  much,  but 
since  it  deals  with  business  questions  in  which  he  has  had  no 
experience,  he  really  cannot  grasp  it  concretely  or  safely. 
Science,  mechanics  and  engineering  he  can  understand,  be- 
cause he  lives  in  a  world  of  science  and  engineering,  he  can 
relate  these  to  his  experience;  yet  even  in  these  subjects  we 
take  pains  to  relate  them  to  his  experience  still  more  closely 
by  providing  laboratories.  Even  this  is  not  always  deemed 
a  sufficiently  close  relation,  and  we  employ  the  cooperative 
system,  as  at  Cincinnati,  where  the  pupil  alternately  sudies 
and  works  in  a  shop  and  so  is,  as  Mulcaser  advises,  "a-doing 
while  he  is  a-Iearning."  Mathematics,  in  arithmetic,  he  can 
relate  to  his  experience,  for  he  has  to  buy  and  sell  and  make 
change  every  day;  but  in  its  higher  branches  it  is  abstract 
to  him,  he  does  not  interpret  or  grasp  it,  and  this  is  perhapg 
the  reason  why  so  many  boys  hate  it,  unless  it  is  taught  and 
used  distinctly  as  a  tool  in  connection  with  science  and  en- 
gineering, and  preferably  taught  by  men  who  themselves  use 
it  in  their  daily  work. 

It  is  of  course  true  that  there  is  such  a  thing  as  a  stimulus 
lasting  a  lifetime  derived  from  a  single  lecture,  a  single  point 
of  view,  a  single  idea.  But  such  a  stimulus  may  as  well  be 
gained  from  a  sermon,  an  academy  lecture  or  a  conversa- 
tion with  a  friend.  We  should  not  judge  a  college  course  on 
such  a  basis,  except  that  we  should  try  to  have  stimulating 
teachers,  who  would  look  beyond  the  narrow  confines  of  their 
subjects,  deal  with  the  individual  student  as  much  as  possi- 
ble, meet  students  outside  the  class-room,  and  try  to  influence 
not  only  their  knowledge  but  their  character. 

The  key  to  effective  instruction,  it  seems  to  me,  is  motiTa- 
tion.  Relate  the  subject  to  the  student's  experience.  If  it 
cannot  be  so  related  effectively,  better  not  teach  it.  We  make 
a  common  mistake  when  we  assume  that  when  a  subject  is 
put  into  the  curriculum  it  is  put  into  the  student.  We  cram 
the  curriculum  full  of  every  subject  of  human  interest,  re- 
gardless of  whether  the  student  fan  relate  it  to  his  experi- 
ence. If  he  does  not  so  relate  it  he  will  generally  take  no 
interest  in  it  and  get  nothing  out  of  it.  If  he  does  take  an 
interest  in  it,  it  will  often  be  by  relating  it,  not  to  his  ex- 
perience, but  to  his  imagination,  and  in  this  case  he  will  get 
less  than  nothing  out  of  it;  it  will  do  him  harm.  He  will  be- 
come a  theorist  who  does  not  care  for  facts,  but  only  for 
his  imagination  and  his  preconceived  ideas. 

History    and    Economics. — Some    subjects    are    difficult    to 
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motivate  and  should  not  be  taught  in  school.  History  is 
often  not  related,  if  taught  as  a  barren  chronology  of  tacts, 
but  if  made  live  by  showing  the  causes  and  effects  of  great 
events,  the  tendencies  of  the  times,  and  illustrated  by  the 
characters  of  great  men,  it  may  be  one  of  the  most  useful 
of  studies.  But  history  cannot  be  related  experimentally  ia 
the  laboratory.  Sometimes,  in  the  laudable  effort  to  moti- 
vate, ludicrous  and  time-consuming  methods  are  resorted  to, 
as  when  a  class  in  American  History  was  made  to  "live" 
their  history  by  building  Indian  wigwams.  In  such  a  sub- 
ject everything  depends  upon  the  teacher  and  how  the  sub- 
ject is  taught. 

Economics  is  difficult  to  motivate,  since  it  deals  with  com- 
plicated matters  of  business,  not  within  the  range  of  experi- 
ence of  the  student.  I  have  long  believed  that  the  excessive 
teachlag  of  this  subject  now  quite  common  was  not  only 
profitless,  but  injurious,  notwithstanding  the  intrinsic  im- 
portance and  interest  of  the  subject.  The  student  will  fre- 
quently find  in  this  subject  his  own  teacher,  an  eminent  man, 
holding  opinions  diametrically  opposed  to  those  held  by  an 
equally  eminent  teacher  at  a  neighboring  college,  while 
neither  can  be  demonstrated  to  be  in  error.  What  a  field 
Is  here  for  the  cultivation  of  a  dependence  upon  preconceived 
Ideas,  even  if  contrary  to  facts!  The  inherent  importance  of 
the  subject  may  enlist  the  interest  of  the  student,  but  he 
cannot  relate  it  to  his  experience,  and  so  relates  it  to  his 
Imagination  or  his  sympathies.  His  sentiment  is  stronger 
than  his  reason,  and  he  becomes  a  faddist,  indulging  his 
preconceived  ideas  at  the  expense  of  society.  Perhaps  no 
•ubject  depends  so  much  upon  having  a  sate,  logical,  unemo- 
tional teacher,  himself  experienced  in  business  affairs  or 
capable  of  seeing  them  without  distortion.  One  brief  course 
In  the  subject  should  suflSce  to  give  the  student  an  idea  of 
Its  scope,  methods,  and  general  principles,  and  an  outlook 
over  the  problems  with  which  it  deals,  sufficient  to  serve  as 
a  basis  for  later  study,  as  he  gains  experience  in  the  business 
world. 

Training  in  Science  Best  for  Study  of  Economics. — A  bad 
teacher  of  science,  or  of  mathematics,  or  of  engineering  may 
do  little  good,  but  he  can  hardly  do  positive  harm.  At  the 
most  the  student  learns  nothing  from  him.  But  a  bad  or 
unbalanced  teacher  of  economics  may  do  positive  harm,  in 
Inculcating  unsound  and  vicious  economic  theories  into  the 
minds  of  immature  students  who  have  not  the  experience 
nor  the  trained  logical  minds  to  discover  the  errors.  The 
best  training  for  the  study  of  economics,  I  think,  is  a  training 
In  science,  so  that  demonstration  may  be  distinguished  from 
hypothesis,  and  truth  recognized  when  found.  A  subject  on 
which  opinions  differ  widely,  while  few  can  be  demonsrated 
to  be  correct,  does  not  appear  to  be  a  good  one  for  an  im- 
mature and  untrained  mind,  though  it  may  be  a  very  useful 
■ubject  of  study  for  a  mind  already  trained  in  logical  meth- 
ods, and  with  experience  as  a  guide.  Personally,  I  believe 
that  the  excessive  study  of  economics  in  our  colleges,  and 
the  turning  out  of  large  numbers  of  young  men  who  have 
"specialized"  in  this  subject,  and  who  go  out  into  the  world 
thinking  they  know  all  about  these  great  questions,  though 
totally  without  practical  experience,  and  without  training  in 
BCientific  methods  of  investigation  as  well,  is  one  of  the  most 
serious  menaces  to  our  country.  You  cannot  experiment  by 
the  scientific  method  in  economics,  because  you  cannot  vary 
one  element  only.  There  are  always  many  elements,  the 
relative  influence  of  which  cannot  be  measured.  After  a 
young  man  has  studied  science  thoroughly,  has  learned  the 
•clentific  method,  and  has  acquired  the  scientific  attitude  of 
mind,  it  is  time  for  him  to  study,  in  detail,  the  great  ques- 
tions of  economics,  and  not  till  then. 

Some  branches  of  economics  may  be  motivated.  One  of 
these  is  accounting.  Every  boy  keeps,  or  should  keep,  a  cash 
account,  and  the  study  of  double  entry  book-keeping  is  not 
only  a  means  of  excellent  mental  training,  and  of  the  prin- 
ciples of  accounting,  but  is  eminently  practical.  The  same 
Is  true  of  the  elementary  parts  of  other  branches.  The  engi- 
neering student  should  be  taught  what  a  bank  is  and  does, 
how  he  can  use  it,  the  methods  of  promoting  and  organizing 
a  business  enterprise,  the  different  kinds  of  securities,  and 
so  on.  Some  topics  connected  with  business  management, 
the  methods  of  securing  efficiency,  the  Importance  of  cost 
data,  may  also  be  taught  to  advantage.  The  elements  of 
business  law  may  also  be  appropriately  included. 

English  and  Logic— One  of  the  best  of  liberal  studies  is 
English,  particularly  if  including  a  course  in  Logic.     Surely 


few  things  are  more  important  to  the  engineer  than  the 
ability  to  write  a  good  report,  and  to  express  himself  clearly, 
forcibly,  concisely,  and  logically.  But  the  course  in  English 
should  not  be  the  traditional  course.  It  is  of  little  importance 
to  the  engineering  student  whether  Keats  was  a  greater  poet 
than  Shelly;  but  if  the  student  is  led  up  to  the  study  of  good 
writers  through  his  own  experience  in  trying  to  express  him- 
self, or  by  seeing  the  relation  of  the  subject  he  reads  about 
to  the  necessities  of  his  own  profession,  he  will  gain  an  in- 
terest heretofore  often  lacking.  Some  courses  in  English 
are  now  being  conducted  in  a  way  to  secure  this  result. 

But  in  recognizing  the  importance  of  liberal  studies  for 
engineering  students,  or  for  any  students  it  may  be  proper 
to  say  a  word  as  to  the  importance  of  science,  for  students  of 
liberal  arts  and  other  than  scientific  professions.  Of  all 
studies,  the  sciences  and  their  applications  are  probably  the 
best  and  most  useful,  as  a  means  of  discipline,  for  their  moti- 
vation, and  for  the  knowledge  and  even  character  that  they 
impart.  This  has  been  shown  at  length  by  Herbert  Spencer 
in  his  book  on  education.  The  sciences  offer  all  the  elements 
of  logical  analysis,  hypothesis,  experiment,  verification.  They 
are  not  rigid,  like  mathematics,  but  afford  room  for  doubt, 
hypothesis  and  argument.  Neither  are  they  vague  and  in-' 
capable  of  demonstration — mere  matters  of  opinion — like 
many  branches  of  economics.  Moreover,  every  youth  should 
have  disciplined  knowledge  of  the  world  in  which  we  live  and 
the  physical  phenomena  which  he  experiences  every  day.  Yet 
in  some  of  our  colleges  it  is  possible  for  a  boy  to  graduate 
without  taking  in  college  a  single  course  in  natural  science 
or  in  mathematics.  If  I  recognize  and  urge  the  importance 
of  liberal  studies,  and  even  of  the  classics,  for  all  broadly 
cultivated  men,  I  must  even  more  urge  the  importance  of 
science  for  every  man.  I  believe  that  in  our  colleges  we  are 
committing  the  great  mistake  of  neglecting  science  in  favor 
of  economics,  sociology,  and  literature,  which  are  far  inferior 
in  disciplinary  value  and  in  power  of  motivation. 


A  Method  of    Securing  Profitable  Rivalry 
on  Building  Contracts 

Recently  the  Aberthaw  Construction  Co.  of  Boston,  had 
under  simultaneous  construction  similar  contracts  at  New 
Britain  and  at  Greenfield.  As  most  of  the  men  in  the  organ- 
izations for  both  jobs  were  acquainted,  and  both  had  the  in- 
terests of  their  employers  at  heart  besides  wishing  to  dem- 
onstrate their  efficiency,  it  was  decided  to  keep  compara- 
tive records  of  the  work  and  accordingly  they  were  arranged 
to  show  graphically  the  percentage  of  saving,  or  excess  over 
the  estimated  cost  of  the  job  and  these  were  conspicuously 
posted  over  the  superintendent's  office  where  they  were  al- 
ways visible  to  the  entire  force  and  stimulated  them  to  extra 
efforts  to  outdo  each  other. 

A  large  bulletin  board  painted  white  was  provided  with  a 
vertical  scale  graduated  from  zero  to  25  per  cent  both  up  and 
down  from  the  center  point.  Above  the  zero  point  the  scale 
was  marked  "Saving"  and  below  it  was  marked  "Overrun." 
On  each  side  of  this  vertical  scale  there  was  arranged  a  hor- 
izontal index  or  arrow  movable  in  a  vertical  slot.  One  of 
them  was  marked  "Greenfield"  and  the  other  was  marked 
"New  Britain,"  corresponding  to  the  two  contracts.  Every 
day  each  arrow  was  set  according  to  records  and  indicated 
by  what  percentage  the  cost  so  far  was  over  or  under  the 
estimate.  When,  as  happened  during  the  work,  one  of  the 
arrows  was  below  the  zero  point  and  the  other  above  it,  en- 
thusiasm and  anxiety  ran  high  and  the  men  made  great  ef- 
forts on  the  one  hand  to.  maintain  the  lead  and  on  the  other 
to  decrease  it. 

Every  workman  on  the  job  was  personally  interested  in 
the  competition  and  it  undoubtedly  resulted  in  a  considerable 
saving  in  total  cost  on  both  jobs. 

Similar  devices  could  easily  be  arranged  for  many  kinds 
of  work  and  the  idea  could  be  extended  to  provide  compara- 
tive records  for  different  gangs  on  the  same  kind  of  work 
in  the  same  contract  or  for  all  of  the  different  kinds  of  work 
on  a  large  contract  with  perhaps  the  additional  spur  of  of- 
fering a  bonus  for  the  gang  that  showed  the  greatest  "Sav- 
ing" percentage  at  the  end  of  the  work.  Such  ideas  and  var- 
iations of  them,  states  the  Contract  Record,  may  be  made 
very  valuable  in  justifying  the  high  wages  that  are  now  paid 
and  in  reducing  the  unit  cost  and  total  cost  of  construction 
operations. 
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Analysis    of   Concrete   Proportion 

ing  Theories;  Tests  All  Agree 

But  Interpretations  Differ 

During  the  last  year  and  a  half  Prof.  Duff  A.  Abrams  has 
published  his  "fineness  modulus  method"  of  proportioning  a 
concrete  mixture  and  Lewellyn  N.  Edwards  has  done  the 
same  for  the  "surface  area  method."  The  Bureau  of  Stand- 
ards has  apparently  contradicted  the  basic  principles  of  both 
methods.  The  periodicals  of  this  country  and  of  Canada  have 
taken  up  the  subject  "pro"  and  "con,"  but  the  majority  of 
engineers  have  been  too  busy  or  perhaps  the  subject  has 
been  too  controversial,  to  enable  them  to  take  proper  sides. 
Now  Mr.  Roderick  B.  Young,  Engineer  of  Materials  Labora- 
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Fig.    1 — Relation    Between    Fineness    Modulus   and    Surface    Are«    of 

Graded   ABBregates.     (From   Hydro-Electric  Power 

Commission's   Tests.) 

tory,  Hydro-Electric  Power  Commission  of  Ontario,  gives  in 
The  Canadian  Engineer  of  Nov.  27.  1919.  a  real  analysis  of 
the  findings  of  the  three  investigators  and  with  the  aid  of 
additional  facts,  proves  that  the  tests  of  each  agree  but  differ 
only  in  the  interpretations.  He  gives  brief  resumes  of  the 
three  investigations  and  clearly  points  out  the  essentials  of 
each.  All  of  us  would  be  most  interested  in  the  method 
adopted  by  the  Hydro-EIectrlc  Power  Company  and  sincerely 
trust  that  Mr.  Young  may  see  fit  to  publish  the  same  in  the 
near  future.  The  article  referred  to  is  given  below  almost 
verbatim : 

Prof.  Abrams'  method  is  based  primarily  upon  a  relation- 
ship which  he  has  discovered  between  the  compressive 
strength  of  a  concrete  and  the  ratio  between  the  volume  of 
water  and  volume  of  cement  used  in  producing  it.  He  claims 
that  for  given  concrete  materials,  the  strength  depends  on 
only  one  factor,  the  ratio  of  water  to  cement,  called  for  con- 
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Surface   Area — Sq.    Ins.    per    1.000    Grams 

Fig.  2 — Mr.    Edwards'   Diagram   Showing   Relation   Between   Surfac* 
Area   and    Fineness   Modulus. 

venience  the  water-cement  ratio,  that  this  relation  holds  so 
long  as  the  concrete  is  workable,  and  that  the  character  of  the 
a,ggregate  makes  little  difference  so  long  as  it  is  clean  and 
not  structurally  deficient,  and  so  long  as  proper  account  is 
taken  of  differences  in  their  absorptive  qualities.  From  this 
he  concludes  that  the  size  and  grading  of  the  aggregate,  and 
the  quality  of  cement,  are  of  no  importance  except  in  so  tar 


as  these  factors  influence  the  quantity  of  mixing  witer  re- 
quired to  produce  a  workable  concrete. 

The  fineness  modulus  of  an  aggregate  Is  obtained  from 
its  sieve  analysis.  The  percentages  of  material  coarser  than 
each  of  the  sieves  used,  is  summed  and  the  result  divided  by 
100.  Prof.  Abrams  has  standardized  on  a  particular  set  of 
sieves,  the  basic  sieve  of  which  Is  the  No.  100,  having  a  sieve 
opening  of  0.0058  in.  In  each  succeeding  sieve  of  the  series, 
the  opening  is  double  the  width  of  the  preceding  one. 

Prof.  Abrams  claims  that  this  fineness  modulus  enables 
one  to  interpret  properly  the  sieve  analyses  of  an  aggregate, 
and  that  all  aggregates  of  the  same  fineness  modulus  require 
the  same  quantity  of  water  to  produce  a  mix  of  the  same 
plasticity  and  to  give  concrete  of  the  same  strength,  so  long 
as  the  aggregate  is  not  too  coarse  for  the  quantity  of  cement 
used.     This,  he  says,  is  because  the  fineness  modulus  simply 
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Fineness    Modulus 
Fig.    3 — Relation    Between    Fineness    Modulus    and    Surface    Area — 
Derived    From    Results    of    Prof.    Abrams'    Tests. 

reflects  the  changes  in  water-cement  ratio  necessary  to  pro- 
duce a  given  plastic  condition. 

Mr.  Edwards'  method  is  based  on  the  theory  that  for  uni- 
form plasticity  and  uniform  strength,  the  cement  varies  ai 
the  surface  area  of  the  aggregate;  and  further  that  the  quan- 
tity of  water  required  to  produce  mortars  of  uniform  con- 
sistency is  a  function  of  the  water  required  to  reduce  th« 
cement  to  a  "normal"  paste  and  of  the  surface  area  of  the 
sand  particles  to  be  wetted. 

In  other  words,  Mr.  Edwards  claims  a  relation  between 
strength  and  surface  area,  and  between  mobility  and  surface 
area  and  his  tests  support  his  theories  so  far  as  mortar  mix- 
tures are  concerned.  Later  tests  by  the  HydroElectric 
Power  Commission  of  Ontario,  under  the  direction  of  the 
writer,  show  that  these  conclusions  are  equally  applicable  to 
concrete  mixtures. 

Mr.  Edwards  obtains  the  surface  area  of  an  aggregate  by 
counting  and  weighing  some  of  each  size  of  aggregate  ob- 
tained in  a  sieve  analysis,  and  from  this  data  determining  the 
average  number  of  particles  per  unit  weight  for  each  size. 
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Cu.   Ft    of  Water   to   1    Cu.    Ft.   of   Cement 
Fig.  4 — Relation    Between   Mixing   Water  an^   Surface  Area  to  Glv« 
Constant  Plasticity.    (Derived  From  Prof.  Abrams'  Tests.) 

Then,  assuming  these  to  be  spherical,  and  knowing  their 
specific  gravity,  he  calculates  the  average  volume  per  par- 
ticle, the  surface  area  per  particle,  and  hence  the  total  sur- 
face area  per  unit  weight  for  each  size  of  separation. 

The  surface  area  of  any  mixed  material  can  be  found  by 
multiplying  the  surface  area  per  unit  weight  of  each  size  of 
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separation  by  the  weight  of  that  size  present  in  the  material, 
and  adding  these.  The  value  thus  obtained  is  not  the  true 
surface,  for  the  latter  cannot  be  obtained,  as  the  particles 
are  not  true  spheres,  are  variable  in  shape  and  have  not 
smooth  surfaces.  However,  this  value  undoubtedly  bears  a 
constant  relation  to  the  true  surface  area,  and  for  all  prac- 
tical purposes  is  equally  as  useful. 

The  Bureau  of  Standards,  Washington,  D.  C,  made  a  lim- 
ited series  of  tests  to  check  the  findings  of  these  investiga- 
tors. As  a  result  the  Bureau  claims  that  the  water-cement 
ratio  is  only  an  incidental  relation  of  no  direct  value  to  the 
engineer  in  proportioning  concrete,  that  a  wide  difference  in 
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Fig.  5 — Prof.   Abrams'   Diagram   Showing   Relation    Between   Water- 
Cement  Ratio  and  Strength  of  Concrete. 

Strength  is  found  with  constant  water-cement  ratio  and  that 
there  is  no  relation  between  surface  area  and  strength. 
These  conclusions  directly  contradict  the  findings  of  the  two 
last-mentioned  investigators. 

At  a  later  time,  however,  the  Bureau  makes  this  interesting 
statement.  "Our  tests  indicate  that  for  constant  flowability 
the  water  required  varies  with  the  surface  area  of  the  ag- 
gregate." 

Other  investigators  are  working  upon  these  different  theo- 
ries, although  their  results  have  not  yet  found  their  way  into 
print.  Prof.  A.  N.  Talbot,  of  the  University  of  Illinois,  has 
said  of  his  investigations,  carried  out  upon  concretes  of  one 
consistency  and  cement  content: 

''The  tests  indicate  that  for  an  aggregate  having  a  given 
size  of  particles,  the  amount  of  mixing  water  required  to  pro- 
duce a  concrete  of  a  given  consistency,  or  mobility,  is  equal 
to  a  constant  plus  a  term  which  is  dependent  upon  the  sur- 
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Fig.    6 — Relation     Between    Water-Cement    Ratio    and    Strength    of 

Concrete.     (Platted    From    Mr.    Edwards'    Tests.) 

face  area.  The  tests  show  that  the  strengths  of  these  con- 
cretes, made  up  to  have  the  same  mobility,  are  also  depen- 
dent upon  the  surface  area.  Concretes  having  the  same 
■water-cement  ratio  give  nearly  the  same  strength  through  a 
part  of  the  range  of  water-cement  ratio  values,  but  for  each 
maximum  size  of  particle,  the  results  diverge  from  the  main 
curve, — this  occurring  at  places  along  the  curve  which  vary 
■with  the  maximum  size  of  particle  and  which  are  quite  far 
apart." 

The  Hydro-Electric  Power  Commission  of  Ontario  has  been 
conducting  investigations  along  similar  lines.  Some  of  the 
conclusions  so  far  reached  are: 


1.  That  the  fineness  modulus  is  but  another  and  somewhat 
approximate  method  of  defining  the  surface  area. 

2.  That  -within  the  range  of  workable  mixtures,  both  the 
"strength"  and  "water  required  to  bring  a  mixture  to  a  uni- 
form degree  of  plasticity"  vary  with  the  surface  area,  the  re- 
lation being  actually  that  described  by  Messrs.  Talbot  and 
Edwards. 

3.  That  there  Is  a  fixed  relation  between  water-cement 
ratio  and  strength  for  mixtures  of  the  same  cement,  same 
aggregate  and  same  age. 
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Fineness  Modulus  and  Surface  Area. — Figure  1  shows  the 
relation  found  when  the  fineness  moduli  of  mixed  aggregate* 
are  platted  against  their  surface  areas  as  determined  by  the 
Edwards  method. 

This  figure  is  similar  to  one  given  by  the  -writer  in  The 
Canadian  Engineer,  June  26,  1919,  issue,  except  that  it  covers 
materials  from  dust  to  1%  in.,  while  the  former  included 
only  sands  graded  from  dust  to  Yi  in.  In  the  article  just  re- 
ferred to,  algebraical  expressions  for  both  the  fineness  mod- 
ulus and  surface  area  w-ere  derived,  and  it  was  shown  that 
no  mathematical  relation  exists  between  them.  While  an  in- 
finite number  of  values  of  fineness  modulus  may  be  found  for 
any  one  value  of  surface  area,  and  vice  versa,  yet  it  is  a  re- 
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Fig.    8 — Relation    Between    Water-Cement    Ratio    and    Strength    of 

Concrete.     (Hydro- Electric    Power    Commission's    Tests.) 

markable  fact  that  for  the  materials  ordinarily  encountered, 
fineness  modulus  varies  approximately  with  the  surface  area. 

Figures  2  and  3  show  similar  curves  obtained  from  the 
data  of  Mr.  Edwards  and  Prof.  Abrams,  respectively. 

Figure  2  was  reported  by  Mr.  Edwards  in  The  Canadian 
Engineer  for  Oct.  9,  1919,  while  Figure  3  was  worked  up  from 
Prof.  Abrams'  published  results,  and  includes  materials 
graded  from  O-No.  28  sieve  to  O-lVi-in.  sieve,  a  wider  range 
than  is  included  in  either  Figures  1  or  2. 
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The  relationship  is  probably  the  exphination  of  the  reason 
that  Prof.  Abrams  has  found  fineness  modulus  to  be  a  meas- 
ure of  the  effective  size  and  grading  of  the  aggregate. 

Consistency  and  Surface  Area. — I'rof.  Talbot's  conclusion 
that  the  water  in  concretes  of  equal  cement,  necessary  to 
produce  a  concrete  of  a  given  consistency,  is  equal  to  a  con- 
stant plus  a  term  which  is  dependent  on  the  surface  area,  is 
the  same  conclusion  arrived  at  by  Mr.  Edwards  in  his  study 
of  mortars.  The  writer's  studies  of  both  theoretical  and  ex- 
perimental data  corroborate  this  conclusion.  The  engineers 
of  the  Bureau  of  Standards  confirm  this  partially  when  they 
state  that  their  tests  indicate  that  for  constant  flowability 
the  water  required  varies  with  the  surface  area  of  the  aggre- 
gate. Prof.'  Abrams  uses  his  fineness  modulus  to  proportion 
mixtures  to  a  given  consistency,  and  to  do  this  used  a  for- 
mula in  which  the  water  required  is  the  sum  of  a  quantity  de- 
pendent on  the  amount  of  cement  used  and  a  quantity  vary- 
ing with  the  fineness  modulus.  Assuming  fineness  modulus 
to  be  another  way  of  stating  surface  area,  or  vice  versa,  it 
is  evident  that  the  work  of  each  of  these  investigators  point 
to  the  same  end. 

It  is,  however,  unnecessary  to  make  the  foregoing  as- 
sumption to  show  that  Prof.  Abrams'  results  bear  proof  of 
this  relation  between  mixing  water  and  surface  area  at  a 
given  consistency.  Figure  4.  which  was  worked  up  from  the 
data  in  his  paper*  on  "Effect  of  Fineness  of  Cement,"  shows 
five  series  of  mixtures  in  which  cements  of  different  fineness 
were  used,  each  proportioned  1:4  by  volume  with  six  dif- 
ferent aggregates  of  a  wide  range  in  grading.  The  mixtures 
were  all  gauged  to  a  uniform  consistency,  the  water  to  do  this 
being  determined  by  means  of  Prof.  Abrams'  water  formula. 
It  is  a  striking  confirmation  of  the  law  outlined  in  the  last 
paragraph,  that  in  the  case  of  each  of  the  different  cements, 
when  the  amount  of  mixing  water  used  is  platted  against  the 
surface  area  of  the  aggregate  In  the  mixtures,  five  of  the  six 
points  lie  on  a  straight  line.  The  sixth  point  represents  a 
mixture  in  which  the  material  was  a  very  fine  sand,  10  per 
cent  of  which  was  dust  or  silt.  Under  these  conditions  it  is 
hardly  to  be  expected  that  this  point  would  agree  with  the 
other  and  more  usual  materials,  because  our  means  of  de- 
termining equal  mobilities  are  not  such  as  to  function  ac- 
curately under  these  conditions. 

The  results  of  Figure  4  cannot  be  explained  by  the  fact 
that  the  surface  area  and  fineness  modulus  have  approxi- 
mately a  linear  relation,  for  in  the  series  represented  (se« 
Figure  3,  series  120),  this  relation  is  a  slight  curve. 

Water-Cement  Ratio  and  Strength. — Figure  5,  taken  from 
the  article  by  Prof.  Abrams  which  was  published  in  The  Can- 
adian Engineer  for  June  6,  191S,  shows  the  general  relation 
found  by  Prof.  Abrams  between  compressive  strength  and 
water-cement  ratio.  This  curve  covers  an  extremely  wide 
range  of  mixtures,  materials  and  consistencies.  Figure  6  is 
platted  from  the  results  of  Mr.  Edwards'  mortar  tests  and 
show  a  similar  relationship  for  the  range  covered  by  his 
tests.  In  these  tests  the  proportions  were  constant,  but  the 
consistency  yaries.  Figure  7  is  platted  from  data  published 
by  the  Bureau  of  Standards  from  tests  in  which  the  consist- 
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ency  was  nearly  uniform,  but  In  which  the  proportions  varied. 
Figure  8  is  a  similar  series  carried  out  by  the  writer  in  the 
laboratories  of  the  Hydro-Electric  Power  Commission  of 
Ontario.  Similar  curves  have  been  obtained  in  the  same 
laboratory  where  the  proportions  were  constant  and  the  con- 
sistency varied.  In  all  of  these  curves  the  mixtures  used 
were  plastic.  The  relationships  are  practically  identical  in 
each  of  these  figures,  showing  very  good  agreement  on  this 
point. 

Prof.  Abrams  has  shown  that  for  given  materials  and  age, 
approximately  equal  strength  will  be  obtained  even  with 
widely  different  grading  of  aggregate  and  consistency,  pro- 
vided that  the  mixtures  are  plastic  and  that  the  grading  ia 
not  too  coarse  for  the  quantity  of  cement  used. 

Mr.  Edwards  in  his  early  tests  on  surface  area  proved  the 
same  things,  for  he  varied  both  the  cement  and  water  accord- 
ing to  the  surface  area  and  obtained  a  constant  water-cement 
ratio,  and  his  mortar  mixtures  were  of  nearly  equal  strengths. 

It  is  hard  to  reconcile  the  Bureau  of  Standards'  claim  that 
"a  wide  difference  in  strength  is  found  with  constant  water- 
cement  ratio  even  with  the  same  aggregate  and  cement,"  un- 
less it  is  that  these  tests  were  designed  to  give  unusual  con- 
ditions. 
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Prof.  Abrams,  in  commenting  on  the  Bureau's  tests,  h*s 
said  of  the  aggregate  used:  "Over  40  per  cent  of  the  aggre- 
gates were  too  coarse  for  the  quantity  of  cement  used;  2C 
per  cent  of  the  mixes  were  too  dry;  21  per  cent  were  both  too 
coarse  and  too  dry;  72  per  cent  of  the  aggregates  were  of 
freakish  grading."  The  writer  agrees  with  Prof.  Abrami' 
criticism,  and  considers  this  to  be  the  explanation  of  the  un- 
usual results  obtained. 

It  is  interesting  to  note  that  Figure  7,  drawn  from  data  ob- 
tained by  the  Bureau  of  Standards  before  the  controversy 
arose,  while  not  bearing  upon  the  disputed  question  of  equal 
water-cement   ratios   having   equal   strengths,   shows   that   a 

•Presented  June,  1910,  before  the  American  Society  for  Testing 
Materials. 
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consistent  relationship  is  being  obtained  in  this  laboratory  for 
commercial  aggregates  and  plastic  consistencies. 

Surface  Area  and  Strength. — If,  for  workable  mixtures  of 
similar  materials,  a  given  strength  coincides  with  a  fixed 
water-cement  ratio,  then  it  is  evident  that  If  the  quantity  of 
water  required  to  bring  a  concrete  mixture  to  a  uniform  de- 
gree of  plasticity  is  a  function  of  the  surface  area  of  the  ag- 
gregate, the  quantity  of  cement  required  to  maintain  thU 
fixed  water-cement  ratio  is  likewise  a  function  of  surface  area. 

Conversely,  if  a  fixed  plasticity  is  maintained  and  the  ce- 
ment content  of  the  mixtures  are  constant,  then  the  com- 
pressive strength  varies  with  the  surface  area  of  the  aggre- 
gate. Both  of  these  points  have  been  brought  out  nicely  In 
the  tests  by  Mr.  Edwards. 

Compressive  Strength  and  Cement  Content. — In  the  writ- 
er's article,  published  in  the  June  26,  1919  issue  of  The 
Canadian  Engineer,  the  form  of  the  theoretical  relation  be- 
tween compressive  strength  and  the  cement  content  of  a 
mixture  was  derived.  The  cement  content  was  given  in 
terms  of  "pounds  of  cement  per  100  sq.  ft.  of  surface  area," 
a  unit  which  has  been  adopted  by  the  Hydro-Electric  Power 
Commission  In  all  of  its  work.  Figures  9  to  12  show  curvei 
of  the  same  form  obtained  from  the  experimental  data  of  the 
investigators  referred  to,  with  the  exception  of  Prof.  Talbot. 
In  the  case  of  the  tests  of  Figures  9  and  12,  the  original  re- 
sults were  obtained  by  other  than  the  surface  area  method  of 
proportioning.  These  curves  are  strikingly  similar  and  ar« 
further  evidence  of  the  agreement  between  the  data  of  th« 
different  investigators. 

It  is  not  within  the  scope  of  this  article  to  discuss  the 
relative  merits  of  either  the  fineness  modulus  or  the  surface 
area  methods  of  proportioning.  Enough  has  been  brought 
out,  the  writer  believes,  to  show  that  they  are  simply  dif- 
ferent adaptions  of  essentially  the  same  data. 

Shortcomings  of  Fineness  Modulus. — The  fineness  modulus 
of  evaluating  an  aggregate  has  one  serious  shortcoming  not 
present  in  the  surface  area  method:  It  is  dependent  upon 
the  number  and  sizes  of  the  sieves  used  in  its  determination. 

The  surface  area  method  is  not  so  dependent;  the  same  re- 
sult can  be  obtained  with  any  one  of  the  commercial  series 
of  sieves  in  common  use,  because  the  surface  area  of  an  ag- 
gregate is  a  property  of  the  material  and  not  of  both  the  ma- 
terial and  the  size  and  number  of  the  sieves  used  in  the 
sieve  analysis. 

A  modification  of  Mr.  Edwards'  surface  area  method  is  be- 
ing successfully  applied  by  the  Hydro-Electric  Power  Com- 
mission in  the  construction  of  several  of  its  power  develop- 
ments. It  is  working  satisfactorily  and  is  giving  better  con- 
crete with  less  cement  than  is  being  obtained  ou  work  where 
it  is  not  in  use.  It  is  simple,  and  has  been  found  easy  to  in- 
troduce into  the  field.  It  is  not  a  panacea  for  all  the  ills  of 
concrete,  and  its  successful  use  requires  careful  inspection, 
intelligent  supervision  and  a  certain  amount  of  laboratory  as- 
sistance, but  these  are  necessary  with  any  method  if  good 
concrete  is  to  be  produced.  It  can  be  made  to  do  all  that 
is  claimed  for  the  "fineness  modulus  method."  and  it  has  cer- 
tainly been  found  simpler  to  "put  over"  in  actual  field  work. 


Higher  Salaries  for  State  Highway  Engineers. — The  con- 
vention of  the  American  Association  of  State  Highway  Of- 
ficials, held  in  Louisville  eai'ly  in  December,  endorsed  by 
resolution  a  list  of  recommended  salaries  for  engineers  in 
state  highway  service  prepared  by  the  Committee  of  the 
American  Association  of  Engineers  on  Salaries  of  Engineers 
in  Public  Service.  A.  N.  Johnson,  consulting  highway  engi- 
neer of  the  Portland  Cement  Association,  who  is  chairman 
of  this  committee,  in  addressing  the  convention  stated  that 
the  recommended  salaries  were  established  by  first  selecting 
three  places  in  the  schedule;  the  highest,  the  middle  posi- 
tion, and  the  lowest.  The  highest  position  was  that  of  the 
chief  engineer  of  the  state  highway  department;  the  middle 
position  was  "considered  to  be  one  .requiring  an  engineer 
having  at  least  four  or  five  years'  experience  since  gradua- 
tion from  college;  a  man  who  it  may  be  expected  will  b© 
married.  Such  a  position  should,  therefore,  carry  with  it 
a  salary  to  enable  a  young  engineer  with  a  small  family  to 
live  in  comfortable  and  appropriate  surroundings."  The 
lowest  position  was  established  as  one  filled  by  a  recent 
college  graduate.  The  salaries  established  by  these  three 
positions  are  $8,000  to  $15,000  for  the  highest;  $3,600  to 
$5,000  for  the  middle  position;  and  $1,200  to  $1,500  for  the 
lowest. 


Membership  Drive  of  A.  A.  E. — The  results  of  the  national 
membership  drive  held  by  the  American  Association  of  En- 
gineers during  the  first  two  weeks  in  December  have  not 
yet  been  completely  tabulated.  Owing  to  the  coal  strike 
during  this  period  and  severe  weather  throughout  the 
entire  country,  almost  without  exception,  results  have  been 
delayed,  but  more  than  5,000  applications  have  already  been 
received  this  month  and  they  are  still  coming  in.  The  high- 
est percentage  of  increase  of  any  one  chapter  that  has  been 
reported  so  far  is  in  excess  of  300  per  cent,  reported  by  the 
Buffalo  Chapter.  This  percentage  covers  the  growth  of  the 
chapter  during  Dec.  1st  to  13th  inclusive. 


Personals 

Charles  F.  Keating  has  been  appointed,  director  of  public  worko 
of  Waterviiet.  N.  Y. 

C.  E.  Rice  has  resigned  as  engineer  of  the  City  Planning  Cotn- 
mls.sion  of  Akron,  O. 

Gannett,  Seelye  &  Fleming,  engineers,  who  have  their  main 
office  in  Harrisburg,  and  a  branch  office  in  Erie,  Pa.,  have  opened  a 
branch  office  In  the  Randolph  Bldg.,  Memphis,  Tenn.,  under  the 
direction  of  T.  E.  Seelye, 

E.  W.  McCoy  and  J.  E.  Hammond,  graduates  of  Ohio  State 
University  class  of  1912,  in  civil  engineering,  have  opened  an  office 
in  the  Brunson  Bldg.,  Columbus,  O.,  for  general  engineering  work. 
They  recently  returned  from  overseas  service. 

Lt.  Col.  H.  S.  Crocker,  formerly  constructing  quartermaster  of 
the  Army  Supply  Base  at  Bro6klyn,  N.  T.,  and  Capt.  F.  S.  Crowell, 
a  member  of  hi.s  staff  in  charge  of  pier  construction,  have  opened 
offices  as  consulting  engineers  at  101  Park  Ave..  New  York. 

H.  J.  Dootlttle,  tor  the  past  6  years  district  engineer  for  the 
Washington  State  Highway  Department,  has  been  appointed  high- 
way construction  engineer  for  Spokane  County,  Washington,  at  a 
salary  of  $5,400  per  year.  The  county  will  spend  $3,250,000  in  con- 
structing 300  miles  of  roads,  Mr.  Doolittle's  salary  in  his  new 
position   is  J5,400  per  year. 


Obituaries 

Ephralm  C.  Walker,  a  building  contractor  of  . .lolmstown.  Pa., 
died  Dec.  16,  aged  73, 

Andrew  Mulr,  one  of  the  pioneer  railroad  tunnel  builders  of 
California,  died  Dec.  11  at  his  home  in  St.  Paul,  Minn.,  aged  82. 
He  built  the  Bozeman  and  Muir  tunnels  on  the  Northern  Pacific 
line  in  Montana.  In  1900  he  constructed  the  Franklin  tunnel  for 
the  Santa  Fe.  He  was  one  of  the  builders  of  the  old  Santa  Cruz 
narrow-gage  line,  known  as  the  Dumbarton  system. 

Robert  Van  Buren,  who,  until  he  retired  on  Sept.  1,  1914,  was  for 
40  years  chief  engineer  of  the  Department  of  Water  Supply  in 
Brooklyn,  died  of  infirmities  of  age  last  week  in  Norwalk,  Conn., 
where  he  iias  been  living  for  several  years.  He  was  graduated 
from  Rensselaer  Polytechnic  Institute  as  a  civil  engineer  in  1S64. 
In  1865  he  received  an  appointment  as  a  rodman  in  the  service  of 
the  old  Water  Board  in  Brooklyn.  Two  years  later  he  was  ap- 
pointed chief  engineer  of  the  Brooklyn  Department  of  City  Works 
and  for  several  years  in  addition  was  in  charge  of  the  Sewer  De- 
partment and  Water  Works,  Dock  Department,  Bridge  Depart- 
ment and  Department  of  Public  Buildings  and  Streets,  After  serv- 
ing the  city  for  17  years  he  resigned  in  May,  1S94,  but  four  years 
later  was  appointed  by  Mayor  Van  Wyck  as  chief  engineer  of 
Water  Supply  in  Brooklyn. 


Industrial  Notes 


Kenry  P.  Thompson,  Cincinnati,  O.,  a  district  representative 
of  the  American  Steam  Conveyor  Corp..  Chicago,  lias  added  to 
his  sales  engineering  staff  Mr.  Albert  A.  Casey,  who  will  push  the 
sale  of  the  American  steam  jet  conveyor  in  that  territory. 

The  Studeliaker  Co.  has  sold  its  dump  wagon  business  to  the 
Western  Wheeled  Scraper  Co.,  of  Aurora,  111.,  who  will  continue  the 
manufacture  of  "Studebaker  model"  dump  wagons  and  will  fur- 
nish e.xtra  parts  and  repair  parts  for  them,  Studebakers  have 
decided  to  become  faim  wagon  specialists  an<l  as  such  their 
efforts  will  he  to  make  tlie  reputation  of  the  Studebaker  wagon 
even  better  than  it  has  been  enjoying  for  the  past  67  years.  If 
that   is  possible. 

Smith  &  Sons  Mfg.  Co.,  Kansas  City,  Mo.,  manufacturers  of  the 
Royal  line  of  road  grading  and  contracting  machinery,  has  ap- 
pointed the  following  salesmen  in  Iowa:  R.  F.  Milham,  will  travel 
the  Southeastern  block  in  Iowa,  with  headquarters  at  Oskaloosa. 
B.  R.  Graham,  the  Southwestern  block,  with  headquarters  at  Des 
-Moines.  C.  B.  Durst,  the  Northeastern  block,  with  headquarters 
at  Waterloo.  C.  F.  Simpson,  the  Northwestern  block,  with  head- 
quarter.* at  Ft.  Dodge. 

The  Sinclair  Refining  Co.  announces  the  formation  of  an  asphalt 
sales  department  to  handle  the  output  of  the  Meraux,  l^ouisiana 
Refinery,  formeil.v  owned  and  operated  by  the  Freeport  &  Mexican 
Fuel  Oil  Corporation.  The  Dlant  will  be  devoted  exclusively  to  the 
production  of  refined  aspha,lt  from  specially  selected  heavy  Maltha 
from  the  Panuco  Field  in  Mexico.  It  is  the  intention  of  the  com- 
pany to  produce  a  complete  line  of  high  grade  asphalts  for  all 
purposes.  A  large  number  of  tank  cars  specially  equipped  for 
handling  asphalt  is  already  in  service,  and  the  equipment  is  being 
steadily  increased.  The  headquarters  of  the  new  department  will 
be  located  in  the  Conway  Bldg.,  Chicago,  111.,  and  Mr.  F.  F.  Fit«- 
patrick  has  been  appointed  manager  and  J.  M.  Woodruft,  assistant 
manager. 

The  Milwaukee  Corrugating  Co.  of  Milwiiukee,  Wis.,  is  again 
distributing  honr.ses  among  its  employes.  This  is  a  practice  the 
company  started  a  few  years  ago,  at  the  holiday  season,  and 
which  it  has  kept  up  without  a  break,  in  spite  of  the  war  and 
building  trade  restrictions.  The  bonus  amounts  to  one  full 
month's  salary,  if  the  employe  has  been  with  the  company  one 
year;  three-quarters,  one-half  and  one-quarter  of  a  month's  salary 
are  given  to  those  who  have  been  in  the  employ  of  the  company 
nine,  six  and  three  months  respectively.  The  management  notified 
its  employes  that  this  bonus  was  given  to  them  in  appreciation  of 
their  loyalty  and  faithful  services  and  in  view  of  the  present 
unusual  conditions.  They  also  suggested  that  this  money  be  In- 
vested in  Liberty  Bonds  or  other  safe  securities,  in  order  to  pro- 
vide for  a  "rainy  day,"  rather  than  immediately  spending  it  for 
amusement  or  for  luxuries  and  non-essentials. 
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Roads   and   Streets — 1st  Wednesday 


(a)  Roads 

(b)  Streets 


(c)  street  Cleaning 

(d)  Municipal   Miscellanies 


(e)   Management   and    Office 
System 


Waterworks  and  Hydraulics — 2nd  Wednesday 


(a)  Waterworks 

(b)  Sewers  and  Sani- 

tation 

(e)   Management    and    Offiect 
System 


(c)  Irrigation  and  Drainage 

(d)  Power  and  Pumpllkg 


Railways   and   Excavation — 3rd   Wednesday 

(a)  Excavation    and  (c)   Quarrl.s  and  riu 

Dredging  <d)   Railways,    Steam    and 

(b)  Rivera  and  Canals  Electric 

(e>   Management    and    Office 
System 

Buildings  and  Structures — 4th  Wednesde" 


(a)  Buildings 

(b)  Bridget 

(c)  Harbor  Structures 


(d)   MIscillaBcous  Structures 
if-)    Properties    of    Materials 
(f)   Management   and   Office 
Systea 
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Issue 

In  spite  of  the  fact  that  British  and  European  engineers 
have  not  yet  recovered  from  the  effects  of  the  war,  they  are 
writing  many  articles  that  should  interest  and  instruct  Amer- 
ican engineers.  And,  as  construction  activities  increase  in 
foreign  countries,  there  will  assuredly  come  from  them  a 
better  quality  and  greater  quantity  of  engineering  literature. 

It  will  continue  to  be  our  policy  to  abstract  the  best  foreign 
articles  and  society  papers  relating  to  the  civil  engineering 
field,  and  to  present  these  abstracts  in  a  special  issue,  like 
the  present  one.  every  three  months.  Our  four  quarterly  Is- 
sues for  1920  would  fill  a  standard  book  of  640  pages.  This 
should  serve  to  keep  most  of  our  readers  sufficiently  well 
supplied  with  foreign  engineering  literature. 

To  all  our  old  subscribers,  and  to  the  rapidly  growing  num- 
ber who,  we  hope,  will  eventually  be  classed  with  them,  we 
extend  greetings  and  wishes  for  a  happy  and  prosperous  new 
year. 


A  Series  of  Articles  on  Logic 


20  articles  on  practical  logic  by  Halbert 


During   192fl   there   will   appear   in   Engineering   and   Con- 
tracting a  senes  of 
P.  Gillette. 

Although  logic  has  been  called  "the  science  of  sciences," 
and  although  every  science  progresses  continuously,  logic 
has  been  almost  a  stationary  science  for  half  a  century.  For 
22  centuries,  there  has  been  very  little  improvement  in  the 
methods  of  presenting  deductive  logic.  Is  logic,  therefore, 
an  exception  to  the  rule  that  sciences  progress?  It  seems 
more  probable  that  a  science  of  logic  has  never  existed,  and 
that  what  has  been  called  a  science  of  logic  has  really  been 


mainly  a  system  of  phraseology  upon  which  has  been  grafted 
a  few  rules  for  inductive  reasoning,  the  latter  being  MUJ's 
five  "cannons"  of  induction. 

In  the  eighth  chapter  of  his  second  volume  on  Psychology, 
Herbert  Spencer  asserts  that  "logic  formulates  the  most 
general  laws  of  correlation  among  existences  considered  as 
objective,"  and  that  "reasoning  is  a  division  of  subjective 
science"  or  psychologj'.  He  goes  on  to  say  that  "reasoning 
is  a  classification  of  relations,"  or  the  "grouping  together 
those  which  are  like — the  separation  of  the  like  from  the 
unlike."  Spencer's  conception  of  logic,  although  published 
nearly  50  years  ago,  has  never  been  applied  by  any  author, 
yet  it  has  a  great  deal  of  merit.  However,  we  are  inclined 
to  think  that  he  went  too  far  in  excluding  the  psychology  of 
reasoning  from  logic. 

Logic,  it  seems  to  us,  should  be  regarded  as  a  composite 
science,  and  it  should  discuss  not  only  the  subject  mat- 
ter of  reasoning,  which  is  energy  and  its  categories,  but 
the  psychological  processes  of  reasoning.  Furthermore,  it 
should  describe  systems  of  expediting  thinking  and  of  re- 
ducing the  probability  of  erroneous  reasoning.  Finally,  It 
should  point  out  methods  of  mental  training  to  increase  the 
native  ability  of  each  reasoner,  not  only  In  respect  of  de- 
duction and  induction,  but  of  creative  thought. 

This,  we  are  aware,  is  a  big  program.  We  are  also  aware 
that  it  includes  matter  that  Mill  and  Spencer  assert  should 
not  be  included  in  logic.  But  Mill  and  Spencer  do  not  agree 
as  to  what  logic  should  teach;  and,  as  a  matter  of  fact.  It 
always  has  taught  a  rather  heterogeneous  lot  of  things.  If 
logic  is  to  be  a  true  science  of  sciences,  it  must  be  hetero- 
geneous. If  it  is  to  be  practical  it  must  not  be  confined  to 
theories,  but  must  show  how  they  are  applied  and  most 
train  the  mind  in  applying  them. 

Nearly  every  educated  man  talks  a  good  deal  about  logical 
thinking,  but  relatively  few  think  much  about  logic.  Since 
teachers  of  logic  have  failed  to  make  it  a  vital  and  growing 
science,  may  there  not  be  a  possibility  that  engineers  can  do 
what  professional  logicians  have  failed  to  do? 
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Let  Editors  Be  Licensed 

Public  opinion  in  America  is  made,  for  the  most  part,  by 
the  editors  of  daily  papers  and  magazines.  In  view  of  the 
great  importance  of  editors,  may  the  day  not  come  when  only 
licensed  editors  will  be  permitted  to  express  an  opinion? 
If  so,  licenses  will  be  granted  only  to  such  editorial  writers 
as  are  able  to  pass  civil  service  examinations. 

In  anticipation  of  the  coming  of  the  era  of  licensed  edi- 
tors we  now  suggest  that  one  of  the  subjects  upon  which 
there  is  greatest  need  of  an  examination  is  economics.  Sev- 
eral hundred  daily  papers  come  to  our  office,  and  in  going 
through  them  we  have  been  impressed  by  the  unanimity  with 
■which  their  editors  are  calling  upon  the  public  to  "spend  less 
and  produce  more."  Yet  what  would  such  practice  lead  to 
If  generally  followed?  Obviously  it  would  result  in  industrial 
stagnation;  for  what  is  the  object  of  producing  more  if  it  be 
not  to  sell  the  produce,  and  how  can  the  increased  produce 
be  sold  if  there  is  a  universal  resolve  to  buy  as  little  as 
possible? 

Probably  the  reply  would  be  that  the  money  saved  should 
be  invested.  If  so,  then  some  one  must  still  spend  it  if  there 
is  to  be  any  use  derived  from  it.  What  the  editors  should 
tell  the  public  is  to  spend  less  on  certain  things  and  more 
on  other  things — less  on  jewelry,  for  example,  and  more  on 
education;  less  on  clothes  and  more  on  houses;  less  on  soft 
drinks  and  more  on  outdoor  playgrounds. 

Physicians  are  licensed  on  the  theory  that  the  public  needs 
protection  from  incompetent  treatment  of  the  human  body. 
Let  editors  also  be  licensed  on  the  analogous  theory  that  the 
public  needs  protection  from  incompetent  treatment  of  the 
human  mind. 


The  Relation  of  Prices  to  Money 
Supply  in  Europe  andAmerica 

In  another  editorial  article  we  have  suggested  the  licensing 
of  editors  in  order  to  protect  the  public  from  poor  advice. 
The  average  editor  at  the  present  moment  is  so  ignorant  of 
the  main  cause  of  high  prices  that  he  seldom  mentions  it, 
in  spite  of  the  fact  that  he  writes  about  three  editorials  £ 
week  on  the  subject. 

Political  economists  have  long  been  agreed  that,  it  other 
things  remain  unchanged,  an  increase  in  the  quantity  of 
money  produces  an  equal  increase  in  prices.  The  following 
striking  data  are  from  the  Manchester'  (England)  "Guardian" 
for  November. 

Currency  Food  prices 

(Pre-war    (Pre-war 

100).  100). 

United  States  (May)    173  ISl 

■  Switzerland   (June)    230  250 

Denmark   i July)    240  212 

United   Kingdom    (AugustJ    244  217 

Netherlands  (September)    270  203 

Sweden    (April)    275  336 

Norway    (May)    305  271 

Prance  (.lune)    365  •283 

+293 
Italy  (April)    ; 440  281 

*Paris.     tOther  towns. 

The  "Guardian"  says: 

One  of  the  most  interesting  features  of  the  comparison  is  tlie 
contrasting  of  the  expansion  in  currency  with  the  rise  in  prices. 
The  •  figures  of  100  is  taken  as  the  standard  for  the  pre-war 
years.  For  the  United  Kingdom  the  figures  show  that  the  cur- 
rency in  August,  1919,  stood  at  244,  as  compared  with  169  in  1913, 
and  retail  food  prices  at  217,  as  compared  with  100,  the  pre- 
war figure.  In  the  United  States  in  May,  1919,  the  currency  was 
represented  by  173  and  retail  food  prices  by  181.  as  compared 
with  the  pre-war  standard  of  100.  In  France  the  currency  figure 
had  reached  in  June  last  365,  and  retail  food  prices  263  in  Paris  and 
393  in  other  towns. 

If  we  average  the  nine  countries  in  the  table  above  given, 
we  find  that  currency  averages  280  and  food  prices  250,  which 
means  that  there  is  2.8  times  as  much  currency  as  there  was 
before  the  war  and  that  food  prices  are  2.5  times  as  high  as 
they  were  before  the  war.  This  is  a  very  close  approxima- 
tion to  the  law  that  prices  increase  in  proportion  to  the  in- 
crease in  money. 

Ignorant  of  such  facts,  or  ignoring  them  if  not  ignorant, 
the  average  daily  paper  editor  engages  in  almost  daily  tirades 
against  profiteers,  spendthrifts,  work  slackers,  etc.,  instead 
of  directing  attention  to  the  predominating  cause  of  high 
prices. 

To  those  of  our  readers  who  are  interested  in  public  wel- 
fare, we  suggest  clipping  out  this  editorial  and  sending  it 
to  the  editor  of  some  daily  paper. 


"Why  Do  Most  Practicing  Engi- 
neers Study  So  Little?" 

An  editorial  bearing  the  above  title  was  printed  in  our 
Foreign  Engineering  Review  Issue  of  Oct.  29.  It  caused  some 
little  discussion  and  has  resulted  in  our  receiving  numerous 
letters  commenting  on  it.  Extracts  from  some  of  the  letters 
from  well-known  educators  follow: 

Henry  E.  Riggs,  Professor  of  Civil  Engineering,  University 
of  Michigan. — I  was  much  interested  in  your  editorial  "Why 
Do  Most  Practicing  Engineers  Study  So  Little?" 

I  think  you  have  given  a  pretty  fair  answer.  I  think  a 
little  more  stress  might  be  laid  upon  the  fact  that  the  really 
successful  engineers  who  have  won  a  place  for  themselves 
are  students  and  that  you  will  find  in  the  private  library  ot 
most  of  these  men  a  pretty  good  working  library  along  their 
special  line  of  engineering. 

Your  statement  as  to  the  number  of  colleges  which  do  not 
subscribe  for  Engineering  and  Contracting  is  surprising  as  I 
can  see  no  excuse  for  any  college  not  having  in  its  file  of 
periodicals  at  least  every  American  publication  along  engi- 
neering lines.  The  reason  for  this  doubtless  goes  to  the  fact 
that  there  is  a  library  committee  which  may  be  composed 
of  men  not  in  engineering  at  all  whose  chief  interest  is  in 
mathematics,  physics  or  one  of  the  humanities. 

Another  reason  is  frequently  found  in  the  fact  that  teachers 
of  engineering  have  never  been  in  practice  and  are  not  at 
all  in  touch  with  the  men  who  are  active  or  prominent  in 
the  profession.  Under  such  conditions,  it  is  unlikely  that 
any  great  interest  will  be  developed. 

There  is  one  other  factor  that  must  be  taken  into  account 
in  discussing  our  engineering  colleges  and  that  is  the  tact 
that  practically  all  ot  the  curriculum  is  prescribed  and  most 
of  it  is  made  up  of  such  subjects  as  mathematics,  physics, 
mechanics,  descriptive  geometry  and  drawing,  and  the 
fundamental  professional  courses,  most  of  which  are  problem 
courses  not  involving  outside  reading.  In  this  respect  the 
engineering  course  falls  far  short  of  literary  courses,  many 
of  which  are  largely  made  up  of  lectures  and  very  large 
assignments  of  library  reading.  Add  to  this  fact  the  excessive 
enrollment  in  our  engineering  schools  in  proportion  to  the 
number  of  men  on  the  teaching  staff  and  I  think  you  will  find 
that  you  have  explained  in  a  large  measure  the  failure  ot 
engineering  colleges  to  develop  the  reading  habit. 

It  is  quite  certain  that  our  average  American  student  is 
not  inclined  to  do  much  library  research  nor  is  he  apt  to 
take  assignments  seriously  unless  those  assignments  are 
followed  up  by  much  laborious  work  on  the  part  ot  the 
teacher.  The  foreign  students,  the  Chinaman  for  instance, 
are  entirely  different  and  take  these  assignments  seriously. 

Were  it  possible  to  adopt  your  suggestion  of  problem 
courses  which  would  involve  a  thorough  library  search,  much 
might  be  done,  but  in  the  college  with  an  enrollment  of  1,500 
to  2,000  students,  with  several  sections  of  each  subject,  the 
practical  working  out  would  be  difficult  if  not  impossible,  and 
such  courses  as  a  result  are  confined  to  the  senior  or  grad- 
uate years. 

I  do  not  believe  that  we  will  ever  live  to  see  the  day  when 
any  considerable  number  of  our  students  are  so  developed  as 
to  take  into  their  professional  life  a  well  developed  habit  ot 
reading.  The  comparatively  small  number  who  are  students 
will  continue  as  now  to  be  the  leaders  in  the  profession.  The 
others  must  continue  to  be  hewers  of  wood  and  drawers 
of  water. 


Quincy  C.  Ayres,  Assistant  Professor  of  Civil  Engineering, 
University  of  Mississippi. — Your  resume  of  the  shortcomings 
of  the  average  engineer  is  timely;  coming,  as  it  does,  on  the 
eve  of  Lis  awakening  to  a  new  conception  ^  the  responsi- 
bility and  dignity  of  his  status  as  an  integral  part  of  a 
learned  profession.  Recognition  of  service  in  civic  prestige 
and  adequate  financial  return  is  a  powerful  stimulant  to 
individual  ambition,  and  evidence  is  abundant  that  this 
recognition  is  coming;  not  only  in  congested  manufacturing 
districts,  but  In  the  byways  of  agricultural  sections  as  well. 
When  the  average  man  realizes  that  his  knowledge,  general 
and  specific,  can  be  cashed  in  at  a  definite,  intrinsic  value, 
varying  directly  with  its  scope,  then,  and  not  until  then,  in 
my  opinion,  will  engineers  as  a  whole  mount  a  more  exalted 
Intellectual  plane. 

No   one   person,    who   is,    perforce,    engaged    in   making   a 
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living,  can  liope  to  devote  that  close  attention  to  the  entire 
mass  of  engineering  literature  that  its  proper  assimilation 
requires;  he  can.  and  does.  I  believe,  give,  at  least,  a  hasty 
perusal  to  those  articles  touching  upon  his  particular  line  of 
endeavor  or  to  those  that  are  intimately  related  to  his  per- 
sonal experience.  1  submit  that  this  is  all  that  can  reasonably 
be  expected  of  a  busy  man,  who,  oftentimes,  is  moving  about 
too  frequently  to  carry  with  him  an  extensive  library.  Fur- 
thermore, should  he  have  occasion  to  compile  a  bibliography 
upon  any  particular  subject,  there  are  several  avenues  for 
ready  reference  at  his  disposal.  Let  him.  first,  consult  his 
own  memory,  aided  by  a  search  of  files  in  the  nearest  library; 
let  him  make  use  of  the  facilities  offered  by  the  libraries  of 
many  national  engineering  societies;  or  let  him  invoke  the 
aid  of  "Engineering  Index"  or  some  similar  service.  I  main- 
tain that  data  thus  gathered  will  consume  every  second  of 
time  be  may  have  for  their  study! 

Your  diagnosis  of  the  ailment  in  the  existing  method  of 
teaching  is  pertinent:  but  it  is  a  far  less  difficult  matter  to 
point  out  defects  than  to  prescribe  effective  remedial  meas- 
ures. It  is,  of  course,  generally  conceded  that  the  prime 
function  of  a  four-year  course  of  instruction  is  to  thoroughly 
ground  the  student  in  the  broad  principles  that  are  the  foun- 
dation of  all  engineering,  and  to  supplement  them  by  as 
many  applications  as  time  will  allow.  Further  than  this,  we 
can  only  hope  to  teach  him  how  to  approach  his  problems  and 
where  to  find  the  information  needful  for  their  solution. 

Now,  just  how  shall  we  establish  this  ''habit  of  searching 
for  facts?"  One  method  that  has  been  tried  at  the  University 
of  Mississippi  for  several  years  with  good  results  is  embodied 
in  our  "Ole  Miss  Engineering  Association."  Membership  is 
made  compulsory  for  every  engineering  student,  from  fresh- 
man to  senior,  each  of  whom  is  allowed  a  certain  amount  of 
credit  toward  his  degree  for  work  in  this  society.  Three 
students  each  week  are  appointed  to  deliver  a  paper  on  some 
live  engineering  topic,  the  preparation  of  which  always  re- 
quires an  independent  search  of  current  literature.  Discus- 
sions of  these  papers  are  animated,  thoroughly  interesting 
and  usually  result  in  a  very  perceptible  benefit  to  all  con- 
cerned. While  the  method  outlined  is.  perhaps,  especially 
adapted  to  small  institutions,  where  it  is  possible  to  give 
each  student  individual  attention,  I  believe  it  is,  at  least, 
worthy  of  consideration  by  our  larger  colleges,  and  I  submit 
it,  therefore,  for  that  purpose. 

The  revelation  that  only  34  per  cent  of  American  collegiate 
libraries  subscribe  to  so  well  known  a  periodical  as  "Engi- 
neering and  Contracting"  is,  at  once,  shocking  and  inde- 
fensible. To  your  query:  "Is  the  failure  of  two-thirds  of 
these  colleges  to  subscribe  for  this  journal  ascribable  to  the 
ephemeral  character  or  uselessness  of  its  articles?"  the 
answer,  obviously,  is  "no."  It  is  ascribable  to  a  deplorable 
attitude  of  mind  best  depicted,  in  my  opinion,  by  a  phrase  of 
recent  coinage,  namely,  "innocuous  desuetude."  Our  faces 
are  set  in  the  right  direction,  however,  and  I.  for  one.  believe 
there  is  cause  for  optimism. 


in   the  future   unless  continuous  constructive  criticism   such 
as  you  here  present,  is  directed  toward  them. 


J.  L.  Van  Ornum,  Professor  of  Civil  Engineering,  Washing- 
ton University. — When  I  read  your  editorial  I  was  very 
much  surprised  to  learn  that  only  about  one-third  of  our 
colleges,  which  have  courses  in  civil  engineering,  subscribe 
to  "Engineering  and  Contracting."  We  are  among  that  for- 
tunate minority,  as  we  have  been  keeping  it  on  our  library 
table  for  the  use  of  the  students  continuously  since  1906. 

We  find  that  "Engineering  and  Contracting"  is  a  very 
valuable  periodical  in  this  department.  We  and  the  students 
both  use  and  profit  from  it.  I  quite  agree  with  the  general 
tenor  of  the  editorial.  For  many  years  we  have  been  training 
and  encouraging  the  students  in  reading,  digesting  and  re- 
porting on  articles  in  the  current  engineering  periodicals,  as 
well  as  utilizing  the  material  in  other  ways  in  their  college 
work. 

We  want  you  to  kuovv  t^iat  we  appreciate  your  interest  in 
the  progress  of  sound  educational  training  as  well  as  in 
professional  practice. 

Prof.  Frederic  Bass,  University  of  IVIinnesota. — The  con- 
cluding sentence  of  the  editorial  is.  in  my  opinion,  correct.  It 
is  to  be  regretted  that  the  engineering  colleges  are  not  more 
fully  realizing  their  great  object.  I  am  sure  that  they  do 
succeed  to  some  extent,  but  whatever  their  success  has  been 
in  the  past,  it  is  by  no  means  certain  that  it  will  be  as  great 


Arthur  G.  Gehrig,  Associate  Professor  in  Civil  Engineering, 
University  of  Nebraska. — The  lack  of  scientific  reading  on 
the  part  of  engineers  after  graduation  Is  in  very  large  meas- 
ure due,  I  believe,  to  a  similar  lack  of  general  reading  as  a 
student.  It  is  true  that  he  often  enters  the  engineering  col- 
lege library,  but  generally  for  the  purpose  of  studying  his 
own  text  book  which  he  carries  in  with  him.  In  high  school 
fashion  he  looks  upon  the  place  as  a  study  room  rather  than 
a  library.  The  instructor  should  do  all  in  his  power  to  em- 
phasize to  the  engineering  student  the  potential  value  of 
the  technical  library.  The  librarian  herself  can  do  a  great 
deal  to  help  form  the  general  reading  habit  if  she  will  in 
novel  ways  call  the  students'  attention  to  small  groups  of 
books  on  various  subjects  at  different  times. 

-My  students  have  been  urged  to  subscribe  to  at  least  one 
leading  technical  magazine  in  their  particular  line  of  work. 
One  magazine  in  a  student's  room  is  worth  more  than  fifty 
in  the  library.  During  the  day  when  he  is  in  the  engineering 
library  he  is  apt  to  be  too  busy  with  regular  school  work  to 
do  any  general  reading  in  the  many  technical  magazines.  A 
magazine  in  the  room  will  be  picked  up  and  read  when  the 
press  of  other  matters  has  disappeared,  and  it  will  be  read 
with  greater  benefit.  If  the  student  is  not  a  subscriber 
during  his  college  days  he  is  apt  to  overlook  subscribing 
after  graduation. 

By  way  of  summarizing: 

1.  Let  every  instructor  urge  every  student  to  read  some 

book  other  than  his  text  book. 

2.  Let  the  librarian  display  certain  leading  books  for  the 

convenience  of  the  student. 
:>.  Let    every    student    subscribe    at    once    for    the    best 
technical  journal  in  his  line  of  work. 

F.  H.  Newell,  Professor  of  Civil  Engineering,  University  of 
Illinois. — You  have  covered  the  subject  in  a  very  interesting 
way.     I  hope  that  the  editorial  has  attracted  discussion. 

Regarding  the  essential  part  of  the  editorial  itself.  1  have 
come  to  the  conclusion  that  the  rank  and  file  of  the  engineers 
are  not  students  because  their  education  has  been  of  a  kind 
which  has  resulted  in  giving  them  a  rather  narrow  viewpoint. 
My  interest  in  the  American  Association  of  Engineers  has 
been  aroused  largely  by  the  desire  to  do  what  I  can  to  enlarge 
the  view  of  the  engineer  after  he  leaves  college. 


Effect    of    Sea    Water    on    Reinforced 
Concrete  Structures 

.  The  Society  of  German  Portland  Cement  Manufacturers,  in 
collaboration  with  the  Material  Testing  Bureau  at  Lichter- 
felde  and  the  Hydraulic  Works  Inspection  Department  at 
Husum,  on  the  island  of  Sylt,  have  been  experimenting  for 
about  20  years  in  order  to  discover  the  most  suitable  mixture 
for  concrete  for  sea-water  structures.  In  this  connection  Dr. 
Gary  has  recently  published  a  detailed  report  in  a  communi- 
cation of  the  Material  Testing  Bureau,  the  conclusions  of 
which  are  given  as  follows  in  .Mitteilungen  des  Reichsbundes 
Deutscher  Technik. 

In  order  to  obtain  suitably  strong  structures  in  sea  .water, 
it  is  necessary  to  use  cement  which  is  as  rich  as  possible  in 
silicates,  but  poor  in  kaolin  and  iron  oxide.  Such  cements, 
when  at  the  same  time  they  are  rich  in  lime,  can  be  consid- 
erably increased  in  value  by  adding  certain  quantities  of 
trass.  The  decisive  factor,  however,  for  the  permanence  of 
concrete  structures  in  the  sea  is  the  use  of  mixtures  which 
are  as  dense  as  possible  and  impervious  to  sea  water,  while 
at  the  same  time  sufficient  external  hardening  should  be 
given  to  the  substances  before  they  are  placed  in  the  sea  by 
exposing  them  to  heat  and  to  moist  air.  Concrete,  the  mor- 
tar of  which  contains  riiore  than.  66%  per  cent  of  sand,  will 
generally  not  show  the  necessary  density  to  enable  it  to 
stand  attacks  by  sea  water  for  any  length  of  time. 


Proposed  Huningue-Strasburg  Canal. — It  is  proposed  to  con- 
struct a  canal  running  from  Huningue  to  Strasburg.  and  to 
make  a  port  on  the  river  at  the  latter  city.  The  canal  will 
be  120  m.  broad  and  6  m.  deep,  and  would  be  constructed  so 
as  to  facilitate  the  erection  of  ten  hydro-electric  power  sta- 
tions with  a  total  of  about  700,000  hp..  and  costing  one  mil- 
liard francs. 
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Some    Present    Day    Problems    of 
Engineers 

TSditorial  in  Engineering,  London,  Kov.  7,  1919. 
Life  has  been  aptly  described  as  the  continuous  adjustment 
of  the  organism  to  its  environment,  and  the  definition  may  un- 
doubtedly be  extended  from  the  individual  to  the  organization. 
Our  national  records  are  rite  with  instances  of  societies  or 
corporations  which  have  proved  too  inert  to  move  with  the 
times,  and  have  ultimately  utterly  outlived  their  utility.  It 
is  a  healthy  sign,  therefore,  that  several  of  our  leading  tech- 
nical societies  are  earnestly  engaged  in  studying  proposals 
for  enlarging  their  field  of  usefulness  and  increasing  the  at- 
tractions they  already  offer  to  prospective  members.  One  of 
the  most  popular  of  the  suggestions  made  to  this  end,  is  the 
establishment  of  local  associations  affiliated  to  the  parent 
body.  Provincial  and  Colonial  members  would  thus,  it  is 
claimed,  have  greater  opportunities  for  social  intercourse,  the 
promotion  of  which  between  its  members  is  admittedly  one 
of  the  proper  functions  of  a  technical  society.  In  his  inter- 
esting address  delivered  to  the  Institution  of  Civil  Engineers 
on  Nov.  4,  Sir  Joseph  Purser  Griffith  made  a  strong  plea  in 
favor  of  this  policy.  As  in  most  other  mundane  matters,  how- 
ever, the  arguments  are  not  wholly  on  one  side.  All  our  great 
societies  have  many  members  resident  in  regions  where  en- 
gineers are  few  and  far  between,  and  in  which  it  would  accord- 
ingly be  impossible  to  establish  a  successful  branch  of  the 
parent  body.  It  is  to  the  interest  of  such  members,  and  they 
are  many,  that  the  surplus  funds  of  the  Institution  should  be 
devoted  to  the  continuous  and  systematic  improvement  of  the 
society's  publications  rather  than  to  the  formation  of  local 
associations. 

In  another  part  of  his  address  the  president  drew  attention 
to  the  fact,  that  though  Ireland  is  a  small  country.  Irishmen, 
-or  perhaps  it  would  be  fairer  to  say  Anglo  or  Scoto-Irishmen, 
have  played  a  very  prominent  part  in  several  fields  of  en- 
gineering effort.  He  claims  for  Ireland  the  credit  of  produc- 
ing the  largest  telescope,  the  largest  ships,  the  largest  sluices, 
and  the  largest  linen  works  and  the  largest  rope  works  yet 
■constructed.  In  some  respects  the  most  noteworthy  of  the 
above  achievements  was  the  great  telescope  at  Parsonstown 
with  its  6-ft.  mirror.  This  was  not  merely  designed,  but  was 
also  constructed  by  Earl  Rosse  in  his  private  workshops  with 
the  aid  of  a  capable  smith  and  such  other  assistants  as  he 
could  readily  obtain.  The  successful  completion  of  this  deli- 
cate piece  of  work  under  such  conditions  is  a  striking  instance 
of  what  can  be  accomplished  by  a  man  of  genius,  when  backed 
by  willing,  if  untrained,  labor.  The  president  might,  indeed, 
have  substantially  increased  his  list  of  the  indebtedness  by 
engineers  to  representatives  of  what  it  has  been  common,  in 
some  quarters,  to  call  the  "garrison"  of  Ireland.  Through  Sir 
Benjamin  Baker  this  small  community  has  a  claim  to  share  in 
the  credit  for  the  construction  of  the  Forth  Bridge.  The  names 
■  of  Lord  Kelvin  and  Osborne  Reynolds  again  are  familiar  to  all 
for  their  great  and  original  contributions  to  the  art  and 
science  of  engineering;  whilst  to  Sir  Charles  Parsons  the 
world  owes  the  steam  turbine,  which  has  halved  the  fuel 
consumption  of  electric  generating  plants  and  reduced  the 
capital  cost  to  an  even  greater  degree. 

The  physicist  is  fortunate  in  that  he  has  to  wrestle  only 
with  matter,  whilst  the  engineer,  in  his  struggle  with  nature, 
is  handicapped  by  the  necessity  of  working  by  and  with  men. 
The  difficulty  of  securing  the  harmonious  co-operation  of  la- 
bor has  been  steadily  increasing  year  by  year.  Directly  and 
indirectly  the  struggle  has  checked  the  creation  of  wealth, 
.and  diminished  the  average  standard  of  well-being  of  the 
community  as  a  whole,  and  its  poorer  members  in  particular. 
As  others  have  done  before  him.  Sir  Joseph  Griffith  looks 
.forward  to  co-partnership  as  a  possible  panacea  for  the  evil. 
Undoubtedly,  as  some  of  the  labor  leaders  frankly  admit,  part 
■of  the  labor  unrest  is  due  to  ignorance,  and  the  history  of 
the  South  Metropolitan  Gas  Co.  during  the  past  few  years 
affords  grounds  for  believing  that  the  admission  of  work- 
men's representatives  as  active  directors  of  an  undertaking 
.does  tend  to  allay  the  suspicion  that  the  laborer  is  being  de- 
nied his  fair  share  of  the  products  of  his  industry.  It  is  not 
a  little  noteworthy  that  the  scheme  so  successfully  worked 
out  by  Sir  George  Livesey  had  to  be  carried  through  in  the 
■teeth  of  the  strenuous  opposition  of  organized  labor,  and  it 
will  be  remembered  that  the  well-intentioned  plan  of  co- 
. partnership  promoted  by  the  late  Lord  Furness  came  to  grief 


on  the  same  rock.  Moreover,  in  view  of  the  frequency  with 
which  organized  labor  has  of  late  years  thrown  over  agree- 
ments negotiated  by  its  duly  elected  representatives,  it  is  at 
least  an  open  question  whether  workman  directors  may  not 
equally  fail  to  retain  the  confidence  of  those  they  represent. 
Nevertheless,  as  ignorance  is  in  the  main  at  the  bottom  of 
most  of  the  labor  unrest  of  today,  there  is  much  to  be  said  in' 
favor  of  the  proposal  to  introduce,  where  practicable,  work- 
man directors  on  to  the  boards  of  industrial  undertakings. 
This,  however,  can  be  possible  only  when  an  enterprise  has 
attained  a  certain  stage  of  development. 

Great  creations  of  wealth  are  invariably  due  to  the  genius 
of  some  one  individual.  As  the  director  of  an  ordinary  lim- 
ited liability  company  or  as  the  manager  of  a  co-operative 
society  the  late  Mr.  Carnegie  would  never  have  built  up  the 
steel  industry  of  America.  Indeed,  as  matters  were,  it  is 
reported  that"  he  quarrelled  with  each  of  his  partners  in  suc- 
cession, and  his  ultimate  success  was  attributable  to  the  fact 
that  he  was  able  during  the  whole  period  of  development  to 
maintain  a  controlling  interest  in  the  undertaking,  and  thus 
could  pursue  his  personal  policy  regardless  of  the  doubts  and 
fears  of  his  less  far-seeing  associates.  The  result  was  to 
hasten  the  development  of  the  American  steel  industry  by 
perhaps  50  years.  As  one  consequence  lite  today  is  easier  for 
every  American  citizen,  whatever  his  position  in  society, 
than  it  would  have  been  had  Mr.  Carnegie's  pluck  and  enter- 
prise been  curbed  by  the  necessity  of  satisfying  some  board 
of  mediocrities  as  to  the  wisdom  of  every  move  he  made. 
The  universal  introduction  of  working  men  directors  would 
therefore,  we  fear,  seriously  check  the  creation  of  wealth  in 
this  country.  In  fact,  it  is  very  noteworthy  how  extraordinar- 
ily little  has  been  effected  in  this  way  by  the  co-operative  so- 
cieties during  the  long  term  of  their  existence.  They  have 
invariably  played  for  safety  and  left  all  pioneering  work  to 
others.  It  is  in  this  pioneering  work  that  great  wealth  is 
created  or  dissipated,  and  the  nation  that  contents  itself  with 
the  role  tof  a  mere  copyist  is  little  likely  to  enjoy  any  very 
high  level  of  prosperity.  Still,  although  for  the  reasons 
stated  we  do  think  that  the  appointment  of  workmen  as  di- 
rectors might  prove  disastrous  in  many  undertakings,  there 
are  undoubtedly  others  in  which  their  presence  on  the  board 
might  prove  of  great  advantage,  and  in  such  cases  we  agree 
with  the  president  that  great  good  might  be  expected  from 
the  adoption  of  a  policy  permitting  this. 

Whewell  and   Inductive    Sciences 

Editorial    in    The   Engineer.    I^ndon,    Nov.    7,    ISIO. 

It  is  impossible  to  read  the  histories  of  physical  science 
which  have  appeared  within  the  last  few  years  without  call- 
ing to  mind  Whewell's  "History  of  the  Inductive  Sciences." 
It  appeared  a  good  many  years  ago — the  first  edition  in  1837, 
and  the  third  and  best-known  edition  just  20  years  later- 
hut,  despite  the  advances  of  experimental  science,  it  has 
lost  nothing  of  the  high  qualities  that  made  it  eminent  in 
its  day. 

Whewell  himself  was  not  a  practical  scientist,  but  he  had 
acquired  by  close  study  a  remarkable  acquaintance  with  all 
the  sciences,  and  the  course  of  a  life  spent  almost  wholly  in 
the  University  of  Cambridge— he  graduated  in  1S14  and  was 
appointed  Master  of  Trinity  in  '41— had  acquired  that  critical 
acumen  which  is  the  strength  of  his  two  principal  works,  the 
"History"  and  the  "Philosophy  of  the  Inductive  Sciences." 
•He  was  the  son  of  a  house  carpenter  in  Lancaster,  and  made 
his  way  by  his  own  industry  and  talent.  His  "History" 
ranges  over  the  whole  field  of  experimental  science,  and 
touches  the  learning  of  the  whole  world  from  the  moment 
that  record.s  began. 

We  may  recall  Sydney  Smith's  epigram  that  "science  was 
his  forte  and  onmiscience  his  foible."  The  history  is  written 
as  a  whole  in  lucid  and  energetic  English,  rarely  marred  by 
loose  sentences  or  weakened  by  lack  of  directness.  Here 
and  there  it  is  illuminated  by  happy  turns  of  thought  and  by 
effective  analogies.  But,  above  all,  it  is  because  Whewell 
was  critical  and  analytical  that  his  work  stands  out.  He  does 
not  merely  record  tacts  and  support  them  with  quotations, 
as  Sedgewick  and  Tyler,  two  American  authors,  do  in  their 
short  "History  of  Science,"  which  was  published  by  Mac- 
millan  a  year  or  two  ago,  and  he  is  not  content  with  such 
brief  study  as  Schuster  and  Shipley  give  in  "Britain's  Her- 
itage." 

His  object  Is  higher  and  greater;  he  did  not  write  a  volume 
of  references  to  make  easy  the  road  for  college  students,  nor 
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to  display  the  glory  of  our  national  science.  He  recognized 
no  international  boundaries  to  knowledge;  his  only  concern 
was  with  the  developing  of  accurate  thought  in  the  investi- 
gation of  physical  phenomena.  He  finds  in  China,  India, 
Egypt,  Greece,  and  Rome  the  earliest  flickerings  of  science, 
and  step  by  step  he  traces  the  growth  of  the  increasing  light 
in  all  parts  of  the  world,  here  contrasting,  there  collating, 
sometimes  approving,  sometimes  criticizing,  always  analyz- 
ing, and  always  moving — sometimes  through  paths  that  seem 
obscure — to  a  well-defined  end. 

He  is  essentially  speculative,  but  he  contemns  philo- 
sophical abstractions.  "Man,"  he  writes  in  one  place,  "is  not 
a  practical  creature  merely;  he  has  within  him  a  speculative 
tendency,  a  pleasure  in  the  contemplation  of  ideal  relations, 
a  love  of  knowledge  as  knowledge."  Herein  Whewell  him- 
self is  the  mirror  in  which  he  sees  mankind.  But  he  con- 
tinues. "The  mind  cannot  but  claim  a  right  to  speculate  con- 
cerning all  its  own  acts  and  creations;  yet,  when  it  exercises 
this  right  upon  common  practical  notions,  we  find  that  it 
runs  into  barren  abstractions  and  ever-recun-ing  cycles  of 
subtlety.  Such  notions  are  like  waters  naturally  stagnant: 
however  much  we  urge  and  agitate  them,  they  only  revolve 
in  stationary  whirlpools.'  A  fine  image  of  unprofitable  ar- 
gument. 


Scientific  and  Industrial  Research 

Kditorial  in  Engineering,  London.  Sept.  26,  1919. 

The  value  of  science  became  so  obvious  under  war  condi- 
tions, that  the  establishment  of  the  Committee  for  Scientific 
and  Industrial  Research  and  its  endowment  with  £1,000,000 
met  with  little  or  no  opposition.  It  was  recognized  prac- 
tically universally  that  the  masters  of  words,  such  as  it  has 
been  the  main  aim  of  our  traditional  system  of  secondary 
education  to  produce,  must  give  way  to  the  creators  of  ideas, 
and  the  official  whose  principal  qualification  lay  in  his  abil- 
ity to  write  a  readable  report  on  any  given  subject,  had  to 
surrender  the  direction  of  whole  fields  of  endeavor  to  otliers 
whose  literary  style  might  possibly  be  at  fault,  but  who  were 
endowed  with  insight  and  imagination. 

Ruskin,  master  of  English  prose  as  he  was,  would  have 
proved  a  poor  substitute  for  men  like  Sir  Herbert  Jackson, 
who  gave  such  effective  help  towards  the  solution  of  the 
problem  of  supplying  the  insistent  military  demand  for  va- 
rieties of  glass  previously  obtained  from  Germany,  or  for 
those  who  gave  us  the  Stokes  gun  or  the  tank,  which  in  both 
cases  were  only  forced  on  the  departments  concerned  by  ex- 
traordinary persistency  and  pertinacity. 

The  war  is  over,  and  the  Ruskin  school  which  holds  with 
Plato  and  Socrates  that  truth  can  be  reached  by  a  priori 
reasoning  unchecked  by  observation  or  experiment,  is  still 
numerically  very  strong  and  quite  naturally  includes  a  very 
large  proportion  of  our  journalists  and  public  men.  There  is 
therefore  some  danger  that  a  strongly  backed  movement  may 
arise  urging  the  abolition  or  more  probably  starvation,  of  the 
Department  of  Scientific  and  Industrial  Research,  as  one  step 
towards  that  drastic  reduction  in  our  national  expenditure 
which  all  parties  are  agreed  is  essential  if  bankruptcy  is  to 
be  avoided. 

Our  characteristic  tendency  to  demand  results  immediately 
profitable  will  undoubtedly  be  worked  for  all  it  is  worth  by 
the  leaders  of  any  movement  of  this  kind,  and  it  is  for- 
tunate therefore  that  the  department,  though  established 
barely  four  years,  can  already  point  to  a  number  of  cases  in 
which  investigations  aided  by  it  have  been  of  direct  benefit 
to  certain  of  our  industries.  Much  of  its  energies  have,  of 
course,  been  directed  to  warlike  ends. 

The  committee,  whilst  establishing  and  financing  a  consid- 
erable number  of  research  sub-committees  directly  respon- 
sible to  it,  has  throughout  held  in  view  of  the  desirability  of 
assisting  researches  initiated  by  the  industries  themselves. 
This  is  most  important  as  a  centralization  of  research  would 
almost  certainly  result  in  stagnation,  independent  centers  of 
thought  being  essential  to  progress.  The  plan  followed  has 
been  to  contribute  liberally  towards  the  costs  of  research 
committees  organized  by  these  industries  directly  concerned. 
Of  course,  no  one  expects  that  organized  research  of  this  kind 
is  likely  to  lead  to  revolutionary  changes  in  our  manufactur- 
ing methods.  The  creation  of  wealth  on  a  large  scale  is 
commonly  due  to  Individual  genius,  a  type  of  humanity  which 
works  badly  under  the  direction  of  a  committee,  which  has 
commonly  to  content  itself  with  research  of  a  somewhat  hum- 


drum character.  The  accumulated  effect  of  a  whole  series 
of  small  Improvements  may,  however,  lead  to  very  striking 
results.  In  the  organic  world  Darwin  attributed  the  whole 
development  of  the  species  to  a  long  continued  proce.ss  of 
this  kind,  and  we  believe  that  biologists  are  returning  to  the 
view  that  much  has  been  effected  in  this  way,  although  there 
is  a  greater  tendency  than  formerly  to  emphasize  the  part 
played  by  the  "mutations"  or  large  variations,  which  in  the 
organic  world  correspond  to  the  revolutionary  work  in  in- 
dustry of  the  man  of  genius. 

Of  these  research  associations,  17  have  been  licensed  or 
approved  up  to  date.  In  one  or  two  cases,  however,  of  which 
the  shale  oil  industry  is  an  example,  the  enormous  increase 
in  the  cost  of  labor,  has  rendered  manufacturers  so  doubtful 
as  to  the  future  of  their  trade,  that  the  attempt  to  form  a  re- 
search association  has  been  abandoned.  The  help  afforded 
by  the  department  is  based  in  the  main  on  the  amount  of  the 
contributions  directly  subscribed  by  the  industry  concerned. 
In  exceptional  cases,  however,  for  example  that  of  those 
"key"  industries  in  which  the  total  annual  turnover  i.s  too 
small  to  provide  adequately  for  the  researches  contemplated, 
the  contribution  of  the  department  is  increased.  Thus  in 
the  case  of  the  British  Scientific  Instrument  Research  Asso- 
ciation the  department  has  arranged  to  contribute  .£64.000- 
or  £70.000  if  the  members  will  themselves  provide  an  imme- 
diate contribution  of  one-tenth  these  amounts.  Similarly  the 
Glass  Research  Association  is  to  receive  £20,000  per  annum 
it  its  members  provide   £5,000  per  annum  themselves. 

Results  of  industrial  importance  have  already  been  at- 
tained in  glass-making,  china-making,  mining  and  metallurgy. 
It  is  announced  that  matters  have  now  progressed  so  much 
that  the  manufacture  of  hard  porcelain  on  a  commercial  scale 
is  to  be  undertaken  forthwith.  The  history  of  the  manufac- 
ture of  china  in  Europe  is  of  considerable  interest.  The 
Continent  busied  itself  mainly  in  attempts  to  imitate  the 
original  porcelain  of  China,  and  when  success  was  finally 
achieved  the  work  was  carried  out  for  the  most  part  in  state- 
owned  factories,  in  some  of  which  the  operatives  were  treated 
as  close  prisoners  in  the  endeavor  to  prevent  a  knowledge  of 
the  factory  methods  spreading  to  other  lands.  Britain  on  the 
other  hand,  by  private  enterprise,  invented  and  introduced 
a  new  form  of  china,  having  in  some  important  regards  con- 
siderable advantages  over  the  Oriental  type.  The  latter. 
however,  is  much  superior  to  "bone"  china  for  certain  lim- 
ited purposes,  but  its  manufacture  was  neglected  here  until 
the  war  made  it  impossible  to  import  from  the  Continent  the 
supply  required.  This  led  to  the  researches  by  Dr.  Mellor 
and  Mr.  Moore,  which  proved  that  we  could  perfectly  well 
supply  our  own  requirements  in  this  regard. 

In  pre-war  days  refractories  were  also  imported  on  a  large 
scale  from  the  Continent.  In  part  this  was  due  to  circum- 
stance that  fhe  majority  of  our  makers  were  working  on  a 
comparatively  small  scale,  so  that  there  were  difficulties  in 
providing  for  a  proper  scientific  investigation  of  the  problems 
at  issue.  Here  again  the  leeway  has  to  a  large  extent  been 
made  good.  The  Seger  cones,  no  longer  obtainable  from 
abroad,  were  soon  replaced  by  equivalents  prepared  by  Dr. 
Jlellor,  and  we  learn  from  the  report  that  conspicuous  suc- 
cess has  attended  the  experiments  made  in  the  manufacture 
of  gas  retorts.  A  new  method  of  casting  o-ft.  retorts  has 
proved  its  value,  and  thus  a  great  improvement  has  been  ef- 
fected at  the  cost  of  a  few  hundred  pounds.  The  Phpto- 
graphic  Research  Association  have  discovered  a  method  of 
staining  wood  black  or  grey  all  the  way  through,  and  this 
process  will  doubtless  find  its  application  in  more  than  one 
industry.  The  committee  which  have  been  investigating 
abrasives  and  polishing  materials  have  succeeded  in  pro- 
ducing a  new  form  of  rouge  w'hich  is  quicker  in  action  and 
altogether  more  satisfactory  than  any  previously  attainable. 

In  view  of  the  present  prices  of  tin,  it  is  of  interest  to  learn 
that  by  improved  methods  of  treatment  developed  with  the 
aid  of  the  department,  it  is  expected  to  increase  the  present 
yield  of  the  Cornish  ores  by  no  less  than  11  per  cent. 

Not  much  progress  has  been  made  in  the  purely  engineer- 
ing researches.  The  Committee  on  Lubricants  have  accu- 
mulated a  good  many  data  and  discovered  some  striking 
peculiarities  in  the  behavior  of  different  lubricants. 

The  Industrial  Fatigue  Research  Board  has  continued  its 
work.    In  reports  already  published,  cases  have  been  brought 
forward    in   which   a   reduction   of   the   hours   of   labor   has 
actually  been  accompanied  by  an  increase  of  output.    On  the- 
other  hand,  recent  reductions  of  hours  worked  in  the  engi- 
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iieering  trades  are  said  to  have  resulted  in  a  decreased 
production  almost  exactly  proportionate  to  the  decrease  in 
the  hours  worked.  In  part  this  may  be  due  to  the  lapse  of 
'  time  being  insufficient  to  establish  the  ultimate  consequences 
of  the  change.  The  first  effect  of  such  a  change  is  almost 
■certain  to  he  a  reduction  of  output,  but  in  some  cases,  at 
least,  it  has  been  found  that,  after  a  few  months,  matters 
have  so  adjusted  themselves  that  the  hourly  output  has  in- 
creased sufficiently  to  compensate  for  the  reduction  in  the 
time  worked. 

At  any  rate,  it  seems  certain  that  maximum  outputs  can 
be  secured  only  by  a  substantial  increase  in  management 
expenses.  Foremen  have  too  commonly  been  overworked 
and  underpaid,  and  far  too  little  thought  has  been  expended 
on  making  matters  easier  for  the  operatives.  A  workman  can 
chip  and  file  a  casting  even  if  he  has  to  twist  himself  almost 
into  a  knot  to  get  at  it,  but  it  will  commonly  prove  cheaper 
in  the  end  to  avoid  the  necessity  for  such  contortions.  The 
importance  of  such  consideration  was  very  clearly  shown  in 
one  shop  during  the  war,  which  took  up  the  manufacture  of 
small  shells.  At  the  outset  the  intended  output  was  hardly 
half  of  what  had  been  anticipated,  and  a  notable  increase 
was  effected  by  merely  arranging  that  the  blanks  should  be 
delivered  to  the  workman  at  hand  height  instead  of  being 
piled  on  a  heap  on  the  floor  near  his  machine,  so  that  he  had 
to  stoop  to  pick  them  up.  From  first  to  last  the  recently 
Issued  report  of  the  Committee  of  the  Privy  Council  for 
Scientific  and  Industrial  Research  is  suggestive  and  in- 
structive. 


Specialization 


Popularity  and   Progress 

Edif.orial  in  The  Engineer.  London.  Nov.  7,  191!'. 
We  are  reminded  by  what  we  have  just  written  of  a  shrewd 
observation  of  Walter  Bagehot's.  "If  any  particular  power 
is  much  prized  In  an  age,"  he  wrote,  "those  possessed  of  that 
power  will  be  imitated;  those  deficient  in  that  power  will  be 
despised.  In  con:5equence  an  unusual  quantity  of  that  power 
will  be  developed,  and  be  conspicuous."  Then,  after  allud- 
ing to  the  thought  of  Elizabeth's  time,  he  concluded  "In  a 
word,  the  temper  of  the  ago  encouraged  originality,  and  in 
consequence  original  men  started  into  prominence,  went 
hither  and  thither  where  they  liked,  arrived  at  goals  which 
the  age  never  expected,  and  so  made  it  ever  memorable." 

It  is  generally  characteristic  of  a  great  truth  that  when 
divorced  from  the  subject  to  which  it  belongs  and  applied  to 
another  it  loses  little  of  its  virtue.  Bagehot  was  writing  of 
abstract  qualities  of  mind,  but  the  observation  which  forms 
the  first  part  of  the  quotation  above  is  equally  applicable  to 
concrete  affairs.  What  has  been  aptly  called  fashion  in  en- 
gineering Is  an  example  in  point.  When  canals  were  first 
made  in  England,  England  thought  of  nothing  but  canals,  and 
anyone  who  halted  in  his  admiration  of  them  was  "despised"; 
railways  in  their  day  had  the  same  vogue,  culminating  in 
the  railway  mania  of  the  late  40's;  it  is  only  a  few  months 
since  aerial  transportation  monopolized  public  attention,  and 
electrification  is  still  with  us. 

The  devotion  of  the  public  to  a  selected  line  of  thought 
has,  as  Bagehot  pointed  out,  a  twofold  effect.  It  leads,  on 
the  one  hand,  to  a  continual  augmentation  of  the  ranks  of 
those  who  follow  the  popular  course  and  depletes  the  ranks 
of  those  who  do  not.  It  counts,  so  to  speak,  two  on  a  division. 
By  winning  to  itself  the  intelligence  of  the  day  it  robs  other 
subjects  of  the  thought  they  might  have  had,  and  so  both 
strengthens  itself  and  weakens  them. 

Examples  may  be  found  in  the  employment  of  the  turbine 
for  marine  propulsion  or  in  the  electrification  of  tramways. 
The  marine  engine  developed  and  was  developing  when  the 
turbine  came  in,  but  the  turbine  stopped  further  progress 
because  the  genius  and  intelligence  which  might  have  car- 
ried the  reciprocating  engine  further  were  diverted  to  the 
more  popular  turbine.  In  this  case  the  decision  was  prob- 
ably right.  It  is  by  no  means  so  certain  in  the  case  of  tram- 
ways. Electrification  put  an  end  to  thought,  experiment,  and 
development  in  other  directions,  and  by  enlisting  in  its  own 
service  the  great  body  of  traction  engineers  and  the  financial 
resources  of  the  public,  robbed  other  means  of  propulsion  of 
their  power  to  progress.  We  may  hope  that  the  second  part 
of  the  quotation  may  also  be  realized,  and  that  some  day  a 
new  Elizabethan  morning  will  dawn  and  that  once  again  it 
will  be  possible  t'  i  rived  at  goals  which  the  age 

never  expected." 


■editorial  in  Engineering.  London,  Sept.  2fi,  1910. 

Specialization  is  commonly  considered  as  a  distinctly 
modern  element  in  manufacture,  and  its  benefits  in  economic 
production  are  assumed  to  have  been  realized  only  in  recent 
times.  Actually  it  is  the  extensive  application  of  a  very 
ancient  realization.  There  was  once  a  time  in  the  dawn  of 
history  when  each  individual  produced  all  his  needs,  or 
failing  some  complementary  qualities  in  his  next  of  kin, 
went  without.  Later  we  find  certain  men  set  aside  for  special 
vocation  as,  for  instance,  priests  and  kings,  soldiers  and 
sailors,  blacksmiths  and  millers— they  could  produce  greater 
output  with  less  effort  if  trained  to  specialist  ends;  the  con- 
tinuation of  the  process  in  due  time  made  the  Ford  car  a 
possibility.  Each  village  community,  after  man  lost  to  some 
extent  his  desire  to  club  every  stranger  and  learned  that 
co-operation  meant  security,  found  employment  for  specialist 
artisans — saddlers,  armorers,  smiths,  wheelwrights,  carpen- 
ters. Now  specialization  did  not  invent  the  Internal-com- 
bustion engine,  that  was  more  or  less  Individualist  research, 
but  modern  processes  of  manufacture  are  the  outcome  of  the 
logical  necessity  which  set  apart  the  first  carpenter  or  the 
first  smith. 

Curiously  enough,  the  wheel  of  time  has  turned  full 
circle,  and  the  industrial  operative  of  today  has  no  need  for 
definite  and  specific  skill  in  a  trade  sense.  Human  muscle 
and  the  co-ordination  of  mind,  eye,  and  training,  has  been 
superseded,  and  the  propellant  power  applied  to  the  tool  Is 
now  mechanical  power,  so  that  former  skill  of  craft  has  been 
penalized.  We  are  reminded  at  due  intervals,  and  the  advice 
becomes  more  insistent,  that  the  remedy  for  all  engineering 
ills  is  specialization.  What  should,  however,  be  insisted  upon 
is  that  the  cure  for  competitive  manufacturing  troubles  is 
the  said  remedy. 

A  vast  difference  exists,  and  must  continue  to  exist,  be- 
twepn  manufacture  and  the  field  of  the  engineer — be- 
tween the  craftsman  and  the  operative.  The  opposed  activi- 
ties occupy  different  spheres,  and  should  be  so  regarded.  The 
engineer  is  a  pioneer  pitting  trained  skill  against  individual 
problems,  the  manufacturer  is  not  concerned  with  original 
solutions  but  with  settled  processes  and  quantity  production. 
It  depends  altogether  upon  the  work  in  hand  whether  spe- 
cialization is  expedient:  no  panacea,  whether  medicinal  or 
commercial,  is  of  universal  application. 

Evolution  in  a  mechanical  sense  covers  a  broad  field.  First 
comes  original  discovery,  the  work  of  the  scientist,  then 
reduction  to  the  realm  of  practical  things,  the  latter  a  work 
of  great  magnitude  in  many  cases.  Subsequently  comes  a 
period  when  improvement  is  rapid,  and  constant  change  the 
rule;  finally,  by  process  of  time,  method,  material  and  design 
become  crystallized,  the  market  expands  as  the  cost  is  re- 
duced. Large  demand  justifies  specialized  manufacture  only 
in  the  last  phase.  As  a  matter  of  fact,  everything  passes 
through  the  series  of  stages  indicated,  while  there  are  always 
numerous  things  which  for  varying  reasons  never  get  to  the 
finality  of  specialized  manufacture,  where  sub-sectioualized 
labor  and  minute  subdivision  are  warranted. 

It  is  possible  that  when  mechanical  invention  has  exhausted 
itself— it  must  be  remembered  that  it  is  the  outstanding 
feature  of  the  present  age — when  all  the  secrets  of  material 
and  mechanism  are  discovered,  or  when  the  age  pursues 
another  activity — then  manufacture  will  obey  mathematical 
law  with  the  symbols  of  capital,  labor  and  supervision  in  a 
single  equation.  Until  this  period  is  reached,  and  the  eventu- 
ality is  not  yet  in  sight,  the  place  of  the  skilled  engineer  and 
mechanic  who  bridge  the  gap  between  discovery  and  popular 
need  will  be  essential. 

Specialization  is  not  a  very  modern  discovery  even  in  its 
present  aspect.  Whitworth  foreshadowed  its  trend  quite 
ably,  and  it  was  always  realized  that  quantity  production  led 
to  revision  of  process  and  reduction  in  cost.  The  reason 
which  explains  why  the  advent  of  specialization  in  its  modern 
guise  was  delayed  was  that  sufficient  quantity  of  one  manu- 
facture could  not  be  secured  to  render  interchangeable  or- 
ganizing methods  possible,  save  only  in  the  case  of  firearms. 
It  was  the  sewing  machine,  the  bicycle  and  later  the  auto- 
mobile which  permitted  the  adoption  of  the  methods  now  held 
up  as  a  paragon  of  logical  perfection.  The  vast  extension 
of  finely-subdivided  labor  in  the  field  of  munitions  is  due  first 
to  a  fiexity  of  design  and  second  to  quantity;  it  is  merely 
the  original  methods  of  rifle  manufacture  upon  a  larger  scale. 
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Standardization  and  all  it  implies  can  only  be  successful 
where  some  finality  in  design  is  reached,  it  rannot  be  applied 
in  an  intermediate  period  where  alteration  is  rapid  and 
progress  the  rule.  Only  where  vast  quantities  are  involved 
with  design  fixed  for  a  considerable  period,  can  the  skill  of 
the  craftsman  be  exchanged  for  the  semi-skill  of  the  opera- 
tive. The  method  followed  must  be  conditioned  by  circum- 
stance and  the  ability  to  transfer  skill  or  adapt  machines  is 
•essential  while  evolution  is  the  rule.  The  general  application 
of  munition  methods  and  so-termed  scientific  methods  to 
normal  trade  output  is  manifestly  wrong  as  a  settled  and 
final  conclusion. 

A  large  proportion  of  the  engineering  work  of  the  world 
consists  of  designs  to  special  requirements  to  which  specialist 
manufacture  is  inapplicable  in  the  sense  of  the  motor  car  or 
munition  production.  The  Ford  car  is  notorious  not  so  much 
because  it  is  a  standardized  production  but  because  it  is 
probably  the  most  extensive  article  so  produced.  Bridges, 
ships,  locomotives,  boilers,  marine  engines,  cannot  be  stand- 
ardized in  the  same  sense,  nor  indeed  can  anything  which 
demands  varying  design  to  differing  re^iuirements.  The  5.000- 
ton  cargo  tramp  could  be  standardized  perhaps — the  quanti- 
ties built  would  allow  it;  passenger  vessels  could  not  be  so 
treated.  There  is  room  for  an  argument  to  justify  less 
divergence  in  locomotive  stock,  each  railway,  for  example, 
designs  its  own  engines,  which  differ,  but  the  locomotive  is 
far  from  being  a  settled  and  final  product  even  now.  It  is 
safe  to  infer  that  specialized  production  in  the  main  must  be 
kept  within  limits  of  size,  thus  introducing  another  factor 
beside  quantity.  Broadly,  detail  can  be  standardized  more 
readily  than  design. 

Again,  it  has  been  rightly  pointed  out  that  vast  schemes 
of  output  of  a  single  type  can  only  be  applied  where  demand 
can  be  foreseen  and  closely  estimated,  where  for  instance 
there  is  a  huge  domestic  demand  highly  protected  by  tariff. 
Where  foreign  competition  is  forestalled,  specialization  is 
thereby  rendered  easier.  If  the  manufacturer  has  a  certain 
large  preserve  to  supply,  his  additional  export  business  is 
stabilized  by  normal  home  demand.  Export  then  becomes 
merely  an  extension  of  the  home  field,  not  of  necessity  the 
greatest  market.  Where  differing  markets  demand  altera- 
tion and  adjustment  in  design  or  type  specialization  is  less 
applicable. 

Every  country  is  from  time  to  time  reminded  by  its  foreign 
representatives  that  the  tendency  to  force  existing  design 
upon  an  oversea  market  i  in  place  of  studying  requirements 
and  altering  standard  articles  to  suit  local  conditions  is  a 
proceeding  fraught  with  danger  in  international  trade.  Local 
circumstances  or  climatic  conditions  radically  alter  the  char- 
acter of  desirable  article.  This  is  a  valid  argument  against 
too  intensive  a  cultivation  of  standardization  and  rigid 
specialization. 

The  danger  attendant  upon  acute  specialization  is  easily 
realized;  it  is  in  effect  the  snatching  of  present  profit  as 
against  future  progress.  Certain  things  universal  today  are 
made  obsolete  by  progress  in  a  few  years;  there  are  few- 
men  who  do  not  prefer  more  than  one  iron  in  the  fire.  Ca- 
pacity for  adjustment  to  environment  is  hampered  by  the 
outcome  of  rigid  specialization.  Transferable  skill  or  plant 
is  counseled  by  commonsense  and  is  a  measure  of  protection 
against  obsolescence. 

Specialization  in  an  acute  form  is  rather  like  being  depend- 
ent upon  a  single  customer  who  may  decide  to  manufacture 
for  himself,  trade  depends  upon  numerous  customers  for 
stability,  and  national  manufacture  in  turn  depends  upon 
capacity  to  fill  varying  needs.  Few  workmen  regard  distinct 
and  unequivocal  specialization  without  misgiving;  their  ex- 
pertness  may  in  time  be  entirely  scrapped  by  change  or 
improvement.  Adaptability  of  skill  and  organization  of  plant 
meant  the  possession  of  fluid  as  against  fixed  assets. 

The  result  of  the  work  of  every  inventor  is  to  break  up 
settled  practice,  unfortunately  for  acute  specialization  there 
is  no  means  of  calling  a  halt  to  invention,  and  for  this  reason 
alone  the  specialization  of  today  may  be  abrogated  by  the 
progress  of  today  leading  to  new  specialization  tomorrow. 
This  is  not  to  say  that  specialization  of  a  rational  type  has 
no  virtue,  but  before  throwing  overboard  a  genuine  bone  it 
is  as  well  to  be  certain  that  the  attractive  shadow  is  just  as 
valid.  In  its  logical  meaning  specialization  means  confining 
effort  within  a  very  narrow  tolerance,  the  more  limited  the 
field  the  greater  the  benefits,  but  the  dangers  are  also 
multiplied. 


Manufacture  upon  pious  liii|)f  of  a  market  is  pure  spifcula- 
lion.  and  while  trade  in  its  broadest  aspect  means  tli« 
assumption  of  risk,  there  is  a  difference  between  the  Invest- 
ment in  Spanish  gold  and  the  attitude  of  a  miser  who  starves 
rather  than  spend  upon  necessities.  Somewhere  between 
doing  anything  and  doing  a  single  detail  lies  the  choice 
open,  the  two  extremes  are  in  effect  not  so  very  widely  apart 
in  their  returns.  The  incongruity  is  lesB  the  more  the  facts 
are  realized. 

Transferable  skill  is  of  intrinsic  value  whether  It  is  the 
possession  of  an  individual  or  a  limited  company.  Specializa- 
tion has  all  its  eggs  in  one  basket,  and  the  particular  basket 
needs  continuous  and  close  scrutiny,  and  because  greater  risk 
is  assumed  greater  returns  are  justified.  That  industry  in 
some  quarters  could  do  with  more  specialized  methods  may 
be  true,  but  that  a  broader  basis  of  effort  would  be  beneficial 
elsewhere  is  equally  a  valid  contention.  Danger  lurks  at 
both  extremes  of  the  manufacturing  scale,  and  certainly 
where  a  country  is  mainly  dependent  upon  export  trade 
there  is  opportunity  for  the  exercise  of  both  activities.  It  is 
impossible  to  dogmatize;  the  question  of  specialization  in  a 
universal  sense  is  obviously  a  danger,  it  depends  upon  the 
precise  article,  the  volume  of  demand,  its  universality  of 
utility  apart  from  local  conditions  and  numerous  other 
factors. 


Increased    Technical    Knowledge: 
a  Legacy  of    the   War 

iMlllmial  in  Tli.-  7-nginc<  r.  London,  Nov.  II,  VJl'J. 

The  war  has  left  behind  it  many  things  we  would  gladly 
be  without;  on  the  other  hand,  even  apart  from  main  issues, 
it  has  left  us  some  things  which  we  shall  be  wise  to  grasp 
and  to  value  at  their  true  worth.  One  of  them,  which  we 
may  regard  as  a  valuable  by-product  of  our  fighting  efforts,  is 
an  increase  of  our  technica'l  knowledge  in  certain  directions. 
The  stress  of  war  forced  us  to  study  and  investigate,  and 
to  put  to  practical  trial  on  the  largest  scale  and  under  the 
severest  conditions  a  whole  host  of  matters  which  in  other 
circumstances  might  have  been  neglected  for  many  years. 
Nowhere  is  our  advance  from  this  cause  more  marked  than 
in  our  knowledge  of  the  materials  of  engineering.  It  is  a 
commonplace  to  say  that  the  development  of  mechanical 
warfare  led  to  the  rapid  evolution  of  a  whole  series  of  de- 
vices, such  as  the  tank,  the  submarine,  and  the  aeroplane 
and  airship,  which  nothing  short  of  war  could  have  called 
into  being  so  rapidly.  But  we  must  not  forget  that  all  this 
great  mechanical  development  depended  upon  and  went  hand 
in  hand  with  a  corresponding  development  in  the  materials 
employed.  This  development,  invaluable  as  it  is,  stands  in 
danger  of  being  lost  or  ignored  now  that  peace  conditions 
have  returned. 

In  some  cases  the  exigencies  of  mechanical  warfare  led 
to  the  evolution  of  actually  new  materials.  Perhaps  the 
most  striking  examples  of  this  kind  occurred  in  aircraft.  We 
may  mention  the  aluminium  alloys  used  for  pistons,  as  one 
example,  and  the  protecting  varnishes,  applied  to  shield  aero- 
plane wings  from  the  ill-effects  of  sun  and  weather,  as  an- 
other. In  a  much  larger  number  of  cases,  however,  what 
happened  was  not  so  much  the  evolution  of  a  new  material 
as  some  important  development  in  the  use  of  one  already 
known.  To  the  credit  of  the  technical  branches  of  our  War 
Ministries  be  it  said  that  these  new  applications  of  materials 
were  often  the  result  of  extensive  and  very  thorough  investi- 
gations carried  out  both  in  the  laboratory  and  in  the  work- 
shop and  the  field.  As  an  instance  of  this  kind  we  may  quote 
the  use  of  so-called  "stainless"  steel  i.  e.,  steel  containing 
about  12  per  cent  of  chromium,  for  aero-engine  exhaust  valves. 
Here  was  a  material  whose  primary  use  appeared  to  lie  in 
cutlery,  which  should  save  the  burdensome  domestic  labor 
of  knife  polishing.  But  apparently  the  properties  which  pro- 
tect stainless  steel  from  corrosion  at  the  ordinary  tempera- 
ture also  protect  it  from  scaling  at  high  temperatures,  and 
with  this  valuable  property  it  combines  a  sufliciency  of 
strength  even  when  heated  to  a  dull  red.  At  the  moment, 
it  is  ti-ue,  we  may  not  desire  to  build  many  petrol  engines 
running  with  red-hot  exhaust  valves,  but  the  evolution  of 
machinery  is  rapid,  and  we  need  not  take  an  e.xcessively 
long  view  to  contemplate  the  possibility  of  some  invention — 
the  gas  turbine  leaps  to  the  mind — whose  working  parts 
would  operate  at  these  high  temperatures.    This,  of  course.  Is 
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but  an  isolated  instance  out  of  a  very  large  number,  and  the 
knowledge  upon  which  these  new  uses  of  materials  are  based, 
or  which  has  been  obtained  as  a  result  of  their  use  in  prac- 
tice, is  of  the  highest  value.  Fortunately  some  at  least  of 
the  technical  officers  who  had  to  deal  with  these  matters 
during  the  war  have  devoted  the  requisite  time  and  labor 
to  the  preparation  of  reports  and  papers  in  which  a  part  at 
least  of  this  great  fund  of  knowledge  is  recorded.  For  their 
efforts  we  should  be  duly  grateful,  but  the  mere  recording 
and  publication  of  such  knowledge  is  not  enough;  indeed,  by 
itself  it  may  even  prove  a  serious  disadvantage  to  our  in- 
dustries. For,  if  our  industries  fail  to  utilize  this  knowledge 
and  to  take  the  fullest  advantage  of  the  new  possibilities,  it 
is  very  certain  that  our  industrial  rivals  elsewhere  will  not 
fail  to  do  so.  The  use  of  the  best  possible  materials  for 
each  special  purpose  is  of  greater  importance  today  than  it 
has  ever  been,  not  only  because  of  the  ever-rising  standard 
of  efBciency  which  is  demanded  of  our  products  and  ma- 
chines, but  also  on  account  of  the  relatively  higher  cost  of 
labor.  Under  conditions  where  the  cost  of  an  article  neces- 
sarily depends  upon  the  labor  rather  than  upon  the  material 
the  final  value  of  the  article  will  often  turn  mainly  upon  the 
quality  of  the  material.  Engineers,  and  users  also,  may 
therefore  well  be  urged  to  pay  the  greatest  possible  atten- 
tion to  the  choice  of  materials  to  be  employed  in  the  "peace 
products"  to  which  their  attention  is  now  being  devoted;  nor 
need  it  be  supposed  that  such  attention  will  always  lead  to 
the  adoption  of  a  more  expensive  material.  While  war  has 
taught  us  to  value  the  special  properties  of  e.xpensive  alloy 
steels,  it  has  also  taught  us  the  possibility  of  utilizing  cheap 
raw  materials  which  we  were  formerly  disposed  to  condemn. 
Engineers  will  no  doubt  recognize  the  necessity  of  such  a 
policy  as  we  have  indicated,  and  yet  they  may  not  be  in  a 
position  entirely  to  save  the  situation  without  outside  sup- 
port. There  are  many  valuable  and  important  materials 
whose  use  in  ordinary  commercial  practice  at  the  present 
time  is  likely  to  be  extremely  limited.  Where  a  material 
has  been  mainly  employed  tor  armament  purposes  the  de- 
mand in  the  immediate  future  may  be  too  small  to  justify  the 
upkeep  of  even  a  small  plant  for  its  regular  and  satisfactory 
production.  If  such  plants  are  permitted  to  shut  down,  then 
not  only  shall  we  be  deprived  of  the  possibility  of  using  that 
material  for  military  or  naval  purposes  if  or  when  the  need 
arises,. but  it  will  cease  to  be  available  for  industrial  develop- 
ment purposes.  Here  lies  a  serious  danger  arising  out  of 
the  present  desire — natural  enough  in  the  circumstances — to 
restrict  public  expenditure,  particularly  on  armament.  Dur- 
ing the  war  we  felt  the  pinch  from  the  lack  in  this  country 
of  "key"  industries,  and  much  is  said  of  the  imperative  need 
for  maintaining  them  here  in  the  future.  That  is  well  as  far 
as  it  goes,  but  in  regard  to  materials  it  does  not  appear  to 
go  far  enough.  We  must  for  future  safety,  from  both  the 
industrial  and  the  military  standpoint,  maintain  in  our  coun- 
try not  only  the  best  and  most  advanced  knowledge  of  ma- 
terials, but  also  the  skill  and  the  appliances  for  their  pro- 
duction and  use.  From  this  point  of  view  the  ruthless  aban- 
donment of  so  much  experimental  work  in  the  navy  and  the 
air  force  must  be  regarded  with  the  gravest  misgivings.  We 
do  not  want  large  armaments,  but  we  do  want,  and  must 
maintain  our  knowledge  and  our  skill  at  the  highest  possible 
level,  and  it  is  for  the  government  as  well  as  for  our  indus- 
tries to  see  to  it  that  they  are  so  maintained. 


The  Training  of  Engineers* 

Editorial  in  The  Sui-veyor.  London,  Nov.  It,  1919. 
The  Yorkshire  Association  of  Students  of  the  Institution  of 
Civil  Engineers  is  to  be  congratulated  on  having  obtained 
the  services  of  Sir  William  Ellis  as  president  for  the  ensuing 
year.  The  address  which  Sir  William  delivered  at  the  last 
meeting  of  the  association  was  very  appropriately  devoted 
to  the  question  of  engineering  training,  a  subject  upon  which 
Sir  William,  with  his  long  and  distinguished  career,  is  en- 
titled to  speak  with  authority.  With  regard  to  the  vexed 
question  as  to  whether  practical  training  should  be  contem- 
poraneous with  a  college  course,  or  should  precede  or  suc- 
ceed it.  Sir  William  was  very  decidedly  of  opinion  that  shop 
experience  (he  was  speaking  more  particularly  of  the  train- 
ing of  mechanical  engineers)  should  come  first.  And  for 
this  he  adduced  a  reason  which  has  special  force  in  these 
days — namely,  that  it  is  only  by  mixing  with  workmen  while 
he  is  still  young  and  in  the  earliest  stage  of  his  career  that 


the  engineer  can  hope  to  enter  with  sympathy  into  their  as- 
pirations and  views  of  industry.  That  there  should  be  such 
an  understanding  is  obviously  desirable  on  both  sides.  But 
in  our  view  shop  experience,  even  if  gained  early  for  the 
reason  indicated,  should  be  accompanied  by  at  least  elemen- 
tary theoretical  work,  if  it  is  to  be  used  to  the  best  advan- 
tage. We  speak  with  some  hesitation  as  regards  mechanical 
engineers,  but  we  are  more  confident  in  laying  stress  on  the 
supreme  value  of  practical  office  experience,  accompanied  by 
theoretical  training,  for  those  intending  to  embark  on  a 
career  as  municipal  engineers. 


Scientific  Management  in  an  Iron 
Foundry 

Editorial  in  Engineering.  London.  Oct.  3,  1919. 
A  considerable  amount  of  literature,  dealing  with  the 
application  of  scientific  management  to  various  industries  in 
the  United  States  of  America,  has  been  published.  So  little 
is  said  about  what  is  being,  and  has  been,  accomplished  in 
this  country,  that  it  might  well  be  considered  that  the  move- 
ment is  almost  stagnant  here.  We  are  liable,  as  a  nation,  to 
underrate  our  own  efforts  and  to  overestimate  the  value  of 
the  organizations  of  competitive  industrial  states.  As  a 
matter  of  fact,  signs  are  not  lacking  that,  in  the  near  future, 
the  movement  of  scientific  management  will  have  achieved 
in  our  industries  as  great  application  as  it  has  in  the  United 
States  of  America.  The  vast  amount  of  American  propa- 
ganda, conducted  often  by  efficiency  experts,  is  misleading, 
inasmuch  as  the  movement  in  America  is  not  so  generally 
applied  as  these  advocates  would  give  our  engineers  to 
believe. 

In  all  matters  where  new  first  principles  are  involved, 
where  old-established  methods — responsible  on  their  part  for 
considerable  past  success — are  passed  over  or  are  even  made 
the  subject  of  minute  examination  and  proved  wanting,  theo- 
retical argument  can  only  expect  success  after  hard  effort. 
The  old  adage  that  a  small  amount  of  practice  is  worth  a 
great  deal  of  theory  in  such  cases  is  very  true.  Gradually, 
however,  in  this  country  practical  experience  is  accumulating, 
and  it  behooves  engineers  carefully  to  watch  such  develop- 
ments, giving  credit  where  it  is  due.  To  this  end  a  recent 
pamphlet  issued  by  the  Industrial  Fatigue  Research  Board 
entitled  "A  Study  of  Improved  Methods  in  an  Iron  Foundry," 
gives  in  simple  language  and  concise  form  the  manner  and 
the  results  of  the  application  of  scientific  management  to 
an  iron  foundry.  Moreover,  as  indicating  the  extreme  value 
of  this  contribution  to  the  literature  on  this  subject,  and  as 
testimony  to  the  efforts  of  British  industries,  it  should  be 
stated  that  the  data  given  are  not  based  on  short  periods  of 
working,  but  are  deduced  from  three  full  years  of  operation 
during  the  war  period  (August,  1915,  to  1918). 

The  foundry  in  question — The  Derby  Foundry  Company. 
Limited,  or  Derby — was  concerned  with  the  casting  and 
molding  of  hand  grenades,  and  the  casting,  molding  and 
machining  of  fuse  hole  plugs.  The  authorities  estimated 
the  output  to  be  3,000  per  week,  but  by  August,  1916,  20,000 
weekly  were  actually  being  delivered.  Possibly  the  original 
estimate  of  3,000  was  too  low,  but,  it  is  stated  that  a  similar 
works  with  more  plant  were  only  turning  out  5,000  weekly. 

It  has  often  been  stated  by  those  who  were  perhaps  not 
too  anxious  to  undertake  the  experiment  of  intro'ducing  sci- 
entific management  on  the  Taylor  system,  that  the  objections 
which  would  be  raised  by  the  men  and  by  their  trades  unions 
would  be  prohibitive  and  would  absolutely  preclude  success 
in  this  country  in  most  cases.  In  this  connection,  therefore, 
it  is  exceedingly  interesting  to  note  that  the  firm  in  questi'on 
first  of  all  consulted  their  men,  and  that  throughout  the 
whole  time  of  inauguration  and  development  of  this  system, 
little  opposition  was  experienced,  and  that  only  in  regard 
to  minor  points  about  some  of  which  details  are  given.  As 
we  believe  to  be  thoroughly  essential  to  the  obtaining  of  the 
full  benefits  of  the  system  of  scientific  management,  the 
preliminary  investigations  commenced  with  the  training  of 
the  operators  under  a  system  of  "motion  study,"  where  the 
various  jobs  were  split  up  into  their  elemental  units,  each  of 
which  was  studied  with  the  aid  of  a  stop  watch,  in  order  to 
eliminate  superfluous  movements  and  to  arrange  the  appli- 
ances on  the  best  scheme  for  maximum  production.  Combi- 
nations of  such  movements  were  regularly  evolved.  Each 
job  had  its  typewritten  card  of  instructions  in  regard  to  the 
movements  necessary  for  each  process,  equated  to  the  times 
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requisite  for  their  iierformance.  These  instructions  were 
given  with  the  minute  detail  consequent  upon  the  original 
motion  study  which  had  been  carried  out  and  which  indicated, 
for  instance,  whether  the  right  or  the  left  hand  should 
be  used. 

It  is  estimated  that  of  the  great  improvement  in  output 
achieved  90  per  cent  may  be  attributed  to  increased  human 
efficiency.  In  the  machine  shop  the  even  greater  increase  in 
total  production  that  in  other  departments  was  largely 
due — though  by  no  means  entirely  so — to  improved  efficiency 
of  the  machines.  Naturally  the  duration  of  the  training 
period  of  the  worker  varied  with  the  personal  equation.  One 
of  the  most  succes-sful  pupils,  it  is  recorded,  was  a  man  who 
could  neither  read  nor  write,  but,  as  his  memory  was  de- 
veloped to  an  extent  considerably  above  the  average,  he  could 
■easily  commit  to  memory  the  instructions  received,  and  it 
was  found  that  his  period  of  training  could  thereby  be 
considerably  curtailed. 

Each  operator  received  separate  instructions.  Simultane- 
ously with  the  commencing  of  training,  the  hours  were 
reduced  from  54  to  4S  and  were  continued  unclianged  at  48 
hours  per  week. 

In  conjunction  with  this  application  of  scientific  manage- 
ment an  improved  system  of  payment  was  evolved.  During 
the  training  period  workers  received  25  per  cent  above  the 
standard  rate.  So  soon  as  the  operator  showed  that  the 
standard  output  could  be  maintained,  he  was  put  on  to  dif- 
ferential piecework,  which  is  pure  piecework,  with  the 
difference  that  the  greater  the  number  of  pieces  turned  out 
or  the  greater  the  amount  of  work  done  per  day  or  per  unit 
of  time,  the  higher  the  piecework  price  per  unit  of  work. 
This  system,  of  course,  has  been  advocated  and  adopted  to 
some  extent  for  repetition  work  in  America,  and  has  the 
great  advantage  of  offering  a  strong  incentive  towards  main- 
taining the  highest  possible  standard  of  efliiolency.  That  this 
system  is  fair  cannot  be  denied,  since  the  greater  the  number 
of  units  of  work  performed,  the  less  the  rate  to  be  allowed 
for  certain  overhead  charges,  etc.,  per  unit,  and  therefore  the 
liigher  the  price  per  unit  which  can  be  paid  as  direct  wages. 

The  disadvantages  are  such,  however,  that  unless  careful 
study,  entailed  by  following  fully  the  system  of  scientific 
management,  be  the  preliminary  step  to  the  fixing  of  piece- 
•work  prices,  these  inevitably  become  so  haphazard  as  to 
•cause  in  some  cases  too  high  earnings  to  be  made,  and  in 
others,  too  low. 

Differential  piecework  necessitates  motion  study.  The 
system  adopted  in  this  case  for  increasing  the  piece  rate  per 
unit  of  work  was  such  that  workers  of  exceptional  ability 
could  turn  out  sufficient  work  to  increase  the  price  per  piece 
by  about  25  per  cent  above  the  standard  piecework  price. 
The  possibilities  of  increase  of  earnings  resulting  from  this 
application  of  scientific  management  may  be  shown  by  com- 
paring the  figures  for  a  certain  worker  for  six  consecutive 
weeks  prior  to  the  introduction  of  the  system,  with  those 
for  another  six  consecutive  weeks  in  1918.  The  increase  in 
earnings  in  this  case  was  practically  200  per  cent,  neglect- 
ing, of  course,  in  this  comparison,  all  war  bonuses  and  war 
advances.  As  usual,  the  assurance  was  given  that  the 
piecework  prices  would  not  be  "cut."  The  overall  figures. 
indicating  the  increase  in  production  achieved  by  scientific 
management,  in  this  case,  have  already  bsen  given.  To  deal 
with  the  specific  case,  a  job  which,  before  the  war,  gave  an 
average  output  of  48  per  day  of  10  hours,  was  standardized 
under  the  system  of  motion  study,  at  an  output  of  147  per 
day  of  8%  hours,  meaning  an  increase  of  284  per  cent  per 
■day,  or  350  per  cent  per  hour,  which  was  regularly  surpassed 
by  trained  adult  workers. 

In  the  early  stages  of  the  application  of  this  system,  strong 
protests  from  the  workers  as  to  the  impossibility  of  achiev- 
ing the  standard  were  not  lacking.  However,  the  men  were 
willing  to  be  trained  in  their  work,  and  the  results  of  the 
training  rapidly  dissipated  these  fears. 

It  should  again  be  emphasized  that,  in  this  case,  the  nature 
of  the  work  was  extremely  favorable  to  the  experiment,  the 
successful  results  of  which  are  so  well  detailed  in  the  pam- 
phlet already  mentioned.  The  work  was  repetition  work  of 
the  truest  type,  the  product  did  not  change  throughout  the 
period  under  review.  The  demand  was  greater  than  could 
be  met  and  was  guaranteed  by  war  conditions.  The  thought 
must  arise  that,  had  such  methods  been  more  generally 
employed  in  the  industries  of  this  country  during  the  last 
few  years,  more  particularly  by  those  which  were  concerned 


with  the  production  of  the  great  mass  of  munitions  of  war, 
constituting  essentially  repetition  work,  an  enormous  saving 
in  time,  labor  and  the  nation'K  capital,  would  have  been 
effected. 

Now  that  we  are  turning  to  the  conversion  of  our  swordii 
into  ploughshares  in  full  face  of  the  severe  economic  con- 
ditions resulting  from  the  unparalleled  expenditure  of  money 
and  of  energy  throughout  the  war,  any  means  towards  in- 
creased efficiency  which  can  be  applied  should  be  grasped. 
The  difficulties  should  boldly  be  faced,  and,  although  the 
first  principles  of  scientific  management  may  be  con.'^ideretl 
to  be  most  applicable  to  repetition  work,  it  will  generally  be 
found  on  analysis  that  there  is  a  very  large  amount  of  suit- 
able work  in  many  of  our  great  peace  industries.  Experience 
of  such  methods  as  we  have  described  would  probably  lead 
to  extension  of  effort  and  broader  application. 


Development  of  Power    from 
Tides 

Editorial  in  The  Engineer,  Lrondon,  Nov.  21.  \'M'.< 

Brindley  was  once  asked  for  what  purpose  he  conceived 
rivers  to  have  been  created,  and  replied,  with  the  splendid 
insolence  of  the  genius  and  enthusiast.  "To  feed  canals." 
The  day  may  co.nie  when  men  will  aver,  in  a  similar  vein, 
that  the  tides  wore  established,  nay.  that  the  moon  herself 
was  fixed  in  the  heavens  solely  to  provide  the  United  King- 
dom with  electricity  at  one-third  of  a  penny  per  unit!  The 
time  is  indeed  not  yet,  but  the  milestones  on  the  road  are 
beginning  to  show  through  the  haze  of  distance.  When  coal 
was  cheap  there  was  little  probability  that  tidal  power 
schemes  would  meet  with  success,  not  because  as  far  as 
mere  generation  of  power  was  concerned  they  could  not 
compete  with  steam  plant,  but  simply  and  solely  because  the 
cost  of  constructing  the  great  civil  engineering  works  needed 
for  impounding  the  incoming  waters  and  controlling  their 
exit  was  so  great  that  payment  of  the  interest  and  redemp- 
tion of  the  capital  made  such  schemes  financially  unsound. 

But  things  are  changing.  Coal  has  risen  to  three  or  four 
times  its  old  price,  and  there  is  but  little  probability  that  It 
will  ever  return  to  its  old  figure.  Moreover,  we  may  sus- 
pect that  the  United  Kingdom  is  moving  towards  the  time 
when,  even  though  coal  lies  in  plenty  beneath  the  earth,  few 
men  will  be  found  to  win  it.  As  the  mining  class  becomes 
better  educated,  as  it  is  provided  with  more  amenities  in  its 
home  life,  and  as  it  is  encouraged  to  enjoy  refinement,  its 
dislike  for  an  occupation  which  was  not  distasteful  to  its  for- 
bears must  of  necessity  increase. 

We  do  not  say  it  is  not  right  that  the  standard  of  lite  of 
colliers  should  be  improved.  But  let  us  not  deceive  our- 
selves. Improvement  means  the  diminution  of  the  class,  for 
it  is  wholly  inconceivable  that  men  with  refined  tastes  will 
follow  the  craft  of  the  coal  miner.  Already  they  demand  high 
wages  and  short  hours;  in  the  future,  the  not  very  distant 
future,  not  even  high  wages  and  short  hours  will  suffice  to 
induce  more  than  a  portion  to  remain  in  the  pits. 

Thus  the  economic  position  is  changing  and  schemes  which 
a  few  years  ago  were  outside  the  pale  of  serious  considera- 
tion fall  now  within  its  extended  limits.  Hence  the  Water 
Power  Resources  Committee  of  the  Board  of  Trade,  which  at 
the  moment  is  giving  particular  attention  to  the  problem  of 
power  generation  from  the  tides  in  the  Severn  estuary,  will 
have  to  study  the  balance  sheet  in  a  new  light,  and  we  shall 
not  be  surprised  if  it  takes  the  view  that,  costly  as  tidal 
schemes  would  be,  and  venturesome  as  the  experiments 
might  prove,  yet  there  are  sufficient  reasons  for  making 
them. 


Registration  of  British  Civil  Engineers. — A  bill  is  to  come 
before  the  House  of  Commons  to  regulate  and  establish  reg- 
istration for  the  civil  engineering -profession  in  Great  Britain. 
The  register  as  first  established  would  contain;  All  corporate 
members  of  the  Institution  of  Civil  Engineers  and  of  the  In- 
stitution of  Civil  Engineers  in  Ireland;  and  other  persons 
who  are  engaged  as  civil  engineers  and  are  members  of  im- 
portant engineering  societies;  or  who.  although  not  members 
of  such  societies,  have  been  engaged  in  civil  engineering 
practice  for  a  substantial  period.  For  the  purpose  of  de- 
termining the  elegibility  of  engineers  in  the  second  group,  a 
tribunal  is  to  be  established  upon  which  the  important  en- 
gineering societies  are  to  be  represented. 
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Hydraulicking  Earth 

By  C.  A.  JOHN  HENDRY. 

From    a   papn-   read    before   the   Geological   and   Mining   Society   of 

India. 

The  flushing  of  anthracite  coal  mines  with  silt  and  tine 
rocli  or  slate  has  been  carried  on  in  the  United  States  for 
many  years  with  great  success.  In  fact  the  idea  originated 
in  the  United  States,  and  the  method  has  been  adopted  with 
certain  modifications  by  various  other  countries.  British  en- 
gineers term  the  process  "hydraulic  stowing,"  and  the  fol- 
lowing article  notes  conditions  prevailing  at  various  mines 
in  India  where  stowing  is  practiced. 

Certain  factors  should  be  taken  into  consideration  before 
a  definite  plan  is  decided  upon  in  introducing  hydraulic 
stowing  in  a  mine  and  suggestions  are  here  made  as  to  the 
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Fig.  1 — Method  of  Raising   From   River. 

lines  along  which  such  preliminary  investigations  should  be 
conducted. 

Elementary  Rules  for  Hydraulicking. — Looking  at  the  mat- 
ter from  a  purely  hydraulic  standpoint,  the  delivery  of  stow- 
ing hydraulically  through  a  pipe  is  subject  to  the  following 
elementary  Rules;  (1)  The  loss  by  friction  is  proportional  to 
the  length  of  the  pipe;  (2)  it  varies  roughly  as'  the  square 
of  the  velocity;  (3)  it  varies  inversely  with  the  diameter  of 
the  pipe;  (4)  it  increases  with  the  roughness  of  the  pipe  sur- 
face; (5)  it  is  independent  of  the  pressure.  The  introduc- 
tion of  some  lubricating  element  in  the  stowing  material, 
such  as  nodules  of  clay,  is  possibly  well  worth  consideration 
for  it  would  reduce  wear  on  the  pipes  carrying  the  stowing 
material. 

The  coefficient  of  friction  naturally  varies  with  the  velocity 
of  flow  and  the  diameter  of  the  pipe.  With  a  comparatively 
short  pipe  it  may  be  necessary  to  consider  losses  due  to  el- 
bows or  bends  in  the  pipe  line.  Where  (as  is  usually  the 
case)  the  length  of  the  pipe  is  greater  than  1000  times  the 
diameter,  the  velocity  head  and  the  loss  of  head  at  the  en- 
trance need  not  be  considered,  for  it  is  so  small  in  compari- 
son to  the  frictional  losses  as  te  be  quite  negligible. 

Generally  speaking,  in  long  pipes  we  may  ignore  losses 
due  to  entrance,  bends  and  variations  in  the  pipe  sections. 
The  effect  due  to  bends  is  of  small  importance  compared 
with  other  frictional  losses,  and  it  is  with  these  other  fric- 
tional losses  that  we  are  chiefly  concerned.  It  sand  stowing, 
or  packing,  is  to  be  carried  out  on  definite  lines,  it  will  be 
necessary  to  find  out  the  relation  of  head  to  length  of  pipe 
line,  the  ratio  of  sand  to  water  and  the  velocity  to  the  size 
of  the  pipe. 

All  these  things  will  have  a  definite  relation  one  to  the 
other,  and  if  the  system  is  to  be  carried  out  on  a  large  scale 
then  it  is  desirable  to  collect  information  and  to  experiment 
so  that  a  basis  may  be  established  for  common  use.  It  may 
be  an  exhaustive  matter  to  derive  suitable  coefficients  for 
all  conditions,  still  there  is  no  reason  why  the  behavior  of 
certain  mixtures,  such  as  one  part  of  sand  to  three  of  water, 
should  not  have  certain  coefficients  of  friction  worked  out 
for  them.  Then  the  velocity  (and  therefore  the  rate  of  sup- 
ply) can  be  determined;  or  the  maximum  length  to  a  cer- 
tain head  can  be  derived  and  ihe  cost  of  an  installation  and 


its  capabilities  can  be  worked  out  with  some  exactness  prior 
to  the  commencement  of  the  work. 

Rough  experiments  have  shown  that  the  ratio  of  sand  to 
water  varies  in  direct  proportion  to  the  head  and  the  length 
of  the  pipe,  while  the  frictional  coefficient  is  doubled  when 
sand  is  introduced  to  the  maximum  carrying  capacity  of  the 
water.  Such  results  should  be  checked  with  pipes  of  a  great- 
er head  and  length;  then  we  will  find  that  the  effect  of  a 
bend  at  the  entrance  will  be  less  evident  and  the  flow- 
steadier.  Roughly  speaking,  where  the  proportion  of  the 
head  to  the  length  is  1  to  5,  then  the  proportion  of  sand  to 
water  will  be  about  1  to  3;  or  where  the  proportion  of  the 
head  to  the  length  is  1  to  3,  then  the  sand  to  the  water  will 
be  about  1  to  15.  However,  the  capacity  of  an  installation 
will  depend  upon  the  size  of  the  pipes  and  the  velocity  of 
flow  in  them.  It  would  be  an  advantage  if  experiments  could 
be  carried  out  in  instances  where  systems  were  in  actual 
use  so  as  to  determine  the  proportionate  results  with  some 
degree  of  accuracy. 

It  should  he  remembered  that  there  is  a  limit  or  the  mini- 
mum velocity  at  which  the  mixture  will  flow;  at  velocities 
below  this  minimum  the  sand  held  in  suspension  will  grad- 
ually increase  fractional  losses  until  movement  of  solids 
practically  ceases.  On  the  other  hand,  high  velocities  of 
mixtures  result  In  abnormal  and  costly  wear  of  pipes. 

The  wear  on  the  pipe  due  to  friction  would  vary  with  the 
proportion  of  sand  to  water — the  more  water  used  the  less 
the  friction.  However,  it  should  be  considered  that  the  more 
water  used  the  greater  will  be  the  expense  for  pumping  out 
the  water  after  it  had  been  used  for  flushing.  It  would  be 
a  nice  balance  of  costs  to  deteniiine  which  would  be  the  most 
economical  mixtures. 

Character  of  Pipe-Line. — Regarding  the  character  of  the 
pipes  to  be  employed  we  may  consider:  (1)  Cast  iron;  (2) 
wrought  iron;  (3)  wood;  (4)  terra  cotta;  and  (5)  porcelain 
lined.  The  shape  in  comparatively  small  installations  would 
be  circular,  but  ovoid  pipes  may  be  considered  in  special 
cases.  In  general  it  will  prove  economical  to  employ  thicker 
cast-iron  pipes  for  flushing  lines  than  is  usual  in  the  case  of 
pipes  used  for  water  only;  in  no  case  is  it  advisable  to  em- 
ploy them  under  I/2  in.  in  thickness,  as  the  tensile  strength 
is  low  and  uncertain. 

If,  for  economic  reasons,  cast-iron  pipes  must  be  employed, 
it  is  advisable  to  have  them  as  thick  as  practicable.    For  in- 
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Fig.  2— Arrangement   of  Supplementary   Conveyor. 

stance,  assume  the  outer  diameter  of  a  pipe  is  7  in.  and  the 
inner  6  in.,  then  the  cross-section  area  of  pipe  metal  w-ould 
be  10.21  sq.  in.  If  we  increase  the  outer  diameter  of  the 
pipe  to  7%  in.,  and  keep  the  inside  diameter  6  in.,  then  the 
section  area  would  be  15.904  sq.  in.;  there  would  be  an  in- 
crease of  5.694  sq.  in.  in  section.  Thus,  for  scarcely  more 
than  half  as  much  more  metal,  the  life  of  the  thicker  pipe 
will  be  double  as  long  as  in  the  first  case;  this  is  true  pro- 
vided we  assume  the  pipe  will  give  trouble  and  have  to  be 
discarded  w'hen  its  thickness  gets  below,  say,  %  in. 

Wrought-iron  pipes  are  not  particularly  suitable  for  use 
on  longitudinal  lines,  as  their  cross-section  is  comparatively 
small;  they  have,  however,  the  advantage  of  considerable 
lengtli,  resulting  in  fewer  joints,  and  their  fibrous  structure 
(if  unriveted)   offers   less  resistance   than   granular  sections. 

For  undergrotmd  pipe  lines  wood   might   be   profitably  em- 
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ployed  in  special  cases.  The  pipes  consist  of  a  number  of 
staves,  their  edges  bevelled  at  an  angle  radiating  to  the  cen- 
ter of  the  pipe  and  bound  around  at  intervals  with  steel  ties 
-arranged  with  a  take-up  block  to  insure  efficient  tightening. 
The  staves  would  be  1  to  :!  in.  thick,  depending  upon  the  size 
of  the  pipe.  The  pipe  would  be  bulky  and  not  generally  adap- 
table. Pressures  up  to  200  lb.  per  square  inch  are  possible, 
though  150  lb.  would  be  a  satisfactory  maximum.  With 
higher  pressures  it  is  likely  that  water  w^ould  be  forced 
through  the  pores  of  the  wood. 

The  porcelain-lined  pipe  is  possibly  debarred  by  its  high 
cost  from  adoption  in  cases  where  coal  is  mined  and  sold  at 
a  particularly  low  figure.  It  is  possible  that  vitrified  terra 
■cotta  may  be  suitable  for  underground  use,  as  when  vitrified 
it  is  coated  with  an  impervious  vitreous  lining  on  which  acids 
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Fig.    3 — Sand    Receiving    Bin    Over    Mine. 

and  alkalies  make  no  impression.  This  is  an  Important  point, 
as  in  some  cases  a  good  proportion  of  the  wear  of  pipes  is 
due  to  the  acidity  of  the  water.  It  may  be  possible  for  in- 
terested concerns  in  India  to  devise  means  of  materially  in- 
creasing the  vitreous  lining  to  suit  the  peculiar  conditions 
of  use. 

In  all  cases  it  will  be  advisable  to  arrange  so  that  the  pipe 
can  be  turned  around,  if  desired,  as  the  wear  will  be  greater 
on  its  lower  portion.  Continental  experiments  have  shown 
that  steel  pipes  must  be  changed  or  turned  over  when  97,446 
cu.  yd.  of  material,  made  up  of  waste  from  the  washeries. 
broken  boiler  cinder,  etc.,  had  been  flushed  through  them; 
while  the  same  attention  was  necessary  after  56,506  cu.  yd.  of 
sand  had  passed  through  the  pipes.  With  cast-iron  pipes  it 
was  necessary  to  turn  them  over  after  the  flushing  through 
of  68,016  CM.  yd.  of  waste  from  the  washeries,  or  59,906 
cu.  yd.  of  sand.  The  steel  pipes  in  this  case  had  a  thickness 
of  5/16  in.  and  an  internal  diameter  of  7%  in.  The  cast-iron 
pipes  had  a  thickness  of  %  in.  and  an  internal  diameter  of 
o"'s  in. 

Loading  and  Transporting  Material. — The  loading  from  the 
river  bed  will,  in  a  measure,  depend  upon  the  method  of 
transportation  adapted  to  the  mine.  In  any  case  it  is  safe 
to  assume  a  severe  gradient  will  have  to  be  negotiated  from 
the  river  bed  to  the  bank.  The  work  on  the  bed  will  in  a 
majority  of  cases  have  to  be  of  a  temporary  nature  suitable 
for  rapid  removal  and  therefore  a  separate  unit  to  the  main 
pipe  line.  For  this,  light  belt  conveyors  may  be  suggested, 
■one  or  more  horizontal  ones  on  the  bed  and  the  other  run- 
ning up  the  bank,  as  indicated  in  Fig.  1. 

The  maximum  angle  at  which  sand  can  be  dealt  with 
would  be  about  30".  although  certain  patent  types  and 
.-icraper  conveyors  will,  of  course,  deal  with  much  steeper 
gradients.  The  horizontal  feed  conveyors  should  preferably 
be  entirely  self-contained,  driven  by  a  motor  and  capable  of 
being  moved  around  in  a  semi-circle  v.ith  the  lower  end  of 
the  inclined  one  as  a  pivot  (see  Fig.  2).  It  would  be  neces- 
sarj'  to  fix  it  on  rollers  or  skid  plates  to  facilitate  its  cir- 
■ouitous  movement,  and  it  could  be  provided  with  a  simple 
motor  driving  attachment  for  the  purpose  if  necessary. 

A  steam  shovel  is  likely  to  prove  too  heavy  for  the  purpose 
of  loading  and  a  conveyor  appears  to  be  the  most  suitable. 
Should  an  aerial  gear  be  employed  for  the  transportation  line 
another  type  of  gear  might  be  profitably  substituted. 

Assuming  the  case  of  mines  adjacent  to  the  river,  with 
;possibly  plenty  of  water,   the  simplest   form  of  ti-ansporting 


appears  to  be  an  endless  haulage  in  conjunction  with 
three-ply  rubber  and  canvass  conveyors.  The  plant  would 
be  practically  automatic,  and  we  might  assume  the  follow- 
ing conditions:  The  sand  would  be  loaded  into  a  horizontal 
conveyor,  and  thence  to  an  inclined  one  leading  into  a  small 
loading  hopper  on  the  bank.  From  this  it  is  fed  into  dump 
cars  and  these  are  moved  by  endless  haulage  over  a  bin;  as 
the  cars  pass  over  the  bin  they  are  automatically  dumped. 
Fi'om  the  bin  the  sand  is  washed  into  the  mine.     (Fig.  3.) 

A  constant  supply  of  sand  is  by  no  means  the  least  impor- 
tant matter  when  the  tonnage  becomes  considerable.  Ii 
might  pay  to  have  an  inclined  plane  at  the  bank,  have  a  sup 
plementary  haulage  to  the  main  one  and  run  the  dump  cars 
on  tracks  on  the  bed  of  the  river.  A  series  of  light  tracks 
provided  with  flat  steel  ties  could  be  used.  This  plan  oniil> 
the  conveyors  and  bin  at  the  bank.  (Fig.  4).  Pumping  th' 
sand  direct  through  a  pipe  line  may  be  suggested;  but  it 
does  not  overcome  any  more  successfully  the  problem  of 
loading,  while  the  effect  of  sand  on  anything  with  which  It 
comes  in  contact   is  familiar. 

Examples  of  Loading  Plants. — It  may  be  mentioned  Ihal 
the  dredging  plant  at  the  Port  Talbot  docks  included  a  sand 
pumping  unit.  This  dealt  with  something  like  loO.OOH  cu.  yd. 
of  spoil  material  with  a  22-in.  pump  and  discharged  it  at  a 
rate  of  200  cu.  yd.  per  hour,  at  a  point  500  yd.  from  the 
pump.  Possibly  further  investigations  of  the  suitability  of 
such  a  unit  is  warranted  under  certain  conditions. 

Another  method  may  be  considered  where  the  distance  to 
the  mine  is  comparatively  short  and  the  sand  area  is  situated 
on  the  far  side  of  the  river  from  the  mine;  the  sand  for 
flushing,  under  these  circumstances,  would  be  (for  a  certain 
period  of  the  year)  carried  across  the  river.  The  scheme 
might  be  outlined  as  illustrated  in  Fig.  5. 

A  tower  might  be  set  up  at  some  point  on  the  river  bank 
most  conveniently  situated  for  sand  excavation.  A  combined 
conveyor  and  elevator  possibly  could  be  arranged  to  run 
from  the  river  sand  deposit  to  the  top  of  the  tower,  running 
horizontally  in  the  river  bed  so  as  to  facilitate  loading.  At 
certain  times  of  the  year  it  could  be  shortened  to  avoid  flood 
water  and  to  enable  the  vertical  section  still  to  operate 
should  sand  be  available.  The  elevator  would  discharge  sand 
into  a  flume  at  a  sufficient  height  above  the  receiving  point 
at  the  mine  to  allow  the  material  flushed  with  water  to  grav- 
itate to  the  mine.  The  water  for  flushing  would  be  pumped 
up  a  pipe  supported  by  the  same  tower.  The  proposition 
would  necessitate  the  use  of  a  number  of  frames  or  inter- 
mediate towers  to  carry  the  flume  at  a  suitable  grade.  The 
flume  tow-ers  should  be  suitably  braced  to  withstand  wind 
pressure  and  the  load,  the  former  possibly  proving  the  most 
serious  consideration.  There  may  be  cases  where  it  would 
prove  more  advantageous  to  employ  a  pipe  in  the  place  of 
the  open  flume,  so  that  the  head  necessary  to  transport  the 
sand  may  be  reduced;  this  plan  would  allow  water  to  enter 
the  pipe  under  pressure  thus  preventing  the  settlement  of 
sand  in  transit. 
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The  scheme  shown  in  Fig.  5  would  only  necessitate  power 
to  drive  the  elevator  and  necessary  pumps.  Further,  in  order 
to  produce  the  necessary  scouring  effect  the  usual  propor- 
tion of  water  to  sand  might  be  greatly  increased.  Having 
completed  its  work  of  transportjng  the  sand  to  the  mine,  the 
water  could  be  drained  off  and  led  back  to  the  pumps  by 
means  of  another  flume. 

Thus  the  water  could  be  used  over  again.  The  sand  could 
be  allowed  to  settle  in  a  bin  adjacent  to  the  borehole  into  the 
mine  and  the  usual  proportion  of  water  added  to  carry  It 
underground. 

Hydraulic  Features. — In  considering  a  suitable  coefficient 
of  friction  for  flume  troughs  of  various  dimensions  with  vary- 
ing velocities  to  suit  conditions,  it  should  be  observed  that 
the  scouring  power  of  a  flow  of  water  in  an  open  channel 
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does  not  at  all  times  bear  a  dii'ect  relation  to  the  velocity 
and  depth.  In  other  words,  as  the  hydraulic  radius  is  in- 
creased, it  does  not  follow  that  in  order  for  the  water  to  Im- 
part motion  to  the  sand  the  velocity  of  the  water  will  inc 
crease  proportionally. 

The  depth  of  flow  is  an  important  factor,  as  the  water  first 
subjects  the  sand  to  a  motion  of  dragging,  and  later  the  par- 
ticles are  lifted  up  into  the  stream,  the  motion  being  then 
converted  into  one  of  suspension.    The  water  carries  a  larger 
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quantity  of  sand  in  its  lower  portion  than  the  upper,  and  gen- 
erally it  could  be  assumed  that  the  amount  is  proportional 
to  the  depth.  Regarding  the  wear  due  to  friction  of  the 
sand  on  the  pipe,  it  may  be  an  advantage  later  to  investigate 
carefully  the  relationship  of  this  to  the  velocity.  For  it  may 
be  assumed  that  in  pipes  the  greater  amount  of  material  car- 
ried will  be  along  the  center  portion  of  the  water;  it  remains 
to  be  determined  to  what  economical  limit  the  velocity  of 
the  water  may  be  accelerated  in  order  to  increase  the  time  of 
suspension  of  the  particles  and  reduce  the  friction  due  to  the 
dragging  effect  of  sand  particles. 

Where,  however,  the  sand  is  washed  into  a  bin  and  pre- 
cipitated, while  the  water  is  allowed  to  overflow  and  run 
back  to  the  pumps  at  the  river  bank,  then  the  proportion  of 
water  to  sand  may  be  high  so  that  the  inclination  of  the 
flume  or  pipe-line  can  be  reduced.  Further,  at  the  feeding 
point  the  tower  can  be  extended  to  a  greater  height  so  as  to 
increase  the  head,  and  this  would  reduce  the  requisite  height 
of  the  other  towers  in  the  case  of  a  pipe-line. 

In  the  open  flume  It  is  doubtful  whether  a  coefficient 
of  friction  for  sand  on  iron  will  be  less  than  one-fifth.    Thus. 


for  water  to  carry  1  lb.  of  sand  a  distance  of  100  ft.  requires 
100/5^20  ft.-lb.;  if  the  proportion  of  sand  to  water  is  1  to 
10,  then  10  lb.  of  water  must  fall  2  ft.  in  100  to  give  this 
energy.  However,  while  the  water  imparts  motion  to  the 
sand  there  is  a  tendency  for  the  former  to  run  at  a  higher 
velocity  over  the  latter,  so  that  the  inclination  of  the  flume 
should  be  more  than  2  ft.  in  100.  Possibly  for  feeding  the 
sand,  in  the  place  of  the  flume  it  would  be  better  to  employ 
a  pipe,  and  we  may  then  roughly  assume  that  the  grade  will 
be  in  proportion  to  the  mixture;  if  one  part  of  sand  be  used 
to  25  of  water  the  grade  would  be  also  in  this  proportion,  or 
4  ft.  in  100.  The  necessary  head  might  be  increased  at  the 
feed  tower,  so  as  to  reduce  the  height  necessary  for  the  in- 
termediate towers.  The  flume  bearing  the  return  water  to 
the  pumps  could  be  carried  aci'oss  the  river  (when  neces.;ary) 
below  the  supply  pipe  and  on  the  same  supports. 

Excavating  and  Loading  with  Portable  Machines. — In 
America  sand  is  often  excavated  and  loaded  by  portable  ma- 
chines consisting  of  a  frame  with  a  number  of  buckets  fixedi 
to  an  endless  chain  running  over  both  head  and  tail  wheels. 
The  buckets  are  about  18x18  in.  in  cross-section,  and  the  ap- 
paratus delivers  about  one  ton  per  minute.  The  machine  is 
equipped  with  a  chute  and  only  requires  about  a  7-hp.  motor 
to  drive  it.  the  weight  with  the  motor  being  about  7.000  lb. 
About  eight  of  these  machines  would  possibly  help  to  solve- 
the  difiiculty  of  labor  trouble  with  regard  to  loading  and 
prove  more  economical.  The  excavators  at  the  river  bed 
would  then  feed  into  a  conveyer,  and  from  experiments  it  is 
found  that  one  man  can  load  a  conveyor  with  6.75  cu.  ft.  of 
sand  in  12  minutes  with  the  material  at  a  distance  of  IS  ft. 
from  the  conveyor.  In  practice  the  conveyor  could  possibly 
be  moved  in  such  a  way  that  the  men  would  be  close  to  it  all 
the  time,  and  would  at  the  most  have  to  carry  the  sand  about 
3  feet.  In  the  condition  under  review  it  was  found  that  the 
6.75  cu.  ft.  actually  were  deposited  in  the  conveyor  in  12 
minutes,  as  noted.  This  represents  675  lb.  in  12  minutes,  or 
1.6  tons  per  hour. 

With  a  conveyor  500  ft.  long  and  a  man  every  3  ft.,  166 
men  could  be  employed  each  side  of  the  conveyor,  and  these 
could  load  about  500  tons  per  hour;  but  for  the  purpose  of 
calculation  it  would  be  advisable  to  figure  on  not  less  than 
400  men. 

Assuming  the  conveyor  could  be  moved  practically  in  a 
circle,  we  get  a  superficial  area  of  783,828  sq.  ft.;  or  exca- 
vating to  a  depth  of  2  ft.,  we  would  have  about  1,567,656  cu. 
ft.,  equalling  about  70,000  tons,  or  14  days'  supply.  This  con- 
veyor then  would  feed  into  another  one  leading  up  the  bank, 
the  latter  being  600  ft.  long.  Since  the  loading  point  at  the 
bank  is  being  continually  shifted  from  the  bank  terminal  of 
the  main  transportation  system,  a  supplementary  haulage 
would  have  to  be  introduced  running  parallel  and  close  to  the 
bank;  a  portable  bin  would  have  to  be  provided  into  which 
the  conveyor  running  up  the  bank  would  feed.  As  the  area 
was  excavated  in  the  river  bed,  and  the  conveyors  were 
shifted,  the  bin  would  be  moved  from  time  to  time  to  suit  condi- 
tions. Owing  to  conveyors  being  more  expensive  than  a 
track,  the  former  is  not  to  be  recommended  for  feeding  direct 
to  the  main  haulage.  The  loading  bin  would  have  a  capacity 
of  about  100  tons  (or  2,240  cu.  ft.)  and  if  it  was  40  ft.  long, 
would  accommodate  eight  trucks  at  a  time;  this  would  en- 
able loading  a-t  the  speed  required  to  allow  them  to  leave  at 
their  8-second  intervals. 


Water  Supply  for  Troops  in  the  Field. — In  a  paper  in  the 
November  Journal  of  the  Royal  Engineers,  Brig.  General 
R.  P.  T.  Hawksley  states  that  the  allowance  per  head  should 
be:  per  man.  1  gal.  per  day;  per  horse  or  mule,  10  gal.  per 
day;  per  camel,  20  gal.  every  third  day.  The  allowance  per 
man  and  horse  may,  for  certain  definite  purposes  and  over 
very  short  periods  of  a  day  or  two,  be  reduced  to  V^  a  gal. 
and  5  gals,  respectively,  but  as  a  rule  both  should  be  pro- 
vided with  as  much  water  as  they  require,  within  reason. 
The  theory  that  men  and  horses  can  be  trained  to  use  a  very 
small  amount  of  water  is  not  a  sound  one.  It  is  better  to 
start  an  operation  with  men  and  horses  in  the  pink  of  con- 
dition than  in  a  half-starved  state.  Therefore,  in  arranging 
for  troops  at  rest,  the  amounts  should  be  considerably  in- 
creased. But  when  this  is  analyzed,  the  increase,  except  in 
very  hot  weather,  when  a  horse  may  drink  some  12  gal.,  or 
even  more,  is  due  to  the  requirements  of  men  only  as  regards 
washing,  disinfection   of  clothing,   and   similar  purposes. 
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The    Making    of    an  Engineer 

Prom  The  Surveyor,  LoncUiii,  Nov.  11,  1919;  part  of  the  inaugural 
address  of  Sir  William  Kllis.  M.  Inst.  C.  E..  President  of  the 
Yorkshire  Arsociation  of  Students  of  'the  Institution  of  Civil 
Engineers. 

In  all  professions  the  success  of  a  member  depends  on  pos- 
session of  special  attributes  necessary  to  such  a  profession. 
This  is  especially  so  in  the  case  of  the  law,  medicine,  and 
some  others  I  could  mention.  With  engineering,  however, 
the  subjects  covered  are  so  wide  that,  given  strength  of  char- 
acter and  determination,  men  of  ordinary  ability  need  not 
fear  to  choose  it  as  their  profession.  We  find,  on  looking 
back  to  apprenticeship  days,  that  of  the  many  who  started  in 
the  race,  only  a  few  are  still  running.  This,  I  venture  to  say. 
is  not  because  those  who  have  fallen  out  lacked  the  ability 
to  equip  themselves,  but  rather  because  they  more  often  did 
not  possess  the  power,  perseverance  and  determination  of 
character  without  which  no  success  can  be  achieved  in  en- 
gineering. 

In  dealing  with  this  question  of  "How  do  we  become  en- 
gineers?" I  am  aware  that  training-for  a  successful  engineer 
is  different  in  the  case  of  the  large  number  of  students  taking 
up  mechanical  engineering  from  what  it  is  in  other  branches 
such  as  civil,  municipal,  or  mining  engineering,  and  in  the 
short  time  I  can  allow  myself  to  speak  to  you  I  want  to  make 
it  quite  clear  that  I  am  confining  myself  to  the  questions  of 
suitable  training  in  the  widespread  branches  of  mechanical 
engineering,  and  not  attempting  to  deal  with  the  most  de- 
sirable training  tor  other  classes  of  engineers. 

Workshop  Training. — We  are  all  of  us  aware  that  practical 
training  and  theoretical  training  are  both  of  them  essential 
to  success  as  a  mechanical  engineer,  and  the  very  vexed 
question  is  constantly  in  our  minds  as  to  which  horse  is  to 
lead  in  this  tandem  of  training.  I  should  like  to  ask  whether 
there  are  any  particular  reasons,  making  the  sequence  in 
which  these  two  are  taken,  important  as  affecting  either 
training  adversely.  Personally,  I  answer  the  question  in  the 
affirmative.  Unless  a  boy  undertakes  the  practical  training 
before  the  age  of  twenty-one  he  is  prevented  from  mixing 
with  the  workmen  and  sympathetically  understanding  their 
views  of  life  while  he  is  still  a  boy.  It  is  true  that  it  is  pos- 
sible to  obtain  certain  practical  training  after  the  university 
course  has  been  embarked  on;  but  then  the  student  meets 
the  workman  as  a  man  with  men,  and  they  naturally  view 
his  efforts  in  a  different  manner  from  those  of  a  boy. 

Forty  years  ago,  when  I  started  my  apprenticeship  in 
Leeds,  it  was  considered  necessary  for  a  boy  to  go  into  the 
shops  for  the  purpose  of  learning  to  plane,  turn,  fit,  etc.,  and 
to  familarize  himself  with  the  output  of  the  various  types  of 
machines.  Today  this  is  also  the  case;  but  in  my  opinion 
this  is  not  the  primary  object  of  a  boy  going  into  the  work- 
shops at  the  commencement  of  his  engineering  career.  We 
are  all  of  us  aware  of  the  great  difficulties  which  exist  in 
connection  with  the  desires  and  determinations  of  the  vari- 
ous trades  unions,  and  any  employer  will  bless  the  fact,  in 
after  life,  when  he  has  to  deal  with  these  problems,  that  he 
had  the  opportunity — I  would  almost  say  privilege — when  a 
boy  of  working  with  the  men  in  terms,  I  may  say.  of  personal 
intimacy  and  friendship.  This  will  have  taught  him  to  under- 
stand the  workmen  and  to  sympathize  with  them  in  their  hopes 
and  fears  in  a  way  which  is  quite  impossible  in  the  case  of 
any  employer  who  has  not  had  such  opportunities. 

The  University  Period. — I  would  urge  most  strongly  that 
whatever  course  is  adopted  the  greatest  attention  should  be 
given  to  arrangements  whereby  the  student  should  have  op- 
portunities early  in  lite  of  understanding  the  difficulties 
which  present  themselves  to  the  mind'  of  the  average  work- 
man. On  leaving  school  at  the  age  of  seventeen  or  eighteen 
it  is  usual  for  a  boy  to  have  obtained  a  sound  general  educa- 
tion. In  most  cases  if  that  boy  goes  forward  directly  to  a 
university  for  the  purpose  of  taking  up  special  engineering 
subjects  he  finds  himself  faced  with  the  fact  that  the  educa- 
tion he  has  acquired  at  school,  being  of  a  more  general  na- 
ture, does  not  bring  him  up  to  university  standard  on  special 
snibj'ects.  Assuming,  therefore,  that  a  student  has  embarked 
on  a  practical  course  of  training  on  leaving  school,  the  period 
before  he  goes  forward  to  the  university  can  be  most  bene- 
ficially used  by  taking  up  evening  work  on  the  special  sub- 
jects which  will  equip  him,  on  a  university  standard,  for  the 
particular  course  he  is  proposing  to  take  up  at  the  univer- 
sity later.  Fi-om  a  university  standpoint  I  am  quite  conscious 
that  when  a  boy  leaves  school  with  a  trained  mind  he  is  very 


much  easier  for  a  professor  to  mould  and  turn  than  when 
after  possibly  two  or  three  years'  practical  work  he  comes 
into  his  hands  with  somewhat  less  scholarship  or  with  a  less 
scholarly  mind.  On  the  other  hand,  I  would  ask  the  pro- 
fessor to  realize  that  a  boy  who  has  had  some  practical 
training  will  come  into  his  hands  with  a  better  grasp  of  the 
practical  application  of  the  subjects,  the  scientific  side  of 
which  he  is  going  to  study  at  the  university.  The  boy  may 
be  better  able  to  understand  the  reality  of  the  scientific  sub- 
jects with  which  he  is  dealing  because  he  has  already  seen 
something  of  their  practical  application,  and  it  is  for  these 
reasons  that  I  urge  the  full  consideration  of  the  importance 
of  the  sequence  of  the  boy's  training.  In  the  case  of  boys 
going  forward  to  the  university  to  take  a  degree  course  after 
only  about  two  years'  practical  training,  it  is  desirable  to 
most  cases  for  them  to  return  to  the  firm  where  they  com- 
menced their  training  so  as  to  gain  experience  In  the  drawing 
office,  and  possibly  further  practical  experience,  and  in  the 
event  of  students  having  done  well  at  the  university  there  is 
little  doubt  that  firms  will  be  quite  willing  to  allow  them  to 
return  tn  complete  their  training  on  completing  their  uni- 
versity course. 

I  would  urge  all  students  to  realize  that  to  become  an  effi- 
cient engineer  a  great  spirit  of  perseverance  and  determina- 
tion and  even  of  self-denial  must  be  cultivated. 

In  earlier  years,  even  at  school,  I  used  to  feel  very  appre- 
hensive because  so  many  of  my  boy  associates  possessed 
much  greater  scholarship  and  mental  ability  than  I  did.  In- 
deed, all  through  my  life  I  have  been  conscious  of  such  dis- 
abilities, but  I  have  also  realized  that  nature  is  extraordinar- 
ily kind  to  most  of  us.  If  we  are  not  equipped  with  one  or 
another  of  the  special  attributes  which  we  think  would  be 
of  great  use  to  us  in  our  particular  walk  in  life,  we  prob- 
ably possess  some  other  characteristics  which  are  sufficient 
to  enable  us  to  find  our  way  through  life,  and  with  energy 
and  perseverance  to  reach  a  reasonable  rung  in  the  ladder 
of  our  profession.  Health  and  strength  of  character  are 
much  more  important  to  an  engineer  than  cleverness  in 
mathematics  and  science  generally.  The  power  of  disre- 
garding our  own  convenience  when  it  clashes  with  the  duty 
we  owe  to  those  who  employ  our  services  must  be  a  charac- 
teristic of  any  successful  engineer  through  life. 

Work  and  Play. — I  would  also  urge  upon  the  young  en- 
gineer the  importance,  towards  the  end  of  his  training,  of 
taking  opportunities  of  doing  work  in  other  countries.  The 
mere  fact  of  being  away  from  home  on  his  own  responsibil- 
ity tends  to  strengthen  self-reliance  and  general  character, 
and  I  would  almost  insist  that  it  is  an  important  part  of  a 
young  engineer's  training.  Some  of  you  may  feel  that  I  have 
pictured  engineering  to  you  as  a  very  serious  course  of  life 
to  adopt.  I  have  always  felt  that  it  was  so,  and  realized  that 
no  success  was  possible  in  engineering  without  regarding 
the  training  for  it,  and  the  close  application  to  it  in  life,  in  a 
very  serious  manner.  In  order,  however,  to  succeed  on  this 
serious  path  I  would  attach  great  importance  to  maintaining 
that  love  of  active  exercise  and  games  which  we  all  acquired 
at  school.  No  one  will  succeed  in  life  who  does  not  view 
from  a  proper  standpoint  the  relations  of  work  and  play,  and 
playing  in  moderation  and  at  the  right  time  is  quite  as  essen- 
tial to  success  in  work  as  anything  else. 

Happily,  in  the  various  works  more  attention  is.  being 
given  to  providing  facilities  for  cricket,  football,  swimming, 
and  welfare  consideration  generally,  and  at  the  universities, 
students'  associations,  clubs,  etc.,  exist  for  the  same  pur- 
pose. I  would  say  to  all  of  you,  take  every  opportunity  of 
judiciously  mixing  up  work  and  play.  I  should  like  to  give 
the  same  advice  to  men  of  my  own  age  also,  for  although  we 
cannot  take  part  in  the  games  as  we  used  to,  it  is  absolutel.\ 
essential  to  cling  to  both  a  physical  and  an  intellectual  hobby 
as  years  creep  on  us  if  we  are  to  carry  our  load  of  respen- 
sibility  with  the  health  and  light-heartedness  which  are,  in 
my  opinion,  essential  to  success.  _ 

Opportunities  of  the  Future. — I  would  ask  you.  then,  to 
think  over  carefully  these  questions.  Is  not  engineering, 
considering  its  wide  application  for  the  comfort  and  develop- 
ment of  the  world,  a  noble  profession  to  embark  upon,  and 
ought  we  not  to  be  proud  to  fill  our  own  little  corner  in  the 
world  by  being  allowed  to  turn  our  minds  to  a  subject  of  such 
varied  interest?  Cannot  we  all  do  our  little  bit  in  adding 
to  the  great  development  which  engineering  has  brought 
about  in  the  world?  I  think  we  all  ought  to  be  proud  to  be 
allowed  to  take  our  share  in  this  great  work.  Is  it  not  our 
bounden  duty  and  also  our  pleasure  to  devote  six  vigorous 
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years  of  our  early  life  for  the  most  efficient  equipment  we 
can  find  to  enable  us  to  deal  with  the  great  problems  sur- 
rounding the  lite  of  an  engineer.  Our  opportunities  today  are 
undoubtedly  greater  than  in  earlier  years.  For  one  thing  the 
literature  and  text-books  of  the  present  day  on  engineering 
are  so  numerous  that  almost  every  branch  has  its  own  effi- 
cient literature;  and  then  again  we  ai'e  able  to  travel  and  by 
observation  to  see  the  magnificent  work  already  carried  out 
by  members  of  our  own  profession,  and  surely  this  will  have 
a  most  stimulating  effect  on  us. 

I  would  like  to  point  out  to  the  students  of  this  associa- 
tion the  wide  opportunities  for  useful  work  that  are  before 
them.  We  deplore  the  loss  caused  by  the  many  promising 
young  engineers  who  have  given  their  lives  for  the  country, 
and  in  addition  to  these  losses  the  profession  has  been  de- 
pleted by  so  many  students  taking  active  service  in  the  war 
and  deciding  not  to  resume,  either  on  account  of  age  or  other 
cii'cumstances.  engineering  as  their  profession.  The  result 
of  these  facts  is  that  there  must  be  for  some  years  a  dearth 
of  young  men  of  good  training  ready  to  take  up  positions  of 
increasing  responsibility,  and  you  are  therefore  embarking 
on  your  career  with  far  less  competition  than  is  usual.  In 
addition  to  this,  the  war  has  delayed  new  schemes  being  put 
into  operation  all  over  the  world,  and  as  soon  as  financial 
matters  become  more  normal  there  will  be  great  develop- 
ments in  all  directions.  1  therefore  feel  that  those  of  you 
who  are  now  equipping  yourselves  for  your  profession  have 
splendid  opportunities  before  you. 


British    Experiences    With    Rein- 
forced Concrete  Roads 

By  W.  MATTHEWS  JONES. 
City  Surveyor  and  Engineer,  Chester. 

From    Engineering.   Liondon,   Nov.   28,   191S;   abstract  of   paper  read 

Nov.    21    before   the   County   Councils'    Association,    at    the 

Roads  and   Transport  Congress. 

I  find  it  somewhat  difficult  to  put  into  words  all  that  I 
should  like  to  say  with  regard  to  this  class  of  road  construc- 
tion, inasmuch  as  opportunity  of  actual  experience  has  been 
limited,  and  the  knowledge  which  other  surveyors  and  my- 
self have  obtained  has  chiefly  been  acquired  by  reading  pa- 
pers which  have  either  appeared  from  time  to  time  in  the  en- 
gineering press,  or  have  been  read  on  the  subject  in  America, 
iio.. evti,  I  hope  that  my  paper  will  at  least  initiate  a  discus- 
sion which  will  throw  ne,  ..  ;.  ,.  „..o  matter  and  that 
some  good  purpose  will  thereby  be  attained. 

Some  9  or  10  years  ago  a  road  widening  in  Chester  had  to 
be  done,  and  it  occurred  to  me  that  this  would  be  an  oppor- 
tune time  to  try  a  concrete  road  surface.  Accordingly,  with 
the  permission  of  my  Highways  Committee  I  laid  an  area  of 
about  400  sq.  yd.  of  concrete.  This  was  not  reinforced,  and 
was  opened  out  a  fortnight  after  completion.  The  surface 
has  stood  e.xceptionally  well  as  a  surface,  but  owing,  in  my 
opinion,  to  it  having  been  opened  for  traflSc  too  soon  and  to 
the  lack  of  reinforcement,  it  became  wavy  and  bumpy,  al- 
though il  did  not  actually  break  up.  The  whole  area  was  laid 
8  in.  in  thickness,  and  was  on  a  clay  subsoil.  Two  months 
after  being  opened  for  traffic  I  was  afraid  (owing  to  the 
waviness)  of  its  breaking  up.  I  therefore  covered  the  sui-- 
face  with  tarred  chippings.  This,  in  my  opinion,  obviated  the 
breaking  up,  although  the  tarred  chippings  also  become  wavy, 
but  not  quite  to  the  same  extent  as  the  concrete  underneath. 
However,  I  think  that  in  the  circumstances  this  first  experi- 
ment stood  well,  and  today  the  surface  is  not  in  a  bad  condi- 
tion. 

The  second  experiment  I  carried  out  was  on  a  main  road 
leading  into  the  town  and  taking  about  700  tons  of  traffic  a 
day.  Perhaps  this  experiment  will  not  be  considered  a  fair 
test,  but  It  must  be  understood  I  am  only  giving  my  experi- 
ences. The  lengths  laid  in  this  case  were  reinforced;  they 
were  5  ft.  wide  each  and  about  50  yd.  in  length;  each  strip 
was  placed  between  the  tramway  margin  setts  and  the  curb 
forming  the  footways.  My  reason  for  trying  this  system  here 
was  because  I  found  that  neither  water-bound  macadam  nor 
tar-macadam  would  stand,  and  I  was  continually  having  to 
repair  these  narrow  strips.  The  reinforced  concrete  surface 
has  stood  exceptionally  well,  and  has  been  down  for  about 
seven  years.  I  tar-spray  this  concrete  once  a  year— if  I  hap- 
pen to  be  in  this  district  with  the  tar-spraying  machine  I  do 
it  twice.  The  tar-spray  is  afterwards  covered  before  it  is  dry 
v.-ith   %-in.  granite  chippinps. 


In  the  third  case,  my  committee  decided.  7  years  ago,  that 
one  of  the  streets  in  the  center  of  the  town  should  be  re- 
paved  with  wood  blocks  as  the  old  ones  were  worn  out.  The 
wood  blocks  were  taken  up  and  the  concrete  foundation  ex- 
posed. This  concrete  seemed  to  be  in  perfect  condition,  and 
I  therefore  discussed  with  my  assistant  the  question  of  con- 
crete carriageways.  His  reply  was  that  the  concrete  would 
crack  and  break  up  under  any  weight  of  traffic.  However,  I 
determined  to  make  an  experiment  and  sent  the  12-ton  steam 
roller  down  the  next  day,  marked  out  two  lines  along  the  cen- 
ter of  the  concrete  and  allowed  the  roller  to  traverse  up  and 
down  200  times;  this  meant  that  2,400  tons  passed  over  that 
particular  area  of  concrete  without  the  slightest  sign  of  a 
fractuie  being  observed.  Again  my  assistant  was  not  satis- 
fied, and  suggested  that  the  trial  of  a  vehicle  with  broad  rims 
like  a  steam  roller  was  no  proof  of  the  effect  of  a  vehicle  with 
narrow  steel  rims.  I  agreed,  and  as  a  further  experiment  the 
next  day  sent  my  l,OuO-gal.  tar-spraying  machine  (loaded) 
down  to  the  work.  This  machine,  when  loaded,  weighs  ap- 
pro.ximately  10  tons,  and  has  to  be  drawn  by  the  steam  roller. 
It  was  sent  up  and  down  the  same  track  as  that  used  by  the 
roller  on  the  previous  day,  and  again  I  found  there  was  no 
sign  of  cracking  or  breaking  up.  The  steel  tires  of  the  tar 
machine  are  4%  in.  wide.  This  experiment  convinced  me  of 
the  suitability  of  concrete  as  a  carriageway  surface. 

About  this  time  the  corporation  had  served  notice  on  the 
frontagers  under  the  Private  Street  Works  Act,  that  a  cer- 
tain road  in  the  district,  know-n  as  Robert's  Lane,  should  be 
repaired  and  put  in  order,  the  estimated  cost  of  the  work 
being  £1.500.  The  owners  and  frontagers  objected,  however, 
to  the  work  being  done  at  this  cost.  I  then  determined  to 
make  a  bold  bid  for  reinforced  concrete  road  carriageways, 
and  submitted  fresh  estimates  to  my  committee  showing  that 
I  thought  the  work  could  be  done  for  £960.  This  scheme 
was  placed  before  the  owners  and  frontagers  and  agreed  to. 
The  work  was  carried  out  for  the  estimated  figure,  and,  al- 
though taking  only  about  100  tons  to  120  tons  of  traffic  per 
day,  this  road  has  given  the  most  complete  satisfaction,  and 
is  as  good  today  as  when  It  was  laid.  This  carriageway  ac- 
tually cost  5s.  Id.  ($1.22)  per  square  yard  per  superficial 
yard,  and  the  maintenance  has.  during  the  past  6%  years, 
cost  the  corporation  on  an  average.  l%d.  (3  ct.)  per  super- 
ficial yard  per  annum,  this  being  for  tar-spraying  the  surface 
and  covering  with  chippings.  After  this  I  tried  one  or  two 
small  areas  in  side  streets,  with  the  same  result. 

White  Friars  was  the  next  carriageway  treated,  and  here 
again  the  work  v/as  successful,  but  it  was  for  light  traffic 
only.  The  cost  of  this  work  came  to  6s.  3d.  per  superficial 
yard. 

My  Highways  Committee  have  been  so  satisfied  with  these 
works  that  they  are  now  allowing  me  to  lay  a  reinforced  con- 
crete carriageway  right  through  the  main  thoroughfare  of 
the  city.  This  street  takes  all  the  through  traffic  from  Man- 
chester, Warrington  and  Liverpool  to  North  Wales,  and  I 
have  roughly  estimated  that  there  is  not  less  than  1,500  tons 
of  traffic  passing  over  this  roadway  each  day.  Along  the  cen- 
ter of  these  streets,  is  a  double  line  of  tramway  track,  and 
this  is  being  concreted  in  it  the  same  time.  A  portion  of  the 
work  has  been  cornpleted  and  opened  for  traffic,  and  up  to 
now  the  results  have  been  all  that  I  anticipated.  Of  course, 
SVz  months'  wear  is  really  little  to  go  by,  but  I  have  the 
greatest  faith  in  this  work  being  a  complete  success.  Very 
careful  observations  are  being  made  of  the  work,  and  in  the 
event  of  its  proving  a  failure  I  shall  be  able,  from  the  sta- 
tistics obtained,  to  find  the  cause  and  so  remedy  it  in  the 
future.  I  might  add  that  we  received  the  sanction  of  the 
Local  Government  Board  .to  do  this  work,  and  I  am  happy  to 
say  that  the  Road  Board  have  shown  their  interest  in  the  ex- 
periment by  granting  my  council  the  full  estimated  amount 
for  carrying  it  out,  viz.,  £5,000.  I  estimated  for  this  work 
last  January,  at  a  cost  of  lis.  3d.  per  superficial  yard,  but  up 
to  now  the  cost  has  been  12s.  9d.  per  superficial  yard;  this  is 
owing  to  the  price  of  cement  going  up  8s.  per  ton,  granite  Is. 
per  ton,  a  slight  increase  in  the  cost  of  labor,  and  also  to  a 
strike  of  the  men  engaged  on  the  work. 

If  this  scheme  proves  a  success  I  shall  ask  my  committee 
to  allow  immediately  8  miles  of  my  roads,  which  at  the  pres- 
ent time  require  reconstructing,  to  be  done  in  a  similar  man- 
ner. It  may  be  interesting  here  to  say  that  if  the  S  miles  of 
roads  are  reconstructed  with  reinforced  concrete  I  estimate 
the  cost  will  be  13s.  per  superficial  yard,  making  a  total  of 
£82,368.     If  the  work  were  done  with  granite  sett  paving  on 
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concrete  foundation  1  could  not  in  Chester  estimate  a  lower 
cost  than  25s.  per  superficial  yard,  or  a  total  of  £158,400,  or, 
again,  if  it  were  done  with  tar-macadam,  including  a  founda- 
tion, 17s.  per  superficial  yard,  or  a  total  cost  of  £107,712. 

From  these  figures  it  will  be  seen  that  a  reinforced  con- 
crete carriageway  shows  such  a  saving  that  if  we  can  only 
construct  these  roads  on  right  lines  no  other  method  will,  in 
my  opinion,  stand  a  chance. 

The  concrete  is  mixed  in  the  proportion  of  5  to  1.  The 
granite  used  is  of  the  following  sizes.  1%  in.,  1  in.,  %  in. 
and  Vz  in.  These  are  mixed  in  equal  proportions,  as  I  have 
come  very  firmly  to  the  conclusion  that  it  does  not  do  to  lay 
the  larger  material  in  the  bottom  and  bring  the  finer  material 
to  the  top.  The  secret  in  reinforced  concrete  road  construc- 
tion is,  to  my  mind,  to  have  all  the  interstices  filled;  one 
must  have  no  voids,  and  I  believe  that  by  the  mixing  of  the 
different  sizes  we  get  a  perfect  mass  of  conglomeration  of 
the  matrix,  which  is  as  necessary  in  a  road  as  it  is  in  a  con- 
crete floor  or  beam.  The  proportions  of  the  concrete  are  3% 
of  granite,  11 1^  of  clean  sharp  sand  to  1  of  cement.  The 
sand  must  be  perfectly  clean  and  free  from  clay  or  soil.  The 
cement  must  be  of  the  best  quality  to  be  obtained  and 
medium  setting,  and  in  this  respect  I  have  been  helped  by 
the  manufacturers  supplying  it;  they  have  given  me  every 
assistance  to  get  the  right  material.  The  reinforcement  used 
is  that  of  a  well  known  engineering  firm.  When  the  concrete 
surface  has  been  completed — that  is,  after  it  has  been  tram- 
meled to  the  contour  and  allowed  to  set,  I  tar-spray  the  sur- 
face and  cover  off  with  %-in.  granite  chippings. 

This  concludes  my  account  of  the  work  I  have  had  in  hand 
in  Chester,  and  I  now  propose  to  touch  briefiy  on  works  car- 
ried out  by  other  surveyors  so  far  as  my  knowledge  extends. 

Gravesend  Reinforced  Concrete  Road. — It  will  be  remem- 
bered that  between  December,  1914,  and  March,  1915,  Mr. 
H.  T.  Chapman  laid  an  experimental  length  of  reinforced  con- 
crete road  near  Gravesend,  the  subsoil  of  the  district  being 
chalk.  The  concrete  was  mixed  in  the  proportions  of  6  to  1. 
and  the  road  takes  at  least  1,000  tons  of  traffic  per  day.  For 
national  reasons  it  was  impossible  to  close  the  roadway  to 
traffic,  so  it  was  decided  to  do  half  the  width  of  carriageway 
at  a  time  and  allow  the  traffic  to  use  the  other  half  whilst  the 
work  was  in  progress. 

The  work  was  carried  out  under  abnormally  bad  weather 
conditions.  I  am  told  that  frost  prevailed  on  many  days;- 
when  there  was  no  frost,  more  or  less  rain  was  coming  down, 
and  everyone  who  had  made  a  study  of  this  class  of  road 
construction  therefore  came  to  the  conclusion  that  it  would 
be  a  wonder  if  this  road  stood  at  all.  Events  proved  that  it 
did  not  stand,  and  that  when  the  traffic  ran  over  it  the  sur- 
face soon  showed  signs  of  w-ear  and  tear,  and  many  holes 
appeared.  The  bad  places  were  hacked  out  and  tar-macadam 
laid  on.  In  spite  of  this  questionable  failure,  Mr.  Chapman, 
however,  decided  to  commence  work  on  the  other  half  Of 
the  carriageway,  and  on  this  occasion  he  was  favored  with 
better  weather  conditions.  He  also  adopted  a  different 
method  of  construction,  for  instead  of  putting  the  full  6  in. 
in  depth  of  concrete  with  a  6  to  1  mixture,  he  laid  the  bottom 
4%  in.  with  6  to  1  and  the  top  1%  in.  with  a  richer  and  finer 
mixture,  viz.,  3  of  grit  and  sand  to  1  of  cement.  This  second 
portion,  which  has  now  been  opened  for  traffic  since,  I  be- 
lieve, 1915,  is  as  good  as  it  was  the  day  it  was  laid.  This 
latter  method  of  laying  two-coat  work  is  naturally  more  ex-, 
pensive  and  tedious  than  the  mixing  and  laying  of  the  con- 
crete in  one  body.  I  am  quite  convinced,  how-ever,  and  I 
think  Mr.  Chapman  will  agree  with  me,  that  if  the  work  of 
the  first  half  of  the  roadway  had  been  commenced,  say,  in 
March,  1915,  instead  of  ending  then,  the  whole  roadwork 
would  have  been  a  great  success.  However,  as  1  have  said, 
Mr.  Chapman  has  given  us  all  an  experience  and  taught  us 
that  concrete  roadw-ays  should  not  be  laid  in  winter. 

Other  English  Concrete  Roads.— Ml-.  S.  A.  Hill-Willis,  sur- 
veyor to  the  Tilbury,  Urban  District  Council,  in  1916  laid  a 
trial  length  of  reinforced  concrete  road  on  a  soil  of  alluvial 
drift  40  ft.  deep  before  reaching  firm  ground.  It  has  over  it 
daily  moi-e  than  250  vehicles,  in  addition  to  motor  vehicles 
and  tractors,  the  pre-war  census  of  ^  these  being  89  daily. 
This  trial  section  was  laid  on  the  main  road  leading  to  the 
Tilbury  Docks,  and  all  traffic  in  and  out  of  them  has  to  pass 
over  it.  A  few  months  ago  I  had  an  opportunity  of  inspecting 
this  road,  and  the  surface  appeared  to  be  in  perfect  condi- 
tion. On  Inquiry,  I  found  that  the  actual  maintenance  cost 
since  construction   had   been   nil.     I  should  also  like  to  add 
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that  when  walking  from  Tilbury  Station  towards  this  work, 
the  reinforced  concrete  portion  is  noticeable  at  a  distance  of 
at  least  200  yards.  It  seems  to  stand  out  conspicuously  as  a 
level  stretch  of  road  surface  and,  when  compared  with  the 
ordinary  macadam  surface  at  each  end  shows,  to  my  mind, 
the  great  advantage  of  concrete. 

At  the  beginning  of  the  war,  the  government  built  a  large 
military  camp  at  Chiseldon  and  constructed  over  2  miles  of 
reinforced  concrete  road  foundation,  on  which  it  was  in- 
tended to  impose  some  type  of  wearing  surface.  The  mili- 
tary authorities,  however,  eventually  decided  to  run  the 
traffic  directly  on  the  concrete.  Nothing  has  been  spent  on 
the  road,  it  has  borne  very  heavy  traffic,  and  itis  in  good 
condition  today,  while  other  roads  in  the  camp  have  had  to 
be  practically  remade  on  several  occasions.  I  saw  these 
roads,  while  under  construction,  on  two  occasions,  and  was 
fully  convinced  that  they  would  give  satisfaction. 

In  Dunfermline,  Mr.  P.  C.  Smith,  the  late  surveyor,  recon- 
structed a  street  with  reinforced  concrete  surface,  replacing 
setts  on  a  clay  foundation.  The  width  of  this  thoroughfare 
was  15  ft.  6  in.,  and  the  length  about  one-third  of  a  mile.  The 
only  expense  in  maintenance  since  reconstruction  has  been 
about  £1  per  annum  for  tar-spraying.  The  heavy  traffic 
over  this  thoroughfare  consists  of  the  naval  base  traffic  to 
Rosyth,  as  well  as  the  ordinary  town  traffic,  together  with  a 
motor-bus  service,  and  on  making  recent  inquiries  I  was  in- 
formed that  the  surface  is  in  really  good  condition. 

Cutting  Through  Reinforced  Concrete  Paving  to  Secure 
Access  to  Underground  Utilities. — With  reference  to  the  state- 
ments often  made  by  water  and  gas  companies,  as  well  as  by 
contractors  and  others,  that  a  reinforced  concrete  road  pre- 
vents easy  access  to  mains  and  sewers,  and  that  it  causes 
extra  labor  to  excavate,  it  is  interesting  to  note  the  following 
case  quoted   by   Mr.  Bendall: 

"In  1914  a  certain  gas  company  brought  an  action  against 
a  certain  local  authority  who  had  laid  down  a  reinforced  con- 
crete road  foundation,  claiming  that  by  so  doing  it  put  them 
to  extra  expense  getting  to  their  mains.  The  judge  who  tried 
the  case  ordered  a  test  to  be  made  between  plain  and  rein- 
forced concrete. 

"On  Nov.  3,  1914,  acting  on  the  judge's  instructions,  Messrs 
John  Mowlem  &.  Co..  Ltd.,  a  large  firm  of  London  contractors, 
laid  two  sections,  both  being  an  area  of  12  ft.  superficial. 
One  was  of  plain  concrete,  12  in.  thick,  the  ether  was  rein- 
forced concrete  6  in.  thick. 

"The  reinforcement  was  placed  about  2  in.  from  the  bottom 
and  consisted  of  B.  R.  C.  fabric,  having  wires  of  10  and  5 
gauge.  The  concrete  was  a  mixture  of  6  to  1,  and  when 
both  sections  had  been  completed  to  nearly  the  thickness 
previously  mentioned,  a  %  in.  floating  was  made  with  cement 
mortar.  This  experiment  was  to  determine  the  relative  time 
to  break  holes  of  the  same  dimensions  through  each  type  of 
concrete.  On  May  11,  1915,  five  men  started  at  3:10  p.  m.  on 
each  section  to  excavate  holes,  the  dimensions  being  3  ft.  2 
in.  by  2  ft.  2  in.  Fifty  minutes  later  the  hole  was  completed 
through  the  reinforced  concrete  portion,  while  other  five  men 
had  not  finished  their  work  through  the  2-in.  section  unrein- 
forced.  The  concrete  was  made  with  an  excellent  tjuality  of 
Thames  ballast.  The  reinforcement  in  the  reinforced  sec- 
tion was  cut  with  a  cold  chisel  and  did  not  give  any-  appre- 
ciable trouble  in  breaking  it  up." 

With  a  view  to  showing  the  comparative  strengths  of  rein 
forced  and  unreinforced  foundations.  I  have  been  supplied  bx 
the  British  Reinforced  Concrete  Engineering  Co.  with  the  fol 
lowing  figures  for  the  "resistance  movement"  per  toot  width 
Concrete,  6  in.  thick,  reinforced  with  No.  9  B.  R.  C.  fabric. 
i;!,000  in.-lb.;  the  same  reinforced  only  4,000  in.-lb.  Concrete. 
9  in.  thick  reinforced  with  No.  9  B.  R.  C.  fabric,  23,000  in.-lb. : 
the  same  unreinforced  only  10,000  in.-lb.  Six  inches  of  rein 
forced  concrete  is  therefore  equal  to  between  9  in.  and  12  in. 
of  concrete  unreinforced. 

Methods  of  Constructing  Reinforced  Concrete  Roadways.- 
Having  said  so  much.  I  propose  drawing  my  remarks  to  a 
close  with  a  few  observations  as  to  the  methods  which 
should,  in  my  opinion,  be  adopted  by  surveyors  who  are  about 
to  construct  reinforced  concrete  roadways. 

1.  Whenever  it  is  intended  to  lay  a  reinforced  concreti 
carriageway,  the  engineer  or  surveyor  to  the  council  should 
give  six  months'  public  notice  in  the  press  of  his  intention,  so 
as  to  give  property  owners  on  each  side  of  such  street  an  op- 
portunity of  having  their  gas.  water,  electricity  or  drainage 
services  examined  and.  if  found  faulty,  put  right. 
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Further,  I  strongly  advise  that  whenever  such  services  are 
examined,  no  charge  should  be  made  to  such  property  own- 
ers for  street  repairs  or  maintenance  from  the  time  they  have 
opened  such  roadway  till  such  time  as  the  surveyor  com- 
mences his  work.  The  upkeep  and  maintenance  should  be 
borne  by  the  council,  as  I  believe  this  does  encourage  exami- 
nation and  putting  in  order  of  the  various  services.  Notice 
in  writing  should  also  be  served  on  the  water,  gas  and  elec- 
trical engineers  of  the  town. 

2.  If  a  new  street  is  to  be  formed  it  should  be  arranged 
wherever  possible  that  gas,  water  and  electric  mains  should 
go  down  the  footpaths,  and  wherever  a  pipe,  line  or  electric 
main  crosses  the  carriageway,  they  should  be  laid  through 
stoneware  pipes  of  sufficient  diameter  to  allow  (in  case  of 
bursts  or  escapes)  of  such  pipe  or  cable  being  drawn  from 
one  footways  to  the  other  and  so  save  breaking  up  the  car- 
riageways. 

3.  Drainage  of  the  road  bed  is  vital  and  should  not  be 
neglected  and  thought  of  no  consequence. 

4.  The  subsoil  should  be  of  uniform  density  and  should  be 
thoroughly  consolidated. 

5.  The  aggregate  used  must  be  clean,  hard  and  tough,  and 
free  from  foreign  matter. 

6.  The  fine  aggregate  (sand)  should  be  coarse  and  well 
graded. 

7.  A  rich  mixture  must  be  used. 

8.  Materials  must  be  accurately  proportioned,  gauge  boxes 
to  suit  the  proportions  should  be  accurately  made,  or  if  the 
mixings  are  done  by  weight  then  correct  methods  of  weighing 
should  be  observed.  Too  much  caution  cannot  be  observed 
in  carrying  out  this  instruction. 

9.  Mixing  must  be  thorough.  If  by  hand,  not  less  than 
twice  dry  and  three  times  wet.  If  small  areas  are  to  be  done 
it  would  not  pay  to  mix  by  mechanical  means. 

10.  Sloppy  concrete  must  not  be  used.  This  is  entirely  a 
matter  for  the  resident  engineer  or  supervisor  on  the  work 
to  determine,  as  much  depends  on  weather  conditions  pre- 
vailing at  the  time  of  laying.  (I  might  add  that  whenever  I 
start  work  of  this  kind  I  always  spend  the  whole  of  the  first 
two  days  on  the  spot  to  see  that  my  requirements  are  prop- 
erly carried  out  and  that  whoever  is  in  charge  on  my  behalf 
will  be  fully  conversant  with  them.) 

11.  Reinforcement  is  necessary,  and  not  only  strengthens 
the  concrete  but  prevents  to  a  very  large  degree  cracking  of 
the  concrete. 

12.  Supervision  must  be  intelligent  and  thorough.  1 
would  also  add  constant,  for  I  can  assure  anyone  undertaking 
concrete  work  of  this  character  that  it  certainly  pays  to  have 
a  conscientious  assistant  from  the  office  or  a  reliable  person 
in  charge  who  will  see  that  every  mixing  is  properly  gauged, 
turned  over  and  laid.  My  practice  is  that  not  a  mixing  shall 
be  done  unless  someone  in  authority  and  on  my  behalf  is 
present. 

13.  Concrete  must  be  prevented  from  drying  rapidly.  If 
this  is  not  done  it  will  be  found  that  the  upper  surface,  owing 
to  either  sun  or  wind,  will  dry  more  quickly  than  the  lower 
portion.  It  is  therefore  advisable  after  the  first  24  hours 
to  water  the  surface  of  the  concrete  by  means  of  a  fine  rose 
from  a  watering  can  as  often  as  it  may  be  thought  necessary, 
the  watchman  on  the  work  doing  that  at  night.  I  do  not 
agree  with  covering  the  concrete  over  with  wet  sand  and 
keeping  the  same  damp. 

Up  to  now  I  have  found  that,  speaking  generally,  using  a 
medium  setting  cement,  it  usually  requires  four  weeks  for  the 
concrete  to  set  before  it  is  ready  for  traffic  to  go  over  the 
surface. 

If  the  foregoing  conditions  are  observed  in  the  laying  of 
reinforced  concrete  roadways  I  am  of  the  firm  opinion  that 
we  shall  have  tew  failures  in  this  country  in  carrying  out  our 
work.  Careful  observations  should  be  made  as  to  weather 
conditions  whilst  the  concrete  is  being  laid,  and  a  note  taken 
of  any  other  incidents  that  may  appear  to  be  trivial  at  the 
time  but  which  may  give  us  information  as  to  the  cause  of 
any  failure. 

I  should  like  to  add  that  in  my  opinion  a  reinforced  con- 
crete roadway  properly  made  is  today  the  most  efficient  and 
economical — it  is  waterproof,  it  is  the  most  sanitary  road  that 
can  be  constructed,  it  is  practically  dustless  in  summer  and 
mudless  in  winter,  it  reduces  scavenging  costs  to  a  minimum 
and  is  practically  non-slippery. 


Plane  Tables  and  Field  Sheets 

By  BT.  LT.  COL.  H.  ST.  J.  L.  WINTERBOTHAM. 
From    the   Ro.vai    Engineers'    Journal,    November.    1919. 

The  distortion  of  the  "field  section"  or  "field  sheet"  due  to 
changes  of  humidity  and  temperature,  has  been  a  thorn  in 
the  side  of  the  topographer  for  many  years,  neither  does 
there  appear  to  be  any  means  of  eliminating  it  as  long  as 
the  field  sheet  is  of  paper,  or  Bristol  board,  mounted  upon  a 
wooden  board. 

Bristol  boards,  although  they  generally  show  no  distor- 
tion, if  they  are  free  to  move,  yet  do  expand.  For  repro- 
duction this  would  not  be  serious,  but  for  the  comparison 
of  mutual  edges  it  remains  a  drawback.  Moreover  a  Bristol 
board  increases  the  weight.  In  view  of  these  two  objections, 
experiments  were  made  in  1913  with  linen  backed  paper 
mounted  on  aluminium  or  zinc.  The  coefficients  of  expan- 
sion of  both  these  metals  are  so  small  as  to  be  negligible  for 
any  ordinary  range  of  temperature. 

The  points  which  were  aimed  at  in  the  production  of  a 
mounted  field  sheet  were: 

1.  Elimination   of   distortion. 

2.  Permanency — so  that  the  finished  field  sheet  should 
constitute  a  reliable  record  of  the  work  done. 

3.  Adaptability  to  any  of  the  special  plane  tables  de- 
signed for  it. 

4.  Lightness. 

The  two  metals  have  about  equal  claims  under  1,  2  and  3, 
but  aluminium  is  much  the  lighter  and  its  slightly  larger  cost 


Board    Viewed    From    Below;    Field    Sheet    Laid    Ready    for    Fixing. 

AA — Strips  of  aluminium  mounted  in  the  edge  of  the  overlaps 
of   Imen    and    with    holes   at    intervals   to    fit. 

BB — Fixed   hooks (fixed   in    the   depth   of   the   scantling 

CC— Spring    hoolts )  of   the  skeleton  top. 

id  negligible  in  comparison  to  the  value  of  the  finished  field 
sheet.  Aluminium  was  therefore  chosen.  It  was  at  first 
thought  that  the  actual  field  work  could  be  done  upon  a 
grained  aluminium  plate,  and  the  experiment  was  tried.  Al- 
though not  altogether  unsuccessful  the  experiment  proved 
that  an  aluminium  surface  is  undesirable  for  the  following 
reasons: 

1.  It  is  too  easily  destroyed  by  dirt  and  by  friction,  and 
will  not  stand  much  erasure. 

2.  It  becomes  unpleasantly  hot  in  warm  weather. 

3.  It  is  not  easily  secured  to  the  table. 

Paper  can  be  secured  firmly  to  grained  aluminium  and  the 
combination  remains  sensibly  constant  for  normal  ranges  of 
temperature.  The  next  experimental  field  sheet  was  there- 
fore made  of  paper  pasted  or  glued  to  aluminium,  but  it  was 
found  that  the  edges  curled  up  enough  to  interfere  with  the 
sight  rule. 

It  became  necessary,  therefore,  to  strain  the  field  sheet 
down  upon  the  table  by  springs,  or  lashings,  and  this  was 
simplified  by  fixing  linen  on  the  aluminium  with  overlaps 
projecting  beyond  all  four  edges.  The  paper  was  then 
mounted  on  the  top  of  the  linen.  Field  sheets  so  constructed 
have  proved  satisfactory. 

The  weight  of  this  field  sheet  is  about  1  lb.  more  than 
that  of  linen-backed  paper  of  sufficient  size  to  mount  the 
board.  In  some  surveys  this  extra  1  lb.  would  be  a  handicap, 
and  it  seemed  possible  to  save  it  in  the  weight  of  the  board. 
Aluminium  (of  30  gage)  supported  at  small  intervals  on 
wooden  battens,  is  sufficiently  stiff  to  bear  the  weights  of 
the  alidade  and  Indian  clinometer,  and  the  pressure  of  hand 
and  pencil.    A  skeleton  board  was  therefore  made,  and  proved 
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to  answer  very  well.  It  is  described  on  page  116  of  the  "Text 
Book  of  Topographical  Surveying." 

The  first  design  was  somewhat  too  elaborate,  however,  and 
during  the  first  trainings  of  1914  experiments  were  made  to 
find  a  simpler  pattern.  That  which  proved  most  satisfactory 
is  illustrated. 

The  weight  of  this  board  mounted  with  an  aluminium  field 
sheet  is  compared  with  those  of  a  board  mounted  with  linen- 
backed  paper,  and  a  Bristol  board,  respectively,  in  the  fol- 
lowing table: 

Description,  size  24  in.  by  18  in.  Total  weight. 

New   board   and   aluminium   tield   sheet 4  lb.     7^,4  oz. 

Plane  table,  R.  B. — board  with  linen-backed  paper. . .  4  lb.  12%  oz. 
Plane  table.  K.  B. — board  with  bristol  hoard 5  lb.       %  oz. 

The  pattern  of  board  described  above  can  be  fitted  to  the 
legs  now  in  use  for  the  "plane  table,  R.  E."  There  are,  how- 
ever, no  arrangements  for  a  slow  motion  in  azimuth  on  these 
legs.  Indeed  the  feeling  of  many  topographers  is  averse  to 
the  introduction  of  anything  in  the  nature  of  a  "gadget."  In 
those  countries  where  most  of  our  plant  table  worl?  is  done 
breakdowns  may  be  fatal.  Experiment  has  proved,  how-ever, 
that  a  simple  but  ingenious  arrangement  can  be  fitted  to  the 
existing  pattern  of  legs  which  provides  a  slow  motion,  thrown 
in  or  out  of  action  by  a  cam.  and  detachable  at  will.  It  was 
tried  in  1914  and  unanimously  approved  of. 

Another  small  modification  which  proved  valuable  was  the 
introduction  of  one  collapsible  leg  for  each  table.  They  are 
quite  stiff  when  clamped,  add  little  to  the  weight,  and  en- 
able the  table  to  be  leveled  on  steep  ground  without  undue 
splay  of  the  legs.  As  each  leg  is  detachable  and  is  generally 
packed  separate  from  the  "top"  the  inclusion  of  a  small  num- 
ber of  legs  of  this  pattern  in  the  survey  outfit  will  not  neces- 
sitate their  use  if  found  undesirable,  but  will  provide  for  a 
probable  want. 

It  occasionally  happens  that  topographical  work  is  based 
upon  a  graphic  triangulation,  or  that  the  two  are  done  con- 
currently. The  importance  for  graphic  triangulation  of  a 
field  sheet  which  will  maintain  its  size,  not  only  relatively, 
but  also  absolutely,  is  self-evident.  For  work  of  this  nature 
a  special  plane  table  has  been  tried  with  a  board  of  24  in. 
square.  The  field  sheet  and  board  are  designed  on  the  same 
principle  as  described  above,  but  made  stronger  to  support 
the  additional  weight  of  the  telescopic  alidade.  The  board  is 
leveled  by  a  ball  and  socket  joint  made  of  aeromin. 


New  Rock  Tunnelling  Machine 

From   the   Surveyor,   London.    Nov.    T.    1019. 

Mr.  Robert  H.  Bicknell,  M.  Inst.  C.  E.,  of  16  Victoria  St.. 
London,  has  recently  invented  a  machine  which  he  claims 
will  bore  circular  tunnels  through  the  hardest  rock,  by 
means  of  specially  constructed  hammer  tools  actuated  by 
that  wonderful  discovery  "Sonic  waves."  These  w'aves  are 
able  to  give  the  exact  force  and  rapidity  to  the  abraders 
which  is  required  and  w  hich  is  obtainable  by  no  other  means. 
The  abraders  will  be  placed  on  five  rotating  arms  driven  by 
a  Sonic  motor.  The  abrading  tools  will  strike  the  face  of 
the  rock  at  the  rate  of  3,000  blows  per  minute,  each  blow- 
having  a  weight  of  1.120  lb.  By  this  means  the  whole  face 
of  the  rock  is  abraded  by  each  arm  to  a  depth  of  %  in.;  thus 
with  the  five  arms  1%  in.  will  be  excavated  at  each  revolu- 
tion. The  speed  of  the  periphery  abraders  is  6  in.  per 
second,  so  that  in  a  tunnel  12  ft.  in  diameter  the  machine 
would  complete  a  revolution  in  about  72  seconds.  Accepting 
these  data  as  a  guide  to  the  possible  speed  of  abrasion,  it 
will  be  found  that  an  advance  of  94  in. — or  7  ft.  10  in. — should 
be  obtained  in  each  working  hour,  or  2S2  lin.  yds.  per  week. 

Mr.  Bicknell  claims  that  by  using  Sonic  wave  transmission 
he  is  able  to  obtain  95  per  cent  efficiency  with  his  abraders. 

The  Sonic  generators  are  driven  by  electric  motors. 

The  steel  abraders  can  be  changed  as  they  become  worn, 
and  it  has  been  found  that  the  wear  on  them  is  so  small  that 
the  machine  will  be  able  to  be  kept  in  useful  operation  for 
three  hours  without  changing  them. 

Owing  to  the  war  it  has  not  been  possible  to  build  a  com- 
plete machine,  but  on  several  occasions  recently  parties  of 
civil  and  mining  engineers  have  seen  one  of  the  Sonic 
abrading  tools  attacking  the  face  of  a  huge  block  of  the 
hardest  granite.  The  result  of  these  trials  has  borne  out 
Mr.  Bicknell's  claims,  and  it  is  believed  satisfied  the  engi- 
neers who  have  seen  the  tool  at  work  that  circular  tunnels 
in  hard  rock  will  in  the  future  be  able  to  be  driven  at  a 
speed  and  cost  that  by  present  known  methods  is  impossible. 


Effect  of  Calcium  Aluminium 
Sulphate  on    Concrete 

From    Beton    u    Elson 

Calcium  aluminium  sulphate  is  formed  when  a  concrete 
contains  free  lime,  alumina  and  any  soluble  sulphate,  but 
may  be  produced  by  adding  a  solution  of  aluminium  sulphate 
to  lime  water.  When  it  is  produced  by  the  action  of  a 
sulphate  on  cement  the  highly  hydrated  crystals  rapidly  fill 
the  pores  and  frequently  cause  the  concrete  to  crack.  If 
free  lime  and  alumina  are  removed  or  rendered  inert  the 
double  sulphate  cannot  be  formed  and  a  stronger  concrete  is 
produced. 

The  action  of  calcium  aluminium  sulphate  on  concrete  was 
compared  by  Michaelis  to  that  of  bacilli  on  animal  organ- 
isms and  consequently  it  received  the  name  of  cement  bacil- 
lus, but  this  is  only  a  whimsical  term,  and  so  misleading  that 
it  should  be  abandoned.  The  crystals  are  only  stable  in  the 
presence  on  water  almost  saturated  with  lime.  Pure  water 
decomposes  them,  dissolving  the  lime  and  calcium  sulphate 
produced,  and  leaving  the  alumina  as  a  white  flocculent  re.si- 
due.  The  crystals  are  still  more  rapidly  dissociated  by  solu- 
tions of  salts  or  acids,  and  by  sea  water,  and  sea  water  ap- 
pears to  prevent  the  formation  of  the  crystals  in  concrete. 

H.  Nitzsche  has  recently  suggested  that  the  probability  or 
otherwise  of  a  concrete  being  damaged  by  the  formation  of 
these  crystals  may  readily  be  tested  by  treating  a  cement  or 
powdered  concrete  with  a  sulphate  solution  or  with  water 
suspected  to  contain  ingredients  which  may  cause  the  forma- 
tion of  the  double  salt.  The  relative  harmfulness  of  the  cement, 
aggregate,  water  or  solution  is  judged  by  comparing  the  crys- 
tals produced  during  a  week  when  it  and  various  standard  solu- 
tions are  added  to  a  standard  cement.  No  crystals  of  the 
double  salt  were  produced  in  a  long  series  of  such  tests 
using  either  natural  or  artificial  sea  water,  nor  were  they 
found  in  test  mortars  which  had  been  immersed  for  a  pro- 
longed period  in  sea  water.  Consequently,  the  destructive 
action  of  sea  water  on  concrete  must  be  referred  to  other 
causes,  and  not  to  the  sulphates  present. 

The  destruction  of  concrete  by  limited  quantities  of  ground- 
moor  or  drain  water,  sewage  or  sulphate  solutions  may  be 
attributed  to  the  formation  of  the  double  salt  and  such  fluids 
should  therefore  be  kept  away  from  concrete  structures. 
Ciystals  of  calcium  aluminium  sulphate  have  also  been  found 
in  many  samples  of  concrete  and  mortar  taken  from  struc- 
tures exposed  to  the  action  of  sulphate  solutions,  these  crys- 
tals being  readily  observed  if  a  small  piece  of  the  dry  mate- 
rial is  broken  and  examined  under  a  microscope  having  a 
magnification  of  50  to  100  diameters.  The  ciystals  are  not 
formed  in  decomposed  or  weathered  material,  but  only  in 
that  which  has  not  been  unduly  exposed  to  the  weather  or 
water.  The  existence  of  a  white  aluminous  film  is  an  indica- 
tion of  the  condition  being  unfavorable  to  the  existence  of 
crystals  of  the  double  salt. 

In  cements,  concretes,  and  mortars  which  are  exposed  to 
large  quantities  of  water  the  crystals  cannot  be  formed,  as 
the  quantity  of  water  would  make  the  lime  solution  too  dilute. 
On  the  other  hand,  a  very  dilute  solution  of  a  sulphate  will, 
in  time,  destroy  a  structure  exposed  to  it,  if  sufficient  lime  is 
present  in  the  cement  or  mortar  to  prevent  the  dissociation 
of  the  crystals. 

The  best  means  of  preventing  the  destructive  action  of  the 
double  salt  are  of  two  kinds:  (1)  By  the  use  of  concrete  of 
such  a  nature  that  the  harmful  fluids  cannot  penetrate  it, 
and  (2)  by  the  use  of  resistant.^niaterials  in  the  concrete. 
The  first  method  consists  chiefly  in  closing  the  pores  of  the 
concrete  by  exposure  to  carbonic  gases,  so  as  to  effect  the 
carbonation  of  the  free  lime  in  the  material,  or  by  the  addi- 
tion of  magnesium  chloride,  which  forms  finely  divided  mag- 
nesium hydrate  which  fills  the  pores  of  the  structure.  Thi 
concrete  may  he  also  made  waterproof  by  suitable  agents,  or 
by  coating  it  with  bitumen,  asphalt,  or  tar,  though  such  coat- 
ings are  usually  too  costly.  The  second  method  consists  in 
using  cement  which  does, not  contain  the  compounds  required 
to  form  the  crystals,  such  as  the  substitution  of  cement  con- 
taining iron  oxide  in  place  of  the  alumina  in  Portland  cement, 
or  in  the  use  of  slag  cements  low  in  lime;  the  latter  is  at 
present  one  of  the  most  certain  preventives.  Alternatively, 
material  may  be  added  such  as  puzzolana,  trass,  brick  dust, 
granulated  slag,  santorin,  earth,  etc.,  which  can  combine  rapidly 
with  the  lime  set  free  by  the  action  of  water  on  the  Portland 
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cement.  Such  materials  reduce  the  porosity  of  the  cement, 
but  their  chief  action  is  in  converting  the  lime  into  a  com- 
pound which  cannot  at  all  take  part  in  the  formation  of  the 
double  crystals.  Unfortunately,  the  reaction  between  the 
lime  in  the  cement  and  the  silica  in  the  added  material  is  so 
very  slow  that  such  materials  do  not  invariably  prevent  the 
formation  of  the  crystals. 


The  Protection  of  Concrete  Build- 
ings Against  Damp 

From    La    Revue   des   Materiaux   de    Construction    et   de    Travaux 
Publics,    Paris. 

General  opinion  to  tlie  contrary,  a  concrete  which  is  imper- 
"vious  to  water  it  not  necessarily  impervious  to  damp.  The  chief 
causes  of  humidity  in  buildings  are:  (1)  Damp  foundations. 
(2)  Dampness  or  water  gaining  access  to  the  lower  part  of 
the  building  other  than  damp  in  the  foundations.  (3)  Rain 
water  beating  against  the  walls  of  the  buildings.    (4)   Faulty 


Fig.   1  —  Impermeable   Sheeting. 

or  negligent  construction  whereby  water  penetrates  the 
walls.    (5)   Sweating  of  the  walls. 

The  ground  both  inside  and  around  the  structure  should  be 
made  damp-proof  and  all  access  of  surface  water  should  be 
cut  off.  The  walls  should  be  built  in  such  a  manner  tliat 
rain  cannot  be  driven  into  tliem  so  as  to  reach  the  inside 
faces.  A  cavity  wall  is  often  superior  to  a  solid  one  in  this 
respect. 

The  entrance  of  water  through  openings  in  the  wails  or  at 
the  eaves  is  chiefly  the  result  of  defective  workmanship,  but 
may  usually  be  remedied  by  suitable  treatment. 

The  sweating  of  the  walls  on  the  inside  of  the  structure  is 
due  to  sudden  changes  in  the  internal  and  external  tempera- 
tures, whereby  warm,  moist  air  is  brought  into  contact  with 
the  cold  concrete  and  condensation  occurs.  This  may  be 
prevented  by  interposing  a  protective  material  whose  tem- 
perature is  intermediate  between   that  of  the  warm  air  and 
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Concrete. 

I^ayers  of  felt. 

Black:   lac  or  bitumen. 


Fig.  3. 

Wall  of  light  bricks. 
Impermeable   sheeting. 
Concrete  foundation  wall. 


the  cold  wall,  or  by  building  the  walls  in  such  a  manner 
that  the  temperature  of  the  air  in  Internal  surface  has  no 
relation  to  that  of  their  outer  surface.  Hollow  blocks  are 
recommended. 

To  prevent  the  unpleasant  effects  of  dampness  it  is  de- 
sirable to: 

Apply  superficial  coats,  such  as  paints,  plaster  or  sub- 
.stances  of  a  membranous  nature  to  the  damp  portion. 

To  apply  an  integral  method  in  which  water  or  damp- 
proofing  material  is  added  to  the  concrete  while  the  latter 
is  being  mixed  and  before  the  walls  are  built.  The  material 
may  be  added  in  solution  or  it  may  be  mixed  dry  with  the 
cement.  The  liquid  agents  are  supposed  to  be  uniformly 
mixed  with  the  material,  but  the  dry  and  finely  powdered 
agent  is  usually  the  more  convenient. 

The  possible  action  of  the  water-proofing  agent  on  the 
reinforcement   and   on   the   concrete    proper   should    also   be 


ascertained  at  various  temperatures  so  as  to  avoid  corrosion. 
The  following  proportions  are  suggested  where  dampness 
or  water  is  to  be  combated. 

For  4  parts  of  crushed  stones,  %  to  Vz  in.  diameter,  a 
mixture  of  1  part  of  cement  and  2  parts  of  sand  containing 
rather  more  fine  grains  than  are  needed  to  obtain  a  concrete 
of  maximum  strength. 

For  smaller  stones  {%  in.  and  less)  a  1:1:2  mixture  will 
give  better  results  than  a  1:2:4  concrete.  Recent  investi- 
gations have  shown  that  natural  gravel  stone  gives  a  more 
impervious  concrete  than  one  made  with  crushed  stone. 

For  mortars  for  recovering  facades  a  mixture  of  1  part  of 
cement  to  3  parts  of  sand  is  excellent,  while  a  1:2  mixture 
is  equally  suitable  for  foundations. 

Concrete  is  made  more  damp-proof  by  the  addition  of 
hydrated  lime  to  each  100  lb.  of  cement  used. 

The  use  of  coatings  and  plasters  protects  concrete  against 
both  dampness  and  water  in  large  quantities  and  their  decay 
is  by  no  means  rapid.  They  may  be  applied  advantageously 
to  surfaces  above  ground  level  or  to  the  interior  of  tanks 
and  other  containers.  They  usually  consist  of  solutions  of 
soap  and  alum,  coatings  of  tar  or  paraffin,  cement  slurry 
containing  a  waterproofing  agent  and  applied  in  a  series 
of  layers. 

Another  group  of  superficial  protecting 
agents  includes  elastic  materials  such  as 
tar.  asphalt,  etc.,  which  are  applied  hot, 
and  sheets  of  felt.  To  be  effective  such 
materials  must  completely  cover  the  sur- 
faces to  be  protected,  especially  at  the 
joints.  When  the  pressure  of  a  liquid  is 
to  be  resisted,  alternate  layers  of  felt 
(either  coated  with  tar  or  not)  and 
of  asphalt,  or  preparations  with  tar  base,  are  used,  the 
number  of  coats  varying  with  local  conditions,  one  to  six 
coats  being  applied.  See  Figs.  1  and  2.  A  14-in.  coat  of 
mortar  cement  1:2  may  be  applied  as  a  finish.  This  method 
of  waterproofing  is  preferably  applied  during  the  construction 
of  the  building. 

In  waterproofing  foundations,  a  bed  of  impervious  material 
should  be  laid  to  form  the  base,  on  which  is  placed  a  sheet 
of  tarred  felt  which  goes  beyond  the  wall  on  each  side. 
When  the  wall  is  complete  and  the  setting  of  the  concrete 
is  certain,  tlie  sheet  is  folded  up  against  the  wall  and  at- 
tached by  means  of  asphalt  or  tar.  The  outer  side  of  the 
wall  is  then  tarred  from  above  downwards,  and  special  care 
is  taken  to  make  good  joints.  In  Fig.  1  sufficient  space  is 
left  on  both  sides  of  the  wall  to  enable  the  workmen  to 
move  about  readily  and  to  facilitate  the  application  of  the 
sheets.  Where  there  is  less  space  the  arrangement  shown  in 
Fig.  3  may  be  used,  the  work  being  commenced  by  building 
a  wall  of  brickwork,  lining  this  on  the  inside  with  imper- 
meable sheeting  and  then  placing  the  concrete  close  to  the 
latter. 

When  there  is  no  cellar  it  is  desirable  to  place  sheet  lead, 
bitumen  or  other  composition  between  the  walls  of  the 
foundations  and  those  of  the  building  proper  to  act  as  a 
damp  course  (see  Fig.  4).  It  is  necessary  to  ventilate  the 
space  between  the  foundation  and  the  ground  floor  by  means 
of  protected  openings  in  the  foundations. 

] 
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5 — Methods    of     Making     Good     Joints     Between 
Projecting   Wall  or  Chimney  and   Roof. 


Balcony 


The  following  experiment  is  instructive:  If  one  edge  of  a 
sheet  of  blotting  paper  is  dipped  in  water  the  latter  will 
raise  up  the  paper,  and  if  the  latter  is  in  contact  it  will  soon 
be  saturated.  If  a  sheet  of  the  same  paper  is  wet  and  placed 
in  a  closed  vessel  with  another  (dry)  sheet  of  blotting  paper 
near  to  but  not  touching  it,  the  dry  sheet  will  be  quickly 
dampened  by  the  moisture  from  the  first  sheet.  If,  however,  a 
current  of  air  is  allowed  to  circulate  freely  in  the  vessel  the 
wet  sheet  will  dry  rapidly  without  the  dry  sheet  being  af- 
fected.      A  similar    phenomenon    is    observed    in    buildings. 
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Thus,  if  two  parts  of  a  solid  wall  are  connected  by  a  porous 
joint,  any  moisture  in  one  part  will  be  transmitted  to  ttie 
other  through  the  joint.  If  two  walls  are  separated  by  a 
closed  space  filled  with  stagnant  air  the  moisture  will  tend 
to  pass  from  one  to  the  other,  but  if  the  cavity  is  properly 
ventilated  the  interior  wall  will  remain  dry.  This  does  not 
mean  that  a  system  of  ventilation  is  essential,  but  that  the 
enclosed  air  must  be  sufficient  to  absorb  and  to  retain  all 
the  moisture  under  all  couditions. 

When  metal  or  other  ties  which  are  likely  to  be  damaged 
by  moisture  are  employed  they  should  be  covered  with  a 
plaster  in  order  to  preserve  them. 

Continuous  wall-cavities  are  liable,  in  case  of  fire,  to  prove 
very  dangerous,  as  they  act  as  flues  and  increase  the  distance 
traveled  by  the  flames.  For  this  reason  and  because  they  are 
primarily  used  to  prevent  damp  interiors  such  cavities 
should  be  broken  into  smaller  ones,  not  open  to  the  at- 
mosphere. 

When  concrete  paints  are  used  as  waterproofing  agents  it 
is  imperative  that  the  concrete  should  be  quite  dry.  The 
various  preparations  of  this  character  each  have  their  special 
advantages — some  preserve  the  outer  surfaces  of  the  con- 
crete or  prevent  efflorescence.  Others  preserve  the  interior 
surfaces  of  the  building.  In  either  case  all  cracks  should  be 
filled  before  the  paint  is  applied. 

A  roof  is  waterproofed  in  the  same  manner  as  any  other 
part  of  a  building.  If  it  is  of  concrete  a  good  waterproofing 
agent  such  as  tar,  felt  and  asphalt,  may  be  applied  to  either 
the  apex  or  lower  surface.  The  joints  between  the  wall  and 
certain  other  parts  of  the  building  such  as  chimney,  skylights, 
etc.,  or  between  the  latter  and  the  roof  should  be  made  with 
special  care.  Figure  5  shows  three  methods  of  making  a 
good  joint  between  a  balcony  projecting  wall  or  chimney  and 
the  roof. 

If  dampness  penetrates  through  the  space  between  window 
or  door  frames  and  the  walls,  attention  should  be  paid  to  such 
spaces,  and  if  one  of  the  applications  previously  mentioned 
is  made  with  sufficient  care  it  will  usually  prevent  any 
further  trouble. 


Reinforced  Concrete   Caissons   for   Bridge 
in  Italy 

The  bridge  constructed  over  the  Crate  connecting  the  resi- 
dential part  of  Rose  with  the  Libari-Cozeza  Ry.  and  the  Na- 
tional Calabrian  Ry.  is  1.170  ft.  in  length  and  40  ft.  In  width. 
It  is  divided  into  four  parts  and  is  calculated  to  carry  a  load 
of  130  lb.  per  sq.  in.  The  most  interesting  feature  of  the 
bridge,  according  to  Annali  d'ingegneria  e  d'Architettura,  is 
the  caissons  of  reinforced  concrete  which  are  in  the  form  of 
an  inverted  rectangular  tank  with  sloping  interior  sides  and 
vertical  exterior  ones,  the  reinforcement  being  of  three 
kinds:,  (a)  stout  bars  conforming  to  the  interior  of  the  cais- 
son: (b)  lighter  rods  placed  near  the  exterior,  and  (c)  still 
lighter  ties  uniting  the  other  reinforcement. 

The  greater  part  of  the  concrete  consists  of  a  mixture  of 
Portland  cement,  sand  and  gravel  in  the  proportions  2:3:6. 
but  the  exterior  was  finished  with  a  grouting  composed  of 
one  ton  of  Portland  cement  to  1,000  cu.  yd.  of  fine  washed 
sand. 


Use  of  Fuel  Oil  in  France. — A  commission  appointed  by  the 
French  Minister  for  Public  Works  to  study  the  question  of 
oil  fuel  in  France  has  recommended  the  substitution  of  heavy 
oil  fuel  for  coal  everywhere  in  the  heavy  industries  and  all 
public  services  as  a  matter  of  the  greatest  possible  urgency. 
A  progressive  program  is  to  be  worked  out  for  the  adapta- 
tion of  boilers  and  plants  to  burn  oil  fuel.  An  organization 
is  to  be  set  up  for  at  least  five  years  for  the  national  supply 
of  heavy  oil  fuels  in  coordination  with  the  scheme  for  import- 
ing and  producing  coal.  The  commissariat-General  estimates 
that  the  monthly  requirements  of  fuel  oil  will  be  about  100,- 
000  tons.  The  cost  of  a  ton  of  American  oil  fuel  is  about 
270  francs,  a.5  against  American  coal  at  280  francs.  To  al- 
low for  a  small  profit  for  importers  the  price  for  the  best 
quality  of  fuel  oil  has  been  fixed  at  300  francs  the  ton. 


British  Trade  Unions  and  Unauthorized  Strikes. — Seven  of 
the  largest  trade  unions  in  Great  Britain  have  inaugurated  a 
movement  aiming  at  the  prevention  of  unauthorized  strikes. 
It  is  said  the  movement  is  sponsored  by  the  National  Union 
of  GeneraJ  v/orkers. 


Effect  of  Road  Conditions  on 
Motor  Truck  Operation 

By  W.  1>.  WILIJA.MSO.V. 
.\b.stract  of  a  paper  presented  Nov.  25  at  the  Road  and  Transport 
Congress  of  the  County  CouncllB'  Agsuciation. 
From  the  point  of  view  of  national  interest,  the  preserva- 
tion of  vehicles  is  just  as  important  as  the  preservation  of 
roads,  and  it  is  just  as  necessary  to  pass  regulations  govern- 
ing the  strength  and  the  nature  of  the  surface  of  our  roads 
as  to  pass  regulations  controlling  the  weight  and  -ipi'i'd  of 
the  vehicles  using  them. 

The  unfortunate  position  is  that  road  makers  an:  nut  direct 
profit  earners.  The  commercial-vehicle  manufacturer  who 
builds  a  better  vehicle  obtains  more  orders,  and  other  things 
being  equal,  achieves  greater  business  success.  The  user 
who  purchases  the  best  vehicle,  and  who  organizes  his  trans- 
port arrangements  to  give  the  best  service  also  builds  up  a 
successful  business.  In  the  case  of  the  road  engineers  there 
is  no  such  inducement.  At  present  it  might  be  argued  that 
the  reverse  is  the  case.  The  better  the  roads,  the  more 
traffic  is  attracted  over  them,  and  the  more  wear  they  have 
to  sustain. 

On  the  present  roads,  which  in  many  cases  are  just  good 
enough  to  carry  the  traffic,  high  speed  would  undoubtedly  be 
destructive  to  the  road,  and  at  the  same  time  would  be 
equally  destructive  to  the  mechanism  of  the  vehicle.  No 
motor  manufacturer  would  suggest  driving  a  vehicle  over  any 
road  at  a  speed  that  would  abnormally  reduce  the  vehicle's 
life.  Given  suitable  roads,  however,  the  speed  of  heavy 
trucks  would  be  very  materially  increased.  The  user  of  the 
truck  naturally  wishes  to  make  the  most  of  its  possibilities, 
and  he  is  the  man  who  is  most  immediately  concerned  in 
getting  higher  speed  and  increased  efliciency  from  his  ve- 
hicles. The  manufacturer  is  interested  in  it  from  the  fact 
that  anything  which  increases  the  efliciency  of  the  vehicle 
increases  the  uses  to  which  the  vehicle  can  be  applied  and, 
therefore,  the  demand  for  vehicles. 

The  service  capacity  of  the  trucks  we  own  in  this  country 
is  reduced  by  between  25  per  cent  and  50  per  cent  due  to 
restricted  speed  alone.  The  writer  does  not  mean  to  infer 
that  this  is  necessarily  the  case  with  our  present  roads,  but 
given  roads  equal  to  our  best  roads,  that  would  stand  the 
traffic,  there  is  no  reason,  either  from  the  motor  manufac- 
turers' or  the  users"  points  of  view,  to  prevent  an  increased 
speed,  and  consequently  much  more  service  from  any  given 
number  of  vehicles. 

When  considering  the  running  cost  of  tires,  it  should  be 
pointed  out  that  the  interests  of  the  road  maker  and  the  road 
user  are  here  identical.  One  cannot  have  tire  wear  without 
road  wear.  The  interests  of  the  user  are  naturally  to  ob- 
tain the  longest  possible  life  from  his  tires,  and  the  interest 
of  the  road  maker  to  obtain  the  longest  life  from  his  road. 
The  designer  and  manufacturer  of  the  vehicle,  in  thinking  in 
terms  of  total  cost  of  operation,  must  take  the  question  of 
tire  wear  into  account,  and  incidentally,  therefore,  road  wear. 
Tire  wear  is  caused  very  largely  by  wheel  spin  on  rough 
road  surfaces.  When  the  wheel  rises  from  the  road,  after 
striking  an  obstacle,  its  speed  of  rotation  immediately  in- 
creases, and  by  the  time  it  hits  the  ground  again  the  surface 
of  the  tire  is  traveling  at  a  speed  too  high  for  the  speed  oi 
the  truck.  This  is  one  great  cause  of  tire  abrasion,  and  must 
equally  cause  road  wear.  The  effect  of  the  roads  on  tires  is 
well  illustrated  by  the  mileage  obtained  from  tires  used  on 
buses  in  the  l-ondon  streets,  compared  with  mileage  that 
could  be  obtained  on  vehicles  in  Lancashire.  In  pre-war  days 
15,000  miles  to  20,000  miles  could  he  obtained  from  a  set  of 
tires  in  London,  whilst  on  the  rough  roads  in  Lancashire  tires 
in  many  cases  failed  to  give  the  guaranteed  mileage  of  10,000. 
Practically  all  petrol-driven  Commercial  vehicles  used  in 
this  country  having  a  carrying  capacity  of  over  1  ton  are 
shod  with  solid  rubber  tires,  but  this  is  not  by  any  means  the 
last  stage  of  development.  Trials  are  being  made,  both  in 
France  and  in  America,  of  pneumatic  tires  for  heavy  vehicle 
use.  and  improved  road  surfaces  would  undoubtedly  hasten 
the  advent  of  this  very  desirable  development. 

Monsieur  Andre  Michelin  has  conducted  a  large  numbei- 
of  experiments,  during  the  last  two  and  a  half  years,  in  the 
use    of   multiple   pneumatic   tires    for   heavy    vehicles.      The 
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result  of  the  tests,  as  tar  as  the  tires  alone  are  concerned, 
has  been  very  satisfactory.  The  chief  difficulty  appears  to  be 
of  a  mechanical  nature,  connected  with  the  production  of  a 
satisfactory  detachable  rim,  to  allow  for  the  handling  of 
large-size  pneumatic  tires. 

To  examine  in  detail  the  effect  of  the  roads  on  the  run- 
ning cost  of  a  vehicle  the  following  figures  are  put  forward, 
not  necessarily  as  being  strictly  accurate,  since  costs  must 
vary  from  district  to  district,  but  as  being  approximate  for 
average  conditions.  The  vehicle  under  consideration  is  one 
for  useful  loads  of  4  tons,  the  vehicle  itself  weighing  4  tons, 
making  a  gross  weight  of  8  tons  distributed  as  to  2  tons  on 
the  front  axle  and  6  tons  on  the  rear. 

Present  legal  speed  of  vehicle,   12  m.p.h. 
Cost  of  vehicle,  about  £1.200. 
Tires,   per  set,  about  £60. 
Weekly  mileage,  300  for  50  weeks  a  year. 
Interest  is  charged  on  the  total  price  of  the  vehicle. 
Depreciation    is    charged    on    total    cost    less    the    cost    of    tires, 
which  are  accounted  for  as  a  separate  item. 
Petrol  consumption,  7  miles  per  gallon. 

RUNNING   COST    OF    4-TONNER   AT    PRESENT. 

Yearly  cost. 

Interest  at  5  per  cent £  60 

Depreciation  at  15  per  cent 1"0 

Driver's  wages,  65s  per  week 169 

Insurance   15 

Petrol  at  2s  Sd  per  gallon 286 

Oil  and  grease 25 

Tires  (life,  10,000  miles) 90 

Repairs    100 

Total  yearly  cost £915 

Cost  per  mile 14.64 

Useful  load  cost   per  ton-mi!e 3.66 

If  roads  were  uniformly  good  the  useful  load  could  be  in- 
creased by  at  least  half  a  ton  for  the  same  gross  weight  of 
vehicle.  The  speed  of  the  vehicle  might  quite  safely  be  in- 
creased to  16  m.p.h.  The  tire  life  could  at  a  very  low  esti- 
mate be  taken  at  50  per  cent  more.  Taking  the  average 
tractive  resistance  of  our  present  roads  at  60  lb.  per  ton,  and 
of  the  good  road  at  30  lb.  per  ton,  in  spite  of  the  extra  speed 
we  should  have  a  reduced  petrol  consumption,  and  this  is 
taken  at  9  miles  per  gallon.  The  repair  bill  would  certainly 
not  be  more,  and  depreciation  would  be  materially  less. 

The  running  cost  would  then  be  as  follows,  taking  a  yearly 
mileage  of  18,000: 

Yearly  cost, 
f      s. 

Interest  at  5  per  cent   60     0 

Depreciation  at  12>^  per  cent  142  10 

Driver's  wages 169     0 

Insurance    15     0 

Petrol  at  2s.  Sd.  per  gallon   267     0 

Oil  and  grease   ,. .       30     0 

Tires  (life,  15,000  miles)    72    0 

Repairs    100    0 

Total  yearly  cost   S55  10 

d. 

Cost  per  mile    11.4 

Useful  load  cost  per  ton-mile    2.53 

This  shows  a  saving  of  over  30  per  cent  on  our  total  haul- 
age costs,  and  is  a  result  worth  more  than  mere  monetary 
consideration. 

The  present  5-ton  vehicles  would  safely  carry  an  additional 
ton  of  useful  load  on  really  good  roads,  and  the  legal  speed, 
instead  of  8  m.p.h.,  could  be  at  least  12  m.p.h.  This  would 
show  an  even  greater  percentage  of  saving  than  the  4-tonner. 

To  conform  with  the  present  maximum  axle  weight  of  8 
tons  for  heavy  vehicles,  the  ordinary  petrol  truck  can  carry 
little  more  than  6  tons.  An  increase  in  the  permitted  axle 
weight,  in  conjunction  with  suitable  roads,  would  reduce  the 
cost  of  transport  enormously.  The  cost  per  ton-mile  of  use- 
ful load  decreases  with  an  increase  in  the  load. 

In  addition  to  making  allowances  for  the  actual  surface, 
the  automobile  engineer  has  to  design  a  vehicle  to  nego- 
tiate deviations  from  the  straight  line  in  both  horizontal  and 
vertical  directions.  In  order  to  be  able  to  steer  a  long  ve- 
hicle around  a  short  radius  the  wheel  base  must  be  reduced 
with  the  effect,  as  seen  in  many  char-a-bancs,  of  having  ex- 
cessive overhang.  These  sharp  corners  also  make  for  rolling 
and  are  the  cause  of  additional  tire  wear. 

Deviations  from  the  straight  line  in  a  vertical  direction  are 
generally  the  result  of  the  physical  characteristics  of  the  dis- 
trict through  which  the  road  is  made,  but  careful  engineering 
can  lay  a  road  having  reasonable  gradients  through  the  most 
unpromising  country. 

If  we  compare  the  gradients  on  a  well-laid  road  with  those 
of  the  railway  we  see  how  far  from  ideal  is  the  road.     In  or- 
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der  to  be  able  to  climb  gradients  on  the  present  roads  ve- 
hicles have  to  be  fitted  with  engines  considerably  bigger 
than  would  otherwise  be  necessary.  This  means,  that  prac- 
tically the  whole  time  the  engine  is  working  at  about  half 
full  load,  and  consequently  is  not  working  economically. 

There  are  also  smaller  artificial  rises,  such  as  one  finds  on 
secondary  roads,  in  particular  over  small  bridges  which,  if 
crossed  at  a  high  speed  may  be  the  cause  of  serious  damage. 
A  sudden  change  of  gradient,  as  on  a  humpy  bridge,  means 
the  necessity  for  high  clearance  amidships  of  a  car  or  truck. 

Considerations  of  gradient  and  road  surface  play  a  very 
important  part  in  the  question  of  weight  distribution.  Take 
as  an  instance  the  case  of  a  vehicle  which,  in  its  daily  work, 
has  to  climb  a  hill  having  a  soft  and  slimy  surface;  instead 
of  the  coefficiency  of  friction  between  the  wheel  and  the  road 
being  in  the  neighborhood  of  0.4  it  may  diminish  to  0.2,  and 
yet  the  tractive  resistance  of  such  a  surface  might  be  100  lb. 
per  ton.  Taking  the  vehicle  as  weighing  8  tons  gross,  and 
the  gradient  as  10  per  cent,  we  have: 

Lb. 

Tractive  resista.nce  due  to  gradient   1,792 

Tractive  resistance  due  to  surface 800 

Total  tractive  resistance   2.592 

This  means  2,592  ^  2  =  12,960  lb.  weight  on  driving  wheels  to 
give  the  required  grip. 

Therefore,  at  least  5%  tons  of  the  total  weight  of  the  ve- 
hicle must  be  on  the  driving  wheels  to  meet  these  conditions, 
whereas  with  a  coefficient  of  friction  of  0.4  half  this  weight 
would  have  been  enough.  The  retarding  power  of  the  brakes 
is  subject  to  the  same  influence. 

The  road  of  the  future  should  be  constructed  entirely  from 
considerations  of  its  suitability  for  self-propelled  vehicles. 
In  the  future  the  horse-drawn  vehicle  will  as  rarely  be  seen 
as  is  the  bullock  wagon. 

The  first  great  necessity  is  a  series  of  wide  trunk  roads 
constructed  specially  for  motor  traffic.  Roads  with  good 
foundations  and  waterproof  surfaces  which  will  not  wear  into- 
pot-holes.  These  main  trunk  roads  should  not,  as  a  general 
rule,  pass  through  large  towns,  but  should  pass  on  the  out- 
skirts, and  be  linked  up  with  the  towns  by  equally  good,  but 
not  necessarily  such  wide  roads.  The  through  traffic  would 
not  then  have  the  effect  of  further  congesting  local  ti'affic. 
and  the  local  traffic  would  not  retard  fast  through  traffic.  In 
the  event  of  works,  warehouses  or  other  business  premises 
being  built  near  these  roads,  care  should  be  taken  that  the 
free  passage  of  moving  vehicles  is  not  prevented  by  vehicles 
delivering  or  receiving  goods. 

The  automobile  engineer  would  like  to  see  all  roads  oni 
much  more  substantial  foundations  than  are  usually  used,  in 
order  to  carry  greater  weights  at  higher  speeds,  and  having 
an  upper  wearing  surface  of  a  dustless  character  which  can 
be  easily  renewed.  It  ought  not  to  be  impossible  to  build 
such  roads  and  allow  on  them  an  axle  weight  of,  say,  10  tons 
with  a  gross  weight  of  15  tons  and  a  speed  of  16  m.p.h.,  for 
vehicles  fitted  with  rubber  tires  of  agreed  dimensions,  even 
if  the  increased  speed  is  not  at  once  permitted  on  existing 
roads  of  a  less  substantial  character.  Further,  when  any  ve- 
hicle is  using  the  roads  strictly  in  accordance  with  the  reg- 
ulations, it  should  not  be  possible  for  the  vehicle  to  do  "ex- 
traordinary damage." 

Corners  should  be  eased  and  blind  corners  entirely  elim- 
inated. At  all  corners  the  road  should  be  given  super-eleva- 
tion. This  is  already  being  successfully  done  by  some  en- 
gineers. The  super-elevation  eases  the  vehicle  round  the  cor- 
ner, prevents  tire  slip,  and  consequently  prevents  wear  on 
both  tires  and  road.  The  foundations  of  the  road  appear  to 
be  much  more  important  than  the  top  surface.  It  ought  not 
to  be  permissible  to  put  pipes,  drains,  electric  cables  or  any- 
thing else  beneath  the  roadway  which  may  make  it  necessary 
to  excavate.  The  foundations  of  a  road  should  be  solid  and 
permanent. 

To  prevent  accidents  reasonably  open  spaces  to  cross  roads 
are  required.  Reconsideration  of  the  camber  of  roads  is 
necessary;  roads  with  a  dressed  surface  such  as  tar  maca- 
dam roads,  which  are  waterproof  from  their  construction,  do 
not  require  the  camber  often  found  in  roads  today.  The  road 
surface  should  be  of  such  a  nature  as  to  have  low  resistance 
to  rolling,  while  the  coefficiency  of  friction  between  the  road 
and  the  wheel  should  be  high. 

The  present  methods  of  indicating  direction  in  many  cases 
leave  much  to  be  desired;  improvements  could  be  made  at 
very  little  cost. 
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British   Portable  Military   Bridges 

By  PROFESSOR  C.  E.  IXGLIS, 
Fiom  The  Engineer,  Ixindon.  Sept.  26,  1019. 
This  paper  deals  mainly  with  the  evolution  of  a  type  of 
military  bridge  which  on  account  of  its  portability  and  ease 
of  construction  became  in  the  later  stages  of  the  war  the 
standard  type  for  rapid  advance  work,  capable  in  its  various 
forms  of  carrying  light  and  heavy  military  transport  across 
clear  spans  up  to  100  ft.,  and  sometimes  even  more. 

The  light-type  bridge  consists,  as  shown  in  Fig.  1,  of  a 
number  of  four-sided  pyramids.  Their  bases  joined  together 
form  the  roadway,  and  a  series  of  struts  coupling  together 
the  apexes  of  successive  pyramids  constitute  the  lop  com- 
pression boom  of  the  bridge.  The  main  members  are  steel 
tubes  attached  at  their  ends  to  cast  steel  junction  boxes.  The 
bays  of  which  the  bridge  is  formed  are  all  identical,  each 
consisting  of  the  following  parts:  Two  horizontal  tension 
tubes,  one  horizontal  compression  tube,  one  cross  beam  or 
transom,  one  pyramid,  and  one  gangboard.  The  four  legs 
of  the  pyramid  are  permanently  hinged  to  the  top  junction 
box,  and  fold  together  to  form  a  single  unit  convenient  for 
transport.  The  square  base  to  which  the  lower  ends  of  the 
pyramid  legs  are  attached  is  braced  by  diagonal  rods,  which 
can  be  strained  tight  by  means  of  turnbuckles.  These  diag- 
onal bracing  rods  are  permanently  hinged  to  the  transom 
and  form  an  integral  part  of  that  unit. 

The  roadway  in  its  earliest  and  simplest  form  consisted  of 
a.  single  central  line  of  gangboards  with  their  ends  resting 
freely  on  the  transoms,  and  of  just  sufficient  width  to  allow 
the  passage  of  infantry  marching  in  single  file.  Later  on  a 
more  commodious  decking  was  provided,  which  enabled 
horses  to  be  led  across  the  bridge.  The  base  of  the  pyra- 
mid is  an  8-ft.  square,  and  the  vertical  height  of  the  compres- 
sion tube  above  the  tension  tubes  is  also  8  ft.  The  strength 
of  the  bridge  is  calculated  to  carry  infantry  in  single  file 
crowded  closely  together  over  a  clear  span  of  96  ft.  Owing 
to  the  fact  that  the  stresses  in  the  tubes  are  strictly  axial, 
the  rigidity  is  quite  remarkable  for  so  light  a  structure.  The 
maximum  deflection  for  a  span  of  96  ft.  fully  loaded  does  not 
exceed  2  in.,  and  the  triangular  section  of  the  girder  renders 
it  almost  equally  stiff  in  a  lateral  direction.  The  weight  of 
a  bay,  including  the  footway,  is  510  lb.,  so  that  the  weight  of 
a  96-ft.  span  is  about  2%  tons.  These  weights  and  dimen- 
sions do  not  refer  to  the  first  experimental  bridge  made  at 
Cambridge,  which  was  a  more  fragile  and  less  commodious 
construction. 

If  inverted,  the  construction  becomes  a  deck  bridge  suit- 
able for  a  class  of  light  wheeled  traffic  which  could  not  pass 
through  the  triangular  gage  of  the  bridge  in  the  normal  po- 
sition. When  used  upside  down  the  bridge  is  supported  on 
substantial  projecting  horns,  which  are  bolted  to  the  two  end 
transome.  In  this  form  the  bridge  also  provides  a  convenient 
arrangement  of  false  work  for  the  erection  and  launching  of 
heavy  girders  across  a  gap. 

Method  of  Launching  Bridge. — The  bridge,  with  an  extra 
length  of  tail  to  serve  as  a  counterweight,  having  been  as- 
sembled, an  additional  counterweight  generally  in  the  form 
of  a  human  load  is  added  to  the  end  bay  of  the  tail  until 
the  whole  construction  see-saws  about  the  axle  of  the  trolley. 
The  complete  structure  is  then  swung  around,  the  two  inde- 
pendent wheels  of  the  trolley  acting  as  do  the  rollers  of  a 
turn-table.  When  the  outer  end  reaches  the  opposite  bank, 
the  counter-balance  tail  is  dismantled  and  the  trolley  re- 
moved. The  decking  having  been  placed  in  position  previ- 
ously to  the  process  of  swinging,  the  bridge  is  then  ready 
for  tralfic.  It  may  happen  that  the  configuration,  of  the  banks 
or  the  presence  of  obstacles  such  as  trees  and  telegraph  poles 
precludes  the  possibility  of  swinging.  In  this  case;  there  re- 
mains the  alternative  of  building  the  bridge  at  right  angles 
to  the  banks  of  the  gap  and  pushing  it  bodily  forward  on  its 
trolley  like  a  ship's  gangway.  With  a  bridge  arm  of  104  ft. 
extending  out  as  a  cantilever  from  the  trolley,  the  tube 
stresses  are  considerable,  and  the  factor  of  safety  is  less  in 
this  condition  than  when  the  bridge  is  in  position  fully 
loaded.  Moreover,  the  bottom  horizontal  tubes,  which  are 
normally  in  tension,  have  during  this  stage  to  act  as  com- 
pression members,  and  this  consideration  is  the  main  factor 
which  governs  the  design  of  these  so-called  tension  tubes. 

Bridge  for  Motor  Trucl<s  and  Heavy  Guns. — After  the  trial 
of  the  light  bridge,  which  took  place  in  December.  1915,  evo- 
lution was  rapid.     Branches  of  the  service  other  than  the  in- 
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fantry  immediately  claimed  consideration,  and  to  meet  the 
demands  of  the  gimners  and  the  Army  Service  Corps  in  par- 
ticular an  enlarged  type  was  produced.  The  bays  In  this 
case  were  12  ft.  wide  and  12  ft.  long,  and  the  pyramids  were 
12  ft.  high.  In  this  form  the  bridge  could  carry  field  guns 
and  general  service  wagons  crowded  as  close  as  possible  on 
a  96  ft.  clear  span,  the  safe  distributed  dead  load  for  this  span 
being  24  tons.  With  the  exception  of  the  decking  it  was 
practically  a  copy  of  its  predecessor,  the  light-type  bridge. 
The  decking  consisted  of  two  longitudinal  lines  of  gangboards 
flanked  by  rolled  steel  joists  laid  on  their  sides.  The  joists 
formed  strong  troughs  in  which  the  wheels  of  the  vehicles 
could  run,  an  an-angement  made  possible  by  the  fortunate 
circumstance  that  the  various  vehicles  which "  had  to  be 
catered  for  were  almost  identical  in  the  matter  of  their 
wheel  tracks. 

Before  this  12  ft.  type  had  come  forward  in  any  quantity, 
the  question  of  a  rapid  bridge  for  motor  lorries  and  heavy 
guns  was  raised,  and  this  demand  was  in  the  first  instance 
met  by  a  twin  bridge  construction.  In  this  design  a  central 
roadway  10  ft.  wide  between  kerbs  is  supported  on  sub- 
stantial trussed  beams  hung  from  the  centers  of  the  tran- 
soms of  the  two  parallel  bridges;  wheeled  traffic  passes  along 
the  central  roadway,  and  the  supporting  bridges  form  side 
tracks  for  pedestrians.  A  similar  twin  construction,  adopted 
in  connection  with  the  light  bridging  material,  found  favor 
with  the  cavalry,  and  survived  without  further  modification 
to  the  end  of  the  w-ar.     The  large  twin  bridge,  on  the  other 
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Fig.   1 — Tubular    Infantry    Bridge. 

hand,  was  soon  superseded.  Its  chief  advantage  lay  in  the 
fact  that  it  utilized  existing  material,  but  it  possessed  the 
serious  drawback  of  beating  uncomfortably  wide  compared 
with  most  road  bridge  abutments,  and  the  large  number  of 
different  parts  required  for  its  construction  was  also  a  dis- 
advantage. 

Rapidly  erected  bridges  for  motor  lorries  were  without 
doubt  by  that  time  urgently  required,  and  the  great  de- 
velopment and  extreme  importance  of  this  class  of  traffic  ap- 
peared amply  to  justify  a  special  design.  The  design  of  this 
motor  lorry  bridge  differs  in  one  important  respect  from  that 
of  its  predecessors  in  that  to  obtain  a  sufficiently  commodious 
traffic  gage  the  pyramid  form  of  construction  is  abandoned. 
In  the  design  of  the  main  joints  and  in  the  method  of  launch- 
ing the  system  remained  unchanged.  This  type  of  bridge 
was  used  extensively  during  the  last  rapid  advance  stage  of 
the  war. 

Main  Joint  of  the  Tubular  Bridges. — The  main  joint  is  rep- 
resented in  Fig.  2,  and  was  common  to  all  the  tubular  bridges, 
both  light  and  heavy.  A  is  the  junction  box  made  of  cast 
steel.  B  is  a  steel  tongue  permanently  screwed  into  the 
thickened  end  of  a  tube  member,  and  C  is  a  nut  which  turns 
freely  on  a  fine  thread— 11  threads  to  the  inch — cut  on  the 
tube.  To  make  the  connection  the  nut  is  run  back  on  its 
screw  two  or  three  turns  and  the  tongue  inserted  into  the 
junction  box.  The  pin  D  is  then  passed  through  the  slot  in 
the  tongue  and  through  the  two  corresponding  slots  in  the 
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sides  of  the  junction  box.  The  semi-circular  ends  of  the  slots 
are  machined  to  fit  the  pin;  in  other  positions  the  clearance 
between  the  pin  and  the  sides  of  the  slots  is  at  least  Vs  in., 
so  that  there  may  be  no  difficulty  in  inserting  the  pin  if  the 
nut  is  slacked  back  sufficiently.  At  this  stage  the  connec- 
tion is  in  the  nature  of  a  pin  joint  with  V»  in.  or  so  backlash. 
This  blacklash  is  then  taken  up  by  screwing  the  nut  into 
contact  with  the  machined  boss  at  the  end  of  the  junction 
box.  Continuing  to  screw,  the  tongue  tends  to  draw  out  of 
the  junction  box  until  further  movement  is  resisted  by  the 
pin  bedding  itself  firmly  between  the  three  bearing  areas. 
The  connection  thus  tightened  up  is  in  effect  a  stiffened  pin 
joint,  and  the  ends  of  the  tubes  are  rigidly  constrained  in 
direction — a  circumstance  which  adds  materially  to  their 
power  of  resistance  when  acting  as  struts.  In  the  case  of 
compression  members  the  load  is  all  transmitted  through  the 


Fig.  2 — Main  Joint  Assembly. 

nut,  and  In  the  case  of  tension  members  the  pull  is  resisted 
by  the  pin.  This  type  of  joint  is  peculiarly  fool-proof  and 
dirt-proof.  The  screw  thread  outside  the  tube  is  always  pro- 
tected by  the  nut,  and  the  positions  of  tUe  bearing  surfaces 
inside  the  slots  render  them  almost  perfectly  immune  from 
accidental  damage. 

Method  of  Connecting  Tube  Ends. — Perhaps  the  most  dif- 
ficult problem  encountered  in  the  whole  design  of  the  bridge 
was  the  determination  of  a  thoroughly  satisfactory  method 
of  connecting  the  tube  ends  permanently  into  the  tubes.  The 
ideal  aimed  at  was  to  obtain  an  attachment  possessing  an 
efficiency  of  over  100  per  cent,  or,  in  other  words,  an  at- 
tachment which  would  break  the  tube  rather  than  let  go.  In 
the  very  first  light  bridge  in  which  the  tubes  were  of  com- 
paratively thin  gage,  a  fairly  satisfactory  connection  was 
made  by  rolling  the  tube  into  corrugated  grooves  turned  in 
the  cylindrical  portion  of  the  tube  ends.  For  thicker  tubes 
it  was  found  that  in  forcing  the  tube  well  down  into  the 
grooves  the  walls  of  the  tube  in  the  region  of  the  grooves  be- 
came appreciably  reduced  in  thickness,  and  the  strength  of 
the  tube  suffered  in  consequence.  The  oxy-acetylene  welded  - 
connection  was  then  tried.  Samples  of  this  attachment  under 
test  gave  excellent  results,  and  this  type  of  connection  was 
adopted  in  the  construction  of  the  second  experimental  light- 
type  bridge.  This  connection  was  never  quite  up  to  the  full 
strength  of  the  tube,  but  it  did  not  fall  far  short  of  it,  and 
was  quite  capable  of  stressing  the  tubes  well  beyond  their 
elastic  limit.  However,  after  a  brief  reign,  this  method  of 
attachment  was  abandoned  owing  to  the  human  element  mak- 
ing itself  apparent  as  soon  as  production  on  a  large  scale 
was  called  for.  It  carried  out  by  really  skilled  and  experi- 
enced workmen,  the  results  were  satisfactory,  but  there  was 
no  room  for  faulty  work,  and,  unfortunately,  it  is  quite  im- 
possible to  detect  a  faulty  weld  by  a  mere  superficial  exam- 
ination. Each  attachment  had  to  be  tested  separately  under 
tension,  and  the  number  of  failures  under  test  was  so  serious 
that  this  type  of  connection  was  hastily  abandoned. 

The  method  of  attachment  which  was  finally  and  satis- 
factorily adopted  is  shown  in  Pig.  2.  The  tube  end  in  this 
design  is  screwed  into  the  tube,  which  is  thickened  at  its  ex- 
tremities to  compensate  fully  for  the  loss  of  section  due  to 
the  cutting  of  the  inner  and  outer  screw  threads.  The  at- 
tachments at  the  opposite  ends  of  the  tubes  are  screwed  right 
and  left-handed  respectively,  and  in  this  way  the  distance 
between  the  pin  centers  of  the  two  end  tongues  can  be  ad- 
justed to  any  desireci  degree  of  accuracy.  The  nut  enclosing 
the  end  of  the  tube  effectively  eliminates  all  possibility  of 
the  attachment  escaping  by  bursting  the  end  of  the  tube. 
This  type  of  connection  gave  entire  satisfaction,  and,  al- 
though   the   pr:i<-!ice   wa-<   r-nnt i-,iK.,i    of   tP-.-tiiie   all    tubes    in 

(2. 


their  finished  state  nearly  up  to  their  elastic  limit,  this  test 
was  continued  more  with  the  object  of  eliminating  the  re- 
mote possibility  of  a  burnt  tube  than  in  the  expectation  of 
a  faulty  attachment,  which  never  from  the  first  gave  any 
cause  for  anxiety.  The  tubes  were  of  the  lap-welded  variety. 
In  order  to  ensure  a  good  weld  which  would  stand  up  under 
the  drastic  process  of  staving  the  ends,  the  steel  employed 
was  of  a  soft,  mild  description  having  an  ultimate  tensile 
stress  of  about  2S  tons  per  square  inch  and  an  elastic  limit 
which  was  usually  about  14  tons  per  square  inch,  though  not 
more  than  12  tons  was  guaranteed  by  the  makers. 

Loads  and  Decking  for  Rectangular  Bridges. — Profiting 
from  previous  experience,  the  rectangular  bridge  for  motor 
truck  traffic  was  made  considerably  stronger  than  the  needs 
of  the  moment  dictated,  being  designed  to  carry  a  dead  load 
of  84  tons  distributed  over  an  84-ft.  span.  Under  a  test  load 
of  100  tons  of  pig  iron  the  central  deflection  produced  was 
IVs  in.,  which  was  entirely  recovered  on  removing  the  load 
and  proving  thereby  a  complete  absence  of  overstrain.  Un- 
der the  designed  load  of  84  tons  the  maximum  tube  stress 
was  limited  to  7%  tons,  or  about  half  the  elastic  limit  of  the 
tubes.  The  external  diameter  of  the  tubes  was  arranged  so 
that  the  compression  tubes  w'ere  not  loaded  up  to  more  than 
one-third  of  their  theoretical  buckling  load.  These  two  con- 
ditions definitely  prescribed  the  outside  diameter  and  the 
thickness  of  the  tube,  which  for  the  horizontal  members 
were  5%  in.  and  %  in.  respectively,  and  for  the  diagonal 
tubes  5%  in.  and  %  in-  Each  bay  in  skeleton  weighs  about 
1%  tons,  and.  complete  with  decking,  a  96  ft.  span  of  eight 
bays  weighs  25%  tons,  which  compares  very  favorably  with 
any  other  type  of  military  bridge  having  approximately  the 
same  carrying  capacity. 

As  regards  the  decking,  the  road  bearers,  seven  in  number 
per  bay.  are  8  in.  by  4  in.  steel  joists  running  longitudinally 
with  their  ends  resting  freely  on  the  transoms  which  are 
provided  with  cleats  to  preserve  the  correct  spacing  of  the 
bearers.  The  two  outside  joists  are  fitted  with  cast  steel 
buttons  pitched  9  in.  apart  center  to  center,  and  into  the  in- 
tervening spaces  8  in.  by  4  in.  pitch  pine  transverse  deck 
planks  are  laid.  This  planking  is  held  down  by  kerbs  and 
hook  bolts,  and  the  decking  is  completed  by  the  addition  of 
side  screens.  The  traffic  gage  is  a  rectangle  12  ft.  6  in. 
high  by  11  ft.  6  in.  wide,  and  the  width  between  the  kerbs 
is  9  ft.  4  in.  To  effect  the  erection  of  the  upper  tubes,  trans- 
verse stiffeners  and  bracing,  a  movable  staging  of  step  lad- 
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Fig.  3 — Tank  Carrying  Z5-ft.  Span   Bridge. 

ders  and  horizontal  platforms  extending  over  a  length  of  two 
bays  is  provided. 

Trdlley  for  Launching  Bridge. — As  in  the  case  of  its 
predecessors,  the  bridge  was  constructe-i  on  -  t--'^.wll•^"'ed 
trolley.  A  noticeable  feature  in  the  design  of  this  trolley 
are  the  four  lifting  screws  by  which  the  bridge  is  suspended 
fi-om  the  trolley.  When  the  bridge  has  been  swung  across 
the  gap  it  is  readily  lowered  down  on  to  its  abutments  by 
means  of  these  screws  and  the  trolley  can  then  without  diffi- 
culty be  detached  and  rolled  out  of  the  way.  The  lowering 
screws  are  doubly  articulated  at  each  end,  which  gives  them 
perfect  freedom  to  take  any  oblique  direction  arising  from  a 
tilt  either  of  the  trolley  or  the  bridge.  The  wheels  are  steel 
castings  with  cambered  treads  to  facilitate  the  process  of 
swinging.  It  is  essential  in  most  cases  to  provide  a  rigid 
platform  for  the  trolley,  and  a  double  layer  of  the  deck 
planks  serves  very  well  for  this  purpose.     On  a  surface  of 
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this  ^5ort  a  couple  of  men  can  readily  rotate  a  length  of  IS" 
ft.  of  bridge. 

Under  favorable  conditions  such  as  exist  at  a  bridging 
school,  and  with  SO  trained  men,  a  96-ft.  span  bridge  of  this 
type  can  be  completed  in  about  four  hours.  Under  service 
conditions  and  working  in  the  dark,  as  was  the  general  prac- 
tice) the  time  occupied  was  usually  about  eight  hours,  or.  at 
any  rate,  sufflciently  short  to  enable  the  construction  to  be 
completed  in  the  course  of  a  single  night,  and  thereby  escape 
enemy  observation,  which  rendered  bridge-building  in  the 
daytime  well-nigh   impossible. 

Bridges  to  Carry  Tanks. — We  now  come  to  the  last  phase 
in  the  evolution  of  these  bridges.  After  the  great  military 
value  of  the  tanks  had  become  an  established  fact,  the  Tank 
Corps  recognized  that  in  order  to  develop  this  new  weapon  of 
offense  to  its  fullest  possible  extent,  it  must  possess  a  large 
number  of  fighting  bridges  specially  designed  to  meet  its  own 
requirements,  capable  of  very  rapid  construction,  and  able 
to  force  the  passage  of  a  river  even  in  the  face  of  a  deter- 
mined enemy.  For  spans  in  excess  of  25  ft.  the  tubular  form 
of  construction  was  selected.  The  12  ft.  rectangular  type, 
though  strong  enough  in  its  tubes  to  c4rry  a  40-ton  tank 
across  an  84-ft.  gap,  was  deficient  in  strength  in  its  tran- 
soms and  decking,  and,  furthermore,  its  width  was  insufh- 
cient  to  accommodate  the  largest  male  tanks  with  their 
widely  projecting  sponsons.  Accordingly,  a  new  design  was 
evolved. 

This  bridge  was  40  per  cent  heavier  than  the  12  ft.  type. 
but  as  a  compensation  for  the  extra  weight  the  time  of  erec- 
tion was  reduced  by  at  least  a  half.  The  bays  of  this  en- 
larged bridge  are  15  ft.  long  and  15  ft.  wide.  The  horizontal 
tubes  are  identical  and  interchangeable  with  the  diagonal 
tubes,  so  that  in  side  elevation  the  panels  are  approximately 
equilateral  triangles  having  a  height  of  13  ft.  This  obvious 
simplification  was  not  possible  in  the  case  of  the  12-ft.  type, 
since  the  height  of  a  12-ft.  equilateral  triangle  did  not  give 
the  head  room  necessary  for  motor  lorries.  In  most  other 
respects,  however,  the  new  bridge  was  merely  an  enlarged 
edition  of  the  12-ft.  design.  The  tubes  have  an  external  di- 
ameter of  6%  in.,  with  a  thickness  of  %  in.,  and  each  tube 
complete  with  its  end  attachments  weighs  4  cwt. 

The  narrow  track  of  the  tanks  concentrated  the  load  on 
the  transoms  to  such  an  extent  that  nothing  less  than  an  18- 
in.  by  7-in.  steel  joist  would  suflice.  The  decking  is  supported 
on  four  12-in.  by  6-in.  steel  joists,  and  the  deck  planks  are 
10-in.  by  5-in.  pitch  pine.  Light  footways  on  either  side  of 
the  10-ft.  main  roadway  are  an  additional  feature  of  this 
bridge.  The  weight  of  a  bay  complete  with  its  decking  is  6 
tons,  of  which  3  tons  is  due  to  the  road  bearers  and  deck 
planking.  The  bridge  was  primarily  designed  to  take  a  40- 
ton  tank  over  a  clear  gap  of  90  ft.,  but  the  span  can  be  in- 
creased to  105  ft.  without  incurring  serious  stresses.  In  this 
connection  it  should  be  noted  that  the  progression  of  a  tank 
is  so  smooth  that  practically  no  allowance  for  impact  need 
be  made,  whereas  in  the  case  of  motor  lorry  traffic  an  impact 
factor  of  2  was  used  in  stress  calculations. 

Erection  by  Light  Tubular  Derricks.— The  reduction  in  time 
of  erection  was  brought  about  by  the  utilization  of  light  tubu- 
lar derricks  in  palce  of  the  comparatively  clumsy  timber 
staging  employed  previously  in  the  process  of  construction. 
The  attachment  of  the  tubes  to  the  transverse  stiffener  was 
done  at  ground  level,  and  a  unit  consisting  of  this  stiffener 
with  four  tubes  attached  was  hoisted  up  in  one  piece  by  the 
derricks,  only  two  men  being  required  up  aloft  to  couple  this 
unit  up  to  the  existing  part  of  the  structure.  By  this  simple 
device  the  time  occupied  in  the  erection  of  a  bay  was  reduced 
'by  one-half,  and,  including  the  shifting  of  the  derricks,  it  has 
been  found  possible  for  erection  to  proceed  at  the  rate  of  a 
bay  in  10  minutes.  Assuming  that  this  rate  of  progress  Is 
maintained,  two  detachments  working  simultaneously  at  the 
two  ends  of  the  bridge  will  construct  twelve  bays,  or  ISO 
ft.  of  bridge,  in  an  hour;  but,  to  allow  for  accidental  delays, 
such  as  the  jambing  of  a  pulley  block  chain,  at  least  50  per 
cent  should  be  added  to  this  time. 

Combined  Tubular  and  Pontoon  Bridges. — With  a  bridge 
built  and  lau'iched  in  the  ordinary  way  105  ft.  marks  the  limit 
of  clear  span  which  can  be  used  with  s£.fety  for  the  trans- 
portation of  40-ton  tanks.  Tanks,  in  advancing,  had,  of 
course,  to  contemplate  crossing  rivers  of  far  greater  width, 
and  for  this  purpose  a  combined  tubular  and  pontoon  bi-idge 
was  designed.  In  the  design  adopted,  as  worked  out  for  a 
bridge  length  of  240  ft.,  the  middle  portion  of  120  ft.  has  a 
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pontoon  under  each  transom.  This  portion  Is.  In  effect,  a 
boat  120  ft.  long  with  such  ample  fore  and  aft  rigidity 
that  a  tank  coming  on  at  one  end  merely  alters  the  fore 
and  afl  trim  of  the  structure  and  does  not  call  upon  any  one 
pontoon  to  carry  the  whole  concentrated  load  of  the  tank. 
Clear  approach  spans  of  CO  ft.  are  provided  at  each  end,  and 
the  articulated  joints  come  in  most  conveniently  for  con- 
necting these  approaches  to  the  floating  portion.  If  articu- 
lated joints  are  introduced  every  ISO  ft.  or  so,  this  type  of 
stiffened  pontoon  bridge  admits  of  indefinite  extension,  and 
the  construction  can  be  proceeded  with  as  rapidly  on  water 
as  on  land,  pontoons  with  transoms  on  board  being  floated  up 
in  turn  to  the  head  of  the  bridge  and  linked  up  there  by 
means  of  the  tubular  construction. 

Bridge  for  Crossing  Canals.— The  last  bridge  is  lowered  un- 
til the  head  of  the  bridge  takes  the  ground  on  the  opposite 
bank.  The  supporting  slings,  being  relieved  of  tension,  then 
automatically  let  go,  and  a  further  slackening  of  the  tackU 
lowers  the  heel  of  the  bridge  on  to  the  ground.  Backing 
away  slightly,  the  tank  detaches  itself  from  the  forked  end 
of  the  bridge,  and  it  is  then  free  to  proceed  across  the 
bridge,  the  derrick  and  triangular  frames  remaining,  of 
course,  attached  to  the  tank.  Guided  by  strong  channel  irons. 
tlie  tank  crosses  upon  the  flanges  of  the  girders  without  any 
intervening  timber  decking,  which  can  be  added  subsequently 
and  in  safety  after  the  tank  advance  has  effectively  dissi- 
pated the  enemy  opposition. 


Design    of    WoodengRoofed  ^ 
Structures  in  Accordance 
With  Actual  Loading 

By  LT.  COL.  H.  L.  LEWIS, 
[■"rom    The    Royal   Engineers'   Journal,    London,    November,    191!) 

Kven  before  the  war  it  occurred  to  many  officers  that  rec 
ognized  methods  of  designing  roofs  gave  results  that  errec 
very  much  on  the  side  of  safety,  not  to  say  extravagance 
During  the  war,  and  especially  in  its  later  stages,  tht 
shortage  of  material  enforced  a  reduction  in  the  size  of  mem 
bers,  and  it  was  found  that  roof  structures  cut  down  to  a 
fraction  of  the  strength  that  would  have  been  considered 
normal  in  peace  time,  were  able  to  fulfil  their  purpose,  and,  in 
exposed  situations,  to  survive  repeated  storms.  It  became 
evident  that  the  theory  of  roof  construction  required  investi- 
gation and  drastic  revision  to  bring  it  into  line  with  the  ex 
perience  recently  gained. 

Essentially,  a  roof  consists  of  a  "covering"  and  of  a  struc- 
ture whose  function  it  is  to  maintain  that  covering  in  plact 
under  all  conditions  except  the  most  abnormal.  It  is  now 
suggested  that  past  practice  resulted  in  some,  if  not  all,  o( 
these  members  being  made  very  considerably  stronger  thar. 
safety  demanded.  That  the  pure  theory  of  roof  design  was 
at  fault,  may  be  ruled  out  at  once,  for  this  theory  is  the 
same  as  is  applied  to  other  engineering  structures,  and  is 
based  on  very  numerous  experiments. 

We  may  attribute  any  errors  that  may  have  arisen  to  one 
of  two  causes: 

(1)  A  faulty  arrangement  of  the  members. 

(2)  An  excessive  estimate  of  the   load   that   niigbt  be  i- 
posed. 

As  regards  the  first  of  these,  it  must  be  admitted  that  b 
very  large  number  of  roof  structures  are  imperfect.  The 
spacing  of  the  trusses,  the  number  of  the  points  at  which  the 
principal  rafters  are  supported  by  struts,  the  spacing  of 
rafters,  are  considerations  whixih  all  have  their  effect  on  the 
economy  of  design,  and  in  the  aggregate  may  easily  make  a 
difference  in  cost  of  10  or  15  per  cent. 

Such  questions  rarely  receive  sufficient  attention.  Joints 
are  often  designed  so  as  to  bring  about  large  and  avoidab; 
secondary  stresses,  and  to  meet  these  members  must  : 
raa-de  heavier  than  would  otherwise  be  necessary.  Thes'; 
secondary  stresses  are  never  calculated,  or  directly  provided 
for,  but  as  a  sufficient  factor  of  safety  must  be  obtained, 
theory  is  made  to  square  with  practice  by  allowing  for  a  roof 
load  greatly  in  excess  of  whatever  actually  occurs. 

Let  us  consider  how  the  roof  load  is  estimated  and  wheth-, 
the  customary  allowances  are  in  fact  justified.     The  perma- 
nent loads  allowed   for  are  actual   existing  loads,  and  it  is 
only  a  question  of  estimating  or  measuring  them  correctly 
This  can  alwaj's  be  done  with   suffioif>nt  accuracy,  if  not  at 
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the  first,  then  at  the  second  or  third  attempts.  There  re- 
main to  be  considered  the  allowances  which  should  be  made 
for  the  various  temporary  loads  which  may  be  imposed, 
whether  due  to  the  weight  of  workmen,  weight  of  snow,  or 
to  wind  pressure. 

Firstly  as  regards  weight  of  workmen. 

A  very  usual  allowance  in  this  case  is  25  lb.  per  square 
foot,  which  is  considered  applied  to  battens,  to  common  raft- 
ers, to  purlins,  and  to  trusses.  In  order  to  appreciate  what 
this  means,  let  us  apply  this  allowance  to  a  roof  with  a  clear 
span  of  40  ft.,  with  trusses  10  ft.  apart.  The  length  of  prin- 
cipal rafters  will  be  about  24  ft.,  and  we  may  assume  that 
the  purlins  are  spaced  6  ft.  apart.  Assume  that  the  com- 
mon rafters  are  2  ft.  apart,  center  to  center,  and  that  bat- 
tens are  spaced  at  1  ft. 

A  load  of  25  lb.  dead  load  per  foot  super  means  on  each 
common  rafter,  a  dead  load  of  300  lb.;  on  each  purlin,  a  dead 
load  of  1,500  lb.;  on  each  truss,  a  dead  load  of  12,000  lb.  So 
that,  so  far  as  workmen  are  concerned,  the  assumed  load  is 
equivalent  to  about: 

1%  workmen  on  each  common  rafter. 
9       workmen  on  each  purlin, 
70      workmen  on  each  trus.s, 

taking  the  weight  of  one  workman  at  about  170  lb. 

Stated  in  this  way,  it  is  evident  that,  whereas  25  lb.  per 
square  foot  is  not  an  unreasonable  allowance  for  workmen 
in  considering  the  load  that  may  come  on  a  common  ratter, 
it  is  a  wholly  absurd  allowance  as  applied  to  a  purlin  or  to 
a  truss. 

A  common  rafter  may  have  to  bear  the  bulk  of  the  weight 
of  a  single  workman,  being  live  load  and  not  too  well  dis- 
tributed. A  purlin  is  most  unlikely  to  have  to  bear  more 
than  four  workmen  at  one  time,  at  the  very  outside,  or  a  total 
load  of  680  lb. 

If  any  of  the  overlaying  structure  is  in  place,  this  load 
will  be  fairly  well  distributed,  and  as  the  men  will  have  to 
move  cautiously  it  may  be  considered  a  very  nearly  dead 
load.  If,  on  the  other  hand,  the  superstructure  has  not  been 
placed,  the  load  is  less  well  distributed  and  is  more  suddenly 
applied,  but  on  the  other  hand,  the  permanent  load  is  absent. 

We  may  assume  here  that,  for  four  workmen,  a  total  load 
allowance  of  680  lb.  or  at  the  rate  of  11%  lb.  per  square  foot 
is  well  up  to  the  mark. 

Were  the  purlins  spaced  closer  together,  there  would  be 
proportionately  fewer  workmen  on  each,  and  the  same  al- 
lowance, say  12  lb.  a  foot  super  would  be  ample. 

The  truss  will  never  have  to  support  70  workmen  at  one 
time.  We  may  put  Uie  maximum  number  conceivable  for  a 
roof  of  this  span  at  10  on  each  side,  wliich  works  out  to  an 
allowance  of  m,  lb.  per  square  foot  of  roof  slope.  Such  loads 
can  always  be  considered  dead  and  distributed. 

It  should  be  noted  with  regard  to  rafters,  purlins,  and 
trusses  that  a  factor  of  safety  will  be  applied  to  both  per- 
manent and  temporary  loads  and  that  the  former  being  in- 
variable, the  actual  margin  available  to  meet  unusual  varia- 
tions of  the  latter  is  greater  than  is  apparent  at  first  sight. 

It  would  appear  therefore,  that  for  the  roof  which  is  being 
considered,  and  for  all  similar  roofs,  the  following  would  be 
a  fair  and  sufficient  allowance  for  workmen,  provided  the 
ordinary  rules  for  good  construction  are  followed: 

Per  sq.  ft. 

On   Ijattens  and  common   ratters    25       lb.  per  foot  super. 

On  purlins   12       lb.  per  foot  super. 

On  trusse.s   7%  lb.  per  foot  super. 

Allowance  for  Snow. — In  England,  it  is  rare  for  any  con- 
siderable quantity  of  snow  to  lodge  on  a  sloping  roof.  If  the 
.slope  of  the  roof  exceeds  45°,  no  allowance  need  be  made. 
On  flatter  roofs,  and  in  the  absence  of  strong  wind,  a  consid- 
erable thickness  of  snow  may  collect  and  may  remain  for 
several  days. 

The  average  weight  of  fresh  snow  is  about  8  lb.  a  cubic 
foot,  and  on  a  roof  of  very  flat  pitch  this  might  accumulate 
to  a  depth  of  2  or  even  3  ft.  On  the  average  slate  or  tiled 
roof  a  depth  of  1  ft.  is  about  the  maximum,  and  an  allowance 
of  8  lb.  per  square  foot  Is  suflacient.  This  allowance  applies 
equally  to  battens,  rafters,  purlins  and  trusses. 

Allowance  for  Wind  Pressure.-^The  pressure  which  can  be 
exerted  by  wind  has  given  rise  to  much  discussion  in  the 
past,  and  fantastic  allowances,  some  even  as  high  as  56  lb.  to 
the  square  foot,  have  been  applied  to  structures. 

Over  a  period  of  seven  years,  the  highest  wind  pressures 
recoi'ded  at  the  Firth  of  Forth  bridge,  on  two  surfaces,  one 
of  1%   sq.  ft.,  the  other  of  300  sq.  ft.,  were  41  lb.  a  square 


foot  and  27  lb.  a  square  foot  respectively.  The  surfaces  ex- 
perimented on  were  placed  high  above  the  ground,  in  most  ex- 
posed situations,  and  the  locality  Is  liable  to  very  severe 
gales. 

More  recent  experiments  give  results  which  agree  closely 
with  one  another  and  which  are  expressed  by  the  formula: 
P  =  .0032  X  V-,   when 

P  is  the  pressure  in  pounds  per  square  foot, 

V  is  the  velocity  in  miles  per  hour. 

What  in  Beaumont's  scale  is  known  as  a  "fresh  gale"  cor- 
responds to  a  wind  velocity  of  48  miles  per  hour,  whilst  a 
"full  gale"  has  a  velocity  of  67  miles  per  hour. 

These  would  exert  a  pressure  on  a  surface  normal  to  the 
direction  to  the  wind  of  7.36  lb.  a  square  foot  and  14.4  lb.  a 
square  foot  respectively,  whilst  a  hurricane  of  100  miles  an 
hour  would  exert  a  pressure  of  32  lb.  a  square  foot. 

Now  in  England,  buildings  are  rarely  placed  in  very  ex- 
posed sites;  the  force  of  the  wind  is  much  broken  by  the 
unevenness  of  the  ground,  by  trees,  and  by  the  proximity  of 
other  houses.  In  very  exposed  sites,  special  allowances 
should  be  made,  but  there  is  no  reason  why  these  allowances 
should  be  also  applied  to  buildings  in  ordinary  situations. 

For  a  moderately  exposed  site  it  is  suggested  that  a  wind 
velocity  of  48  miles  an  hour,  with  a  pressure  of  7%  lb.  a 
square  foot,  and  for  an  exposed  site  a  velocity  of  60  miles  an 
hour,  with  a  corresponding  pressure  of  11%  lb.  a  square  foot 
will  be  enough. 

For  a  tall  chimney,  or  other  high  and  isolated  structures, 
a  velocity  of  80  miles  an  hour,  and  a  wind  pressure  of  20% 
lb.  a  square  foot  might  be  provided  tor. 

All  of  the  foregoing  pressures  refer  to  a  surface  normal  to 
the  wind. 

For  a  roof  sloping  at  1  in  2,  the  pressure  would  be  .7  of 
the  above,  and  tor  a  root  of  1  in  1,  .95  of  the  above.     For  the 
ordinary  pitch  of  4  in  7,  we  may  assume  that  the  actual  pres-      * 
sure,  in  an  exposed  site  will  not  exceed  .87  X  11%  lb.  or  10  lb. 
a  square  foot. 

Summing  the  foregoing  results,  and  remembering  that  with 
a  strong  wind,  there  can  be  neither  snow  nor  workmen  on 
the  roof;  and  that  when  there  is  snow,  at  most  one  or  two 
workmen  will  get  on  the  roof  to  clear  it,  and  that  they  will 
not  proceed  beyond  the  eaves  until  they  have  cleared  as  far 
as  they  can  reach,  we  arrive  in  the  last  column  at  the  max- 
imum allowances  that  appear  necessary. 

Weight  of 

Maximum 
Wind      temporary 
Member.  Workmen.   Snow,    pressure.       load. 

Battens  and  common  rafters   ...   25  8  10  25 

Purlins     12  S  10  12 

Trusses    7»A  8  10  10 

In  the  case  of  an  ordinary  site,  not  exposed  to  the  full  force 
of  the  wind,  the  allowance  for  a  truss  might  be  further  re- 
duced to  8  lbs. 

Our  load  for  purposes  of  calculation,  in  the  case  of  a  roof 
consisting  of  slates  resting  on  battens,  will  then  work  out 
as  under; 

Per 

For  Battens  and  Rafters —  sq.  ft. 

Weight   of    slates    6  lb. 

Weight   of  battens 1  lb. 

Weight  of  C  rafters   1  lb. 

Occasional   load    25  lb. 


Total    33  lb. 

For  Purlins — 

Weight  of  slates,  battens  and  common  rafters    8  lb. 

Weigh  t  of  purlin    1  lb. 

Occasional   load    12  lb. 


Total    21  lb. 

For  Trusses — 

Weight  of  slates,  battens,  common  rafters  and  purlins 9  lb.. 

AVeight  of  truss   , 6  lb. 

Occasional  load    10  lb 


Total     25  lb. 

As  the  strength  of  a  root  is  the  strength  of  its  weakest 
part,  it  is  believed  that  a  roof  design  based  on  the  foregoing 
allowances  will  be  no  less  safe  than  if  tbe  under  portion  of 
the  structure  were  calculated  with  a  higher  load  allowance, 
or  what  comes  to  the  same  thing,  with  a  higher  factor  of 
safety.  That  such  structures  can  be  reduced  much  below 
their  ordinary  strength  without  undue  risk  has  been  proved 
during  the  war.  The  present  cost  and  shortage  of  materials 
make  it  necessary  that  every  possible  economy  should  be 
effected,  and  it  appears  well  worth  considering  whether  some 
considerable  economy  may  not  be  effected  by  adopting  the 
system  that  has  been  explained  at  some  length  in  the  fore- 
going pages. 
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One  warning  is  however  necessary.  It  roof  trusses  are  to 
be  calculated  strictly  in  accordance  with  the  loading  that 
will  be  imposed,  and  not  for  a  loading  greatly  in  excess,  it  is 
imperative  that  the  design  should  be  a  sound  one,  and  that 
it  should  not  involve  stiesses  for  which  no  allowance  has 
been  made. 

Reference  is  especially  made  to  a  very  common  fault  in 
design,  viz.,  failure  to  ensui'e  that  the  stresses  brought  to  a 
joint  by  two  or  more  members,  together  with  any  load 
whether  upward  or  downward,  that  is  applied  at  that  joint, 
should  actually  meet  at  a  point.  Only  too  frequently,  the 
stresses  are  brought  together  so  eccentrically,  that  surpris- 
ingly large  bending  moments  are  superimposed  on  direct 
thrusts  and  tensions,  with  the  result  that  stresses  are  often 
two  or  three  times  as  great  as  they  are  intended  to  be,  or 
need  be.  With  very  little  care,  such  secondary  stresses  can 
be  almost  completely  eliminated  and  the  truss  can  therefore 
sustain  a  much  greater  properly  applied  load  than  if  this 
point  were  neglected. 


Pump  Uses  New  Principles  in  the 
Elevation  of    Liquids 

From    The    Surveyor,    London,    Nov.    21,    1919. 

An  engineer  is  inclined  to  be  skeptical  when  one  talks  of 
new  principles  in  pumping  water,  inasmuch  as  water  has 
been  elevated  as  far  back  as  the  history  of  man  can  be  traced. 
Nevertheless,  the  Chaine  Hellce  liquid  elevator,  exhibited  at 
Stand  No.  9,  Row  C,  by  Messrs.  Boulton  &  Paul,  Limited,  at 
the  Royal  Agricultural  Hall,  appears  to  employ  principles  not 
hitherto  used  for  the  raising  of  fluids. 

This  apparatus  encompasses  its  objects  without  the  use  of 
pipes,  valves,  buckets,  or  any  of  the  other  mechanisms  with 
which  hydraulic  engineers  are  familiar.  Its  analogy  with  the 
ordinary  chain  pump  is  only  superficial  in  that,  although  both 
are  built  up  on  an  endless  chain,  the  elevation  of  the  liquid 
in  the  chain  pump  depends  on  the  employment  of  cups  or 
buckets  in  every  instance.  In  the  Chaine  Helice  apparatus 
the  endless  chain  is  surrounded  by  coils  of  wire  which  move 
with  the  chain,  being  fixed  to  the  latter  at  frequent  intervals. 
The  spiral  chain  is  suspended  from  a  grooved  pulley,  by 
means  of  which  motion  may  be  imparted  to  the  chain  and  the 
lower  end  dips  into  the  well  about  2  ft. 

When  rotary  motion  is  imparted  to  the  grooved  pulley, 
either  by  hand  or  power  application,  the  suspended  spiral 
chain,  which  is  kept  taut  by  a  counter-weight  pulley  hanging 
freely  in  the  loop  at  the  bottom,  ascends  filled  with  water  on 
one  side,  the  water  being  held  In  the  chain  by  force  not 
hitherto  used  for  liquid  elevation.  Capillary  attraction 
causes  drops  of  water  to  stick  in  the  spiral,  and  as  there  is 
a  continuous  spiral  of  such  drops  a  sort  of  skin  is  produced, 
which  one  might  term  a  reinforced  water-pipe,  the  reinforce- 
ment being  the  steel  spiral  which  liolds  the  tube  of  water 
together.  This  would  account  for  the  lifting  of  part  of  the 
fluid  that  is  raised.  This  pipe  is,  however,  filled  with  water, 
which  cannot  escape  laterally,  and  which  can  only  run  down- 
wards. Owing  to  the  fact  that  the  core  of  the  spiral  is  a 
link  chain,  and  that  friction  is  purposely  introduced  in  other 
ways,  the  included  water  has  difficulty  in  running  backwards, 
and  as  the  chain  is  being  pulled  up  much  faster  than  the 
liquid  can  run  back  the  net  result  is  a  continual  rise  of  water, 
the  diameter  of  which  is  that  of  the  outer  spiral,  and  the 
speed  of  which  is  the  speed  of  the  chain  less  the  backward 
motion  of  the  water.  As  the  spiral  passes  over  the  grooved 
pulley  at  the  top  it  opens  out  slightly,  and  centrifugal  force 
causes  the  water  to  be  thrown  off.  It  is  caught  in  a  simple 
tank,  and  cannot  mn  back  through  the  hole,  by  means  of 
which  the  chain  entered  this  tank,  owing  to  this  hole  being 
surrounded  by  a  sleeve. 

To  arrive  at  the  efficiency  of  a  pump  of  this  type  it  should 
be  borne  in  mind  that,  owing  to  the  absence  of  all  pipes  and 
valves,  the  friction  encountered  can  only  be  that  produced 
by  the  relative  motion  of  the  water  within  the  spiral  and 
the  chain.  The  water  held  by  capillary  attraction  and  ad- 
hesion rises  without  loss  due  to  friction.  There  is,  however, 
a  serious  friction  in  picking  up  the  water,  the  effect  of  the 
chain  dropping  into  the  water  and  out  again  being  to  produce 
eddies,  which,  of  course,  represent  loss  of  power.  The  fric- 
tion in  the  apparatus  itself  at  the  top  of  the  well  is  very 
small  and  although  the  novelty  of  this  Invention  at  the  pres- 


ent time  precludes  publication  of  very  elaborate  doiails,  i' 
may  be  said  that  the  elficiency  of  the  elevator  is  quite  gooil 
probably  about  uU  per  cent.  The  quantities  lifted  vary  with 
the  size  of  the  chain;  the  largest  chain  used  at  the  present 
time  delivering  2,500  gal.  per  hour.  The  greatest  depth 
from  which  water  is  being  lifted  at  present  is  300  ft. 

Although,  as  stated,  the  efliciency  is  very  good,  the  real 
merits  of  the  pump  lies  in  its  simplicity.  There  is  no  fear  of 
freezing,  nor  does  the  admission  of  dirt  and  grit  with  the 
liquid  in  any  way  affect  the  pump.  The  grit  simply  is  car- 
ried along  with  the  water  and  thrown  oil  at  the  top.  The 
smaller  types  of  pumps  should  therefore  be  very  useful  in 
pumping  out  sumps,  trenches,  or  any  temporary  work,  th<^ 
apparatus  being  easily  shifted. 


British  Experiences  With  As- 
phaltic  Macadam 

By  II.   T.   WAKELAM, 

County  EnjTlneer  for  Sliddlese.'C. 

Fiom  Engineerinsr,  I.x5ndon,  Nov.  28,  1919;  abstract  of  a  paper  read 

Nov.  21  before  the  County  Councils'  Association  at  the 

Itoad   and   Transport   Conpresa. 

The  writer  desires  it  to  be  understood,  at  the  outset,  that 
the  term  "asphaltic  macadam,"  which  forms  the  subject- 
matter  of  this  paper,  implies  that  the  material  covered  by 
the  term  consists  either  of  (1)  pure  asphalt,  (2)  native  bitu- 
men, or  (3)  material  obtained  artificially  from  asphaltic 
mineral  oils,  and  used  for  the  wearing  surfaces  of  roadways. 
(Pitch  and  tar  compounds  are  entirely  outside  the  questions, 
and  i.iatcrials,  referred  to  in  the  following  remarks.) 

Early  Experiments  with  Tar  Painting  Macadam. — As  far 
back  as  1906,  the  writer  submitted  a  paper,  on  "Tar  Painting 
of  Metalled  Road  Surfaces,"  for  discussion  at  the  annual 
meeting  of  the  Institution  of  Municipal  and  County  En- 
gineers, held  in  London,  and  gave  therein  the  Results  of  his 
experiments.  In  this  connection,  which  had  extended  over 
three  or  four  years  previously  to  that  date.  The  writer  wa.s 
one  of  the  first,  if  not  the  first,  to  tar-paint  road  surfaces  in 
this  country,  and  since  1906,  when  his  remarks,  on  the  value 
of  tar-painting  for  road  surfaces,  were  somewhat  sceptically 
received,  it  has  come  into  general  use,  and  is  now  recognized 
as  a  valuable  factor  in  connection  with  the  upkeep  of  roads. 

It  has  been  found,  however,  that  metalled  surfaces,  even 
when  annually  tar-painted,  are  not  sufficiently  strong  to  re- 
sist the  wear  and  tear  of  mechanically-propelled  vehicles. 
Metalled  roads,  tar-painted  each  year,  have  much  in  their 
favor  and,  especially  so,  where  the  traffic  is  light,  and  rail- 
way facilities  are  difficult  in  sparsely-populated  areas.  In 
many  districts,  however,  this  material  does  not  fulfil  the  re- 
quirements of  present-day  traffic,  and,  owing  to  this,  the 
writer  was  led,  with  many  others,  to  experiment  with  dif- 
ferent kinds  of  materials  to  secure,  if  possible,  at  a  reason- 
able cost,  something  of  an  artificial  nature  which  would 
prove  equal  to  the  exiguous  requirements  of  the  rapidly- 
developing  mechanical  traffic. 

The  First  Continuous  Section.— To  this  end  experiments 
were  carried  out  by  the  writer  in  the  spring  of  1907,,  on  one 
of  the  most  important  main  roads  leading  out  of  London, 
when  selected  (continuous)  sections  of  the  road,  of  equal 
lengths,  were  resurfaced  with  the  following  materials,  viz 

1.  Tarmac. 

2.  Tarred  Clee  Hill  granite— 2-in.  gage,  mixed  with  1  in. 
to  %  in.  tarred  limestone — consolidated  to  a  depth  of  4  In. 
and  tar-painted. 

3.  Tarred  limestone — 2  in.  to  1  in.  material — consolidated 
to  a  thickness  of  4  in.  and  tar-painled. 

4.  Tarred  flints,  2%-in.  gage,  with  1  in.  to  %  in.  tarred 
limestone  and  tar-palnted. 

The  materials  laid  on  Sections  2  and  4  had  a  comparatively 
short  life,  and  were  quite  unsatisfactory  for  heavy  traffic, 
whilst  Sections  1  and  2- gave  better  results,  but  in  their  turn 
they  were  removed  and  "asphaltic  macadam"  laid  In  their 
place.  The  latter  has  proved  satisfactory,  both  from  a  point 
of  resultant  wear  and  tear,  and  from  the  fact  that  there  has 
been  a  saving  of  £227  per  annum  in  the  expenditures  on 
scavenging  and  watering  since  the  asphaltic  material  was 
laid  on  the  road.  This,  with  other  obvious  advantages,  points 
to  the  conclusion  that  a  large  extension  of  asphaltic  work. 
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under  certain  traffic  conditions,  may  well  be  looked  for.  The 
said  materials  are  impervious,  and  withstand,  to  a  great  de- 
gree, the  impact  and  stress  of  motor  omnibus  traffic.  There 
are  no  traces  of  the  effect  of  the  "suction"  set  up  by  the  use 
of  "twin"  rubber  tires,  which  tends  so  much  to  the  destruc- 
tion of  ordinary  metalled  road  surfaces  by  omnibuses,  and 
other  mechanically-propelled  vehicles. 

Asphaltic  Macadam  Experimental  Pavement. — Asphaltic 
materials  are  easily  cleansed,  and  there  is  no  absorption  of 
animal  urine,  or  open  joints,  or  interstices,  in  which  excre- 
mentitious  matter  may  accumulate  and  decompose,  to  get 
blown  about  to  the  detriment  of  the  public  health. 

As  stated  above  the  materials  experimented  with  were  re- 
moved, and  a  length  of  about  5  miles  of  road  surface  was 
covered  with  asphaltic  macadam  in  about  11  weeks. 

The  work  was  carried  out  by  two  well-known  firms,  who 
guaranteed  it  tor  a  period  of  ten  years.  The  initial  (pre- 
war) cost  was  8s  ($1.92),  per  square  yard,  plus  a  maintenance 
charge  of  2s.  3d  (54  ct.)  spread  over  the  ten  years  period. 

The  analysis  of  the  surfacing  work  carried  out  (on  a  Men- 
lip  limestone  base)  was  as  follow.';; 

I'er  cent. 
Bitumen   (soluble)   C-!  -..      11.50 

Passing  200  mesli 16.30 

Passing-  100  mesh. ...  13.40 

Passing     SO  mesh...,  7.50 

Passing     50  mesh...  3S.90 

Passing     40  mesh .  -  4.00 

Passing     30  mesli..  2.70 

Passing     20  mesh.  .  .,        ,  -.       2.30 

Passing     10  mesh 2.40 

Retained   10    mesh 1.00 

100.00 
Tlie  base  on  which  the  surfacing  work  was  laid  consisted 
of  a  bed  of  graded  Mendip  limestone,  mixed  with  bituminous 
material,  covered  with  asphaltic  macadam,  as  a  wearing  coat, 
to  a  finished  thickness  of  114  in.,  the  old  road  surface  being 
properly  prepared  to  receive  it.  The  contracts  were  carried 
)ut  in  June,  July  and  August,  1913.  Since  that  time  very 
little  money  indeed  has  been  expended  on  the  road  in  the 
way  of  repair,  and,  judging  from  appearances,  the  life  of  the 
work  will  be  well  over  the  ten  years'  guaranteed  maintenance 
period. 

Specifications  for  the  Asphaltic  Macadam  Construction. — 
The  following  specifications  by  the  writer  formed  the  basis 
on  which  the  contracts  were  let: 

1.  The  contractor  shall  lightly  scarify  the  existing  road 
surface  and  reform,  steam  roll,  and  consolidate  the  same  to 
the  contour  required  for  the  new  surfacing.  He  shall  also 
provide  where  required  in  this  connection,  new  Clee  Hill 
granite  metalling  to  form  a  good  sound  surface  for  the  re- 
ception of  the  asphaltic  materials.  The  best  of  the  old 
metalling  excavated  shall  he  well  screened,  and  if  considered 
suitable,  used  for  filling  up  purposes.  All  surplus  materials 
not  required,  and  approved  by  the  engineer  for  re-use,  shall 
be  carted  away  by,  and  at  the  expense  of,  the  contractor, 
who  shall  provide  the  necessary  tips  tor  the  same. 

2.  Instructions  to  proceed  with  the  work  will  be  given  as 
early  as  possible  after  the  date  of  the  acceptance  of  the 
tender  by  the  County  Council,  but  the  contractor  shall  take 
into  consideration  any  deterioration  of  the  old  road  surface 
which  may  take  place  during  the  time  which  may  elapse  be- 
tween the  date  of  the  said  acceptance  of  tender  and  the  com- 
pletion of  his  contract,  and  shall  carry  out  at  his  own  cost 
all  necessary  repairs  to  the  length  of  road  covered  by  his 
contract  that  may  be  required  during  the  period. 

3:  The  contractor  shall  provide  and  lay.  on  the  prepared 
surface,  a  bituminous  pavement,  consolidated  to  a  depth  of 
Wi  in.,  in  two  layers,  in  the  following  manner. 

4.  The  bottom  layer  shall  be  composed  of  broken  Mendip, 
or  other  approved  limestone,  varying  from  %  in.  to  ly^  in. 
in  size,  with  the  addition  of  suitable  filling,  cemented  to- 
gether with  Trinidad  Lake  bituminous  composition. 

5.  The  top  layer  shall  be  composed  of  silica  of  fine  grade. 
Portland  cement,  and  refined  Trinidad  Lake  bitumen,  as  a 
cementing  agent,  all  to  approval. 

6.  The  materials  comprising  the  surfacing  shall  be  heated 
separately,  after  being  weighed  in  definite  quantities,  and  in- 
corporated in  a  batch  mixer,  with  the  cementing  agent. 

7.  The  resulting  composition  shall  be  delivered  to  the 
i-oad  in  a  hot  condition,  and  l.iid  to  a  contour  not  exceeding 
1  in  36  to  1  in  40,  to  the  specified  thickness,  and  shall  be 
compressed  by  suitable  rellers.  Cross-rolling,  by  a  heavy 
hand  roller,  shall  be  cavviod  nnt  at  the  discrotiou  of  the  en- 
gineer. 


8.  The  contractor  will  be  required  to  maintain  the  whole 
of  the  bituminous  surface  for  a  period  of  ten  years  frOm  the 
date  of  completion,  and  the  remaining  contingent  work  com- 
prised in  the  contract  for  a  period  of  twelve  calendar 
months. 

9.  Any  side,  or  cross  roads,  interfered  with,  shall  be  ex- 
cavated, reformed  and  graded,  to  accord  with  the  levels  of 
the  new  work  along  the  main  road,  and  shall  be  finished  off 
with   fuiitable  materials. 

10.  The  contractor  shall  provide  for  contingencies  a  sum 
equal  to  5  per  cent  of  the  amount  of  his  tender,  such  sum  to 
be  expended  as  the  engineer  may  direct.  Any  portion  of  the 
amount  remaining  unspent,  at  the  completion  of  the  works, 
will  be  deducted  from  the  contract  when  the  final  statement 
is   prepared. 

Causes  of  Waviness  and  Corrugation. — In  1914,  another  im- 
portant main  road  leading  out  of  London  was  similarly  dealt 
with.  Both  capital  and  maintenance  costs,  per  square  yard, 
were  exactly  similar  to  the  figures  above  quoted. 

The  company  who  carried  out,  and  are  maintaining,  the 
work,  have  had  no  expense,  to  date,  in  connection  with  it,  al- 
though the  road  during  the  war  period  was  (and  still  is)  sub- 
jected, both  day  and  night,  to  an  exceedingly  heavy  motor 
lorry  traffic. 

The  surfaces  of  the  two  roads  treated  are  smooth  and  hard, 
and  bar  the  inevitable  waviness  and  corrugation,  which  is  in- 
herent to  all  kinds  of  roads  under  motor  traction,  the  car- 
riageways are  in  an  exceedingly  good  state — with  one  ex- 
cepted short  length.  The  latter  is  a  section  about  SO  yd.  to 
100  yd.  long  upon  \yhich  the  asphaltic  macadam  was  laid,  as 
an  experiment,  on  a  6  to  1  Portland  cement  concrete  bed,  (J 
in.  thick.  The  writer  was  of  the  opinion,  at  the  time,  that 
asphaltic  macadam,  spread  to  a  thickness  of  an  inch  only,  on 
a  hard  rigid  foundation  (to  which  there  could  be  no  prac- 
tical cohesion)  would  be  bound  to  corrugate  quickly  and  "roll 
up."  The  result  has  fulfilled  his  expectations!  .More  mcney 
has  since  been  expended  on  the  short  experimental  length, 
referred  to,  than  on  the  remaining  length  of  the  road,  and 
it  has  recently  been  decided  to  remove  the  concrete  and,  in  its 
place,  to  substitute  a  resilient  bed  of  limestone,  mixed  with 
a  bituminous  material,  and  coated  with  asphaltic  macadam, 
to  accord  with  the  remainder  of  the  road. 

With  regard  to  the  question  of  "waviness  and  corrugation" 
above  referred  to,  much  has  been  said,  and  written,  from 
time  to  time  on  this  important  point,  and  many  suggestions, 
of  a  theoretical  kind,  have  been  offered,  and  have  been  stated 
to  be  both  a  remedial  and  preventive  measure,  in  regard  to 
the  trouble  experienced  in  this  connection.  It  has  been  sug- 
gested that  corrugation  is  due  (1)  to  bad  steam  rolling;  (2) 
to  faulty  spreading  of  materials;  (3)  to  the  use  of  poor  qual- 
ity binding  materials;  (4)  to  inter-attrition;  and  (5)  to  the 
variations  in  the  qualities  of  the  materials  used.  The  ordi- 
nary man  in  the  street,  would,  perhaps,  accept  any  of  these 
as  the  cause  of  corrugation,  but  to  practical  men,  who  are 
daily  studying  road  questions,  a  solution  of  the  matter  is 
looked  for  in  other  directions.  Previous  to  the  advent  of  me- 
chanical traction,  as  we  know  it  today,  roads  were  steam 
rolled,  the  same  materials  were  employed,  and  their  qualities 
were  just  as  variable  as  they  are  now,  but  corrugations  as 
now  seen  and  experienced,  were  practically  unknown!  Cor- 
rugations cannot,  therefore,  with  impunity,  be  attributed  to 
any  of  the  above-named  causes.  To  the  mind  of  the  writer 
the  chief  cause  of  corrugation  is  vibration  combined  with 
friction! 

Since  the  contracts  above  referred  to  were  carried  out,  the 
writer  has  carried  out  other  road  contracts  of  considerable 
magnitude,  totalling  many  thousands  of  pounds,  in  connec- 
tion with  which  asphaltic  materials  have  formed  the  sur- 
facings.  In  two  or  three  of  these  contracts,  selected  clinker 
from  a  refuse  destructor  formed  the  bottom  beds  in  place  of 
limestone. 

Constituents  of  the  Asphaltic  Macadam. — The  wearing 
coats  laid  on  the  clinker  were  composed  of  natural  bitumen, 
sand  and  cement,  as  follows: 

Per  cent. 

Bitumen  (soluble)  CS- 11.50 

Passing  200  mesh 16.30 

Passing  100  mesh 13.40 

P.assing     80  mesh 7.50 

Passing     50  mesh 38.90 

Passing     40  mesh 4.00 

Passing     30  mesh 2.70 

Passing     20  mesh 2.30  • 

Passing     10  mesh 2.4ft 

Retained  10   mesh 1.00 
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The  writer  has  also  experimented  with  a  length  of  asphaltic 
macadam  laid  in  one  coat,  on  an  old  granite  macadam  sur- 
face. This  experiment  is  being  carefully  watched,  and  notes 
taken  with  regard  to  it. 

For  the  purpose  of  the  experiment,  the  old  metalled  road 
surface  was  lightly  scarified,  and  adjusted  to  proper  levels, 
and  thoroughly  steam-rolled  to  provide  for  a  single  coating 
of  refuse  clinker  asphaltic  macadam,  which  was  prepared 
in  the  neighborhood  of  the  road  on  which  the  material  was 
laid. 

The  formula  of  the  proceeding  was  as  follows: 

7.3  cu.  ft.   of  fine  clinker  refuse  residual  about  4S2  lb.  in  weight. 

68  lb.  of  Portland   cement. 

65  lb.  of  %-in.  Clee  Hill  gianite  chippings. 

55  lb.  of  fine  clinker  retained  on  ^.i-in.  screen  and  passing  %  in. 

155  lb.  of  Trinidad  bitumen. 

ANALYSIS.  Percent. 

Bitumen  (soluble)  CS. ' ..     13.6(1 

Passing  200  mesh .  .      IS. 00 

Passing  100  niash 8. (50 

Passing     SO  mesh .  .  4.65 

i'assing     50  mesh ...  16.15 

Passing    40    mesh..  1.30 

Passiny     30  ma.sh.  .  3.70 

i'assing     20  mesh.  5.40 

Passing     10  mesh..  7.80 

Retained  10  mesh....  17.80 

10". "11 

Chief  Essentials  for  Success  in  Asphaltic  Macadam  Con- 
struction.— Asphaltic  macadam  is  now  being  so  much  used, 
and  its  component  parts  and  mixing  are  getting  to  be  so  well 
understood  that  it  would  be  superfluous,  to  some  extent,  to 
give  more  details  in  regard  to  it  in  this  paper.  The  chief 
essentials  to  success  in  its  use  are,  primarily,  the  character 
of  the  bitumen  used,  and  the  density  (i.  e.,  freedom  of  voids) 
of  the  final  mixture.  If  it  were  not  for  the  extreme  change- 
abilities of  the  English  climate,  it  might  be  possible __to  adopt 
varying  standards  of  asphaltic  macadam  for  surfacing  work 
in  this  country,  but  as  it  is  most  essential  to  exercise  the 
strictest  carefulness  in  all  such  operations,  each  road  must 
be  considered  in  accordance  with  its  requirements.  Some 
standard  compositions  have  been  formed  to  withstand  heavy 
traffic  in  the  summer  months,  but  they  have  failed  com- 
pletely in  the  more  trying  seasons  of  the  year.  and.  especially 
so.  during  the  severe  climatic  conditions  which  prevail  in 
this  country,  from  October  to  aiarch,  which  have  shown  that 
the  employment  of  low  standards  accounts  greatly  for  the 
failures  so  frequently  experienced.  This  important  factor 
should  not  be  lost  sight  of  by  those  who  are  wishful  to  se- 
cure satisfactory  and  lasting  work. 

In  actual  practice  it  has  been  found  that  fine  sharp  sand, 
in  proper  proportions,  is  one  of  the  best  materials  that  can 
be  used  as  an  aggregate  in  connection  with  pure  bitumen,  for 
road  surfacing.  Its  use  has  now  been  well  established,  but 
care  must  be  exercised  to  obtain  suitable  distributions  of  the 
sand  over  a  range  of  meshes— say  one-tenth  of  an  inch  to  a 
hundredth  in  size.  Such  a  distribution  should  secure  the 
requisite  density.  Sands  which  contain  impalpable  matter, 
clay  or  organic  impurities,  should  be  avoided.  Clayey  matter 
adheres  to  the  coarser  sand  particles,  during  the  process  of 
■  heating  and  drying,  with  the  result  that  the  subsequent 
coatings  of  bitumen  are  much  depreciated  in  value.  Angular 
quartz  sand  has  been  proved  to  be  the  most  suitable  aggre- 
gate, but  there  are  local  sands  in  various  parts  of  England, 
Ireland,  Scotland  and  Wales,  from  which  typical  gradings 
may  be  obtained. 

With  regard  to  the  preparation  of  asphaltic  macadam,  it 
is  important,  and  necessary,  to  obtain  what  is  known  as  a 
suitable  "filler."  The  function  of  the  latter  is  to  increase 
the  density  of  the  bitumen  covering  the  sand  particles  used, 
and  to  close  the  finest  voids.  For  this  purpose  Portland 
cement  has  proved  itself  to  be  the  most  effectual  material, 
owing  probably,  to  its  inertness  in  combination  with  bitumen, 
and  its  specific  gravity.  The  "filler"  used  in  asphaltic  com- 
pounds forms  a  great  desideratum  in  connection  with  thf 
lite  of  the  material,  under  traffic  conditions,  and  its  qualities 
call  for  the  most  careful  consideration. 

In  departing  from  the  time-honored  use  of  waterbound  ma- 
cadam (tar-painted  each  year)  for  which  material  there  is 
still,  and  undoubtedly  will  be  for  many  years,  a  great  call,  it 
is  reasonable  to  consider  the  most  suitable  thing  to  adopt  m 
order  to  meet  and  resist,  the'  abrasions,  stress  and  attrition 
of  modern  traffic.  The  later  is  bound  to  increase  on  mechan- 
ical principles,  and  it  useful  to  consider  in  what  way,  and 
with  what  material,  the  more  important  roads  of  the  country 
are  to  be  maintained.  The  writer  has  given  this  matter 
much  attention  and  has  outlined  herein  hisown  procedure 
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It  is  always  pleasing  to  both  theorists  and  practical  men 
when  theory  and  practice  show  conflrmatory  results.  There- 
fore the  following  instances  must  be  of  pleasing  Interest  to 
all  efficiency  men  who  have  devoted  any  time  to  the  study 
of  Industrial  Fatigue  and  all  allocation  and  arrangement  of 
equitable  rest  factors. 

Figure  1  shows  a  theoretical  diagram  based  upon  medical 
tact,  representing  the  useful  work  cycle  of  any  operation 
necessitating  the  expenditure  of  human  energy.  The  hori- 
zontal divisions  equal  units  of  time,  the  vertical  divisions 
units  of  effort;  the  squares  enclosed,  therefore,  show  units 
of  work. 

The  theory  is  that  when  any  kind  of  work  is  commenced 
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pjg     1— Theoretical   Diagram   of   Useful   Work  Cycle. 


an  effort  is  put  forth  which  equals  O.M.;  the  energy  ex- 
penditure then  lags  slightly,  dropping  to  N,  after  which  It 
rises  to  point  B,  continuing  along  this  line  until  the  fatigue 
effects  commence  to  show,  when  the  effort  curve  rapidly 
drops  awav,  following  the  line  C.F.L..  when  it  would  finally 
run  along  a  fairly  level  line  until  the  arrival  at  leaving-off 
time  or  the  cessation  of  work  through  complete  exhaustion. 

It  is  necessary  now  to  determine  at  which  point  the  rest 
period  should  be  brought  in,  and  theoretically  it  should  be 
on  the  dropping  curve  at  C,  as  being  the  point  coinciding 
with  N,  which  is  the  lowest  point  on  the  useful  effort  line. 

Work  should  recommence  when  the  workers  have  recov- 
ered sufficiently  to  bring  their  initial  effort  up  to  point  G. 
which  is  coincident  with  point  XI,  and  is  equal  to  their  first 
energy  expenditure. 

The  actual  length  of  the  rest  period  is  directly  dependent 
upon  the  character  of  the  work  and  the  amount  of  energy 
expended,  but  in  the  diagram  shown  it  Is  a  sixth  portion, 
equal  to  2o  per  cent  of  the  working  time.  We  therefore  see 
that  the  shaded  area  F  G  H  I  J  K  L  shows  the  save(]  energy- 
due  to  the  rest  taken— shown  dotted  C  D  E  F. 

It  is  therefore  obvious  that  rest  is  taken  when  performance 
D  C— A  N,  and  rest  continues  until  performance  at  recom- 
mencement E  G  =  0  M,  and  it  is  correctly  fixed  when  area 
F  G  H  I  J  K  L  exceeds  C  D  E  P. 

Now  let  us  consider  what  the  actual  gain  in  conserved 
energy  amounts  to  when  it  is  based  upon  the  foregoing. 

Considering  the  diagram  in  Figure  1,  each  square  enclosed 
in  the  diagram  equals  a  unit  of  work  or  possible  work;  on 
consideration  we  find  that 


Inits  of  work 
76.75 
59.8125 
16.9375 


Work  done  with  rest  factor 

Work  done  without  rest 

Gained  by  using  rest 

This  therefore  shows  »  gain  ••: 

We  now  turn  from  theory  to  practice. 

Figure  2  shows  four  representative  output  curves  for  dif- 
ferent gangs  of  men  engaged  upon  very  laborious  work, 
working  on  a  piece  rate  and  from  starting  time  to  dinner  time 
and  thence  right  through  to  leaving-off  time.  It  is  very  no- 
ticeable how  all  the  curves  coincide  in  their  principal  charac- 
teristic, and  that  Is,  the  tremendous  drop  towards  the  leav- 
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ing-off  times,  after  two  hours'  work  in  the  morning  and  after 
only  an  hour's  vvorli  in  the  afternoon,  clearly  showing  that 
the  men  became  overfatigued  in  the  morning  and  were  there- 
fore insufficiently  rested  at  the  afternoon  start. 

After  study  of  the  energy  expenditure  it  was  decided  to 
give  a  23  per  cent  rest  factor,  to  take  effect  after  each  45 
minutes  work,  a  rest  of  15  minutes  to  be  taken;  this  appeared 
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Fig.   2 — Representative   Output    Curves. 

at  first  glance  to  be  a  very  liberal  rest,  but  the  result  was 
most  astonishing  and  the  resultant  outputs  are  shown  in 
Figure  3.  It  will  be  observed  that  a  steady  output  is  main- 
tained and  is  more  of  a  rising  curve  as  the  leavingoff  time 
approaches,  proving  that  the  men  were  not  at  all  over- 
fatigued  and  had,  in  fact,  some  stand-by  energy  to  expend. 

We  notice,  too,  that  the  improvement  in  output  was  round 
about  30  per  cent,  which  coincides  very  closely  with  the  2S.3 
per  cent  on  the  theoretical  diagram.  It  is  particularly  no- 
ticeable that  the  giving  of  the  rest  has  equalized  the  output 
over  thi  day,  which  proves  that  working  with  a  properly  de- 
fined rest  period  keeps  extreme  fatigue  at  bay  and  enables 
the  workers  to  increase  production  at  a  less  expenditure  of 
energy. 

It  is  interesting,  too.  to  know  that  the  workers  declared 
that  the  knowledge  that  the  rest  period  was  coming  along 
enabled  them  to  start  off  with  a  gi-eater  energy  expenditure, 
because  they  had  not  the   feeling  that  they  must   conserve 
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Fig.  3  (Upper)— Effect  of  Rest  Factor  on  Output.    Fig.  4— Output  of 
Gang  of  WorKtnnen  on  Same  Operation   on   Different  Days. 

their  strength  because  of  the  long  spell  of  work  in  front  of 
them  before  leaving-off  time. 

In  most  work  of  a  light  character,  one  finds  that  quite  a 
short  rest  is  suflScient,  3  to  5  minutes  every  hour  being  ample, 
but  when  the  signal  for  the  rest  is  made,  it  must  be  insisted 
that  all  workers  who  are  working  in  a  standing  position  must 


sit  down,  and  where  sitting  should  get  up  and  move  about. 
In  fact,  it  has  been  considered  sufficient  in  some  cases,  where 
the  work  is  light  and  not  of  an  exacting  character,  to  simply 
make  the  workers  stand  and  sit  alternately  for  definite  pe- 
riods though  it  must  be  recognized  that  so  long  as  the  work- 
er is  carrying  on  with  the  work  there  is  a  certain  nervous 
tension,  and  the  relaxation  of  only  two  minutes  is  a  welcome 
tensional  relief. 

Ffgure  4  shows  what  can  be  done  by  a  careful  initial  study 
of  work  so  that  the  method  at  the  commencement  is  carried 
out  along  right  lines,  for  there  is  not  the  slightest  doubt  that 
if  the  workers  are  started  away  on  the  right  methods  it  is 
much  better  than  having  to  break  them  of  formed  habits 
of  an  inefficient  character. 

This  diagram  represents  the  outputs  of  a  gang  of  female 
workers  carrying  out  the  same  operation  on  different  days. 
and  it  will  be  noticed  that  the  work  was  going  with  a  swing 
and  commendable  steadiness  of  production.  These  workers 
were  working  on  a  time  rate  of  pay  and  it  was  simply  the 
fact  that  the  conditions  were  good  and  the  workers  quite 
content  that  enabled  such  a  degree  of  efficiency  to  be  at- 
tained. 

It  will  be  noted  that  these  workers  achieved  100  per  cent 
efficiency  on  the  day's  average  output.  As  a  comparison  it 
is  interesting  to  know  that  the  same  work  was  carried  out 
elsewhere  under  conditions  of  labor  and  rest  decided  by  the 
workers  themselves,  and  although  the  same  appliances  and 
arrangement  of  carrying  out  the  work  obtained,  the  degree 
of  efficiency  compared  to  the  same  standard  was  only  65  per 
cent.  Here,  again,  we  find  that  the  correctly  arranged  rest 
factor  made  a  difference  of  35  per  cent  on  the  output. 

When  studying  the  question  of  industrial  fatigue  one  has 
to  be  careful  to  consider  the  matter  from  two  standpoints. 

We  have  to  consider  principally  the  purely  physical  effect 
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of  fatigue  which  accrues  in  all  cases  where  work  entails 
definite  application  of  either  real  muscular  or  mental  effort. 
The  fatigue  in  the  latter  is  often  greater  than  the  former, 
and  the  necessity  may  arise  in  some  instances  for  quite  as 
high  a  rest  factor  as  for  the  muscular  tiredness. 

As  an  illustration  of  what  I  wish  to  convey.  Figures  5  and 
5A  show  the  output  curves  of  two  best  female  operatives  car- 
rying out  repetition  bench  work  of  a  light  character.  These 
girls  were  paid  on  a  premium  bonus  system  and  each  regu- 
larly earned  bonus,  but  on  examining  their  rates  of  output 
it  is  astonishing  to  find  that,  whilst  one  is  evidently  a  steady, 
level  worker,  the  other  seems  to  work  in  spurts,  and  just  at 
the  end  of  the  day  runs  away  with  the  work  and  makes  a 
fine  finish.  The  operative  whose  curve  is  shown  in  Figure  5A 
is  no  doubt  the  best  for  study  purposes,  as  the  other  opera- 
tive is  evidently  a  most  erratic  worker,  and  any  decisions  ar- 
rived at  through  the  study  of  her  output  rate  would  be  very 
misleading. 

The  better  to  study  fatigue  on  production  jobs  a  system 
of  output  record  cards  was  instituted  on  which  the  output 
was  entered  either  every  fifteen  minutes  or  some  other  even 
period.  It  was  found  that  the  workers  displayed  a  great 
deal  of  interest  in  these,  and  the  mere  fact  of  their  work 
being  recorded  as  they  went  on  during  the  day  was  in  itself 
sufficient  to  cause  an  increase  in  output.  This  is  a  psycho- 
logical result  similar,  in  fact,  to  the  better  times  that  are 
shown  in  races  that  are  paced,  or  where  there  is  a  suffi- 
ciency of  good  class  competitors  to  make  a  good  race. 
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So  we  find  the  competitive  spirit  entering  into  tlie  question, 
and  each  worlier  endeavoring  to  be  better  than  the  next. 
Here,  then,  is  a  means  by  which  production  may  be  in- 
creased, even  although  the  new  methods  may  not  be  put  in 
to  do  so,  for  the  spirit  of  emulation  is  strong  in  the  human 
breast,  and  so  long  as  the  worker  can  see  how  he  or  she  com- 
pares with  their  confreres,  so  will  we  have  that  extra  effort 
put  forth  to  do  as  well. 

The  foregoing  facts  must  be  pleasing  to  any  student  of 
the  question  of  industrial  fatigue,  and  although  progress  has 
been  made  in  this  great  study  which  has  as  its  ultimate  aim 
the  elimination  of  the  waste  of  human  effort  and  the  human- 
izing of  industry,  yet  there  is  much  more  to  be  done  in  the 
way  of  research,  such  as  that  which  has  been  carried  out  by 
Major  Gilbreth  and  his  accomplished  wife,  and  the  encour- 
agement of  early  successes  should  not  just  satisfy  but  spur 
us  on  to  further  effort  to  improve  the  conditions  and  methods 
under  which  our  fellow  creatures  labor. 


Concrete    Pavements  in  New 
Zealand 

By  WALTER  E.  BUSH, 
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From   Engineerin:;,  Nov.  28,  1919.  of  paper  read  Nov.  21    before  the 
Countv  Councils'   Association  of  the  Roads  and 
Transport  Congress. 

In  the  course  of  his  official  duties  the  writer  submitted  a 
report  to  the  City  Council,  Auckland,  upon  the  streets  of  the 
city,  dealing,  inter  alia,  with  the  relative  merits  of  various 
forms  of  paving,  in  which  he  stated  his  belief  in  the  future 
of  concrete  paving  for  climates  like  that  obtaining  in  Auck- 
land, especially  as  motor  traction  would  tend  more  and  more 
to  replace  horse  traction  in  the  future,  and  in  respect  to  a 
number  of  streets  he  gave  alternative  estimates  for  paving 
such  streets  in  compressed  asphalt,  wood  block,  stone  setts 
and  concrete.  It  was  not,  however,  until  the  latter  end  of 
1915  that  the  City  Council  authorized  him  to  put  down  the 
first  cement-concrete  pavement  in  the  city,  although  cement- 
concrete  foundations  had  been  put  under  all  paved  streets. 
The  measure  of  success  met  with  in  the  first  street  has  led 
to  its  increasing  use,  and  practically  all  streets  that  have 
since  been  permamently  paved  have  been  carried  out  in 
cement  concrete,  and  when  the  writer  left  New  Zealand  in 
March  last,  some  35,000  yds.  in  all  had  been  completed,  14,000 
yds.  were  in  hand,  and  an  additional  135,000  yds.  had  been 
authorized. 

The  first  street  to  be  paved  was  Little  Queen  street,  423  ft. 
in  length,  and  lying  almost  due  north  and  south,  so  exposing 
it  to  the' suns  rays  for  the  middle  part  of  the  day,  which 
means  in  summer  time  that  the  surface  temperature  is  often 
as  high  as  120°  P.,  and  may  sometimes  exceed  that.  Its  mean 
elevation  is  9  ft.  above  sea-level,  and  it  serves  the  back  or 
cart  entrances  of  a  number  of  warehouses  and  works  to  and 
from  which  traffic  is  of  the  heaviest  description,  both  two 
and  three-horse  lorries  and  also  motor  trucks  being  used, 
carrying  the  largest  loads  that  the  very  flat  grades  on  the 
water  front  make  possible,  and  it  is  also  subjected  to  much 
turning  and  twisting  of  traffic  from  the  fact  that  many  of 
the  warehouses  have  cart  docks,  and  practically  all  unload- 
ing is  done  by  backing  the  lorries  and  trucks  either  into  such 
cart  docks  or  against  the  kerb. 

The  street  was  prepared  for  paving  by  scarifying  the 
waterbound  macadam,  excavating  to  the  required  depth  and 
preparing  and  rolling  the  subgrade  to  the  required  camber 
to  receive  a  uniform  thickness  of  8  in.  of  pavement,  with  a 
fall  from  the  crown  to  the  channel  of  approximately  1  in  36. 
Two-coat  work  was  adopted,  the  lower  6  in.  of  7  to  1  con- 
crete and  the  upper  2  in.  of  3  to  1  concrete.  The  7  to  1  con- 
crete consisted  of  5  parts  of  clean  beach  shingle  having  a 
fair  proportion  of  sand,  two  parts  of  broken  basalt  between 
1-in.  and  2V<.-in.  gauge,  and  1  part  of  Portland  cement  (New 
Zealand  manufacture),  while  the  3  to  1  concrete  consisted  of 
2.25  parts  of  beach  shingle,  0.75  parts  of  %-in  gauge  basalt 
ohipping  and  1  part  of  cement.  The  top  2  in.  was  laia  im- 
mediately after  the  lower  6  in.  had  been  roughly  brought  to 
its  proper  shape,  and  while  it  was  quite  green,  so  as  to  en- 
sure that  the  whole  8  in.  was  practically  homogeneous. 

The  surface  was  brought  to  a  proper  camber  by  a  straight 
timber  template  shod  with  steel,  operated  transversely  to 
the  longitudinal  axis  of  the  street,  from  the  center  to  the 
channel,  on  screeds  of  angle  iron  fixed  to  bars  in  the  ground, 
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after  which  it  was  steel  trowelled  till  it  presented  a  wet  even 
surface;  after  setting  had  comnienced  it  was  lightly  bni..i  ..  .. 
to  remove  glazing  of  any  portion  of  the  surface,  and   v.  i  • 
setting  had  taken  place  the  surface  was  covered  with  bai;.^ 
and  kept  wet  for  eight  or  nine  days. 

It  being  midsummer,  only  three  weeks  was  allowed  befoi' 
the  paving  was  opened  to  traffic.  It  was  then  allowed  i^ 
carry  the  traffic  for  nine  months,  before  being  treated  with 
Calitornian  asphalt,  brushed  on  hot  and  dressed  with 
screened  beach  shingle. 

Prior  to  the  application  of  the  asphalt  dressing  the  surfaci 
showed  slight  signs  of  wear  in  one  or  two  places  where  thi 
quality  of  the  shingle  had  not  been  so  good  as  In  the  rt- 
maining  portions,  a  fact  which  emphasises  the  necessity  oi 
only  using  the  best  qualities  of  aggregate  available  in  this 
class  of  pavement. 

The  next  street  (Durham  Street)  was  done,  with  one-coat 
work  7  in.  thick  of  5  to  1  concrete,  the  traflflc  conditions  not 
being  so  severe  as  in  the  first-mentioned,  and  it  was  left  un- 
treated and  has  stood  quite  satisfactorily  since  its  completion 
in  October,  1916. 

The  third  street  to  be  paved  in  concrete  (Park  Road)) 
forms  a  portion  of  Auckland's  busiest  traffic  outlet,  and  lies 
immediately  eastward  of  the  important  reinforced  concrete 
viaduct  known  as  Grafton  Bridge,  which  is  surfaced  with 
compressed  Neuchatel  asphalt. 

It  carries  mixed  traffic,  most  of  which  is  fast  traveling, 
and  includes  heavy  petrol  motor  wagons  and  char-a-bancs, 
but  no  motor  buses  similar  to  those  so  common  In  London, 
the  number  of  vehicles  counted  being  over  2,000  per  day  of 
10  hours. 

The  work  was  done  in  two  halves  to  prevent  stoppage  of 
the  traffic,  and  was  much  delayed  by  difficulty  in  obtaining 
shingle  owing  to  bad  weather,  and  this  resulted  in  some  shin- 
gle being  used  which  was  not  absolutely  first-class  and  also 
in  the  street  being  opened  up  for  traffic  sooner  than  was  ad- 
visable, and  it  caused  the  writer  to  cease  using  shingle  for 
aggregate  and  to  substitute  therefor  broken  basalt  and  sharp 
sand,  as  he  came  to  the  conclusion  that  the  desire  of  the 
inspector  and  foreman  on  the  job  to  get  on  with  the  work 
might  prejudice  their  judgment  in  deciding  as  to  the  suit- 
ability  of  shingle  brought  on  to  the  job,  while  the  basalt  and 
sand  he  could  practically  ensure  the  obtaining  of  a  standard 
of  quality. 

The  alteration  was  made  during  the  progress  of  the  Park 
Road  job,  which  was  a  one-coat  pavement  of  5  to  1  concrete. 
8  in.  thick,  and  the  bays  done  with  the  basalt  and  sand  ag- 
gregate showed  enough  superiority  to  the  rest  of  the  work  to 
justify  his  conclusion  and  he  has  since  found  no  reason  to 
modify  it. 

With  the  exception  of  a  short  length  of  the  basalt  and 
sand  concrete,  the  whole  surface  was  treated  with  a  dressing 
similar  to  that  used  on  Little  Queen  Street. 

In  addition  an  area  of  over  2,000  sq.  yd.  in  Pitt  St.,  on  which 
trial  lengths  of  proprietary  bituminous  pavement  had  been 
laid  on  a  6  in.  concrete  foundation  and  had  failed,  was  sur- 
faced on  the  old  concrete  foundation  with  a  rich  concrete 
(3  to  1),  half  of  the  area  being  an  average  thickness  of  3  in. 
and  the  remainder  3%  in.  This  was  only  completed  in 
March  last. 

In  all  the  streets  paved  since  1917,  the  paving  has  been 
one-coat  work  of  concrete,  composed  of  clean  basalt  chip- 
pings  and  screenings  varying  from  VA  in.  gauge  to  "fines" 
mixed  with  25  per  cent  of  sharp  beach  sand  free  from  shell 
and  gauged  with  Portland  cement  in  the  proportion  of  5 
of  aggi'egate  to  1  of  cement,  but  prior  to  the  concrete  being 
laid  the  subgrade  is  sprinkled  with  214-in.  clean  basalt  road 
metal  as  a  measure  of  economy.  In  all  cases  the  subgrade  is 
carefully  prepared  and  rolled  solid,  and  steel  rod  reinforce- 
ment is  laid  transversely  over  trenches  likely  to  cause  trou- 
ble by  subsidence. 

The  concrete  is  mixed  by  machine,  one  gang  using  a 
"Eureka"  continuous  self  mixing  type  and  the  other  a  7  cu. 
ft  "Koehring"  batch  mixer  fitted  with  boom  distributing 
hopper  Both  machines  have  given  fair  results,  but  neither 
is  ideal  the  writer  pi-eferring  a  "batch"  to  a  "continuous" 
mixer  and  in  the  case  of  the  batch  mixer  one  of  the  larger 
capacity;  but  he  had  to  take  what  was  available  at  the  time. 
On  the  question  of  hand  versus  machine  mi.xing  he  has  a 
decided  preference  for  the  latter,  and  is  surprised  that  so 
few  are  being  used  for  concrete  work  in  street  foundations 
in  this  country.     In  America  their  use  is  universal,  and  on 
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both  counts  of  economy  and  efficiency  he  would  strongly  ad- 
vise their  adoption. 

Dealing  with  the  much-discussed  question  of  joints  the 
writer  has  adopted  the  use  of  tarred  paper,  folded  to  iovra 
two  thicknesses,  and  these  are  placed  approximately  56  ft. 
apart,  the  length  of  bay  being  laid  14  ft.,  and  tour  bays  a 
convenient  length  for  a  joint. 

Out  of  35.000  vd.  laid,  of  which  only  5.216  had  been  coated. 
not  a  single  crack  had  been  discovered  between  the  bays, 
and  only  in  Little  Queen  St.  and  Park  Rd.,  in  which  shingle 
concrete  was  used,  were  there  any  noticeable  signs  of  wear. 
The  tarred  paper  joints  and  those  formed  by  the  junction  ot 
two  bays  are  coated  with  asphalt  and  fine  shingle. 

Where  concrete  paving  is  laid  in  streets  with  tramway 
tracks,  a  longitudinal  wall,  9  in.  wide  and  as  deep  as  the 
bottom  of  the  tram  track  foundation,  is  put  under  the  pave- 
ment IS  in.  from  the  outer  rail,  to  prevent  disturbance  of 
the  pavement  when  the  track,  mostly  laid  on  sleepers,  is 
being  packed  or  repaired.  A  stone  set  margin  is  used  to 
separate  the  pavement  from  the  portion  of  road  occupied  by 
the  tram  track,  which  is  surfaced  with  bituminous  macadam. 
2  in.  thick,  laid  on  waterbound  macadam  in  the  margins  and 
between  rails  and  well  rolled. 

The  cross  fall  adopted  is  1  in  36.  unless  special  conditions 
necessitate  a  variation. 

The  method  of  finishing  adopted  has  been  similar  to  that 
used  in  the  case  of  Little  Queen  St..  but  now  a  belt  is  being 
used  with  good  results. 

Arising  from  his  experience  in  carrying  out  concrete  pav- 
ing the  writer  desires  to  emphasize  the  adoption  of  the  fol- 
lowing precautions: 

(a)  The  thorough  preparation  of  the  subgrade  or  founda- 
tion, including  the  use  of  a  suitable  steel  reinforcement  over 
trenches  or  holes  where  subsidence  may  take  place. 

(b)  The  use  of  the  very  best  quality  and  uniformity  of  ag- 
gregate and  cement,  and'  their  thorough  mixing,  with  as  small 
a  quantity  of  water  as  is  necessary  to  ensure  density  of  mass 
and  smooth  finish. 

(c)  The  utmost  care  in  the  tamping,  screeding  and  trowel- 
ing of  the  pavement. 

(d)  The  keeping  damp  of  the  concrete  during  the  process 
of  settling  and  hardening. 

le)  The  allowance  of  ample  time  for  setting— never  less 
than  three  weeks  in  summer  and  four  in  winter  or  damp  or 
cold  weather,  and  preferably  longer,  before  traffic  is  allowed 
to  use  the  pavement. 

Reconstruction  Work  In  France.— The  Paris  correspondent 
of  The  Engineer  reports  in  the  Dec.  5  issue,  that  there  is  a 
feeling  ot  some  irritation  at  the  delay  in  giving  out  contracts 
for  reconstruction  in  the  devastated  regions.  The  roads, 
railways,  and  bridges  have  had  to  be  rebuilt,  and  this  pre- 
liminary work,  is  now  well  advanced.  Then  a  vast  amount 
of  clearing  up  will  have  to  be  effected  by  the  Germans,  of 
whom  about  70.000  are  said  to  be  now  arriving  in  the  north 
of  France.  A  considerably  larger  number  will  follow  shortly. 
•  Big  contracts  are  hardly  likely  to  be  distributed  until  the 
general  scheme  of  reconstruction  has  been  settled  with  the 
Germans,  and  the  question  will  then  arise  of  how  all  the 
material  will  be  supplied,  for  if  there  is  so  much  difficulty 
in  providing  what  is  necessary  for  temporary  constructions 
it  is  feared  that  the  problem  will  be  a  very  serious  one.  The 
greatest  trouble  is  the  lamentable  falling  off  in  railway  effi- 
ciency. There  is  no  lack  of  rolling  stock,  for  with  the 
locomotives  and  wagons  purchased  from  Great  Britain  and 
the  United  States  and  surrendered  by  the  Germans  the  com- 
panies are  better  off  now  as  I'egards  quantity  than  they  were 
before  the  war,  and,  although  a  large  proportion  is  in  bad 
condition  and  in  need  of  repairs,  there  is  certainly  sufficient 
rolling  stock  to  meet  present  emergencies  if  only  the  or- 
ganization were  not  so  defective.  The  tinicks  always  happen 
to  be  just  where  they  are  not  wanted.  Some  of  the  ports 
have  become  so  congested  that  it  is  a  serious  problem  to 
know  how  to  clear  the  goods  away.  At  one  colliery  there  is 
so  much  coal  at  bank  that  mining  operations  have  had  to  be 
suspended. 


Development    and    Storage  of 

Water  for  Hydro-electric 

Projects 

By  J.  W.  MEARES. 

From  ^\'ater  and  Water  Engineering.  London.  Ort  20.  lin:'. 
With  a  stream  generating  station  the  main  considerations 
in  fixing  a  site  are  facilities  for  condensing  water  and  for 
fuel  delivery  and  ash  removal.  None  of  these  operate  in  the 
case  of  hydro-electric  plant,  which  must  be  placed  where  the 
ground  admits,  and  designed  to  suit  it.  Thus  it  may  happen 
that  a  high  fall  cannot  be  developed  conveniently  as  a  single 
station,  but  can  be  utilized  in  the  form  of  two  stations  in 
series,  the  tailwater  of  the  one  discharging  into  the  head- 
works  of  the  next.  This  has  been  done  at  the  two  Santa 
Ana  Creek  stations  at  Redlands.  Calif.,  and  in  the  small 
developments  at  Darjeeling,  India,  which  the  author  carried 
out  in  1896.  the  method  has  been  used  for  subsequent  exten- 
sions. Figure  1  shows  the  varieties  of  hydraulic  lay-out  met 
with  in  practice,  as  described  in  the  following  notes. 

High    Head    Lay-out.— High-head    schemes    are   necessarily 
located  in   mountainous  country,  and  are  generally   fed  from 


The  Institution  of  Civil  Engineers  and  the  War. — Thirty-six 
per  cent  of  the  membership  of  the  Institution  of  Civil  Engi- 
neers served  in  either  the  British  Navy,  Army  or  Air  Force 
during  the  war.  The  total  number  in  service  was  3,127,  of 
which  over  10  per  cent  were  killed. 


Fig.    1  —  Hydraulic    Layou*3. 

torrents  of  small  volume,  liable  to  heavy  flood  and  conse- 
quently bringing  down  much  mud  as  well  as  gravel  and  large 
stones.  Even  if  the  headworks  have  a  dam  it  is  generally 
necessary  to  have  settling  tanks  and  a  forebay.  in  order  to 
prevent  damage  to  the  wheels  from  foreign  matter  traveling 
at  high  velocity.  In  order  to  get  the  most  suitable  fall  with 
as  short  a  length  of  pressure  pipe  as  possible,  it  is  almost 
always  necessary  to  carry  the  water  along  the  hillside  for  a 
considerable  distance  in  an  open  channel  (Fig.  la),  gen- 
erally of  artificial  construction,  though  occasionally  merely 
a  cutting  in  earth.  The  channel  offers  a  weak  link  in  the 
chain,  and  duplication  is  impossible,  though  occasionally 
two  or  more  separate  sources  ot  supply  may  be  tapped  by 
different  routes.  To  allow  for  fluctuations  of  load  (apart 
entirely  from  the  question  of  settling  tanks)  a  forebay  at  the 
head  of  the  pressure  pipes  is  essential,  unless  water  is  so 
plentiful  that  an  excess  is  always  running  to  waste  at  that 
point.  The  forebay  must  he  of  such  capacity  that  it  will 
supply  the  excess  water,  over  and  above  what  the  supply 
channel  brings,  at  the  time  of  peak  load,  or  in  the  case  of 
sudden  heavy  loads  (e.g.  short-circuits)  thrown  on  the  sta- 
tion. If  the  forebay  is  too  small,  and  runs  out  even  mo- 
mentarily, air  will  get  into  the  pipes  and  water  hammer  will 
probably  follow  when  they  refill. 

Thus  if  the  channel  can  deal  with  a  steady  load  of  2.000 
kw..  and  the  peak  load  averages  2,500  kw.  for  2  hours,  there 
must  be  at  least  1,000  kw.-hours  stored  in  the  forebay.  On 
1,000  ft.  head  this  amounts  to  about  56.000  cu.  ft.  This, 
amount,  however,  is  of  no  practical  use  as  a  reserve  against 
a  temporary  breakdown  in  the  channel  or  at  the  headworks. 
and  wherever  possible  a  scheme  of  this  nature  should  have 
enough  storage  at  the  pipe  head  to  tide  over  at  least  a  few 
hours'  stoppage  from  such  causes.  For  this,  much  greater 
capacity  is  necessary,  and  it  may  not  always  be  possible  to 
provide  it.  If  the  ground  will  allow  no  more  than  a  regu- 
lating  fniobay.    a    reservoir   must   be   constructed   elsewhere, 
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and  the  nearer  to  the  pipe  heiiil  the  belter.  If.  however, 
large-scale  storage  by  means  of  a  dam  is  possible  it  will 
almost  always  necessarily  be  either  up-stream  of  the  head- 
works  or  at  them,  and  the  chances  of  a  break  in  the  flume 
must  be  risked.  Large  reservoirs,  constructed  by  means  of 
dams,  can  obviously  only  be  located  where  the  ground  offers 
natural  facilities,  i.  e.,  at  a  comparatively  narrow  neck  in  a 
valley,  which  opens  out  above  and  does  not  rise  steeply. 
Where  comparatively  small  storage  is  required  more  lati- 
tude is  found.  In  some  cases  of  steep  ground  it  is  possible 
to  locate  the  powerhouse  so  near  to  the  headworks,  even 
with  high  heads,  that  the  water  can  he  carried  in  pipes  the 
whole  way,  without  an  open  channel  (Fig.  lb).  Here  the 
risk  of  breakdown  is  a  minimum.  An  intermediate  case  be- 
tween these  two  extremes  is  where  the  distance  from  reser- 
voir or  headworks  to  powerhouse  is  considerable,  but  a 
channel  cannot  be  constructed  owing  to  the  slope  of  the 
ground.  Generally  the  steep  fall  will  be  at  the  lower  end  of 
the  pipe  line,  and  the  upper  reaches  will  fall  very  little.  In 
America  the  usual  method  of  dealing  with  such  problems  is 
to  use  wood  stave  pipes  from  the  upper  part  of  the  pipe  line, 
with  a  surge  tank  at  the  junction  of  these  with  the  steel 
pressure  pipes,  where  the  steep  fall  begins  (Fig.  Ic).  The 
surge  tank  consists  of  a  reservoir,  elevated  to  the  level  of 
the  water  where  it  enters  the  stave  pipes,  connected  by  a 
large  pipe  (or  separate  pipes)  to  the  junction.  It  not  only 
serves  as  a  regulating  torebay,  giving  the  water  in  the  com- 
paratively level  upper  section  time  to  alter  its  velocity,  but 
also  it  taken  up  and  relieves  all  jars  that  might  damage  the 
weaker  sections  above  it. 

Medium  Head  Lay-outs, — Medium  heads  will  generally  be 
developed  either  from  actual  waterfalls  or  rapids  in  rivers,  or 
from  rivers  near  the  base  of  mountains  w'here  the  volume  is 
great  and  the  slope  comparatively  small.  Higher  up-stream 
it  is  generally  possible  to  utilize  a  high  head  at  less  cost, 
even  though  a  large  volume  may  be  available.  Where  many 
rapids  occur  in  a  short  length  of  bed  it  may  be  possible  to 
pipe  the  water  direct  from  the  stream  to  the  powerhouse 
(Fig.  Id),  with  a  forebay  interposed  to  prevent  detritus  get- 
ting into  the  pipes.  In  several  American  schemes  either  the 
whole  powerhouse  is  located  at  the  bottom  of  a  shaft  cut 
down  vertically  in  the  rock  behind  the  fall  (Fig.  Ic)  or  the 
turbines  are  placed  in  such  a  shaft  and  operate  generators 
on  the  surface.  Where  there  is  an  actual  waterfall,  as  in 
many  of  the  largest  undertakings,  it  is  seldom  necessary  to 
carry  the  water  far  to  the  forebay.  Sometimes  the  pressure 
pipes  can  be  led  directly  into  the  reservoir  (F^g.  If)  or  into 
a  forebay  constructed  immediately  above  the  fall.  A  short 
canal  at  most  is  required,  and  as  it  must  be  of  large  carrying 
capacity  there  is  a  great  saving  in  such  a  natural  tall. 

Where  the  river  has  a  considerable  bed  slope,  or  rapids,  it 
may  be  necessary  to  carry  the  water  for  miles  in  a  canal 
(Fig.  4g)  in  order  to  accumulate  a  few  hundred  feet  of  fall; 
and  if  an  earthwork  canal  is  impracticable  an  artificial  flume 
is  required,  which  adds  both  to  the  capital  cost  and  to  the 
liability  to  breakdown. 

As  the  head  decreases,  and  the  column  of  water  increases, 
not  only  the  flume  but  also  the  pipes  increase  in  size,  so  that 
carriage  to  site  often  becomes  a  difficult  and  expensive  prob- 
lem where  the  installation  is  some  distance  from  the  railway. 
Occasionally  a  medium-head  plant  may  be  w-orked  directly 
from  a  reservoir  behind  a  high  dam  (Fig.  4h),  but  in  such 
cases  there  will  obviously  be  very  large  variations  of  head 
to  contend  with,  sometimes  with  full  head  to  none  at  all. 
Sometimes — in  fact,  generally — such  a  reservoir  will  have 
been  built  primarily  for  irrigation  purposes,  so  that  beyond 
a  certain  minimum  the  flow  is  strictly  regulated  according  to 
season.  This  detracts  from  the  commercial  value  of  any 
such  scheme. 

Low-Head  Lay-outs, — Slovyrunning  rivers  and  canals,  with 
a  small  bed  slope  and  no  falls,  cannot  ordinarily  be  used  for 
power  purposes,  as  it  is  not  possible  to  develop  even  a  low 
fall  without  the  risk  of  flooding  the  surrounding  country 
above  the  dam;  while  the  rise  and  fall  of  both  head  and  'ail 
waters,  not  necessarily  to  the  same  extent,  further  compli- 
cate the  problem.  Even  where  a  small  fall  exists  or  can  be 
made,  these  factors  complicate  the  design. 

In  the  case  of  irrigation  canals,  falls  of  from  3  ft,  to  10  ft, 
are  not  uncommon,  and  can  be  developed  by  taking  a  feeder 
channel  as  a  by-pass  to  the  powerhouse,  continuing  as  the 
tail  race  back  to  the  canal  below  the  fall  (Fig,  li).  Some- 
times  a   subsidiary   canal    (generally   in   the   form   of  a  tail 


race)  will  enable  two  neighboring  falls  to  be  combined  so 
far  as  the  turbines  are  concerned  (Fig.  IJ).  Larger  heads, 
but  still  of  the  low  type,  may  occasionally  be  developed,  where 
irrigation  requirements  permit,  by  discharging  part  of  a 
high-level  canal  through  turbines  to  a  low-level  canal 
(Fig.  Ik).  All  irrigation  canal  projects  suffer  from  the  dis- 
advantage that  an  occasional  closure  is  necessary— whether 
for  purposes  of  repair,  or  because  the  water  is  not  required, 
or  because  it  is  more  urgently  required  elsewhere. 

In  the  case  of  rivers,  low  falls  may  be  developed  on  the 
lines  already  described  for  medium  falls  (usually  a  Fig,  II)  — 
always  bearing  in  mind  the  ever-increasing  size  of  channels 
and  pipes  as  the  fall  decreases.  In  addition  there  are  various 
schemes  in  which  a  dam  is  placed  across  a  river  not  so  much 
with  a  view  to  storing  water  as  for  the  purpose  of  obtaining 
head.  Here  the  water  i.s  fed  directly  from  the  dam  to  the 
turbines  (Fig.  Im),  which  in  some  cases  are  packed  inside 
a  hollow  dam. 

Great  variations  in  the  level  of  the  head  and  tail  waters 
are  often  a  feature  of  low-head  river  developments,  and 
floods  are  a  serious  menace.  In  some  cases,  e.  g.  at  the  sta- 
tion of  the  Portland  Railway  Light  &  Power  Co.,  Oregon,  and 
at  Bhatghar  Dam  plant  in  Bombay  Presidency,  double  tur- 
bines are  installed,  one  for  the  maximum  head  and  the  second 
for  the  reduced  fall.  Flood  gates,  as  used  in  irrigation  canal 
headworks,  are  required  to  deal  with  abnormal  rises. 

Headworks  and  Clear  Water. — There  is  always  present 
the  liability  of  bringing  down  mud  and  debris  from  the 
source  of  supply  to  the  turbine  wheels,  though  in  the  case  of 
canals  this  is  not  of  great  importance  from  the  point  of  view 
of  power  development.  This  liability  increases  with  the 
head,  as  torrents  take  the  place  of  larger  rivers,  and  its 
effect  on  the  wheel  buckets  also  increases  with  the  head 
and  the  spouting  velocity  of  the  jet  or  nozzle.  Even  the 
finest  grit  under  a  head  of  1,500  ft.  or  2,000  ft.  is  most  de- 
structive, and  loss  of  efficiency  soon  results  from  worn 
nozzles. 

Where  the  headworks  have  a  considerable  dam  there  is 
no  danger  from  stones  or  heavy  matter  except  that  their 
deposition  will  reduce  the  capacity  of  the  lake;  but  in  hill 
torrents  this  in  itself  is  so  serious  a  matter  that  high  dams 
would  seldom  be  justified.  Such  a  lake  could  only  be  cleaned 
out  at  great  expense,  though  undersluices  may  enable  the 
debris  to  clear  itself  if  there  is  enough  water  to  spare  and  if 
the  lake  is  only  of  moderate  size.  If,  however,  such  a  dam 
is  necessary  it  will  sometimes  pay  to  put  another  and  smaller 
one  farther  up-stream,  simply  as  a  means  of  arresting  the 
silt  for  a  few  years.  The  capital  charges  would  generally  be 
less  than  the  cost  of  periodical  cleaning  out.  With  lower 
velocity  in  the  stream  such  dams  are  often  practicable, 
though  not  necessarily  at  the  point  where  the  water  is 
tapped  off. 

On  High  and  Medium  Heads,— Generally  speaking,  in  the 
case  of  high  and  medium-head  plants,  a  low  diversion  dam  is 
all  that  is  necessary,  sufficient  to  ensure  the  possibility  of 
getting  the  water  into  the  channel  or  pipe  under  normal 
conditions,  and  also  to  protect  the  stream  at  this  point  from 
scouring  out  the  channel  and  endangering  the  supply  in  times 
of  flood.  Cases  have  occurred  within  the  author's  experience 
where  a  few  days'  abnormal  rainfall  have  lowered  the  level 
of  a  stream  bed  30  ft.  or  10  ft.  For  protecting  the  banks 
above  and  below  the  headworks  boulder  crates,  made  up  of 
large  boulders  enclosed  in  a  framework  of  heavy-gauge 
galvanized  wire,  have  been  found  invaluable  in  every  sort 
of  river  training  works.  Cases  will  sometimes  be  found 
where  a  permanent  dam  is  not  necessary,  the  natural  lie  of 
the  ground  alone  ensuring  the  supply.  Timber  dams  are 
sometimes  used  in  America  for  leveling  the  bed. 

In  the  absence  of  a  dam.  whether  the  water  is  taken  direct 
into  pipes  or  into  a  channel — but  more  especially  in  the 
former  case — arrangements  must  be  made  at  the  headworks 
for  catching  all  diSbris.  -  Generallj-  there  will  be  a  succession 
of  screens  or  trash  racks  through  which  the  water  passes  to 
a  small  tank,  in  which  any  heavy  matter  coming  through  will 
deposit.  This  will  need  constant  cleaning  out,  and"  should 
(in  the  absence  of  other  reserve)  be  in  duplicate.  Nothing 
but  fairly  fine  silt  should  pass  beyond  it.  If  there  is  no  open 
channel  this  tank  should  be  large  enough  to  remove  even 
such  silt  as  will  deposit  readily,  or  there  should  be  an  ad- 
joining settling  tank  for  this  purpose.  Where  there  is  an 
open  channel  there  will  always  be  the  liability  of  further 
debris  being  collected  along  it,  and  a  forebay  is  necessary 
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at  the  point  where  the  pipes  take  off.  Sometimes  the  lie  of 
the  ground  makes  it  convenient  to  put  intermediate  silt  tanks 
along  the  route.  All  these  should  be  designed  for  rapid 
clearance  at  several  exits,  controlled  by  gates  of  substantial 
size.  By  sloping  the  floor  from  all  points  towards  the  exits 
the  flow  may  to  a  great  extent  be  utilized  to  carry  off  the 
deposited  mud.  The  size  of  these  settling  tanks  should  be 
such  as  to  reduce  the  normal  velocity  of  flow  to  a  few  inches 
per  second.  Where  there  is  a  reservoir  at  the  pipe  had  it  is 
still  necessary,  as  far  as  possible,  to  prevent  the  accumula- 
tion of  mud  in  it,  as  a  large  volume  will  become  so  solid  that 
its  clearance  is  a  matter  of  difficulty,  and  a  silt  trap  immedi- 
ately before  it  will  assist  in  this  direction.  Where  water  is 
considerably  in  excess  of  actual  requirements  it  is  possible 
to  allow  a  proportion  to  run  off  continuously  at  the  head- 
works  chamber,  through  partly  open  sluices,  which  will  pass 
out  all  solid  matter  rolling  along  the  bottom. 

On  Low  Heads. — In  the  case  of  low  heads  the  water  is  gen- 
erally clear,  as  low  velocity  postulates  a  small  bed  slope 
and  deposition  will  occur  in  the  river  itselfi  In  any  case 
the  quantity  to  be  dealt  with  is  so  great  that  artiflcial  set- 
tling cannot  be  arranged  for.  Strainers  (known  in  Amei'ica 
as  trash-racks)  are  necessary  to  prevent  floating  matter 
entering  the  pipes,  and  a  forebay  may  be  required  to  catch 
anything  that  may  pass  through,  as  well  as  for  regulation.  A 
long  canal  is  seldom  necessary,  and  the  forebay  will  either 
be  at  the  side  of  the  fall,  parallel  with  the  river,  or  across 
it  on  or  in  a  low  dam.  It  depends  on  the  ground  whether  a 
diverting  dam  or  anicut  is  required,  or  whether  a  forebay 
can  be  opened  directly  into  the  bed  of  the  river.  In  the 
majority  of  cases  of  very  low  heads  the  power  station  is 
built  across  the  river,  and  the  water  flows  directly  through 
the  strainers  into  the  turbines.  In  America  much  trouble  is 
caused  by  ice  on  such  plants,  both  from  floating  blocks  and 
from  ground  ice  (or  frazil,  as  it  is  called  there)  which  foi-ms 
suddenly  from  super-cooled  water  where  Its  velocity  is 
checked  at  the  gates.  This  is  dealt  with  by  steam  pipes  and 
sometimes  even  by  explosives,  and  may  cause  complete 
stoppage. 


Institution  of  Civil  Engineers: 

Local    Associations    and 

Registration  of 

Engineers 

Abstract  of  presidential  addre.s.s  of  Sir  ,Tohn  Purser  Griffith  before 
Institution  of  Civil  Engineers. 

Although  filled  with  admiration  of  the  broad  lines  upon 
which  this  institution  was  framed,  we  must  not  shut  our  eyes 
to  the  changes  which  have  taken  place  in  the  status  of  our 
profession.  The  field  of  our  members'  work  is  now  world- 
wide. The  membership  of  all  classes,  which  was  156  when 
the  charter  was  granted,  on  June  3,  1S28,  exceeded  9,000 
before  the  war,  while  the  subjects  dealt  with  by  the  civil 
engineer  have  multiplied  with  every  advance  of  scientific 
knowledge. 

It  stands  to  reason  that  in  the  face  of  the  numerical 
increase  of  our  members,  their  >\'orld-wide  influence,  and  the 
ever-extending  field  of  their  services,  the  scope  of  our  insti- 
tution'.s  duties  and  activities  must  expand.  It  is  our  duty  to 
endeavor  to  make  this  institution  as  useful  to  its  9,000  mem- 
bers as  its  founders  made  it  for  the  156  members  on  its  roll 
when  it  received  its  royal  charter.  If  we  accept  this  view, 
we  must  listen  to  our  members  when  they  put  forward  pro- 
posals in  what  they  believe  to  be  the  interest  of  our  profes- 
sional corporate  life,  and  be  prepared  to  consider  and  carry 
them  out,  if  we  feel  that  they  will  strengthen  the  bonds  of 
professional  brotherhood,  although  they  may  appear  to  con- 
flict with  our  conservative  traditions. 

Two  questions  of  importance  to  our  institution  and  to  our 
profession  have  come  before  your  council  during  the  past 
year.  The  first  is  the  desirability  of  forming  local  or  provin- 
cial associations  of  corporate  members  for  mutual  inter- 
course, and  the  furtherance  of  their  professional  knowledge 
and  interests.  The  second,  whether  the  time  has  come  for 
seeking  legal  recognition  of  V"  profession  of  the  civil  engi- 
neer, and  the  registration  of  engineers. 

Local  Associations. — The  case  in  favor  of  the  formation  of 
local  associations  in  union  with  the  institution  has  been 
brought   under   our   notice    by    an    influential    deputation    of 
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members  from  the  Midlands,  who  presented  their  case  in  a 
conciliatory  and  friendly  spirit.  The  desire  for  local  associa- 
tions, recognized  by  tlie  institution,  appears  to  be  a  natural 
and  reasonable  development  of  the  student  associations, 
already  established  in  Glasgow,  Manchester,  Birmingham, 
Newcastle-on-Tyne,  Yorkshire,  Bristol,  the  West  of  England, 
and  South  Wales.  The  success  of  these  student  associations 
is  undoubted.  They  have  taught  our  young  men  the  advan- 
tages of  professional  intercourse,  both  from  its  social  and 
professional  side.  At  the  age  of  26  the  student  ceases  to  be 
a  member  of  the  association,  and  if  he  wishes  to  retain  his 
connection  with  the  institution  must  seek  admission  as  an 
associate  member.  In  this  manner  a  large  number  of  cor- 
porate members,  scattered  throughout  the  country,  cease  to 
gain  the  advantages  of  association  which  they  had  as  stu- 
dents. This,  I  think,  explains  the  present  craving  for  the 
formation  of  local  associations.  I  cannot  help  feeling  that 
their  formation  will  be  a  distinct  gain  to  the  institution,  It 
the  links  binding  them  to  the  parent  institution  are  wisely 
forged.  We  must  bear  in  mind  that  our  membership  is  close 
on  9,000  in  number,  that  our  minutes  of  proceedings,  in  more 
than  200  volumes,  contain  some  4,239  papers,  or  an  average 
of  some  50  papers  per  annum,  not  more  than  half  of  which 
can  be  read  and  discussed.  It  seems  to  me  quite  clear  that 
we  are  therefore  not  sufficiently  in  touch  with  the  work  of 
our  members,  and  that  the  formation  of  local  associations 
would  lead  to  the  presentation  to  them  of  many  papers  of 
special,  personal,  or  local  interest.  I  know  nothing  more 
useful  and  stimulating  than  such  papers  when  criticized  by 
local  knowledge. 

Registration  of  Engineers. — There  is  a  second  problem 
with  which  we  are  faced.  Has  the  time  come  for  some  legal 
status  to  be  sought  for  the  profession  of  the  civil  engineer, 
not  only  in  the  interest  of  the  civil  engineer,  but  also  of  the 
public  at  large?  The  founders  of  our  institution  hoped  and 
expected  that  membership  of  the  institution  would  become 
the  recognized  stamp  of  the  trained  civil  engineer,  and  that 
the  public  would  thereby  be  protected  and  enabled  to  select 
fully  qualified  men  to  undertake  the  design  and  construction 
of  public  works.  It  is  a  curious  coincidence  that  these  prob- 
lems of  recognition  and  registration,  which  are  occupying 
our  attention  now,  were  also  under  consideration  32  years 
ago,  when  efforts  were  made  to  obtain  an  act  of  parliament 
for  the  registration  of  qualified  practitioners  in  architecture, 
civil  engineering  and  surveying. 

In  the  year  1886  the  Council  of  the  Institution  of  Civil 
Engineers  appended  the  following  note  to  their  annual 
report : 

"The  use  of  the  simple  letters  'C.  E.'  is  expressly  dis- 
countenanced by  the  institution,  as  not  founded  on  any 
qualification  and  as  being  calculated  to  mislead." 

Our  by-laws  enjoin  on  all  classes  of  members  the  use  of 
the  official  designation,  M.  Inst.  C.  E.,  Assoc.  M.  Inst. 
C.  E.,  etc. 

The  architects,  engineers,  and  surveyors'  bill  referred  to 
was  opposed  by  this  institution,  and  withdrawn  by  its  pro- 
moters before  its  second  reading.  The  grounds  of  the  op- 
■  position  of  the  institution  are  set  forth  in  a  statement  of 
the  council  against  the  second  reading  of  the  Bill.  They  are 
to  be  found  on  pages  176  to  178  of  the  94th  volume  of 
the  Minutes  of  Proceedings.  This  statement  formed  the 
basis  of  the  petition  to  the  House  of  Commons,  which  was 
duly  presented  by  Mr.  Alfred  Giles,  M.  P.,  then  a  vice-presi- 
dent of  the  institution.  A  generation  has  since  passed  away, 
and  we  are  again  face  to  face  with  the  same  problem.  Your 
council  recently  decided  to  test  the  views  of  the  corporate, 
members  of  the  institution,  and  submitted  the  following  form 
of  inquiry  to  those  resident  in  the  United  Kingdom; 

"I approve  of  the  Institution  of  Civil  Engineers 

taking  steps  to  obtain  statutory  powers  to  prescribe  the 
qualifications  and  to  conduct  examinations  for  admission  to 
the  profession  of  civil  engineering,  to  keep  a  register  of  civil 
engineers,  and  to  prevent  persons  who  are  not  duly  qualified 
from  holding  themselves  out  as  members  of  that  profession." 

Ninety-seven  per  cent  of  the  replies  were  in  the  affirmative. 
That  I  view  as  a  distinct  direction  to  seek  the  necessary 
powers.  It  is  not  claimed  or  intended  that  every  qualified 
civil  engineer  must  be  a  member  of  this  institution,  but  that 
!io  one  should  claim  to  be  a  civil  engineer  without  being 
suitably  and  legally  qualified.  We  do,  however,  desire  that 
membership  of  this  institution  shall  be  an  undoubted  proof 
of  the  highest  qualifications. 
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The  Three-Ply  Building   Wall 

Constructed  of  Salvage 

Material 

By  E,  A.   SLATER, 
Borough    Engineer,    Newport,    Isle   of   Wight. 
From    The    Surveyor.    London.    Oct.    17,    1919. 

A  few  months  ago,  on  tli'e  request  of  the  Secretary  of 
National  Housing,  a  sample  block  of  three-ply  walling  was 
sent  by  the  author  to  Whitehall  for  examination  by  the 
newly  formed  Standardization  and  Construction  Committee. 
This  committee  have  now  recommended  this  construction  tor 
national  housing,  and  a  copy  of  the  specification  appeared 
in  the  first  number  of  the  journal  "Housing."  issued  by  the 
Housing  Department  of  the  Ministry  ot  Health. 

The  method  of  construction  is  explained  by  the  diagram, 
and  it  will  be  seen  that  in  many  respects  the  principle  is 
the  same  as  that  suggested  by  the  author  in  "Structural 
Economy"  (1912),  and  applied  by  him  to  building  works  ever 
since  about  1902.  the  chief  variation  being  the  substitution 
of  the  salvage  concrete  slab  for  brickwork  for  the  inside 
lining.  It  is  based  on  the  idea  that  the  easiest  way  of  apply- 
ing a  water-tight  layer  of  cement  is  by  pouring  it  in,  that 
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Bdye  of  Concrete  floor  adding  support  to  wall 


Height  of  wall  floor  and  roof  about  20  Tons  total  bearing 
surface  obtained  bu  undercutting  6i  sup  in  3 holes  on  anincrease 
of  over  100%  by  undercut  with  only  20%  increase  of  concrete  over 
thesquare  hole. 

Sketch   Showing   Application   to   Front  Wall   of   Cottage. 

the  center  of  the  wall  is  the  best  position  for  such  a  layer, 
for  convenience,  for  protection  from  sun,  atmosphere  and 
•damage  by  blows,  for  watertightness,  being  forced  by  liquid 
pressure  between  two  unyielding  surfaces,  and  in  that  po- 
sition it  gives  great  longitudinal  strength,  justifying  the 
adoption  of  the  concrete  lump  foundation  (as  explained  in 
sketch) ;  also  that  it  binds  the  two  thicknesses  of  wall  to- 
gether so  effectively  that  it  is  impossible  for  any  part  to  be 
separated  without  fracture  (as  proved  by  broken  sample.), 
and  finally  that  cement  is  usejl  for  this  layer,  as  in  the 
whole  construction  of  wall,  because  it  is  the  only  known 
material  giving  the  necessary  strength  and  waterproofing 
that  at  the  same  time  improves  with  age.  The  substitution 
of  breeze  concrete,  or  preferably,  dust  destructor  concrete 
for  inside  lining  in  place  of  4V^-in.  brickwork,  is  a  later 
-development. 

Advantages  Claimed. — The  advantages  can  be  summarized 
as  follows.  Economy. — As  the  binding  material  (cement  and 
sand)   is  stronger  than  the  brick  itself,  what  may  be  called 


salvage  material  may  be  used.  Second-hand,  broken  bricks, 
pieces  picked  out  from  brick  rubble  heaps  arising  from  the 
demolition  ot  condemned  and  derelict  buildings  can  be  sub- 
stituted for  costly  new  bricks,  for  the  face.  As  an  example. 
1  have  recently  bouglit  for  £12  an  old  ruined  brick  kiln, 
which  will  provide  sufUcient  for  external  walls  of  about  u 
dozen  A  class  cottages,  and  an  old  cottage  for  .€3,  sulHcient 
tor  two  more.  The  dust  destructor  clinker  is  more  or  less  a 
waste  product;  we  often  have  to  pay  to  cart  it  away,  and  I 
estimate  that  in  my  town  there  are  sudlcient  ruinous  build- 
ings to  supply  brick  material  for  the  whole  of  its  housing 
scheme,  so  that  an  immediate  start  can  be  made.  Instead  of 
about  20,000  whole  new  bricks  for  the  house  in  a  row,  about 
4,000  old  bricks  and  bats  will  suffice,  just  for  the  half-brick 
facing  and  enclosing  chimney  stacks  (filled  in  with  concrete), 
bricks,  of  course,  being  unnecessary  for  party  walls  and 
internal  partitions,  for  which  dust  destructor  clinker  con- 
crete is  preferable.  Hence  expedition  as  well  as  economy. 
The  main  volume  being  of  low-cost  material  outweighs  the 
present  artificially  high  cost  of  cement,  and  in  an  analysis 
made  a  tew  months  ago  the  cost  worked  out  at  Is  2d  (28  ct.) 
per  square  foot,  against  Is  lOd  (44  ct.)  for  ordinary  con- 
struction; but  probably  25  per  cent  should  now  be  added  to 
these  prices. 

Watertightness. — Proved  by  test  of  sample  submitted  to 
the  Standardization  and  Construction  Committee,  Whitehall, 
of  other  samples,  and  by  previous  experience. 

Ivy  and  creepers  can  be  trained  to  grow  on  wall  with 
impunity. 

The  inside  lining  of  clinker  concrete  will  take  a  nail  easily 
and  firmly,  so  that  skirtings,  picture  rails,  doors  and  window 
frames,  etc.,  can  be  fixed  thereto  without  grounds,  plugs  and 
backings.  The  internal  rough  surface  forms  a  good  key  for 
plaster,  and  only  a  thin  coat  required.  Being,  like  breeze 
concrete,  of  an  absorbent  nature,  and  not  like  shingle  con- 
crete, it  conforms  with  the  Tudor  Walters  report  as  suitable 
for  inside  lining  of  external  walls  as  well  as  for  the  whole 
thickness  of  party  and  internal  partition  walls. 

Strength  and  Endurance. — The  author  has  compared  the 
cost  with  a  hollow  wall  in  lime  mortar,  pointed  in  cement: 
but  such  a  wall  would  not  stand  the  hard  wear  of  working- 
class  dwellings  for  80  years;  even  the  pointing  will  come 
away  from  the  effects  of  weather  and  mischievous  children 
who  delight  in  raking  out  joints.  A  chance  blow,  or  trying 
to  knock  a  nail  in  the  wrong  place,  will  displace  a  brick  or 
knock  mortar  into  the  cavity.  The  strength  given  by  the 
vertical  grouted  layer  is  worked  out  in  "Structural  Economy," 
p.  120,  from  which  it  can  be  seen  that  the  wall  would  safely 
carry  its  own  weight  and  weight  of  floor,  etc.,  over  a  span  of 
7  ft.  without  any  foundation,  and  by  adoption  of  beveled 
concrete  lump  foundations,  with  floor  carried  over  (see 
sketch),  over  50  per  cent  reduction  can  be  made  in  the  cost 
of  foundations. 

Inspection  and  danger  of  interior  work  escaping  notice  is 
reduced,  the  grouting  being  itself  a  hydraulic  test  of  the 
wall.  With  ordinary  bonding  each  course  should  be  in- 
spected before  buried  by  the  next  to  ensure  that  spaces  are 
properly  filled  up;  but  with  this  wall  all  that  is  required  Is 
that  the  grouting  should  be  mixed  and  applied  under  super- 
vision, whether  at  vertical  intervals  of  2  ft.  or  more — i.  e.. 
one  inspection  instead  of  eight.  If  there  are  spaces  left 
inside  the  wall  the  grout  will  fill  them  and  the  wall  be  all  the 
stronger. 
Non-conducting,  will  keep  out  cold  and  retain  heat. 
Specification. — External  walls  ot  houses  to  be  8  in.  thick, 
constructed  as  follows: 

Face  to  be  half  brick  thick  ot  old  bricks,  three-quarter 
bricks  or  bats  to  show  not  less  than  3%  In.  long  on  face, 
to  be  supplied  by  the  corporation,  to  be  laid  and  jointed  in 
cement  and  sand  (supplied  by  the  corporation)  1  to  4,  laid 
to  break  joint,  face  joints  neatly  weather  struck  as  the  work 
proceeds,  joints  kept  horizontal,  not  less  than  Vi  in.  nor 
more  than  %  in.  thick. 

Lining. — Inside  lining  to  be  of  3  in.  dust  destructor  clinker 
concrete,  slabs  to  be  supplied  by  the  corporation.  Note. — 
The  slabs  will  be  molded  by  the  corporation  in  widths  and 
lengths  to  suit  lengths  of  walls  and  openings  and  numbered, 
so  as  to  fit  with  a  minimum  of  cutting,  and  composed  of  6 
parts  dust  destructor  clinker  crushed  by  steam  roller  and 
screened  to  pass  through  all  sizes  up  to  %-in.  gauge,  1  part 
shore  sand  and  1  part  Portland  cement.  Slabs  to  be  laid 
and  plumbed  and  jointed  in  cement  and  sand  1  to  4. 
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Grouting. — The  vertical  joint  between  brickwork  and 
concrete  to  be  grouted  up  in  cement  and  sand  grout  1  to  3, 
made  just  so  thick  as  to  run  into  joint  without  clogging.  No 
grouting  or  mixing  of  same  to  be  done  except  under  the 
supervision  of  the  architect  or  his  representative.  Note. — 
Wrought-irou  clips  or  cramps  will  be  supplied  by  the  cor- 
poration to  clip  over  top  edge  of  slabs  and  outside  of  brick- 
work to  hold  same  until  grouting  is  set.  Although  It  will 
be  generally  convenient  to  grout  in  at  level  of  top  of  each 
row  of  slabs,  this  is  not  essential;  the  height  up  to  one  story 
can  be  carried  up  and  then  grouted,  provided  that  care  is 
taken  that  too  great  a  height  of  liquid  grout  is  not  put  in 
unset  at  one  time  so  as  to  force  out  green  work. 

In  a  hospital  ward  at  Colchester  this  was  done.  Grouting 
was  left  until  all  brickwork  was  completed,  then  grouting 
done  in  two  operations,  the  first  filled  in  for  greater  part 
and  remainder  next  day,  the  interval  enabling  the  lower 
part  to  set  and  hold  wall  and  so  prevent  undue  liquid 
pressure. 

Applications  of  3-Ply  Construction. — The  three-ply  idea  is 
also  applicable  to  ground-floor  construction  and  to  flat  roofs 
for  dormers  and  outhouses.  Not  that  the  author  would  like 
to  see  it  substituted  for  tiles  for  the  main  building  on  ac- 
count of  loss  of  color  effect,  though  cheaper.  But  for  out- 
buildings at  rear,  water-closet  and  coals,  which  often  cannot 
be  conveniently  arranged  inside,  a  flat  roof  is  advantageous; 
the  extreme  height  of  roof  can  be  kept  down  to  about  7 
ft.,  little  more  than  the  height  required  to  screen  off  neigh- 
bors, without  unduly  shadowing  rooms,  and  it  has  been 
proved  that  it  is  dry-rot  proof  for  floors  as  well  as  damp- 
proof,  without  the  aid  of  tar  or  asphalt. 

Naturally,  in  applying  the  principle  of  actual  practice,  as 
the  author  has  been  doing  lately,  in  the  erection  of  corpora- 
tion stables  and  cart  shedding,  we  pick  up  as  we  go  along 
many  little  points  tending  to  facilitate  construction.  A  con- 
venient height  for  slabs  is  2  ft.;  the  length  of  most  of  the 
slabs  may  also  be  2  ft.  The  2  ft.  by  2  ft.  slab  weighs  about 
112  lbs.,  and  two  men  can  easily  fix  two  in  five  minutes,  in- 
cluding jointing  up  ready  for  grouting;  this  is  working  at 
about  four  times  the  sped  of  ordinary  bricklaying.  On  the 
other  hand,  we  cannot  expect  the  bricklayer  to  lay  a  mixture 
of  bricks  and  bats  (mostly  the  latter}  as  quickly  as  whole 
bricks^it  will  take  quite  half  as  long  again;  and  a  good 
deal  depends  on  the  skill,  not  only  of  the  bricklayer  in  find- 
ing one  good  face  to  show  on  the  outside,  but  of  his  attendant 
in  picking  out  bats  for  him,  with  one  good  face  (even  if  only 
3  in.  long).  The  gain  in  speed  in  laying  the  slabs  more  than 
balances  the  loss  in  time  over  the  bats,  while  grouting  is 
quicker  than  rendering,  and  can  be  done  by  the  unskilled 
laborer  at  odd  times.  We  find  that  the  2-ft.  square  slab 
stands  firmly  on  its  bed,  even  in  windy  weather,  and  requires 
no  temporary  support  while  the  cement  is  setting.  But  the 
bricklayer  should  be  instructed  to  carry  up  his  2-ft.  height 
of  brickwork  first  and  the  row  of  slabs  after,  so  that  there 
is  no  trouble  with  droppings  in  the  cavity. 

For  the  stables  referred  to  the  slabs  were  brought  to  a 
smooth  face  with  the  trowel,  so  that  no  plaster  is  required; 
but  probably  for  cottages  a  thin  coat  of  plaster  would  be 
preferred. 


Stainless  Steel  for  the  Engineer. — Sheffield,  which  taught 
the  world  how  to  make  steel,  is  actively  engaged  in  develop- 
ing the  engineering  applications  of  that  wonderful  iron  alloy 
known  as  "stainless  steel."  The  most  obvious  use  for  this 
material  was  in  connection  with  cutlery;  and  that  was  prac- 
tically the  only  line  exploited  before  the  war.  Now  there  is 
a  prospect  that  stainless  knives  will  be  only  one  among  a 
host  of  more  imposing  uses  of  a  metal  unaffected  by  at- 
mospheric moisture  and  many  acids.  During  the  war  it  has 
been  used  for  the  valves  of  aero  engines  and  the  blades  of 
steam  turbines— both  of  which  demand'  a  substance  with 
great  resistance  to  erosion.  Valves  and  rods  for  pumps  offer 
another  wide  field,  and  the  advantages  of  a  rustless  steel  for 
marine  purposes  need  not  be  emphasized.  In  the  electrical 
field,  it  has  been  found  adaptable  for  permanent  magnets 
and  ideal  for  electric  cooking  and  heating  apparatus,  the  effi- 
ciency of  which  depends  largely  upon  the  brightness  which 
prevents  the  waste  of  heat  by  radiation.  Surgical  instru- 
ments are  also  being  produced  in  stainless  steel,  making 
cleanliness  a  simple  matter  and  obviating  the  necessity  of 
plating  even  under  the  worst  conditions. — Indian  and  Eastern 
Engineer,  ricidi.er.  I?n9. 


Relative  Advantages  of  Single  and 

Double-Coat  Bituminous  Road 

Surfacing 

By  FRANCIS  WOOD, 

EoiDUsh   Kngineer  and  Surveyor.  Blackpool. 

Abstract  of  a  paper  read  Nov.  24  at  the  Road  and  Transport  Con- 
gress of   the   County  Councils   Assoclalion. 

Some  years  ago.  whenever  a  macadam  road  in  the  district 
under  the  control  of  the  writer  cost  about  Is.  per  square  yard 
per  annum,  it  became  a  rule  that  that  road  should  be  wood 
paved,  because  during  the  period  of  the  life  of  such  a  pave- 
ment, the  cost  would  be  lower  than  Is  per  square  yard  per 
annum.  Twelve  miles  of  wood-paved  roads  in  Fulham  cost 
about  6d  per  square  yard  per  annum,  and  the  heaviest  traf- 
ficked part  of  the  Fulham  road  cost  about  9d  per  square 
yard  per  annum.  Since  then,  bituminous  structures  have 
been  found  to  be  much  cheaper  in  first  cost  and  to  have  a 
life  of  at  least  15  years;  thus  a  modification  was  made  to  the 
rule,  so  that  wherever  a  macadam  road  was  costing  more 
than  4d  per  square  yard  per  annum,  this  form  of  structure 
was  substituted;  it  gave  not  only  a  better  surface  requiring 
less  attention  and  a  far  longer  life,  but  it  was  over  its  life 
not  more  costl.v  to  maintain. 

The  bituminous  structure  is  one  that  is  known  as  the  two- 
course  pavement,  1.  e.,  a  base  coat  and  a  wearing  surface 
coat.  The  base  coat  has  been  simplified  and  made  as  cheap 
as  possible  by  using  broken  hard  stone,  of  any  kind,  from 
granite,  clinker,  York  stone,  limestone,  bricks,  etc.,  or  from 
the  old  material  scarified  out  of  the  road  itself,  the  size  being 
from  2  in.  to  dust,  60  per  cent  of  the  mixture  being  of  the 
larger  material.  It  is  mixed  with  a  composition  of  tar,  pitch 
and  bitumen,  which  gives  a  penetration  of  120  at  60°  F.  on  a 
Bowen  penetrometer.  The  materials  is  heated  to  about  400° 
P.  and  the  previously-mentioned  bituminous  mixture  is  added 
when  the  material  is  under  300°  F.,  thoroughly  mixed  in  a 
mechanical  mixer  and  taken  to  the  prepared  road,  and  laid 
while  still  hot  to  a  depth  of  3  in.  This  base  coat,  as  soon  as 
it  is  cold,  is  so  tenacious  that  a  lorry  with  a  load  of  10  tons 
can  come  on  to  it  and  make  but  the  slightest  impression  of 
its  track.  The  surface  of  this  base  coat  has  an  open  appear- 
ance, such  as  will  give  a  good  key  for  the  material  that  is 
to  be  laid  on  the  resulting  surface  as  a  wearing  coat. 

This  wearing  surface  coat  is  composed  of  a  graded  aggre- 
gate of  mineral  particles  such  as  sand,  granite  dust,  cement 
and  bitumen,  the  grading  being:  40  per  cent  passing  through 
200,  100  and  80  meshes  (one-third  passing  the  200  mesh),  40 
per  cent  passing  through  50  and  30,  and  20  per  cent  being  of 
the  20  and  10  mesh  and  bitumen — the  latter  is  about  12 
per  cent. 

A  few  years  ago  the  writer  was  impressed  with  the  idea 
that  a  single-course  pavement  would  prove  to  be  one  that 
would  give  satisfaction,  and  a  number  of  experiments  were 
made  which  seemed  to  amply  justify  that  conclusion,  with  the 
i-esult  that  several  miles  of  roads  were  laid,  the  composition 
being  almost  precisely  the  same  as  is  found  in  an  ordinary 
macadam  road,  but  bitumen  was  used  as  a  substitute  for 
moisture.  The  whole  of  the  material  was  mixed,  as  described 
above,  in  a  mixer,  so  that  the  bitumen  (about  S  per  cent  by 
weight)  entirely  covered  the  stone  and  other  particles.  After 
about  the  fourth  or  fifth  year,  under  heavy  traffic,  the  struc- 
ture gave  signs  of  surface  disintegration.  The  writer's  im- 
pression of  the  causes  is,  that  the  bitumen  expands  and  con- 
tracts under  atmospheric  temperatures  to  an  extent  which  is 
unequal  where  large  stone  is  in  the  surface  and  must  come 
in  places  to  the  surface  but  extending  downwards  to  a  depth 
of  11/^  in.  to  2  in.;  that  there  is.  therefore,  a  liability  to  leave 
infinitesimal  fissures  into  which  moisture,  such  as  dew,  etc., 
enters  and  prevents  readhesion;  this  would,  in  the  end,  he 
sufficient  to  cause  the  effect  mentioned.  He  came  to  the  con- 
clusion that,  where  a  material  is  to  be  laid  and  which  is  to 
act  as  a  w'earing  surface,  the  aggregate  in  the  composition 
should  in  no  case  be  larger  than  %  in.  Such  a  composition 
would  not  necessarily  be  stable  under  heavy  loads,  and  it 
therefore  becomes  necessary  to  divide  it  into  two  parts  or 
coatings,  the  lower  or  base  coat  to  act  as  a  support  and 
foundation  for  the  upper  or  wearing  surface  coat,  which  is 
composed  entirely  of  small-sized  particles  and  bitumen.  This 
method  has  proved  very  satisfactory  and  as  cheap  as  the  sin- 
gle-coat stricture. 
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A  coating  of  tar,  on  the  finished  surface  of  a  tar-macadam 
road,  is  invariably  necessary  to  complete  Its  effectiveness. 
Unfortunately,  such  a  coating  of  tar  scarcely  lasts  beyond  12 
months,  and  if  this  coating  is  not  repeated,  the  wear  or  de- 
terioration is  rapid.  If  the  cost  of  this  annual  coating  is  cap- 
italized, and  the  resulting  amount  expended  on  a  wearing 
surface  coat  about  an  inch  in  depth,  the  tar  painting,  which 
is  an  annual  annoyance  to  traffic  is  dispensed  with,  and  a 
better  and  more  lasting  surface  is  gained. 

The  writer  has  made  for  light  trafficked  roads  a  one-course 
pavement  which  may  be  said  to  be  intermediate  between 
compressed  or  artifically-made  asphalt  and  mastic  asphalt. 
i.  e.,  it  is  not  so  rich  in  bitumen  as  latter  but  more  so 
than  the  former;  it  can  be  laid  more  quickly  and  effectively 
as  compared  with  mastic  asphalt;  and  it  satisfies  medium 
trafficked  roads  where  the  expense  of  a  two-course  pavement 
may  be  a  serious  item. 

Assuming  the  mixture  of  tar,  etc.,  for  the  base  to  cost  Is 
per  gallon,  and  that  10  gal.  is  used  per  ton  of  material,  then 
the  cost  of  the  mixture  is  10s,  to  which  labor  costs  4s  6d  per 
ton,  making  the  total  cost  of  the  base  14s  6d  per  ton;  add  :!s 
3d  per  ton  carting  each  way,  the  cost  on  the  job  is  21s  at 
7  yards  per  ton  equals  3s  per  square  yard.  The  surface  wear- 
ing coat  is  about  90s  per  ton  at  present  prices,  which  are  ex- 
ceedingly high,  and  it  is  hoped  will  soon  come  to  a  more  rea- 
sonable figure.  This  equals  4s  6d  per  square  yard.  Allowing 
2s  6d  per  square  yard  preparing  the  surface,  etc.,  the  total 
cost  is  IDs  per  sqgare  yard. 


Concrete  Chuting  Plant  at  Clyde 

From   Concrete    and    Constructional    Engineering,    London. 
November,    1919. 

The  use  of  troughs  arranged  for  placing  concrete  over  a 
considerable  ^rea,  although  common  in  the  United  States  of 
America  and  Canada,  has  not  apparently  been  adopted  in 
this  country  until  recently,  when  the  admiralty  scheme  for 
pumping  oil  fuel  across  Scotland  from  the  Clyde  to  the 
Forth  was  being  carried  out. 

At  the  Clyde  end  of  the  pipe  line  a  double  row  of  columns 
had  to  be  built  in  the  river  to  carry  landing  stages  for  the 
tank  steamers,  thesfr  columns  consisting  of  steel  plate  cyl- 
inders filled  with  concrete.  When  the  question  of  filling  the 
cylinders   and   placing   the   concrete   for   the   flooring   of   the 


stages  was  under  discussion.  It  was  suggested  that  the  most 
expeditious  mathod,  and  the  one  most  economical  in  man 
power,  would  be  for  the  concrete  to  be  mixed  on  the  shore 
and  conveyed  to  the  cylinders  and  stages  by  troughs.  This 
proposal  was  adopted  by  the  admiralty  engineer,  and  the 
work  was  entrusted  by  Messrs.  Morrison  &  Co.,  Ltd.,  the 
contractors  for  the  Clyde  oil  fuel  installation,  to  the  British 
Steel  Piling  Co.,  who  had  supplied  the  sheet  piling  and  pile 
driving  plant  for  the  river  embankment  at  this  depot. 

The  plant  consists  of  a  concrete  mixer  with  side  loader, 
from  which  the  mixed  concrete  falls  into  a  skip  at  the  bottom 
of  a  steel  tower  72  ft.  high.  The  skip  is  lifted  to  the  top  of 
the  tower  bv  a  steam  winch,  and  when  at  the -lop  Is  auto- 
raaticallv  discharged  into  a  hopper  fixed  on  the  outside  of  the 
tower.  From  a  gate  at  the  bottom  of  this  hoiiper  the  con- 
crete is  discharged  into  the  first  trough,  the  gate  being 
arranged  to  be  operated  from  a  tjlalform  around  the  hopper 
or  from  the  ground.  The  first  trough,  which  is  72  ft.  long,  is 
carried  by  a  lattice  girder  and  discharges  into  a  second 
trough  32  ft.  long,  this  trough  being  carried  on  a  girder  pro- 
vided with  a  balance  box  to  afford  means  of  easily  fixing 
the  girder  and  trough  at  any  angle  required  for  the  work. 
From  the  end  of  the  second  trough  a  third  trough  24  ft.  long 
is  suspended  by  a  universal  joint  following  the  trough  to 
swing  a  complete  circle  horizontally,  and  also  providing  all 
the  necessary  movement  in  a  vertical  plant  to  suit  any  angle 
at  which  the  trough  may  require  to  be  used.  A  similar  uni- 
versal joint  is  provided  at  the  junction  of  the  first  and  second 
troughs.  The  weight  of  the  troughs  and  their  contents  is 
carried  by  a  steel  lattice  jib,  80  ft.  centers  pivoted  to  the 
base  of  the  tower  and  provided  with  wire  rope  luffing  tackle. 
the  luffing  gear  being  worked  from  the  winch.  The  jib  is 
designed  to  slew  through  an  angle  of  90°  and  the  troughs 
are  suspended  from  the  jib  by  wire  rope  blocks,  which  pro- 
vide for  raising  and  lowering  the  troughs  as  required.  The 
maximum  radius  of  the  plant  is  112  ft.  Traveling  wheels 
are  provided  to  enable  the  tower  to  be  moved  into  another 
position  when  required. 

The  whole  of  the  plant  was  designed  by  the  British  Steel 
Piling  Co.  of  Dock  House,  Billiter  St.,  London,  and  the  manu- 
facture was  carried  out  at  their  Greenwich  works,  where 
they  have  just  completed  another  plant  in  which  the  tower 
is  104  ft.  high  and  the  radius  reached  by  the  troughs  140  ft., 
this  plant  being  designed  to  place  the  concrete  for  a  large 
17-story  building  in  the  Glasgow  district. 


General    Arrangement    of    Concrete    Chuting    Plant. 
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The  Economical  Design  of  Wooden 

Water  Conduits  for  Power 

Developments 

By  CAPT.  W.  T.  TAYLOR. 
From  The  Engineer.  London.  Sept.  26.  191D. 

Every  engineer  who  has  had  any  experience  with  the  wood- 
en conduit  knows  the  interruptions  o£  service  caused  by  it. 
Unquestionably  it  is  the  weakest  link  in  power  transmission 
for  the  reason  that,  from  a  financial  standpoint,  it  cannot  be 
built  in  duplicate.  It  is  short  lived— about  15  to  20  years— 
but  several  can  be  built  for  the  cost  of  a  tunnel,  and,  for  those 
remote  countries  the  author  has  in  mind  and  where  only  a 
limited  amount  of  money  is  available,  due  regard  for  the  first 
principle  of  engineering  is  paramount,  namely,  economy.  At 
all  times  where  a  tunnel  can  be  made  to  replace  an  open 
conduit  it  should  be  used.  Its  first  cost  would  be  greater, 
but.  mile  for  mile,  from  the  standpoint  of  costs  pf  main- 
tenance, depreciation,  interest,  etc.,  it  will  be  almost  as  cheap 
and  far  more  reliable,  and  in  many  cases  one  mile  of  tunnel 
will  replace  several  miles  of  open  conduit,  and  the  advan- 
tages of  the  tunnel  are  much  greater.  The  best  engineering 
solution  at  all  times  is  to  build  every  part  of  a  hydo-eleotric 
plant  in  the  most  substantial  manner  possible,  and  construct 
the  conduit  of  the  maximum  possible  capacity  in  order  that 
the  water  power  may  be  utilized  at  a  load  factor  of  100  per 
cent  or  as  near  it  as  possible. 

It  is  true  that  a  wooden  conduit  costs  only  about  50  per 
cent  as  much  to  build  as  a  concrete  conduit,*  but  if  the  de- 
preciation, maintenance  and  interest  on  the  investment  are 
taken  into  consideration  the  cost  of  both  will  be  about  the 


world  where  money  is  dear,  and  that  tests  and  experiments 
on  this  design  of  conduit  were  made,  giving  the  kilowatt  loss 
per  unit  length  of  conduit  due  to  the  grade  and  showing  how 
closely  they  were  related  to  values  giving  the  most  econom- 
ical conductor,  i.  e.,  Kelvin's  law  for  the  most  economical 
conductor. 

In  the  selection  of  a  value  for  the  coefficient  of  roughness 
great  care  is  needed.  For  general  conditions  of  well-con- 
structed wooden  conduits  the  following  formula  can  be  taken 
as  suflSciently  reliable  to  meet  practical  requirement : 

V  =  C  R»'  S°=' 
where  the  value  of  C  is  taken  at  100  for  simplicity.  The  Kut- 
ter  formula  has  the  advantage  of  established  usage,  and  the 
exponential  formula  perhaps  has  the  advantage  of  simplicity. 
However,  for  all  the  formulae  now  generally  accepted  the 
agreement  is  within  the  probable  error  in  the  prediction  as 
to  the  actual  nature  of  the  wetted  perimeter  or  the  selection 
of  the  empirical  coefficient. 

In  solving  problems  it  is  necessary  for  the  engineer,  when 
he  has  a  great  many  to  handle,  to  be  able  to  give  quick  and 
practical  solutions.  The  problem  presented  here  relates  to 
the  most  economical  size  of  water  conduit  for  hydro-electric 
purposes.  Not  unlike  the  law  stated  by  Lord  Kelvin  in  1881, 
it  is  shown  that  the  most  economical  area  of  conduit  is  that 
for  which  the  annual  cost  of  energy  wasted  is  equal  to  or 
nearly  equal  to  the  annual  interest  on  the  investment.  In 
other  words,  for  a  given  capacity  in  second-feet  flow  with  the 
price  per  kilowatt  per  year  fixed  and  the  price  of  materials 
fixed,  the  most  economical  area  of  conduit  is  found  by  com- 
paring the  difference  in  kilowatt  loss  with  the  difference  in 
yearly  cost — the  minimum  difference  gives  the  most  eco- 
nomical conduit  to  install.  A  graphical  representation  of 
Kelvin's  law   is  shown  in   Figure  1.     This  law   for  the  most 
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Fig.  1 — Kelvin's  Law  for  IVIost  Economical   Conductor. 

same  when  carried  over  a  few  years.  The  cost  for  a  tunnel 
as  against  a  wooden  conduit  may  be  four  times  as  great  for 
the  same  capacity  flow.  However,  the  comparison  must  de- 
pend upon  how  much  of  a  short  cut  it  makes;  an  open  con- 
duit miist  follow  the  contour  of  the  hillside,  whereas  a  tunnel 
cuts  through  the  hills.  In  general,  it  cannot  be  said  that 
wooden  conduits,  simply  equipped  powerhouses,  wooden 
poles  and  simple  substations  are  always  wrong,  and  that 
concrete  conduits,  elaborately  equipped  powerhouses,  steel 
towers  and  elaborate  substations  are  right.  Very  often  we 
do  not  build  more  permanently  for  the  very  simple  reason 
that  money  is  not  available.  In  designing  it  is  always  well 
to  bear  in  mind  the  country  and  that  the  ultimate  develop- 
ment of  the  art  and  of  the  country  has  not  yet  been  reached. 
Sometimes  the  engineer  is  called  upon  to  make  installations 
on  the  assumption  that  the  plant  is  to  be  abandoned  after  a 
few  years'  operation.  He  will  be  criticized  if  he  puts  in  a 
plant  to  meet  present  or  apparent  future  needs  and,  owing  to 
some  change  in  the  industry  or  development  of  the  country, 
the  plant  has  to  be  remodeled  later.  It  is  not  so  difficult  to 
determine  the  proper  power  plant  to  build  when  unlimited 
capital  and  good  power  conditions  exist  as  when  there  is  re- 
stricted capital,  limited  revenue  and  low-priced  power  near 
the  consumer.  In  taking  up  the  question  of  the  wooden  con- 
duit the  writer  desires  to  emphasize  the  fact  that  its  use  is 
almost   entirely   restricted   to    certain    defined    parts    of   the 
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Fig.    2 — Section    of    Wooden    Conduit. 

economical  conductor  has  been  stated  in  many  ways  and  is 
repeated  merely  as  a  comparative  note  on  the  subject  of  the 
most  economical  water  conduit.  It  shows  the  relative  cost 
of  losses  to  the  relative  investment  in  conductor  material; 
that  is,  the  ratio  of  fixed  charges  to  the  cost  of  losses  in  the 
line. 

TABLE  I— SHOWING  QUANTITIES  PER  LINEAL  FOOT. 

Excavat- 


ing  and 

Section 

Lumber 

Nails 

levelling 

area 

Dimensions 

Hydr. 

(ft.  B.M. 

(lb.  per 

(cu.  yds. 

(sq.  ft.). 

(feet). 

radius. 

per  ft.). 

ft.). 

per  ft.). 

10 

2.5   X   4.0 

1.112 

27.0 

1.2 

0.17 

^i 

3.5   X  5.75 

1.568 

46.9 

1.43 

0.39 

4.3   X   7.0 

1.924 

67.0 

2.55 

0.68 

40 

5.0   X   8.0 

2.222 

77.8 

2.58 

0.87 

50 

5.6   X   9.0 

•       2.486 

95.2 

2.95 

1.07 

60 

6.0   XIO.O 

2.730 

10,S.7 

3.25 

1.29 

70 

6.36X11.0 

2.953 

133.5 

3.47 

1.52 

80 

6.9   X11.57 

3.130 

146.5 

3.74 

l.SO 

9fl 

7.2   X12.5 

3.345 

157.5 

3.S-5 

2.08 

100 

8.0   X13.0 

3.352 

1S2.0 

4.0 

2.38 

(For  design  of 

the  30  sq.  ft. 

conduit  see 

Fig.  2.) 

The  operating  manager  is  directly  interested,  in  the  value 
of  the  energy  lost  per  year  in  transmitting  water  power  and 
electrical  energy  and  in  the  interest  cost  of  these  two  very 
important  parts  of  the  system.  Electrical  transmission  line 
economics  from  this  standpoint  has  received  a  big  share  of 
attention,  but  very  little  has  been  done  and  little  knowledge 
has  been  published  to  simplify  present-day  problems  seeking 
for  the  highest  efficiency  of  water  conduits.  A  conduit  given 
its  grade  and  constructed  can  only  be  changed  at  a  very 
great  expense.     The  character  of  the  ground  will  place  cer- 
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lain  limits  on  tlie  velocity  so  that  the  grade  cliosen  will  de- 
pend on  the  condition  of  the  ground.  The  grade  necessary 
to  maintain  the  velocity  within  the  desired  limit  will  also 
depend  on  the  interior  surface  of  the  conduit.  The  form  and 
area  also  affect  the  grade,  because  they  affect  the  velocity. 
The  conduits  under  reference  and  shown  in  the  curves  in 
Figure  3  are  in  the  ratio  of  approximately  6:10  for  the  water- 
way. The  coefflcient  of  roughness  n  ^  0.013.  Table  I  gives 
technical  particulars  and  the  quantity  values  per  linc;il  foot 
of  conduit  for  the  designs  shown  in  Figure  2. 
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Fig.  3 — Curves  for   Design  of  Conduits. 

The  materials  cost  curve — cajiital  charges — may  be  made 
up  in  various  ways  just  as  the  engineer  considers  the  best 
and  as  local  conditions  warrant.  The  cost  may  be  plotted 
and  adjusted  to  the  curves  "kilowatt  loss  due  to  gi-ade."  The 
sum  total  of  these  two  different  sets  of  curves  resembling 
•■A  -f  B  =  total  cost,"  shown  in  Figure  1  for  Kelvin's  law, 
can  be  drawn,  and  shows  at  once  the  most  economical  con- 
duit to  put  in. 

Table    II — Conduit   Area,    Velocity.    Grade   and    Kw.    Loss    in    Terms 
of  Water  Flow  in  Second  Feet  Per  1,000  Lin.  Ft.  of  Conduit. 


The  water  conduit  of  each  power  plant  is  a  dlsllni'  prob- 
lem to  be  solved  in  accordance  with  the  particular  r'?qulre- 
ments  and  the  means  at  hand.  The  nearer  developments  of 
this  kind  are  to  industrial  centers  the  belter— and  more  ex- 
pensive— conduit  one  can  alTord  lo  put  in.  When  timber  is 
abundant  the  timber  conduit  has  been  u.sed  successfully  and 
will  be  used  in  future,  for  while  it  has  a  comparatively  short 
lite  it  is  very  often  the  means  of  reducing  the  first  cost  to  a 
minimum.  Conduits  of  concrete  have  been  used  In  a  few 
cases,  but  the  cost  has  barred  the  way  to  their  being  used 
more  extensively.  It  is  generally  agreed  that  as  hydro- 
electric work  becomes  more  permanent  in  character  the  use 
of  timber  for  water  conduit  construction   becomes   less. 

Referring  to  the  curves.  Figure  3,  an  example  is  shown 
covering  the  design  given  in  Figure  2,  which  shows  at  a 
glance  that  for  a  given  total  cost  of  materials  in  place  the 
most  economical  area  for  a  conduit  capacity  of  250  second- 
feet  is  30  sq.  ft.  By  following  the  line  of  30  sq.  ft.  value  up 
and  down  from  the  center  set  of  curves — kilowatt  loss  due  to 
grade — to  where  the  line  intersects  curves  for  250  second-feet 
the  values  for  grade  in  feet  per  1,000  and  velocity  in  feet  per 
second  respectively  can  immediately  be  obtained.  These  values 
were  obtained  by  experiments  and  tests,  and  it  is  hoped  they 
will  be  the  means  of  starting  investigations  and  tests  along 
the  same  lines  involving  the  factors  shown  in  Table  II  on 
other  types  of  conduits  used  for  hydro-electric  purposes. 
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A  New  Source  of  Energy 

In  his  address  at  the  James  Watt  centenary,  Sir  Oliver 
Lodge  discussed  a  possible  source  of  energy  highly  desir- 
able from  the  standpoint  of  thermodynamics,  but  as  yet  un- 
available to  the  engineer.  In  his  discourse  he  drew  atten- 
tion to  the  fact  that  the  discovery  of  radio-activity  had 
proved,  as  was  already  believed  from  theoretical  considera- 
tions, that  an  immense  amount  of  energy  was  locked  up  in 
the  atoms,  but  that  this  energy  was  at  present  inaccessible. 
He  saw,  however,  no  reason  why  this  condition  of  affairs 
should  continue.  This  store  of  energy  resulted,  be  said,  from 
the  very  structure  of  the  atoms  and  was  enormous  in  quan- 
tity. If  it  could  be  utilized  on  any  extensive  scale  the  whole 
conditions  of  factory  life  would  be  ameliorated.  There  would 
be  no  smoke  from  imperfectly  burnt  fuel,  or  dirt  from  the 
transport  of  coal  and  ashes.  The  power  would  be  most  com- 
pact and  very  clean.  Indeed,  its  very  concentration  might 
lead  to  occasional  explosions  due  to  the  energy  being  lib- 
erated more  rapidly  than  intended.  Nevertheless  this  draw- 
back notwithshtanding,  the  conditions  of  utilization  would, 
no  doubt,  be  good  on  the  whole,  and  possibly  some  one  stand- 
ing 100  years  hence  where  the  speaker  stood  now  would  be 
able  to  tell  how  the  feat  of  developing  this  source  of  energy 
had  been  accomplished.  For  the  present,  however,  we  were 
merely  at  the  beginning  of  the  utilization  of  atomic  energy. 

As  instancing  the  amount  and  degree  of  concentration  of 
this  energy.  Sir  Oliver  said  that  the  disintegration  of  one 
grain  of  radium  gave  out  sufficient  energy  to  raise  the  tem- 
perature of  one  ton  of  water  from  the  freezing  point  to  the 
boiling  point.  In  fact,  the  energy  set  free  by  the  disintegra- 
tion of  radium  was  a  million  times  as  great  as  that  generated 
by  the  combustion  of  an  equal  weight  of  hyilrogen.  On  the 
other  hand,  the  combustion  of  hydrogen,  could  be  controlled, 
whilst  the  break-up  of  radium  was  extremely  slow  and  not 
under  control.  What  happened  was  that  every  now  and  then 
some  individual  atom  of  a  mass  of  radium,  shot  off  an  a 
particle.  Other  a  particles  were  shot  off  in  succeeding  trans- 
formations, the  final  residue  being  common  lead.  There  were 
radio-active  substances  still  more  energetic  than  radium,  but 
as  a  necessary  consequence  they  were  correspondingly  more 
rare.  Of  3,000  atoms  of  radium,  one  on  the  average  got  each 
year  into  an  unstable  condition  and  fired  itself  off,  so  that 
radium  had  a  relatively  long  life.  The  number  of  atoms  in 
even  a  milligramme  (about  1/70  grain)  was,  however,  ex- 
tremely large,  so  that  a.  milligramme  of  radium  fired  off 
nearly  30  million  shots  per  second.  These  shots  moved  at  a 
prodigious  velocity,  equal  to  about  one-fifteenth  that  of  light, 
and  their  energy  was  accordingly  enormous.  At  present  this 
energy  was  inaccessible.  In  fact,  each  atom  of  every  metal 
had  a  vast  store  of  energy  locked  up  in  it,  but  most  of  them 
were  quiet  about  it,  whilst  the  radio-active  elements  lib- 
erated this  energy  spontaneously  without  external  stimulus. 
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Could  a  stimulus  be  found  a  first  step  would  be  made  towards 
the  utilization  of  the  energy  in  the  atoms;  and  it  ultimately 
we  were  able  to  utilize  the  whole  of  it,  we  would  be  able  to 
find  sufficient  in  an  ounce  of  matter  to  raise  the  whole  Ger- 
man fleet  and  pile  it  on  top  of  a  Scotch  mountain.  To  re- 
peat, in  each  ounce  of  a  metal  there  were  locked  up  millions 
of  foot  tons  of  energy,  at  present  quite  inaccessible.  Perhaps 
it  was  a  good  thing  that  the  stimulus  required  to  release  this 
energy  had  not  yet  been  discovered.  It  would  place  enor- 
mous powers  for  evil  in  the  hands  of  such  an  uncivilized  na- 
tion as  we  had  had  to  live  with  during  the  past  five  years, 
and  it  would  be  well  that  the  human  race  should  advance 
further  in  morals  and  brains  before  the  momentous  dis- 
covery was  made.  If  the  power  got  into  the  wrong  hands 
the  very  planet  might  be  unsafe,  since  a  liberation  of  the 
atomic  energy  on  a  large  scale  would  be  sufficient  to  blow 
It  up. 


Reinforced  Concrete  Quay  Walls 
in  Dutch  Indies 

From  De  Ingenieur. 

At  the  Port  of  Soerbaja  In  Java  the  depth  of  tlie  channel 
increased  from  14  ft.  In  1907  to  21  ft.  in  1918.  At  high  tide 
the  water  rises  6  ft.  and  vessels  ^\  ith  a  draught  of  21  ft,  can 
enter  or  leave  at  any  time.  A  depth  of  28  ft.  below  sea  level 
occurs  over  an  area  of  333  sq.  yd.  In  the  least  favorable  part 
of  the  port.  In  1911  a  Dutch  firm  undertook  to  execute  the 
requisite  harbor  work  for  ?5, 700, 000,  including  the  construc- 
tion of  a  flat  area  220  yd.  wide  on  the  west  of  the  Kali  Mas, 
and  restricted  on  three  sides  by  sunken  walls  (built  on  cais- 
sons) at  a  depth  of  44  ft.  below  sea  level,  and  rising  to  3  ft. 
below  the  surface.  The  caissons  were  similar  to  those  used 
at  Rotterdam,  and  were  40  ft.  high  by  130  ft.  by  40  ft.,  each 
being  divided  into  30  chambers.  The  bottom  is  10  in.  thick 
and  the  sides  8  in.  The  concrete  consisted  of  Portland 
cement  and  sand  and  stone  in  the  proportion  of  2:3:4,  the 
chambers  nearest  the  water  being  filled  with  a  mixture  of  1% 
parts  of  Portland  cement.  %  part  of  trass,  3  parts  of  sand, 
and  5  parts  of  crushed  stone.  The  other  chambers  were 
filled  with  sand.  The  superstructure  consisted  of  a  concrete 
wall  5  ft.  thick,  of  cement  and  sand  and  stone,  in  the  propor- 
tion of  1:2:4.  No  special  incidents  were  reported  during  the 
progress  of  the  work,  but  the  western  portion  fell  suddenly 
into  the  entrance  to  the  port  on  May  3,  1916,  without  giving 
any  warning  except  a  few  cracks  in  the  adjacent  ground. 

No  lives  were  lost,  but  three  caissons  and  their  superstruc- 
ture slipped  forward  and  fell,  so  that  the  top  of  the  caissons 
was  immersed  in  the  water.  It  has  since  been  found  that 
the  bed  of  sand  on  which  they  were  built  was  contaminated 
with  a  stratum  of  ferruginous  mud  about  3  ft.  thick,  which 
was  loosened  gradually  by  the  water  and  so  was  the  cause 
of  the  accident.  The  quay  was  repaired  by  constructing 
three  shields  of  reinforced  concrete  surrounding  the  caissons, 
removing  the  superstructure  from  the  latter  by  blasting,  with- 
drawing the  sand  by  suction  and  raising  the  caissons  to  their 
former  position.  All  three  caissons  were  restored  within 
nine  months  after  the  accident  and  stronger  foundations  pro- 
vided at  a  cost  of  $132,000. 

An  extension  of  the  coal  quay  on  the  southern  side  of  the 
same  harbor  was  effected  by  means  of  a  series  of  caissons 
43  ft.  wide,  with  a  mass  of  sacks  filled  with  cement  placed  so 
as  to  form  a  buttress  30  ft.  wide  at  the  base  on  the  land  side 
of  each  caisson.     The  wall  thus  produced  cost  $111  per  sq.  yd. 

At  the  Port  of  Pirogues  in  Semarang  a  series  of  movements 
in  the  quay  structure  observed  in  1913  also  showed  the  neces- 
sity of  preparing  the  foundations  with  sufficient  care.  The 
reinforced  concrete  caissons  used  at  this  port  were  built  on 
a  bed  42  ft.  wide  at  a  depth  of  20  ft.  below  sea  level,  the 
work  being  commenced  in  January,  1913.  The  preparation 
of  the  bed  was  regarded  as  satisfactory,  but  movements  were 
observed  during  the  filling  with  sand.  This  work  was  con- 
tinued until  midday  of  March  10th,  1914,  when  four  caissons 
began  to  slip,  a  strip  of  sand  4  ft.  wide  sank  to  a  depth  of 
5  ft.,  and  cracks  up  to  73  ft.  long  appeared  in  the  ground  at 
the  rear,  the  depth  of  the  port  being  reduced  by  5  ft.  The 
movement  ceased  the  next  day,  and  the  damage  was  repaired 
by  erecting  two  walls  of  stonework,  one  in  front  of  the  foot 
and  the  other  behind  the  base  of  the  caissons,  together  with 


an  embankment  behind  the  quay  wall.  A  further  subsidence 
occurred  in  November.  1915,  and  it  was  then  decided  that  an- 
other mode  of  construction  was  essential.  This  consisted  in 
preparing  a  much  larger  foundation  of  sand,  but  this  did  not 
prove  sufficiently  stable,  and  a  third  attempt  was  made  in 
which  large  pieces  of  coral  rock  were  placed  on  the  sand  bed 
so  as'to  keep  it  in  position.  So  far  this  appears  to  be  suc- 
cessful for  present  requirements,  but  it  would  not  be  safe  to 
use  this  quay  for  excessively  heavy  loads,  and  there  is  al- 
ways some  uncertainty  as  to  its  safety. 

The  caissons  at  the  Port  of  Macassar  in  Celebes  have  been 
protected  by  a  mass  of  rocks  placed  on  the  land  side,  but 
even  here  a  slipping  of  about  1  ft.  occurred  and  several  minor 
movements  have  been  observed.  Such  a  mass  of  rocks  is 
usually  preferable  to  sand  on  an  uncertain  foundation  as  it 
has  less  specific  gravity  and  a  high  coefficient  of  friction 
which  greatly  reduce  the  tendency  to  slip  horizontally. 

In  none  of  these  works  has  the  effect  of  the  seawater  on  the 
concrete  been  appreciable. 


Age-Long  Engineering    Works  of 
China 

By  PROFESSOR  MIDDLETON  SMITH. 
From  The  Engineer,  London. 

An  engineer  who  travels  in  China,  while  not  altogether 
disregarding  the  delights,  or  the  discomforts,  of  native 
cookery,  naturally  is  much  more  interested  in  the  works 
of  construction  in  the  country.  There  are  many  and  excel- 
lent examples  of  modern  engineering  science  to  be  seen  in 
that  land  which  defies  age,  and  time,  and  progress,  and  the 
impact  of  Western  civilization.  The  great  dockyards  of 
Hongkong;  the  railway  to  Peking;  the  Kalian  Mining  Ad- 
ministration; the  Hanyang  ironworks;  and  even  the  hydro 
electric  plant  and  high-tension  transmission  of  inland  Yun 
nan,  can  be  quoted  as  examples. 

There  seems  to  be  no  volume  on  engineering,  past,  present, 
or  future,  in  China.  Yet  even  a  feminine  author,  who  trav- 
eled a  greai  deal  over  China,  once  casually  noted  that  "China 
is  pre-eminently  the  land  of  bridges."  There  is  also  the 
Chinese  saying  of  what  three  great  dynasties  accomplished 
while  they  ruled  over  the  Far  Eastern  Kingdom.  "The  Sungs 
made  the  roads  and  the  bridges,  the  Tangs  the  towers,  the 
Mings  the  pagodas."  It  required  some  knowledge  of  con 
structural  engineering  to  do  those  things. 

There  are  four  remarkable  relics  of  ancient  engineering 
genius  to  be  seen  in  China.  They  are  (1)  the  works  of 
those  old  hydraulic  engineers,  chief  of  which  is  the  Grand 
Canal;  (2)  the  works  of  the  wall-builders,  which  include  the 
famous  Great  Wall  and  the  less  well-known  sea-wall,  of  more 
than  120  miles  in  length,  along  the  north  bank  of  the  Tsien 
tang  River;  (3)  the  works  of  the  people,  who  must  have 
understood  "the  theory  of  structures,"  and  who  built  the 
bridges  and  the  pagodas;  and  (4)  the  famous  clepsydra, 
or  water-clock  of  Canton. 

There  is  no  country  in  the  world  in  which  so  much  hy- 
draulic engineering  work  has  been  done  as  in  China.  There 
are  innumerable  small  power  plants — almost  all  of  them  "un- 
dershot" water  wheels,  which  operate  rice-milling  plants — 
and,  in  comparison  with  modern  plants,  very  inefficient.  All 
over  the  country,  and  especially  in  the  central  coastal  plains, 
there  is  an  intricate  arrangement  of  irrigation  works  and 
navigation  canals.  In  the  dawn  of  China's  history,  a  ruler, 
the  great  Yu,  obtained  the  throne  because  of  his  engineer- 
ing ability,  and  no  doubt  fee  inspired,  if  he  did  not  actually 
design,  the  earliest  hydraulic  engineering  work  in  China 
It  is  probable  that  the  reason  why  the  ancient  Chinese  prac 
ticed  as  hydraulic  engineers  was  that  elementary  incentive 
— the  desire  for  food.  Rice  is  the  "staff  of  life"  in  China, 
and  rice  needs  running  water  in  which  to  flourish.  The  cul 
ture  of  rice  is  the  most  perfect  industry  in  China;  but  even 
that  can  be  improved  by  the  application  of  modern  princi 
pies  of  agricultural  and  engineering  science. 

The  Chinese  were  probably  the  earliest  canal  builders 
although  the  country  is  blessed  by  the  natural  provision  of 
water  communication.  The  records  tell  us  that  a  canal  to 
improve  communication  between  the  West  River  Valley  and 
the  Yangtze  was  commenced  200  years  before  Christ.  As 
for  the  famous  Grand  Canal,  it  is  usually  accepted  that  the 
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works  were  begun  in  the  Gth  century  before  Christ,  and  com- 
pleted 1,900  years  later.  Despite  the  centuries  of  neglect 
since  the  days  of  the  great  Kublai  Khan  (1280  A.  D.),  the 
canal  survives,  and  over  portions  of  it  steam  launches  and 
motor  boats  travel.  The  Government  of  China  recently  made 
a  contract  with  a  tirm  of  engineers  in  the  U.  S.  A.  for  the 
dredging  and  repairing  of  this  wonderful  old  waterway. 
Probably,  in  a  few  years  it  will  be  again  one  of  the  chief 
trade  routes  of  the  country,  supplementing  the  railways 
which  now  run  parallel  to  it  almost  the  whole  of  its  length. 
It  is  still  a  most  important  means  of  transport  for  a  thousand 
miles  in  length. 

The  extraordinary  thing  is  that  the  Chinese  brain,  in  all 
its  thousands  of  years  of  attention  to  canal  problems,  never 
devised  a  canal  lock.  One  must  change  to  a  new  boat  at 
each  section  where  the  level  changes. 

A  portion  of  the  banks  of  the  Canal  are  elaborately  faced 
with  stone.  From  early  days  the  Chinese  protected  their 
cities  and  their  country  by  walls;  and  to  this  day  practically 
all  of  the  large  towns  are  enclosed  by  walls.  Of  the  Great 
Wall,  General  Wilson  said  that,  although  it  was  "laid  out  In 
total  defiance  of  the  rules  of  military  engineering,  yet  the 
walls  are  so  solid  and  inaccessible,  and  the  gates  so  well 
arranged  and  defended,  that  it  would  puzzle  a  modern  army 
with  a  first-class  siege  train  to  get  through  it,  if  any  effort 
were  made  for  its  defence."  The  words  were,  of  course, 
said  before  we  had  the  experience  of  modem  artillery  in  the 
great  war. 

An  old  original  wall  was  built  in  B.  C.  215,  but  the  Great 
Wall  is  a  modern  affair  of  the  7th  century,  splendidly  re- 
built by  the  Mings  in  the  15th  century.  This  gi'eatest  piece 
of  masonry  in  the  world,  the  one  artificial  constructional 
work  of  man  on  the  face  of  the  earth  that  may  be  seen 
by  the  inhabitants  of  Mars,  kept  back  the  waves  of  nomadic 
horsemen  from  the  oldest  nation. 

A  word  must  be  said  about  the  Great  Bore  of  Hangchow. 
This  extraordinary  phenomena  has  been  described  by  Com- 
modore Moore — the  Institution  of  Civil  Engineers,  1893 — but 
it  is  not  well  known.  The  writer  was  three  years  in  the  Far 
East  before  he  heard  of  it.  Yet  it  is  the  most  wonderful 
sport  the  moon  has  with  the  earth.  A  10-ft.  wall  of  foam 
rushes  up  the  channel:  an  awful  tide  from  the  ocean.  The 
triumphant  moon  thrashes  the  Pacific  into  this  furious  out- 
burst, which,  with  an  incredible  and  awe-inspring  roar, 
dashes  against  the  face  of  the  long  sea-wall.  The  Great 
Bore,  the  White  Thing,  rushes  up  the  narrowing  river  at  a 
speed  of  about  12  miles  an  hour.  No  vessel  can  meet  that 
irresistible  wall  of  water  and  live;  a  long  sea-wall  protects 
the  adjacent  country. 

The  wonderful  bridges  and  pagodas,  built  more  than  a 
thousand  years  ago,  cannot  fail  to  interest  the  engineer. 
Humpbacked,  spectacled,  needle's-eye  bridges,  their  arches 
springing  40  to  50  ft.  in  the  air,  with  weird  and  wonderful 
carvings  on  parapets  and  piers,  the  mellowing  influence  of 
time  has  given  them  that  aspect  which  age  alone  can  be- 
stow. 

Ancient  China  was  the  land  of  the  civil  engineer;  there 
are  few  relics  of  any  mechanical  ability,  unless  it  be  the 
clumsy  cogs  and  the  w-ater-wheels  used  for  rice-milling. 
Labor  was  always  so  cheap  and  plentiful  that  mechanism  was 
not  needed.  Yet  the  water-clock  of  Canton  deserves  men- 
tion, if  only  for  its  simplicity.  There  are  three  big  earthen 
jars  on  successive  shelves,  and  a  fourth,  or  lowest  one,  com- 
pletes the  arrangement.  The  water  drops  slowly  from  one 
jar  to  the  other;  a  brass  scale  on  the  lowest  crock  tells 
the  hour  as  it  rises.  And  every  afternoon  at  5  of  the  clock, 
since  1321  A.  D.,  the  lowest  jar  has  been  emptied,  the  upper 
one  filled;  and  thus  the  clock  has  been  wound  up  for  24 
hours  The  city  may  know  the  time,  for  the  number  of  the 
hour  is  displayed  on  boards  on  the  outside  wall.  To-day  the 
water-clock — drop,  drop,  drop,  it  goes — works  on  as  it  has 
worked  for  6  centuries.  But  in  the  City  of  Canton,  the  home 
of  a  million  yellow  people,  the  city  without  a  beast  of  burden, 
and  until  quite  recently  without  a  wheeled  vehicle,  there  now 
echoes  the  tick,  tick,  tick  of  thousands  of  time  mechanisms 
made  in  Britain,  America  and  Japan.  But  it  would  be  a 
catastrophe  if,  in  the  periodic  revolutions  of  the  insurgent 
city  of  South  China,  the  water-clock  was  forgotten  or  dam- 
aged. It  is  so  typically  Chinese.  It  is  simple,  cheap,  and  it 
only  requires  human  labor  and  patience  to  ensure  that  it 
works  properly. 
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Trade    Unionists    and    Work 

From  ICnglnec-rins:,  London.  .Nov.  z\,  UU'J;  abstract  of  uUdrcss 
by  W.  Price  Abell,  .M,  Inst.  C.  E.,  as  chairman  of  the  Derbyshlr'- 
Soclety  of  Engineers,  delivered  Nov.  17.      ;_ 

The  prime  necessity,  unless  we  are  cowardly  and  blindly 
optimistic  is  to  face  the  facts  and  believe  in  the  call  to  work 
Our  adverse  trade  balance,  our  sale  of  securities,  our  indebt 
edness  to  America  and  the  tremendous  growth  of  the  National 
debt  cannot  be  met  by  paying  doles  for  idleness  and  decreas 
ing  output.  The  need  of  houses,  furniture  and  domestic  ser\ 
ants  shows  that  the  "no  work"  cry  is  fallacious.  Nor  must 
we  forget  the  half  of  the  population  who  cannot  work — obi 
workmen,  old  women,  children,  pensioners  and  disabled  sol- 
diers. The  present  unrestricted  Increase  of  wages,  spells  dis- 
aster for  such  with  four  millions  of  trade  unionists  able  to 
outbid  the  poor  for  the  scant  food  and  coal,  riding  roughshod 
over  the  rights  and  needs  of  the  remaining  fifty  millions  of  the 
population — witness  the  railway  strike  of  Sept.  26.  Unless 
we  work  and  produce  goods  to  exchange  for  food,  the  bulk 
of  the  people  will  be  in  dire  necessity.  How  grossly  unfair  is 
the  payment  to  the  out-of-work  man  of  three  times  what  is 
paid  to  the  old  age  pensioner. 

Trade  unionism,  in  spite  of  the  great  work  it  has  done,  is 
now  guilty  of  removing  disciplinary  safeguards  of  work  by 
the  advocacy  of  a  minimum  wage  and  out-of-work  pay.  Its 
powers  exploited  by  extremists,  trade  unionism  tends  to  be- 
come a  menace  to  society  at  large;  why  should  trade  union- 
ists at  the  National  Industrial  Council  object  to  the  scheme  to 
teach  wounded  soldiers  a  trade,  or  rope  round  work  for  their 
unions  and  cause  such  a  strike  as  at  Horbury,  Wakefield. 
against  employment  of  non-union  returned  soldiers?  Will 
labor  continue  to  ignore  such  facts  as  these:  (1>  With  a 
home-grown  supply  of  food  sufficient  for  three  months  in  the 
year  only,  along  with  the  increasingly  adverse  rate  of  ex- 
change, we  must  make  goods  for  export  not  poorer  in  quality 
and  not  greater  in  price  than  can  be  produced  abroad;  (2j 
since  the  passing  of  the  Coal  Mines  Minimum  Wage  Act, 
1912,  there  is  a  decreased  annual  output  of  coal  per  man, 
from  300  tons  before  the  war  to  183  tons  now,  whereas  in  the 
United  States  of  America,  in  the  same  period,  ii  has  in- 
creased from  400  tons  to  600  tons;  (3)  the  cost  of  labor  per 
ton  of  coal  in  1913  was  6s.  10%d.,  now  it  is  21s.  10%d.;  (4) 
the  pithead  price  in  England,  is  now  29s.  4d.,  in  the  United 
States  of  America  lis.  2d.,  and  steel  rails,  pig-iron,  ship 
plates,  are  all  produced  more  cheaply  there.  Restricted  out- 
put means  that  everything  is  dear,  employment  will  be  scarce, 
and  our  industries  will  be  beaten  in  the  competition  with  the 
United  States  of  America,  Germany  and  Japan. 

The  Institutes  of  Mining  Engineers  protested  by  resolution 
against  basing  the  Sankey  Recommendations  on  unrestricted 
evidence  from  one  section,  while  restricting  the  engineers' 
evidence  to  "wages  and  hours."  Many  of  these  recommenda- 
tions have  been  operating  since  March — result,  decreased  out- 
put, increased  prices,  more  frequent  strikes  and  absenteeism. 
Nationalization  or  Government  control  increases  costs  to  the 
poor,  e.  g. :  (1)  Government  control  of  railways  has  lost  not 
only  the  50,000,0001.  per  year  pre-war  profits,  but  meant  a 
further  annual  loss  of  from  40,000,0001.  to  60,000,0001.  (2) 
Partial  government  control  of  mines  meant  an  annual  loss  of 
50,000,0001.,  hence  its  transference  to  the  public  in  the  last 
6s.  per  ton  rise.  Private  enterprise  gave  coal  to  the  people  at 
7s.  to  10s.  per  ton,  with  suflicient  profit  and  margin  for  good 
working  conditions,  improvement  of  machinery  and  greater 
comfort  to  the  workers  than  in  any  other  industry.  National- 
ization would  not  tend  to  foster  men  of  inventive  genius  like 
Watt,  Boulton  and  Murdock.  Are  we  not  facing  dangers 
which  beset  the  Roman  Empire?  A  system  of  public  doles 
then,  as  now,  encouraged  slacking,  discouraged  undertakings 
w-ith  distant  and  non-immediate  returns,  and  led  to  ruin. 
There  is  a  verj'  large  waste  of  the  time,  money  and  energy 
of  business  men  taken  up  with  the  settling  of  labor  troubles, 
troubles  caused  partly  by  government  interferences  between 
employer  and  employed. 

The  only  remedy  is  "back  to  work,"  hard  work,  a  far 
greater  output,  and  abandonment  of  "ca'  canny."  To  make 
output  equal  the  demand  will  end  profiteering.  Confiscation 
of  capital  will  not  help.  Profit-sharing,  now  that  profits  are 
so  reduced,  will  not  increase  wages  appreciably.  The  func- 
tion of  sound  government  is  to  maintain  order  and,  stopping 
interference  which  chokes  trade,  to  leave  the  differences,  be- 
tween capital  and  labor  to  adjust  themselves. 

There  is  no  peace  in  the  house  where  the  spoilt  child  is 
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given  everjihiug  it  cries  for.  Just  so.  we  have  no  peace  be- 
cause we  give  way  every  time  to  tlie  wages  and  leisure  the 
4,000,000  trade  unionists  cry  for.  A  grandmotherly  govern- 
ment fears  a  greater  row  from  a  united  4,000,000  trade  union- 
ists than  from  the  remaining  50,000,000,  the  greater  half  be- 
ing the  poorest,  of  the  community.  Instead  of  labor  boasting 
that  it  has  come  into  its  own,  would  it  not  be  truer  to  say 
that  its  demand  for  37s.  per  ton  in  wages  and  transport  had 
deprived  the  poorest  of  their  coal  and  left  their  houses  tire- 
less, and  enabled  those  who  can  work  to  outbid  those  who 
cannot  work  for  the  necessities  of  life. 


Reinforced  Brickwork  in  India 

Frum    The    Railway   Engineer.    London. 

The  use  of  reinforced  brickwork  in  India  is  referred  to  in 
the  Technical  Paper  No.  191,  on  the  use  o£  Ferro-Concrete, 
recently  issued  by  the  Railway  Board  of  the  Government  of 
India. 

During  1913-1914  two  single  room  tenements  were  con- 
structed for  the  police  in  the  Presidency  District,  Bombay,  of 
reinforced  concrete,  but  in  these  cases  the  cross  partition 
walls  are  of  brick  on  edge,  set  in  cement  mortar  and  rein- 
forced at  every  alternate  course  with  hoop  iron.  One  of  the 
chauls  is  five  storys  in  height.  In  Assam,  a  district  which 
is  subject  to  frequent  earth  tremors,  both  reinforced  con- 
crete and  reinforced  brickwork  have  been  found  eminently 
suitable,  and  have  been  introduced  where  the  necessary  close 
supervision  can  be  arranged  for. 

The  residence  for  the  Professor  of  Chemistry  at  Gauhati  is 
a  two-story  building,  the  lower  story  being  built  of  10-in.  rein- 
forced hollow  brick  walls,  and  the  upper  story  of  plastered 
ekra  reeds  fitted  in  timber  frame  work.  The  10-in.  walls  were 
constructed  with  an  outer  shell  414  in.  thick  and  the  inner 
shell  3  in.  thick,  with  an  air  space  of  21/2  in.  "Exmet"  was 
used  as  reinforcement  in  every  third  ,and  in  alternate  courses, 
respectively,  in  the  two  shells.  The  two  shells  were  bonded 
together  with  a  thorough  bonding  course  at  every  18  in.  where 
the  brick  courses  in  both  the  shells  come  to  a  common  level. 
Wet  gunny  bags  were  used  until  the  mortar  had  properly  set. 
The  walls  were  surkee-plastered  and  whitewashed  inside,  the 
joints  on  the  outside  being  struck  to  a  weathered  surface. 
The  lintols  over  doors  and  windows  are  of  reinforced  con- 
crete. 

Only  first-class  bricks  were  used  in  the  construction  of  the 
hollow  walls,  and  the  cement  mortar  was  mixed  in  the  pro- 
portion of  1  cement  and  4  sand  (sharp  and  clean).  The  cook 
shed  of  this  building  has  a  corrugated  iron  roof,  and  is  also 
built  of  reinforced  brickwork.  The  walls  are  about  S  ft.  high 
and  have  been  made  only  3  in.  thick,  the  bricks  being  laid 
on  edge  and  reinforced  with  exmet  in  every  alternate  course. 
The  proportion  of  mortar  used  was  1  cement  to  3  of  sand. 

The  residences  for  the  Professor  of  Economics  and  the 
Professor  of  Physics  at  Gauhati  were  both  built  with  main 
walls  of  9%  in.  reinforced  hollow  brickwork  over  ordinary 
pucca  brick  plinths,  the  partitions  being  41/2  in.  reinforced 
brickwork  built  over  terrace  flooring.  The  hollow  walls  con- 
sist of  two  shells,  each  3  in.  thick,  having  an  air  space  of 
3%  in.  between  the  shells,  exmet  being  used  as  reinforce- 
ment in  every  third  course.  The  bricks  are  laid  on  edge  as 
stretchers  in  both  the  shells,  and  in  order  to  connect  the  two 
shells  91/2  in,  headers,  going  right  through  the  wall  were 
used  in  every  course  at  intervals  of  three  stretchers  To 
allow  of  thorough  ventilation  in  the  cavities  between  the 
shells  fly  proof  wire  gauze  ventilator  openings  were  intro- 
duced immediately  above  the  plinth  and  below  the  wall  plate 
level.  Reinforced  concrete  lintols  were  used  over  doors  and 
windows.  The  mortar  was  mixed  in  the  proportion  of  1 
cement  and  3  sand. 

The  Jail  hospital  at  Sylhet  is  a  two  story  building  with 
reinforced  brick  hollow  walls  of  exactly  the  same  construc- 
tion as  the  residences  described  above.  The  floor  and  root 
are  of  reinforced  concrete.  The  reinforcement  of  the  brick- 
work was  completely  embedded  in  mortar  and  not  exposed  at 
any  point.  It  was  laid  continuous  so  far  as  practicable, 
especially  at  corners  where  it  was  folded  at  right  angles 
with  an  overlap  of  21/2  in.  where  necessary  to  join  the  ends 
The  work  was  copiously  watered  for  about  3  or  4  days  and 
kept  wet  for  at  least  a  fortnight.  The  joints  on  the  outer 
faces  of  tne  external  walls  were  struck  to  a  weathered  sur- 
face, and  the  inner  faces  treated  with  lime  plaster  and  white- 


wash.   The  bricks  were  well  saturated  with  water  before  use. 

Certain  bridges  on  the  Powai-Digbai  Road,  Lakhimpur,  were 
constructed  with  the  abutments  and  wing  walls  of  hollow 
reinforced  brickwork  filled  in  with  ashes.  The  hollow  walls 
consist  of  two  shells  4%  in.  thick  each,  with  a  4%  in.  space 
in  the  center.  In  some  cases  the  foundations  had  to  be  car- 
ried deeper  in  order  to  prevent  underscour.  The  soil  being 
of  a  sandy  nature  the  method  adopted  was  to  use  reinforced 
brickwork  as  a  shell  which  was  sunk  as  a  well  foundation  and 
subsequently  filled  in  with  concrete.  Each  well  was  roughly 
15  ft.  by  5  ft.  with  an  angle  steel  curb  secured  to  an  angle 
and  tee  steel  vertical  frame  filled  in  with  5  in.  reinforced 
brickwork.  Sinking  was  done  partly  by  dredging  and  partly 
by  ordinary  excavation.  The  wells  were  taken  down  about 
12  ft.  and  filled  in  with  cement  concrete.  The  reinforcement 
was  of  exmet  placed  at  every  fourth  course,  and  the  mortar 
was  in  the  proportion  of  1  cement  to  4  sand. 

Inferior  class  buildings  are  frequently  built  of  4%  in.  rein- 
forced brickwork,  and  3  in.  brick  on  edge  reinforced  walls 
may  be  also  adopted  for  this  class  of  building.  But  as  41^ 
in.  reinforced  walls  may  be  unsupported  for  a  length  of  15 
ft.  against  10  ft.  in  3  in.  walls  it  will  often  happen  that  no 
economy  is  effected  by  the  use  of  3  in.  walls.  In  all  cases 
2%  in.  exmet  reinforcement  is  used  at  every  third  course. 
The  mortar  consists  of  cement  and  sand,  generally  in  the 
proportion  of  1  to  4.  When  the  quality  of  sand  is  poor  the 
proportion  of  cement  to  sand  in  the  cement  mortar  is  gener- 
ally 1  to  3.  In  low  4%  in.  walls  cement  mortar  is  used  in  the 
reinforced  courses  only,  the  other  courses  being  laid  in  lime 
mortar.  Door  and  window  lintols  for  the  4%  in.  and  3  In. 
walls  are  of  brick  in  cement  reinforced  in  every  course  till 
the  reinforcement  in  the  general  walling  is  reached.  The 
outer  faces  of  hollow  or  single  3  in.  walls  require  no  point- 
ing. The  joints  are  struck  to  a  weathered  surface  as  the  work 
proceeds.  In  out-houses  the  inner  faces  of  the  walls  are 
only  cleaned  and  whitewashed  and  the  lime  mortar  joints  in 
the  outer  faces  raked  and  cemented  in  keeping  with  the  rein- 
forced courses. 

The  reservoirs  at  Dera  Ghazi  Khan  are  cylindrical  in  shape, 
27  ft.  internal  diameter,  14%  ft.  deep,  and  are  raised  16  ft' 
above  the  ground.  The  shell  is  built  of  burnt  brick  in  cement 
131/2  in.  thick  for  the  lower  half  of  the  depth,  the  upper  half 
being  9  in.  thick.  The  shell  is  reinforced  with  rings  of  mild 
steel  encircling  it  at  every  course  and  designed  to  take  the 
tensile  stresses  produced  by  the  pressure  of  the  water.  The 
rings  are  kept  in  position  by  radial  rods  built  into  the  brick- 
work of  the  shell,  one  foot  or  so  apart  in  every  course, 
breaking  joint  and  projecting  out  5  in.  or  so.  On  these  radial 
supports  the  encircling  rings  are  laid,  the  supports  being  then 
turned  up  against  the  shell  and  bent  round.  The  exterior  of 
the  shell  is  coated  with  cement  plaster  which  thus  encases 
the  reinforcement.  The  interior  of  the  shell  is  also  cement 
plastered,  "Pudlo"  or  "Medusa"  being  added  to  the  cement. 
The  reservoirs  have  been  tested  for  water  tightness  with  11 
ft.  depth  of  water  and  found  satisfactory. 


Standardized  Water  Fittings  in  Brass  Trade.— The  stand- 
ardization of  water  fittings,  first  proposed  a  year  or  two  be- 
fore the  war,  has  been  a  bone  of  contention  amongst  the 
Birmingham  brassfounders  for  a  long  time,  according  to  The 
Engineer,  of  Dec.  5.  It  was  recognized  that  the  varying  speci- 
fication of  waterworks  engineers  were  sometimes  faulty,  often 
vexatious,  and  nearly  always  wasteful  from  a  manufacturing 
standpoint.  When  at  length  the  waterworks  engineers  laid 
down  certain  standards  to  which  they  could  all  subscribe 
their  proposals  were  regarded  by  all  but  the  theorists  as  so 
extravagant  that  hitherto  people  have  refused  to  adopt  them. 
It  is  considered  that  the  fittings  prescribed  are  unnecessarily 
heavy,  and  that  a  lower  quality  of  metal  would  meet  the  case, 
the  possible  saving  on  these  heads  being  put  at  20  per  cent. 
Manufacturers,  too,  are  not  at  all  convinced  as  to  the  desir- 
ability of  rigid  standardization  as  a  nationally  applied  policy. 
Their  view  is  that  the  diversity  of  the  water  fittings  called 
lor  in  this  country  has  been  a  valuable  safeguard  to  them 
against  foreign  competition.  While  the  multiplicity  of  pat- 
terns in  the  brass  trade  generally  has  been  drastically  re- 
duced, there  are  Birmingham  manufacturers  who  fear  that 
by  rushing  to  the  opposite  extreme,  more  serious  difliculties 
should  be  precipitated.  Mass  production  along  uniform  lines 
may  be  organized  on  a  much  larger  scale  in  certain  depart- 
ments with  substantial  economies,  but  it  is  felt  that  it  can 
never  entirely  displace  the  older  methods. 
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